
OREGON PARKS AND RECREATION DEPARTMENT 
OCEAN SHORE PERMIT APPLICATION 

SHOREUNE PROTECTION STRUCTURES 
Section 1. P 

I Project type: 
!}<;I Riorao Revetment 

. 
• 

11 I Other 

FPftOFffCW- ,mePM-Y 
Ol'IID P.aln * 
APl!l:ICl.'llON !WI: 
OA.Tf: Pua iilD: 
~ 
eoDAYIIUEDIITII: 

Provide a brlfJf descrlption of th& project: 
Seawall bade lo original slzle and height Wi1h S ~ rip rap: Ri;,rap double layer et bottom half of wan 

Est/mated profect start date 11/15121 Estimated oroiArl · tion date 12/10/21 

Section 2. AnniJc:ant Information 
OWner Norm Hollldav A=nt Jon M. Thompeon Excavation 
Mailing Add1'811S P.O. Box 1143 Maillno Address P.O. Ba,c 247 
City Sun Vallav I State ID Zip 83353 City Lincoln Cilv Stats Or I Zip 97367 

Phone a60) 289-11207 I Fax Phone (541} 992--5951 1 Fax 
Email oormhoUida net Email JeYOMlOnlre@gmd.com 

PrimaN Contact 11 1 Owner 1 ,,., Aoent 

ps~1~cti1~0Enl3J. P~ro~1~oertv~~i:CL~o-~ca~t1~o~n~a~n~djll~d~ot~nn~atio~~-~nE~~::::::::::::::=::::==:=:::::::::::::::J ,· 
Situs Address 22 South• ----,. Ln. 

._£1ty/Town Lincoln Beach Countv Lincoln I 
1-t:~own~~sh~iPL....,!:08~_11,J:R~al!!nll!a,eL__ ~03:!.__.ll .E!Secti!£!!!QOO!L_ .::C.::C _ _ l,i! I Su!,!!bs,!!1!!e!,!c1'!9<>'!!,n ___ LIT!,!ax~ Lo:21.t - ~2~03:!_ _ 

Cl.mint Use 
. I.xi Ra•ldenlial 1 1 CommerciaVln-dusbial I I Public 

I Vacant !unbulll 1 1 I Other 

City/County Zoning Deslgnallon Residential I Year main sln.Jc1lUe was built 1966 

lot Dimensions 
Lot Size .39 eaes Ooeanfront footaoe ron ...... 100 
Street front footage 0n r..t) , oo !!est-West foot.ane .. _., 116 

Distance from east.em (0< landward} property line to near88t building (In l'H!J 25feal 
Oistanoe from seaward dune Cfl3SI or bluff edge to oeare,st building Qn feel) 7feet 
Approxlmato height of oceanfrort bluff, dune or escaipm ent (h le«) 21) feet 

Ustthe names, situs and maffing addresses of ooaantront landowners with property boundaries common to 
I ttiose of ltle ., ot ·· dol;cribad in the a oolication. 

Name Prooartv situs addrus Malllnrl address 
Al•n Blumhagen & Richard Boyse: 24 South L.agool'I l.zl., Lincoln Beacll. 2200 Pacific Ave.. #64, San Francisco, 

Trus~ Prope,ty Oregon 97388 CA 94115 

James and Diane Baker 
North Property 

20 South Lagoon Ln., Lincoln Beach, 
Oregon 97388 

1055 SW Englewood Or., I.Jllw 
Oswego. OR 97034 

'-------------· --- ------ - ____ ,. ___ --- - --- -

2988
10/26/2021
10/29/2021
R Parker
12/25/2021



Section 4. Pr01act Justification and Im 

8ff{#af ~det//'hff'~af!J'Jf1.'KlHlfl&Jmf flfffi/eJ'~1 do to $Ulfll1 activity and l<J~ tides: During these 
events the ocean washed out the dune between lh& sea wall end the horn&. The dune was washed out within 10 feet from the home foundation. 

(1-docuhNtmdtJu ,. .. _ .. - of--AtilldtMlttl1tfon:al--.n 

1flff!lJJ'f.:f ,Bg{rfl!f!fi'l'J&ua<iJilne llome on Ulis property wm be undem1ined and fall inro the ocean: The neighboring 
prop,91'ties nol1h and south wiU !hen be in danger of losing theirfrontage and homes. 

Alto r;t, - &S 

R8~:&'WJ!Fwi1ff:U&~~ct/h'llfiJk~~~~'t?~. 

-- 1H 

Section 5. Prq_i~ Details 
Total tenrnh alon_g_ shoreline 11n """' 
Total width of Droject (In fllet) 4-0 

100 Heighttm-J 3S 

Slooe , __ to ..,lliCaJJ 2:1 Total volume of all materia!1s) (c.iDic ~} 300 
Rlprap Saecifications: 
Armor stone 1VD8 Basalt Annor stone source Cedar Cnlek Quarry Diameter of armor stone c;n .-...tJ 5-6 Amount of armor stone ic..c,;e ya,a,;J 150 Type of tilter fabric Woven mesh~ fabrfc Tw:ie of bacfdna fill material 6-18' chunky rock 
The amount of backing till malelfal f"'1111e yollls) 15-0 Will toe be keved into bedrock? I I Yes J)d No 
Elevation of toe trench •3' from high tide ocean elevation °"'1th of toe trench 7feet 

Section 6. Analvsis Of Hazard Avoidance 
Please veritv that the attached hazard avoidance anaN is includes: 
!:!!I A list of hazard avoidance aftematives 
115,l A description of why hazard avoldanco; allemstive,s 
are not f-easibla u If an alternative was hied, explain why It dli:1 not 

succeed 
1 1 ls the relocation cost estimate included? ntt1tecostofmov1nat1>e 

l!J n-as an~--) 
Sactiort'7. Geoloaic ReDort 
Please provide the folrowing Information: 
Date of Report 2/20/20 Company f-1.G. Shllcker & Associates Inc. 
Geologist Name J. Douglas Gless Geologist Certific:atioos MSc, RG, CEG, LHG 
Mamng Address 6-07 Main Street Sult& #200 
City Oregon City I State OR I Zlo 97045 Phone (503) 655-8113 I Fax (503) 655-3173 Email address HGSA@leleport.cx,m 

Please lllll1fY your aeolnnic reoott contains all of the following infoimation: 
1..1!1, The potential impacts from the proposed ptojed 
on the sand sooice, supply, and movement on lhe 
affected beach as welt as within the same littoral cell. 

~ The known or suspected geologic and SEMSmic 
hazards in the project area and how ttle proposed 
project may affect or be impacted by those g&0logic 
and seismic hazards. 

Shorelrte Proltdon 
Rovls<ld 11117 

w A review of potential non-structural solutions, 
Including, but not limited to: vegetative stabilization; 
non-structural dynamic revetments and furedune 
enhancement. 

l8l The bani( or bluff stabirrty and erosion rates on Iha 
sub,/e<:t property artd adjacent properties. 

Page5o/9 



Section 8. Additional Pennit Reouirements 
List th9 ~ and twe of permit required: 

Lincoln County Planning Department Affidavit 

/ 

!XI No additional qgency permit required 

Section 9: S1anature ReouJrement 
The application Is hereby made for the ocean shore alteration described within ltlls application. I C8ftlfy that I 
am famlllar with the information contained in this application, and, lo the best of my knowledge and belfef. this 
inf0tmation is troe. complete and accurate. I further certify that I possess the authority to undertake ttle 
proposed atteratlon. 

I understand that tile granting af an OPRD permit does not release me from obtaining any additional permits 
from any/all local, state, and/or federal agencies that may be requirad before commencing the project, 

I understand that the payment of required OPRD prooessing fee does not guarant&e the Issuance of an 
approved pe,mtt. 

10 I I LJ f J 6d \ 
Owner Signature Date · 
E I {Ownef) autl!olize fh9 Agent incfud&d in this application to act oo my behalf during thi8 sppllcation proo9ss. 

-/Lf- -2. / 
Signature Date ' 



Section 11. Annllcatlon FeGs and CalcuJatlon Worksheet Ito be submitted with annlica11on) 
Each appUcation filed under ORS 390.640, for an alteration on the ocean shore shall be acoompanie<f 
by a processing fee for the purpose of partial recovery to the Department of Its administrative costs. 
The fee shall be determined according to the construction value of the project 

The application processing fee shall be: 
(a) $400 for projects with a construction value less than $2,500; or 
(b) $400 plus three percent of the construction value over $2,500 for projects with a construction 
value equal to or greater than $2,500. 

Please use the formula below to determine total application fees. 
Total construction value of project $ 54,ooo.oo 
Base construction value---> - $ 2500.00 
Subtotal __ _,_,..i = $ 51,500.oo (x .03 = ) 
3% Of subtotal 
Add Base Fee 
TOTAL APPLICATION FEE 

$ 1,545.00 

+ $ 400.00 
= $ 1,945.00 

1EXAMPLE 
Total construction value of project 
Base construction value (Subtractable eflowance) 
Subtotal (construction value minus base fee) 

3% of subtotal 
AddBaS&Fee 
TOTAL APPLJCATION FEE 

-
= 

+ 
= 

$ 10,()(){). 00 
$ 2,500.00 
$ 7,500.00 

$ 225.00 
$ 400.00 
$ 625.00 

(x .03 = 225.00) 

SubmifflHI Ocean Shorr, PINmlt Application shall Include this comphited fee~ 
es well as. ~ of ~n6t1uctfon 1n1/ue 



/._ -

CITY/COUNTY ~LANNING DEPARTMENT AFflDAvtr ' . . 
,· 

Last Hallldsy I Fll'lll Nomi I Mt 
P, - Details -Townstim 08 1·Ranmt 11 ISecllon ~ 0 -i l SubSeetion cc Tax 1.ot002o3-0o 

Countv 
I J Clatsnn I I I TIiiamook: I !"I Lincoln l ll lane .. I I Douglas 11 1Coos I I I CuO'Y . 

I VD8 -
2<1 Sho!eliont Protection ! I I Access/Olher Misc. I I I Sand Memtion 
J Pioem&/Cable/CcridUit I l J Natural Product Removal 

Pfannlng ~ Certlffcatlon 
tTo blJ _.llld ~ locaJ ~nnma o"1t:li,/J 

Part I 

In accordance with Statewlde Ptarining Goal 118, &.ecMa ancl Dunes alteration pernllll!J fw 
bllac:hfront pnitectM, ab'udl.tnla may be laauacf only wttere dellllfopment existed on January 1, 
197'1. or whllnl an •c:epUon Co this Goa.I 18 lmpllmantalion requirement las been •PfH'OII' d by the 
ap,roprlate loc:4!1 Jurl8dldlon. FM the pur,-. of thle requll9.l'lltlnt, tht flflnltlon of 
udawlopmenf' muns house a, comlllffl:lal and lndl.lstriai buildings, anct vacant aubdl¥ilion lots 
:lch are physically lmprolled thrvugh ti. eonam,z streets and provisions of Utilffles to the 

Above meets Goal 18 Et!9ibttilY? Yes • No • Not ~ cable 
Partll 
I 118119 nwh1w6d the proposed p,oJect appl/catJori and haw, determined that 

~is project I& not regulated by th& local coml)l'8h81'1Sive plan and zoning ordir'8flC8S. 

his project has been re\liewe<1 and 18 consf&tent With Iha loa!I comprehensive Plan and 20fling 
ordinance. 

D This project has beMI mvlewed and ;s not conai$1ent wttt\ the local oompret,en&ive plan and zoning 
ordlnaooe. 

0 The oonslst811cy of this project with Iha local planning orolnaooe cannot be detennined untl the 
following local epprQllals are obtained: 

D Cond111onal Use Approval B Zone Change D Plan Amendment 0 Oevelos>ment Permit Otl'8f (Bt,edly) 

Comments: 

- - -
1DL..11 DZ-~y - s (;IA ;txc Ft "(~#'I~ ~ -···~-- -_ tt?f~ ,Lu i; --Date 

I' _ 11lD CfJIIV// lillldlsill!!.edform llhllR bf// •ub.Jlltled with Iha comp/fitted Ocea11 S/10M flJJ!mJt ~ 



iNIM~h ........ 1..LC 
PO Box 247 Estimate 
U-n City, OR 97367 US 
+I $419210739 
jomnthomp,..no,cawlion@gmlil.eam 
ht1ps:/lwww.jonmthompso.o.excavation,((tm/ 

• ISTilllA TE# 
1362 

ACTIVITY 

AOO<J)l(4 8y 

;ll)O.RESS 

Nonn Halliday 

DESCRIPTION 

For die p_,iyof22 S. !..,goon lane ill Safohan 

For tfle re-constNctioo of 90LF of sta: \1111\ at 2<J in hei3ht. tliis will consis&: of removi11& tbe eiiUins R.ip Jtap 
lh>m !he fa,:e oftli< Wllll and setting it to 1he side. JiITE will utili,:o llio ""istn\i<buol:y rook to build 1he slope 

to 1hesea""'1hu 2:1 slope. Thirn><k mixture lo.ks io lheexistms ba<l<ingtod<. Th0<hunkyrock-will 
nm tile full length and hcigln of die wall. Tho «<i,tn,g 1a!ze Rip Rfl) ,oe rock .,;11 be dug<loWll into !he sand as 
dc,epu possible. The toe of the wan will bebu:llt &t:>m e-.t!tin,g RipR.ap. The existingripnpwillbe,tsckedat 
2: I >\oj)e .. d be locked tot<lh"'•• each t<><k suppor•'31l0dler rock. This will be• sinttc lay,:, rip rap ,..wall. 
IMTE will utiltlc all lhtoxistiog rip rap for (be a:tt'l'u:,r tock. Jftheie i~ not «tOUgll ex:mins rip np orchu.nl."Y 
r0<k aod JMTE has to impott tllis ,..,..;.i this ,.,u be an additional per load OO<t 

••r,rOTen 

Th< cos! ofthi, wllll does not relle<l importmt rock mat<rial to build the woll. If JMTI! bu to impon chtml:y 

tod< to aw,,11,c desired height a.od slope oflhe wall this tod< will be odditional $450 pe, 12 YD load in plate. 

If JMl'E !las to impOrt rip rap to nnisJ, -•g the woll tl>i, will be an additional $800 pc,- 12 YO food. 

TOTAL 

AMl)UNT 
L 

54,000.00 

$54,000.00 
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us 

203 

0.37 AC 

(203) 
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Printed on 10/14/2021 

Lincoln County Government Use only. Use for any other purpose is entirely at the risk of the user. A 
This product is for Informational purposes and may not have been prepared for, or be suitable for legal, //~ 
engineering, or surveying purposes. Users should review the primary information sources to ascertain N 
their usabilitv. 
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Project #Y 174107 

Engineering Gfflogic Investigation 
for Oceanfront Protection Along Siletz Spit 

between Tax Lot 156, Map 08-l t-09DD 
and Tax Lot 200, Map 07-ll-34CB 

Lincoln County, Oregon 

Prepared for: 
Salishan Leaseholders 

Attn: Christine McGowan 
100 Salishan Drlve, 

Gleneden Beach, Oregon 97388 

December 20, 2019 

~ H.G. Schlicker & Associates, ,~ 



Terms of Use 

Use of this report is restricted to those Oceanfront Leaseholders who paid $1.200 to 
partieipate. Participants may access the report at a password-protected site. 

A database of participants is maintained by SLJ: 
• When Oceanfront Leaseholders apply for an Ocean Shore Permit, an 

engineering geologic investigation and analysis is required. This study fulfills 
that requirement providing the Leaseholder i.s..¥erified as a participaitt. 

• If Oceanfront Leaseholders require additional engineering regarding their 
Ocean Shore Permit application, H.G. Schlicker & Associates. Inc. will also 
r_eguire that the Leaseholder be verified as_a participant. 

• At the time of sale, buyer will receive a copy of the seller's certification of 
participation and payment from SLI to use in future applications for riprap 
revetment. 

Our intention is to expedite the application process for an Ocean Shore Permit for 
individuals or groups ofleaseho!ders who will collaborate on construction of a 
revetment. If you are not a verified participant, please contact Christine McGowan, 
Manager, Salishan Leaseholders, Inc. to remit the $1,200 fee required to use the study 
in the application process (541-764-2208, christine@salishanleaseholders.com). 

Ill 



:S::·· 
Solishon Leaseholders. Inc, 

P.O. &ox 119 Gleneden Bead!, OR ,nae 541-764-120& salishan,lea,eholders@gmaiLcom 

January 20, 2020 

Dear Oceanfront Leaseholders, 

We are pleased to share with you the final results of the geologic study of the Salishan 
Spit by H.G. Schlicker & Associates, Inc. The enclosed report presents the results of 
their engineering geologic investigation and analysis, and recommendations for the 
design and construction of riprap revetments. 

Salishan Leaseholder, Inc. (SLI) served as the facilitator of this study on behalf of the 
Oceanfront Leaseholders who contributed $1,200 per tax lot in order to save the time 
and money that would have been required for individual studies ( estimated at $8,000 -
$12,000). The members of the Shoreline Protection Committee who were appointed by 
the SLI Board reviewed this report and agreed that it met the specifications of the SLI 
contract with H.G. Schlicker & Associates. Jay Sennewald, the Ocean Shores Coordinator 
for the Oregon Parks and Recreation Department also reviewed the report and 
determined that it met the geological study prerequisite for an Ocean Shore Permit that 
is required for riprap replacement and revetment. 

SL! calls your attention to the recommendation. Due tc the possibility of rapid erosion 
alono the entire site, we encourase leaseholders tc take a proactive approach to 
construction of rip rap revetments fronting their properties rather than waiting until 
their homes are in imminent peril. Construction of revetments should also be constdered 
prior to erosion of the dunes within 2() feet of the homes. We encourase the construction 
of revetments across several lots at the same time as it has the advantase of ensuring 
continuity, alignment, structural integrity, and can reduce costs. (Appendix A, Page 13) 

Pursuant to the SLI Lease, you are reminded that individual leaseholders have the sole 
obligation to repair, maintain and preserve the leased premises. Construction-related 
expenses, such as permits, riprap replacement and revetment reinforcement costs 
subsequent to this study will continue to be the responsibility of individual 
leaseholders. 



Please make note of the password-protected site that you will receive in an email from 
me. Please read the study Parts A as well as B through H. Call Doug Gless or Jay 
Sennewald with any questions you may have. Their contact Information follows. 

Que~tlons.about stuey7_CaR: 

J. Douglas Gless, MSc, RG, CEG, LHG 
President/Principal Engineering Geologist 
H.G. Schlicker & Associates, Inc. 
607 Main Street. Suite 200 
Oregon City, Oregon 97045 
omce: S03·6SS·8113 
Fax: 503-655-8173 
HGSA@teleport.com 
www.hgschlk ker.com 

Questton.u.bout Ocean Shore Permit? CaU: 

Jay Sennewaldl Ocean Shores Coordinator 
Oregon Parks and Recreation Department 
12735 NW Pacific Coast Highway 
Seal Rock, Oregon 97376 
(541) 563-8504 
Ocean Shore SRA 

For additional background information, please see the following Videos: Jay Sennewald, 
Ocean Shores Coordinator for the State of Oregon, and Doug Gless, Principal 
Engineering Geologist for H.G. Schlicker and Associates, give a clear overview of the 
status of our oceanfront on the Salishan Spit. Please watch their presentation 
Oceanfront Protection by copying this link https://Vimeo.com/281145575 into your 
browser. If asked for password, use Salishan. At the same site is drone footage of the 
Salishan oceanfront prior to the most recent episodes of erosion. We are grateful to 
Leaseholder Barbara Fox for preparation of these materials. 

We appreciate having the opportunity to facilitate the completion of this report 

Warm Regards, 
Christine McGowan, Manager 

Salishan Leaseholders, Inc. 
541•764-2208 
christine@saJjshanleasehoJders.com 

II 



H.G. Schlicker 6 Associates, 
607 Main Street. Suite 200 · Oregon City, Oregon 97045 

(503) 655-8113 · FAX {503) 655-8173 

Inc. 

Project#Yl74107 December 20, 2019 

To: Salishao Leaseholders 
Atto: Christine McGowan 
IOO Salishan Drive, 
Gleneden Beach, Oregon 97388 

Subject: Engineering Geologic lnv~tigation 
for Oceanfront Protection Along Siletz Spit 
between Tax Lot 156, Map 08-l 1-09DD 
and Tax Lot 200, Map 07-11-34CB 
Lincoln County, Oregon 

Dear Ms. McGowan: 

Th.e accompanying report presents the results of our engineering geologic investigation and 
analysis, and recommendations for the construction ofripr.ip revetments at the above subject sites. We 
have addressed th.e geologic conditions 1ha1 lead 10 variability in erosion along the Siletz spil in order to 
provide the necessary background information and revetment design to streamline the application process 
for ;ndividual property leaseholders when submitting a Shoreline Protection Structure applica1ion for 
construction of a riprap revetment. If a major geologic event, such as a tsunami, subsidence induced 
erosion related to an earthquake, etc., were to occur, which invalidates the appropriateness of the provided 
designs, additional consulting work may be required. 

fndividual property leaseholders will need to complete and submit Ocean Shore Peonit 
Applications as necessary prior to the construction or repair of riprap revetments. We can assist in this 
endeavor. 

After you have reviewed our report, we would be pleased to discuss the report and to answer any 
questions you might have. This opportunity to be of service is sincerely appreciated. If we can be of any 
further assistance, please contact us. 

ES, INC. 

J. Do as Gless, MSc, RG. CEO, LHG 
President/Principal Engineering Geologist 
IDG:aml 
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Project#Y174107 December 20, 2019 

To: 

Subject: 

Salishan Leaseholders 
Attn: Christine McGowan 
I 00 Salish.an Drive, 
Glenede11 Beach, Oregon 97388 

Engineering Geologic Investigation 
for Oceanfro11t Protedion Along Siletz Spit 
between Tax Lot 156, Map 08-1 t-090D 
and Tu. Lot 200, Map 07-JJ-34CB 
Lincoln County, Oregon 

Dear Ms. McGowan: 

1.0 Introduction 

At your request and authorization, representatives ofH.G. Schlicker and Associates, Inc. 
(HGSA) visited the subject site (Figure J; Appendix A) multiple times between March and 
October 2019, to complete an engineering geologic investigation for shoreline protection. We 
have also observed conditions on the Siletz Spit over the last approximately 40 years during site 
visits for other projects. We completed this investigation to determine whether the tax lots 
located within the site need and would benefit from the construction of Shoreline Protection, in 
this specific case, the construction of new oceanfront rip rap revetments at the site because of 
damage to existing revetments. Based upon our investigation, we have detennined that the tax 
lots throughout the site would benefit from replacement of the existing protective structures, and 
we have provided designs and specifications for riprap revetments along Siletz Spit. 

This report addresses the engineering geology at the subject site with respect to the 
replacement of existing revetments for shoreline protection. The existing riprap revetments were 
generally constructed under emergency conditions and are inadequately designed and 
constructed to protect the Salishan Leaseholder's properties during severe erosion events. 
Oregon Parks and Recreation Department (OPRD} have encouraged Salishan Leaseholders to 
have this comprehensive report completed so that it is readily available to rely on for 
construction of new revetments for the Salishan Leaseholders. This report documents historical 
erosion events and current conditions to provide an accurate evaluation of the geologic 
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conditions and provide background infonnation to streamline the process when submitting 
Shoreline Protection Structure applications for consbUction of riprap revetments. 

Page2 

This report addresses the engineering geology at the subject site with respect to the 
construction of new revetments for shoreline protection. The scope of our work consisted of site 
observations and measurements; a professional topographic survey with select cultural features 
identified; preparation of slope profiles, maps, and revetment design; a limited review of the 
geologic literature; intezpretation of topographic maps, lidar, stereo-pair and mono aerial 
photographs and satellite imagery; and preparation of this report of our findings, conclusions, 
recommendations, and design of riprap revetments and pathways. 

2.0 Site Description 

The Salishan spit is approximately 2.7 miles long aod is located between Lincoln City to 
the north and Gleneden Beach to the south (figure I). The spit is bounded to the eaSt by Siletz 
Bay, to the north by the mouth of Siletz Bay, to the west by the Pacific Ocean and to the south by 
Gleneden Beach. 

Development on the spit has been continuous since it began in the mid-1960s. There are 
110 developed and developable tax lots and 15 undevelopable areas (e.g. "walkways," "beach 
access," "park," etc.) located along the western oceanfront side of the spit (Appendices B and C). 
Planned development of the Salish an spit began in the mid-l 960s, and all of the tax lots subject 
to this report have been identified as Goal 18 eligible due to exception according to the Oregon 
Coastal Atlas Ocean Shores webpage (accessed September 20, 2019). 

The subject tax lots consist of the westenunost oceanfront lots and interstitial areas 
owned by the Salishan Leaseholders between Tax Lot 200, Map 07-l l-34CB at the northern 
extent, and Tax Lot 156, Map 08-I l-09D0 at the southern extent (Appendices B and C). The 14 
southernmost tax lots are located along the northern extent of the bluff-backed Gleneden beach; 
the remaining tax lots are located along the sand dune-backed Siletz spit. Generally, the 
vegetated foredune crest and the top of erosion scarps along the spit, and the toe of the bluff 
slope in the southern portion of the site are at approximately 30 feet elevation (NA VD 88). 

The beach fronting the site is dynamic and experiences substantial and unpredictable 
changes in the beach sand elevation. The occurrence of rip currents and their resultant 
embayments that allow larger waves to run further inshore are common in this area and typically 
are a significant contributor to the rapid and severe erosion of the dunes and bluff. It is this 
process that has led to severe erosion events that have damaged, destroyed, and overtopped 
revetments along the spit multiple times since development began. 

* H.G. Schllcker 6 Auodotes, ... 
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Riprap revetment shoreline protective structures currently exist along most of the site 
(Appendices A, C, and D). Du.ring our site visits, we identified the location and condition of the 
exposed riprap revetments and attempted to locate existing revetments that were covered by dune 
sand. The condition of the riprap revetments along the spit varies from recently constructed with 
more modem techniques and materials to those that are older, poorly maintained, damaged, and 
constructed with poor quality material (Appendix A}. 

At the time of our site visits, we visually identified existing riprap revetments fronting 50 
of the 58 developed lots south of and including Tax Lot 1000, Map 08-J 1-03CB (Appendices A 
and C). The condition of the exposed riprap revetments ranged from recently well-constructed to 
loosely stacked and scattered stones. During our site visits, we also probed the dune sand where 
riprap revetments were not exposed; in general, we were able to locate rock covered by 
approximately 6 to 8 feet of sand in the approximate area of the "edge of bank" surveyed by 
Harold Poling in I 970 (SU1Vey #05426; available from Lincoln County webmaps: 
http://maps.eo.lincoln.or.us/). The Oregon Coastal Atlas Ocean Shores webpage (accessed 
September 20, 2019) indicates that beachfront protective structures are present fronting all of the 
developed/developable properties owned by the Salishan Leaseholders; however, we were 
unable to confim1 the presence of a riprap revetment at the southernmost Salishan Leaseholder 
owned tax lot, Tax Lot I 56, Map 08-l l-09DD. 

The toe of the bluff slope fronting Tax lot I 56, Map 08-l l -09D D has experienced 
approximately 20 feet of additional erosion when compared to protected tax lots to the north. 
Active erosion at the toe of the bluff slope fronting Tax Lot 156, Map 08-l l--09DO has led to 
recent shallow landslides and oversteepening the base of the slope (Appendix A-1: Photos 22 and 
23). Review of stereopair aerial photos, maps, and satellite imagery indicates that this area of the 
bluff has become increasingly vegetated since at least 1955 when shallow failures had denuded 
much of the slope. More recently, a shallow failure occurred on the bluff slope west of the 
existing home on Tax Lot 156, Map08-1 l-09DD sometime between 1983 and 1994. 

Recent erosion, approximately between Tax Lot 1001, Map 08-l l-03CB, and Tax Lot 
600, Map 08-l 1 ·03CB (Appendix A), has exposed the poorly constructed revetment that had 
been previously covered with sand. We observed that a new revetment had been constructed 
fronting Tax Lot I 000, Map 08-1 l-03C8, and erosion had come within 5 to I 5 feet of several of 
the nearby homes to the south (Appendix A). 

In summary, the western part of the site needs improved oceanfront protection to protect 
the houses and infrastructure along this stretch of beach. The proposed project is to construct 
new permitted riprap revetments, on an as-needed basis, to meet current design standards and to 
provide mitigation for wave erosion and overtopping, which endangers the Salishan leaseholder's 
homes. 

* H.G. Schlicker & Associates. •~ 
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2.1 Published Literature and Publicly Available Data. Review 

Komar and Rea (1976) published a detailed study of the winter 1972-73 erosion that 
occurred on Siletz Spit. During the winter storms of 1972-73, several houses were 
threatened, and one house under construction was destroyed (Appendix A). Komar and 
Rea describe the presence of rip currents and rip current embayments as the primary 
cause of the severe erosion along the spit and note that erosion of sandy foredune areas of 
the coast can occur at any time and remove at least 50 meters (164 feet) of the foredune. 
The most severe erosion during the 1972-73 event eroded back approximately 30 meters 
over a 3-week period. The authors note that in response to the severe erosion, "riprap 
was installed hastily ... and installation did not follow the established engineering 
procedures for riprap construction." Conclusions made by Komar and Rea include that 
"it is now necessary that the area be unifonnly protected with riprap," and "if one 
neighbor does not protect his property, the defense will be breached and the erosion may 
come from the side rather than from the oceanfront." 

McKinney ( 1976} and Komar and McKinney ( 1977) detail the conditions contributing to 
the Spring 1976 erosion of Siletz Spit and contrast it to earlier winter erosion periods. 
The authors discuss that, similar to previous stonns, the presence of rip current 
embayments along the beach allowed waves to break closer to shore and run up the beach 
further. The primary difference between the erosion events in 1972-73 and the spring of 
1976 was the tide levels, whereas neap tide conditions existed during the 1972-73 stonn, 
spring tide conditions persisted during the February 1976 stonn. The higher tide 
combined with storm waves during the February 1976 storm led to waves washing over 
the top of the spit and drift logs being thrown atop the dunes (Appendix A). 

In the Coastal Flood Hazard Study, Lincoln County, Orego11 (Allan et al., 2015) 
published by the Oregon Department of Geology and Mineral Industries (DOGAMf), 
historical shorelines, beach profiles, and lidar data, amongst other data, were used to help 
develop a digital flood insurance map and flood insurance study report for Lincoln 
County. Historical shorelines from the 1920s to 2010 illustrate the variability of the 
beach along Siletz Spit, where the shoreline width can vary over a distance of 
approximately 98 to 230 feet. Beach profile, wave, tide, and erosion characteristics along 
Siletz Spit were used in modeling stonn conditions, and to detennine the most likely 
winter profiles (ML WP), expected wave nmup, and total water level (TWL) for I% 
annual chance storm events. Model results indicate that TWL levels for I% annual 
chance storm events range from approximately 29 to 37 feet (NA VD88) with the 
possibility of wave overtopping at many of the sites modeled. In addition to the 
possibility of waves overtopping the spit in several locations, the MLWPs indicate the 
possibility of revetments being fully exposed to their lowest elevation, thereby exposing 
the toe of the revetment to undercutting by waves. 

-;iA H.G. Schlieker 6 Associates. ""' 
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Ongoing beach monitoring projects by Allan and O'Brien (2019) have included 
periodically collecting beach profile data and providing basic shoreline change analysis 
results. The data presented on the Northwest Association of Networked Ocean 
Obsetving Systems (NANOOS) webpage (http://nvs.nanoos.org/BeachMapping, 
accessed l 0/3/2019) illustrate changes in the beach profiles from 1997 to 2018 and 
present general trends in erosion or accretion in the 6-meter (approximately 20 feet) 
beach contour. 

Publicly available topographic and bathymetric lidar data from DOGAMI, NOAA, 
NASA, and USGS provide elevation data for the bluffs, dunes, beaches, and nearshore 
scafloor at the time of data collection. Analyzing and comparing multiple data sets from 
between 1997 and 2016 allowed us to determine recent topographic changes. Analysis of 
elevation differences between high-resolution lidar data sets from 2009 and 2016 reveal 
shallow slope failures along the bluff backed beach at the southern extent of the site, 
areas that have recently experienced erosion of the foredune, areas that have experienced 
growth of the foredune, and areas with little to no change. 

Beach profiles derived from lidar data collected by DOGAMI in 2009 and NOAA/USGS 
in 2016, along with elevation data from Alan and Hart (2008), Allan et al. (2015), and 
Alan and O'Brien (2019) are presented in Appendix D. 

Crowdsourced data and imagery are available online at the Oregon Shores Conservation 
Coalition webpage ( oregonshores.org, accessed l 0/2/2019) and Oregon King Tides Photo 
Initiative webpage ( oregonkingtidcs.net; accessed J 012/2019). Data submitted by citiien 
scientists to the above webpages provide additional information and photographic 
evidence of the wave and tidal conditions affecting the site and existing riprap revetments 
(Appendix A}. Photographs available include images of erosion of the beach, bluffs, and 
dunes, revetment conditions and construction, and wave runup and overtopping of 
exposed revetments during king tide conditions without apparent stonn influences. 

2.2 Aerial Photo and Satellite lmagerv Review 

We reviewed stereopair aerial photogiaphy from 1955, 1970, 1972, 1976, 1982, 1983, 
and 1994 and satellite imagery, available from Google Earth Pro, from 1994, 2000, 2003, 
2005, 2011, 2015, 2016, and 2019. Aerial and sateltite imagery provides information 
regarding the variations in the beach-dune junction over time, changes in vegetative 
cover, the presence of rip-cUrtent embayments, the presence and condition of rip rap 
revetments, and evidence of shallow bluff failures. 

3,0 Geology 

The Siletz spit was mapped by Schlicker et al. ( 1973) as unconsolidated fine- to medium­
grained beach and dune sand, underlain by Quaternary- Marine terrace. Tlte marine terrace 
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deposits consist of semi-consolidated, fine- to medium-grained, uplifted beach sand commonly 
overlain by unconsolidated, fine-grained stabilized dune deposits. The uplifted marine terrace 
sediments are typically high-energy nearshore marine deposits capped by beach sand (Kelsey et 
al., 1996). Priest and Allan (2004) mapped the Siletz spit as Quaternary beach sand and mapped 
Quaternary Marine terrace south of approximately Tax Lot 3 J 2, Map 08-l l-09DA. 

3,1 Geologlc Structures 

Structural defonnation and faulting along the Oregon Coast are dominated by the 
Cascadia Subduction Zone (CSZ), which is a convergent plate boundary extending for 
approximately 680 miles from northern California to northern Vancouver Island. This 
convergent plate boundary is defined by the subduction of the Juan de Fuca plate beneath 
the North America Plate and fonns an offshore north-south trench approximately 40 to 60 
miles we.st of the Oregon coast shoreline. A resulting deformation front consisting of 
north-south oriented reverse faults is present along the western edge of an accretionary 
wedge east of the trench, and a zone of margin-oblique folding and faulting extends from 
the trench to the Oregon Coast (Geomatrix, 1995}. 

An inferred ( concealed) fault whicb trends in a northwesterly direction has been mapped 
approximately 0.3 miles north of the Siletz spit (Schlicker et al., 1973; Priest and Allan, 
2004}. This fault is believed to be a nom1al fault with its uptbrown side to the southwest. 
The fault cuts Tertiary units with no indications of r~ent movement. 

A group of generally northwest-striking faults collectively referred to as the Siletz River 
faults (Personius et al., 2003), are located in the area from Government Point, 
approximately 4.5 miles south of Siletz Spit, northward to the mouth of the Siletz River. 
Their sense of movement and level of activity is poorly known at present. The two most 
distinct faults in the group are the Fishing Rock fault and the Fogarty Creek fault. The 
Fishing Rock fault is mapped approximately 3 miles south of the site near the headland of 
Fishing Rock (Personius et al., 2003; Priest and Allan, 2004). This fault offsets 
Quaternary Marine Terrace deposits by 15 feet and is downthrown to the northeast. The 
Fogarty Creek fault is a downthrown-north fault with 18-foot offset and is mapped 
approximately 3.S miles south of the site (Personius et al., 2003; Priest and Allan, 2004). 

The nearest mapped potentially active faults are the Yaquina Head Fault located 
approximately 15 miles south of the site, and the Yaquina Bay Fault located 
approximately 18 miles south of the site. The Y aquina Head Fault is an east-trending 
oblique fault with left-lateral strike-slip and either contractional or extensional diJ>-slip 
offset components (Personius et al., 2003). It offsets the 80,000-ye.ar-<>ld Newport 
marine terrace in the area of the site by approximately 5 feet, indicating a relatively low 
rate of slip, if still active (Schlicker et al., 1973; Personius et al., 2003). The Yaquioa 
Bay Fault is a generally east-northeast trending oblique fault that also has left-lateral 
strike-slip and either contractional or extensional dip-slip offset components (Personius et 
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al., 2003}. This fault is believed to extend offshore for approximately 7 to 8 miles and 
may be a structurally controlling feature for the mo11th ofYaquina Bay {Goldfinger et al., 
1996; Geomatrix, 1995). At Yaquina Bay, a 125,000-year-old platfonn has been 
displaced approximately Z23 feet up-on-the-north by the Yaquina Bay fault. This fault 
has the largest component of vertical slip (as much as 2 feet per 1,000 years) of any 
active fault in coastal Oregon or Washington (Geomatrix, 1995). Although the age for 
the last movement of the Yaq11ina Bay Fault is not known, the fault also offsets 80,000-
year-old marine terrace sediments. 

Slope Stability, Erosion, and Current Site Conditions 

The site is mapped in an area designated as experiencing critical erosion of sand spits and 
dune areas in the northern part of the site and experiencing critical erosion of marine terraces and 
sediments in the southern part of the site (Schlicker et al., 1973}. 

In the winter of I 97211973, severe ocean wave erosion occurred along Salishan Spit, 
which destroyed a house under construction and threatened several others along the spit 
(Appendix A). This severe erosion episode is believed to have partly been associated with rip 
currents, which are Strong narrow currents that flow across the surf zone and out beyond the 
breakers (Komar and Rea, 1976). In the years following 1973, much of the Salishan Spit area 
had riprap revetments constructed to protect the spit from ocean wave erosion. 

In the spring of 1976, a second episode of severe erosion occurred since !he development 
of the spit began. Rip currents again caused rapid erosion of the dune; however, this erosion 
event differed from the 1972!73 event in that the dunes and previously built revetments were 
overtopped by waves, and large drift logs were thrown on top of the dunes (McKinney, 1976; 
Komar and McKinney, 1977) (Appendix A). 

Riprap revetments along 11 contiguous properties on Siletz Spit were damaged and 
destroyed as a result of the combination of high tides, storm surge and waves associated with an 
episodic severe .El Nino event in March 2016. The failure of the revetments appears to have 
been due to the undermining of the toe of the revetments, plucking of armor stones, shifting of 
revetment materials, and the resultant erosion of backing material and native dune sands that 
were being protected from erosion by the revetments. This resulted in a substantial threat to the 
homes from wave attack and the potential for undermining of foundations (Appendix A). 
Erosion came within 6 feet of one of the homes during this 2016 stonn event (Sennewald, 2018}. 
Repair permits were applied for and received from the Oregon Parks and Recreation Department 
(OPRD}. 

During the wintef of 2018/2019 erosion exposed and damaged poorly constructed 
revetmentS, undennined and destroyed a patio fireplace, and thteatened lo damage several homes 
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(Appendix A). The 2018/2019 erosion occurred in the same general area along the spit as the 
2016 erosion event; however, the revetments that were repaired in 2016 generally resisted the 
wave attack, and six lots to the north were severely eroded exposing and damaging the older 
revetments. 

Erosion along the southern bluff-backed portion of the site (approximately between Tax 
Lot 156, Map 08-l l-09DD to the south and Tax lot 315, Map 08-l l-09DA to the north) is 
caused by wind, rain and wave attack. Waves have overtopped the revetments creating up to 6 
feet high erosion scai:ps at the toe of the slope. Wind and rain have contributed to erosion of the 
upper portion of the bluff slopes, particularly in the upper 10 to 20 feet of the slope where marine 
terrace sands are exposed on near-vertical slopes with vegetation overhanging several feet. 
Existing revetments along this portion of the site have reduced erosion at the toe of the bluff and 
the occurrence of shallow slope failures. 

Aerial and satellite imagery indicates that the bluff slope has become increasingly 
vegetated since 1955; however, the lack of a revetment fronting the southernmost property at the 
site (Tax Lot 156, Map 08-l l-09DD) exposes the bluff to direct wave attack, and as a result, the 
toe of the bluff has eroded back approximately 20 feet more than the lots protected with 
revetments. Erosion of the toe of the bluff has recently led to several shallow slope failures on 
the western pot1ion of Tax Lot 156, Map 08-11-09DO (Appendix A). As observed in the field, 
shallow failures have occurred south of the southern tennination of the existing revetment. 
Vegetation differences observed in the field, and comparison of aerial and satellite images 
indicate that bluff failures have occurred since at least 1955 and as recently as sometime between 
1983 and 1994 (Appendix A). 

Properly designed and constructed riprap revetments greatly reduce the potential for 
erosion when maintained and repaired as necessary. At the time of our site visits, existing riprap 
revetments were exposed along much of the western face of the bluff and dunes (Appendices A 
and C). We observed that many of the riprap revetments were not adequately protecting the 
dune and bluff slopes above the revetment from direct wave attack and had been overtopped in 
the recent past. Overtopping of the revetments by waves has caused erosion of the sand behind 
the revetments (Appendix A). Generally, the height of the existing revetments is not adequate to 
provide sufficient protection from large waves. 

Along this part of Oregon's coast, the average annual erosion rate was not determined by 
Priest (1994} and Priest et al. (1994) because this area had e:1:isting oceanfront protective 
structures at the time of the study. In those studies, areas with existing oceanfront protective 
structures, like Salishan Spit, were assumed to have an erosion rate near zero. However, to the 
south, at Glen eden Beach, an average erosion rate of 0.62 * 0. 76 feet per year has been 
detennined for bluff-backed beaches. This erosion rate was calculated by measuring the distance 
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from existing structures in the area to the bluff and compared to distances measured on a 1939 or 
1967 aerial photograph (Priest et al., 1994 ). 

Typically, the dune-backed beaches erode and rebuild seasonally, with wider, shallow 
sloping beaches during the summer and more n8ITOw steeper beaches in the winter. Komar and 
Rea {1976) also describe a 10 to IS-year cycle of erosion and accretion along Siletz Spit based 
on analysis of aerial photographs dating back to 1939. 

Based on mapping completed by Priest and Allan (2004), the western portion of all of the 
lots lie within the Active and High-Risk Coastal Erosion Hazard Zones, and the houses lie within 
the High and Moderate-Risk Coastal Erosion Hazard Zones as defined below. 

4.1 Coastal Erosion Hazard Zone Def'mitions 

The methodology provided by Priest and Allan (2004) defining the four coastal erosion 
hazard zones along dune-backed beaches in Lincoln County, Oregon, are as follows: 

(Please note that the wave heights given below are deep-water significant wave heights 
which were decennined from four wave buoys offshore from the Pacific Northwest 
Coast.) 

"Hazard zones on dime-backed beaches were detenninedfrom a geometric model, whereby property 
erosion occurs when 1he total water level produced by the combined effect of extreme wave runup (R) 
plus the tidal elevation (ET). exceeds some critical efeYation of the fronting beach. typically the 
elevation ofrhe beach-dune junction (EJ). Three scenarios were used to model erosion hazard zones 
on d11ne-backed beaches: 

Scenario l (HIGH risk). This scenario is based on a large storm wave event (wave heights 
~47. 6 ft high) occurring over the cycle of an above average high ride, coincident with a 3.3 ft 
storm surge. Under this scenario. the mapped width of the high-risk hazard zone was found 
to range from 138 to 5 /0 ft. 

111efollowing two scenarios (MODERATE and LOW-risk events) are one of two ''worst case" evems 
ide11tified. Both scenarios have low probabilities of occurrence. 

Scenario 2 (MOD ERA TE-risk). This scenario is based on an extremely severe storm event 
(waves -52.5 ft high) coupled with a long-tem1 rise iii sea level of l.31 fl. Maximum potential 
erosion distances (MPED) mapped under this panicufar scenario range from 279 to 772 ft. 

Scenario 3 /LOW-risk}. This scenario is similar to scenario 2 abtwe but incorporates a 3.3 ft 
vertical lowering of the coast as a result of a Cascadia subd1<ctior1 zone earthquake. MPED 
mapped for scenario 3 ranged from 316 to 928 ft. " 

And, 
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"An active erosion hazard zone (AHZ) has also been identified. For dune-backed shorelines, the 
AHZ encompasses the active beach to the top of the first vegetated foredune, and includes those 
areas subject to large morphological changes adjacent to the mouths of bays due to inlet migt·a1ion. " 

The methodology provided by Priest and Allan (2004) defining the four coastal erosion 
hazard zones along bluffed-backed beaches in Lincoln County, Oregon, are as follows: 

"The basic techniques used here are modified from Gless and others (/998), Komar and others 
(1999), and Allan and Priest (2001). The zones are as follows: 

l) Active h=rd zone: The zone of currently active mass movement, slope wash, a11d wave 
erosion. 

2) The other three zones define high•, moderate-, and low-risk scenarios for expansion of the 
acrive hazard zone l:,y bluff top retrea/. Similar to the dune-backed shorelines, the three 
hazard zones depict decreasing levels of risk /hat they will become active in the future. These 
hazard zot1e boundaries are mapped as follows: 

a. High-risk hazard zone: The boundary of the high-risk hazard zone will represent a best 
case for erosion. it will be assumed that erosion proceeds gradually at a mean erosion rate 
for 60 yean, maintaining a slope at the angle of repose for talus of the bluff materials. 

b. ,\foderate-risk hazard zone: 111e boundary of the moderate-risk hazard zone will be 
drawn at the mean dista11ce between the high• and low-risk hazard zone boundaries. 

c. Low-risk hazard zone: The low-risk hazard zone boundary represents a "worst case" 
for bluff erosion. The worst case is for a bluff to erode gradually at a maximum erosion 
rate for I 00 years, maintaining its slope at the angle of repose for talus of the bluff 
materials. The bluff will then be ll3sumed to suffer a maximum slope failure (slough or 
landslide). For bluffs composed of poorly consolidated or wu;onsolidated sand, another 
worsr-case scenario will be mapped thar assumes that the bluff face will reach a 2: 1 
slope as rain washes over it a,rd sand creeps downward under the forces of graviry. For 
these sand bluffs, whichever method produces the most retreat will be adopted." 

It should be noted that mapping done for the 2004 study was intended for regional 
planning use, not for site-specific hazard identification. 

s.o Regional Seismic Hazards 

Abundant evidence indicates that a series of geologically recent large earthquakes related 
to the Cascadia Subduction Zone have occurred along the coastline of the Pacific Northwest. 
Evidence suggests that more than 40 great earthquakes of magnitude 8 and larger have struck 
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western Oregon during the last 10,000 years. The calculated odds that a Cascadia earthquake 
will occur in the next 50 years range from 7- 15 percent for a great earthquake affecting the 
entire Pacific Nonhwest, to about a 37 percent chance that the southern end of the Cascadia 
Subduction Zone will produce a major earthquake in thenext50 years (OSSPAC, 2013; OSU 
News and Research Communications, 2010; Goldfinger et al., 2012). Evidence suggests the last 
major earthquake occurred on January 26, 1700, and may have been of magnitude 9.0 (Clague et 
al., 2000). 

There is now increasing recognition that great earthquakes do not necessarily result in a 
complete rupture along the full 1,200 km fault length of the Cascadia subduction zone, such that 
partial ruptures of the plate boundary have occurred in the paleo-records due to smaller 
earthquakes with moment magnitudes (Mw) < 9 {Witter et al., 2003; Kelsey et at., 2005). These 
partial segment roptures appea, to occur more frequently in the southern Oregon coast, 
determined from paleotsunami studies. Fur1henuore, the records have documented local 
tsunamis from Cascadia earthquakes recur in clusters {~25Q--400 years) followed by gaps of 
700-1,300 years, with the highest tsunamis associated with earthquakes occurring at the 
begim1ing and end of a cluster (Allan et al., 2015). 

These major earthquake events were accompanied by widespread subsidence of a few 
centimeters to 1- 2 meters (Leonard et al., 2004). Tsunamis appear to have been associated with 
many of these earthquakes. In addition, settlement, liquefaction, and landsliding of some earth 
materials are believed to have been commonly associated with these seismic events. 

Other earthquakes related to shallow crustal movements or earthquakes related to the 
Juan de Fuca plate have the potential to generate magnitude 6.0 to 7.5 earthquakes. The 
recurrence interval for these types of earthquakes is difficult to determine from present data, but 
estimates of 100 to 200 years have been given in the literature (Rogers et al., 1996). 

6.0 Flooding Hazards 

The area of the subject site has had Flood Insurance Rate Maps prepared for it (FIRM 
Panels #4l04 IC0I I 7E and #41041C0l20E, dated 10/18/2019}. Based on these FIRM panels, 
the western portion of Siletz spit lies in areas rated as Zone VE with base flood elevations 
ranging from 29 to 37 feet (NAVD 88}. Zone VE is defined as an area of 100-year coastal flood 
with velocity (wave action); base flood elevations and flood hazard factors determined 
(Appendix E). 

Based on the Oregon Department of Geology and Mineral Industries mapping, all but the 
southernmost buildings on !he site lie within the tsunami inundation zone resulting from an 
approximately 8.9 or larger magnitude Cascadia Subduction Zone (CSZ) earthquake (DOOAMl, 
2013). The 2013 DOOAM[ mapping is based upon five compurer-modeled scenarios for 
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shoreline tsunami inundation cause<l by potential CSZ earthquake events ranging in magnitude 
from approximately 8.7 to 9.1. The January 1700 earthquake {discussed in Section 5.0 above) 
has been rated as an approximate 8.9 magnitude event in DOGAMl's methodology. Other 
earthquak~ can also generate tsunamis. 

7.0 Climate Change 

According to most of the recent scientific studies, the Earth's climate is believed to be 
changing as the result of human activities which are altering the chemical composition of the 
atmosphere through the buildup of greenhouse gases, primarily carbon dioxide, methane, nitrous 
oxide, and chlorofluorocarbons (EPA, 1998). Although thece are uncertainties about exactly 
how the Earth's climate will respond to enhanced concentrations of greenhouse gases, scientific 
observations indicate that detectable changes are underway (EPA, 1998; Church and White, 
2006). Global sea-level rise, caused by melting polar ice caps and ocean thellllal expansion, 
could lead to flooding of low-lying coastal property, loss of coastal wetlands, increased wave 
heights, erosion of beaches and bluffs, and saltwater contamination of fresh groundwater. It can 
also lead to increased rainfall, which can result in an increase in landslide occWTence. Global 
climate change and the resultant sea-level rise may impact the subject site through accelerated 
coastal erosion. 

8.0 Conclusions and Recommendations 

To mitigate future ocean wave erosion and the resulting dune and bluff recession, and 
damage to homes, we recommend that new riprap revetments be constructed, maintained, and 
repaired with modem designs and materials, as shown in Figures 2 and 3. We have provided in 
Ibis report design details applicable for typical replacement of the revetments in the subject area. 

8.1 Revetment Design Considerations 

Many factors have been considered for the design of the riprap revetments that will 
mitigate ocean wave impacts to the homes owned by the Salishan Leaseholders. Most of 
the existing revetments were constructed as emergency reactions to erosion events and 
were not constructed with adequate design considerations or materials. Subsequent storm 
events have eltposed and damaged many of the revetments along the site and left the 
revetments and Leaseholder properties vulnerable to damage from future erosion events. 

Ideally, revetments will be able to resist wave attack, dissipate the forces exerted by 
larger storm-driven breaking waves, withstand scour at the base of the revetments that 
can undermine the structure, and reduce the likelihood of overtopping. 

Resistance to wave attack, dissipating large stonn-driven breaking waves, and 
withstanding undermining of the revetment is largely dependent on annor stone quality, 
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size and placement, and overall revetment design. We utilized shoal water and deep­
water equations (Equations 2 and 3) presented in California Bank and Shore Rock Slope 
Protection Design (R.a.cin et al., 2000) to detennine the theoretical minimum rock mass 
which resists wave forces and remains in the revetment during typical tide and wave 
conditions. In addition to the rock size and weight required to resist destructive wave 
forces, we also considered the availability and cost of adequate annor stones used in the 
design of the revetment. 

Base flood elevations range from approximately 29 to 37 feet (NA VD88) for 1 % annual 
chance storm events, as mentioned in Section 6.0 above. In general, the foredune erosion 
scarps and base of the bluff slopes throughout the site lie at approximately 30 feet 
elevation (NA VD 88). During the 2018/2019 storm season, a recently constructed riprap 
revetment with a top elevation of approximately 28 feet was overtopped. As a result of 
the overtopping, we designed and recommended that the top of the revetment be raised 
approximately 5 feet to the 33 feet elevation (NA VD88). Although constructing the top 
of the riprap revetment at 33 feet elevation (minimwn) may not prevent all occurrences of 
waves overtopping the revetments along the site, we believe that the increased elevation 
will reduce the likelihood of overtopping while preserving the views from each of the 
Leaseholder's houses. Constructing the top oflhe revetment to a higher elevation may 
better mitigate overtopping. 

In addition to increased revetment heights, we recommend that the eastern edge of the top 
of the newly constructed revetments be located no closer than 20 feet from the 
westernmost foundation element of the house. The 20-foot buffer will provide some 
accommodation space for wave run-up and swash that overtops the revebnent and drift 
logs that can be thrown beyond the revetment. Well-graded quarry-run rock should be 
used to back the revetment and fill the space between the revetment and erosion scarp as 
necessary to achieve the 20-foot buffer. Erosion can occur very rapidly along this stretch 
of beach, and if the shoreline has eroded within 20 feet of the existing structure, minor 
modification {minor fill) to the shoreline may be necessary, as provided for in Lincoln 
County Code LCC I. 1381 (5)(f){D), to ensure the continuity, alignment and structural 
integrity of new revetments. 

Due to the possibility of rapid erosion along the entire site, we encourage Leaseholders to 
take a proactive approach to construction ofriprap revetments fronting their properties 
rather than waiting until their homes are in imminent peril. Construction of revetments 
should be considered prior to erosion of the dunes within 20 feet of the homes. We 
encoui-age the construction of revetments across several lots at the same time as it bas the 
advantage of ensuring continuity, alignment, structural integrity, and can reduce costs. 

Several tax lots, particularly in the northern portion of the spit, have foreduncs as much 
as 170 feet wide between the current location of the beach and the existing homes, and 
the older revetments, if present, are not yet exposed and the revetment location is 
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general!y unconfirmed. If Leaseholders would like to construct new revetments prior to 
erosion exposing the older revetments, the above considerations, and the design 
specifications below should be followed. Costs may be greater to construct revetments 
within the foredune due to the extensive excavation that would be required. 

8.2 Revetment Deslen Speci.fications 

As new revetments arc constructed on an as-needed basis, consideration for continuity 
and alignment with neighboring revetments should be made. The footprint of new 
revetments should generally reside where existing revetments are located at the time of 
this study; however, exceptions should be made to keep the revetments well tied together 
and aligned. Maintaining the alignment of the revetments may require the use of 
additional backing rock to fill areas that experience extreme erosion, as indicated on 
Figures 2 and 3. The continuity of the revetments between Tax Lot 156, Map 08-11-
09DD at the southern extent, and Tax Lot 200, Map 07-l l-34CB at the northern extent 
should only be broken by the two tax lots identified as a "Park" (Tax Lot 235, Map 08-
tl--09AA and Tax Lot 139, Map 08-ll-09AD). If desired, private and public beach 
access pathways (such as those areas identified as ''\valkway," "beach access," and Sea 
Dunes Lane on the Lincoln County plat maps) should be designed as part of the 
revetment as indicated on Figure 3 - Revetment Pathway Detail. 

The terminal ends of the riprap revetments, north of Tax Lot 200, Map 07-1 l-34CB, 
south of Tax Lot 207, Map 08-l l-09AA (north end of the "park''), and north of Tax Lot 
108, Map 08-l l-09AD (south end of''park") will likely need to extend beyond and wrap 
around existing structures to reduce erosion along the side of the lots during extreme 
erosion events (Appendix C). Tapering the southern end (Tax Lot 156, Map 08-l l-
09DD) of the riprap revetment into the bluff will reduce end effects at the southern extent 
of the revetment (Appendix C). 

We recommend that the toe of the revetment be embedded into the beach sand to an 
elevation of approximately 6 feet above sea level (NAVD 88). The final revetment toe 
embedment depth should be as deep as "flowing/heaving" sand conditions allow at low 
tide. If rock is encountered in the excavation, the toe of the revetment should be 
embedded a minimum of 4 feet into hard rock. Toe trench embedment depths must be 
approved by a representative of HGSA at the time of construction. 

As stated above, the eastern edge of the top of the newly constructed revetments should 
be located no closer than 20 feet &om the westernmost foundation element of the house. 
If the dune sand fronting the house has eroded within 20 feet of the westernmost 
foundation element of the house, well-graded quarry-run rock should be used to back the 
revetment and fill the space between the revetment and erosion scarp as necessary to 
achieve the 20-foot buffer and maintain alignment with the neighboring revetment$. The 
quany-run backing rock should be equipment compacted in approximately I-foot lifts to 
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a dense unyielding state, and fill slopes should not exceed 2 horizontal to I vertical 
(2H:IV). 

Non-woven filter fabric (Mirafi® I 1 00N or equivalent), quarry-run bedding rock, and 
filter rock (aka "chunky rock"} should be placed between the riprap armor stones and the 
native soils or backing rock fill, as shown on Figures 2 and 3. The non-woven filter 
fabric should be installed from the top of the slope to the bottom of the toe trench and 
wrap the bottommost armor stone placed in the trench. An approximately 6-inch-thick 
layer of quany-run bedding rock, consisting of 4-inch minus rock, should be placed on 
the filter fabric to prevent the more angular filter rock from puncturing the filter fabric. 
An approximately 18-inch-thick layer of filter rock (aka undcr!ayer stone; locally referred 
to as Chunky Rock), consisting of ODOT Class 200 standard riprap, should be placed 
between the quarry-nm bedding rock and the riprap armor to help dissipate wave energy 
and provide bedding material for armor stones. Any of the older, highly fractured rock 
from the existing protective structures within the footprint of the new revetment should 
be removed and could be broken into smaller, suitable sized pieces and used as 
underlayer stone (chunky rock) behind the annor stone layers. 

Riprap (armor stone) should consist of hard, durable, angular, non-vesicular, basalt rock 
from an upland source, approximately 3 to 8 feet diameter, and weighing at least 165 
pounds per cubic foot. Armor stones should be individually placed with ''3-point 
bearing" (no wobbling) on adjacent rock (Racin et al., 2000). 1\vo layers ofriprap 
should be installed. The riprap revetment should slope at approximately 2H: IV. The top 
of the armor stone should be at 33 feet elevation (NA VD 88) rninimwn. Constructing the 
top of the revetment to a higher elevation may better mitigate overtopping. Additional 
design details are provided on Figures 2 and 3. 

Construction of pedestrian access paths integrated into the new riprap revetments is 
acceptable, provided it is based on HGSA 's design (Figure 3}. 

Following revetment construction, the revetment and any pit-run backing fil! should be 
covered with a minimum 2-foot-thick layer of sand above the severe wave splash 
elevation, being sure to infill all interstitial space between riprap boulders. TI1e sand 
should then be planted with beach grass, fertilized, and watered as necessary to establish 
vegetation growth for improved aesthetics. See Appendill. G for beachgrass planting 
guidelines from Stabilizi11g Coastal Sand Dunes in the Pacific Northwesl {Carlson et al., 
1991). 

Construction of riprap revetments along the entire length of the subject area will provide 
the greatest protection for the properties, increased longevity of the revetments, and 
reduced long-term costs. Many of the existing older riprap revetments located in the 
subject area have been undennined, overtopped, and severely damaged since the time of 
construction. If the riprap revetments are not repaired, replaced, or maintained as needed, 
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9.0 

we anticipate that ocean wave attack will render the structures ineffective in providing 
adequate protection for the houses. 

Possible Adverse Impacts 

The following discusses the possible adverse impacts as the result of the proposed new 
riprap revetments. 

9.1 Sand Source, Supply, and Movement 

Sand supplies along the Oregon coast are derived primarily from two sources, (I) from 
erosion of bluffs, headlands and dunes, and (2) to a lesser extent from sediments carried 
by streams and rivers that discharge to coastal areas. 

Although the proposed revetments would prevent erosion along approximately 2.2 miles 
of beach length, as mentioned above in Section 4.0, mapping by Priest (1994) and Priest 
et al. (1994} estimated the net erosion rate at 0.0 feet per year due to the existing 
shoreline protective structuces. 

The southernmost tax Jot (Tax Lot 156, Map 08-11-090D) has approximately 200 feet of 
bluff back shoreline that is currently unprotected. Construction of a riprap revetment 
fronting this portion of the beach will prevent a small amount of sand supply to the 
beach; however, we believe that the loss of sand to the beach in this littoral cell as a result 
of this reve1ment will be too minor during the life of the riprap structure to significantly 
affect beach mocphology. 

Using an average annual erosion rate of0.62 feet per year and a life of the revetment of 
60 years, an approximate bluff height of 90 feet, and 200 feet of unprotected bluff, we 
estimate that the maximwn total loss of sediment supply as a result of the revetment will 
be approximately 24,800 cubic yards in 60 years or an annual average loss of 413 cubic 
yards of material. Approximately 60% of this material is sand-sized, and approximately 
40% is silt and clay. The estimated total loss of material was calculated by multiplying 
the average annual erosion rate (0.62 feet per year) by 60 years, multiplied by an average 
height of the bluff (90 feet) and length (200 feet) of the bluff segment Sixty percent of 
these 24,800 cubic yards or 14,880 cubic yards of material have the potential to 
contribute to sand supply in 60 years. 

The revetment has been designed to minimize obstructions to sand movement along the 
beach. We do not anticipate that sand movement along this vexy dynamic beach will be 
adversely impacted by the riprap revetment. The revetments will protect a section of the 
beach which was has been previously prorected, except for the southemmost lot, which 
does not have a revetment. 
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9.2 Post-Construction Bluff Stability and Erosion Rates 

The riprap revetments will increase the stability of the dunes and bluff slope and will 
mitigate continued ocean wave erosion. There will essentially be no erosion below the 
elevation of the top of the revetments if the revetment is well maintained, and repaired as 
necessary. However, any exposed dune or bluff above the revetments may continue to 
recede due to wind and rain erosion and severe wave splash. 

10.0 Evaluation of Other Protective Measures 

The following discusses other mitigation measures that were evaluated but not 
implemented. 

10. 1 Non-Structural Solullons 

Non-structural solutions were not attempted for this site; however, non-structural 
solutions were considered as potential alternatives, and include (l) improving stormwater 
control, (2) vegetation stabilization, (3) slope stabilization by regrading, (4) beach filling 
or nourishment, (S) dynamic structures, and (6) relocation of the homes. 

(l) Improving Stormwater Control - Erosion along the spit and bluff is primarily the 
result of ocean wave attack, with wind and rain activity being a relatively lesser 
concern. We observed no indications that stonnwater runoff from the subject site 
had caused significant erosion aloog the slopes. Therefore, we believe that the 
improvement of stonnwater control systems throughout the site would not 
significantly improve dune or bluff stability; however, stonnwater that is directed 
toward the beach should be discharged at the revetment. 

(2} Vegetation Stabilization - Due to the steep nature of the bluff slopes in the 
southern portion of the study area, the generally weak narure of the beach and 
dune sand, quaternary colluvium, and marine terrace materials, and the high wave 
energy at the site, we do not believe that vegetation stabilization of the dunes or 
bluff could be successfully implemented, nor would it be adequate to protect the 
site from future ocean wave erosion. 

(3) Slope Stabilization by Regrading - Grading the dunes and/or bluffs to a more 
stable slope angle would not provide significant or lasting protection from erosion 
at this site because of the weak nature of the soil and the constant erosive force of 
repetitive storm wave action. Regi-ading to a flatter slope angle at this site may 
also increase wave run-up and flooding potential. 

(4) Beach filling or Nourishment - By placing large volumes of sand alons the back­
beach environment, beach nourishment can temporarily protect exposed bluffs 
and dunes from continued ocean wave attack. However, altering the beach profile 
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by placing or moving sand can significantly alter wave patterns along the beach. 
Because a natural beach profile is near the state of dynamic equilibrium with 
waves, currents, and winds that move sediments along the beach, altering the 
beach profile by adding or moving sand could cause increased erosion or 
deposition in other areas of the beach. Additionally, the added sand in front of the 
dunes and bluffs is likely to erode rapidly be<:ause the added sand is not in a state 
of equilibrium with the beach system. Therefore, beach nourishment may need to 
be repeated every year, or after every large or prolonged storm event. 

(5) Dynamic Structures - Dynamic revetments are structures in which the movement 
of construction materials is a fundamental design concept (Lorang, 1994}. Unlike 
riprap revetments, which are designed to be static, dynamic structures consist of 
sand, sandbags, gravel mounds, logs, or composite materials which are designed 
to mimic the natural dynamic beach environment. 

There are few examples of dynamic revetments worldwide, and few studies of 
their long-tenn effectiveness (Allan et al., 2005). There remain a number of 
uncertainties concerning the physical design of dynamic revetrnentS, especially on 
high-energy beaches such as that observed at the subject site (Allan et al., 2005). 
Because of the uncertainty and lack of design methodology for dynamic 
revetments, we cannot recommend them for this site at this time. 

( 6) Relocation of the Homes - Relocation of the existing homes throughout the site 
would provide little additional protection from dune and bluff erosion, as ocean 
wave erosion along this sttetch of beach is so severe. For this reason, moving the 
homes eastward is not considered a feasible alternative method of mitigation. 

11.0 Potential Geologic and Seismic Hazards 

Ocean wave activity will eventually damage the riprap structures constructed along the 
dunes and bluffs at the site. Therefore, the riprap revetments should be maintained and repaired, 
as needed. 

The site lies in an area that is subject to possible tsunami inundation hazards. In the event 
of a Great Subduction Zone Earthquake and possibly other large earthquakes, a tsunami may 
damage the riprap revetments which would require that the revetments are repaired or replaced 
following a tsunami event. Liquefaction of sands beneath the revetments during severe ground 
shaking caused by an earthquake would cause a loss of support for the revetments resulting in 
damage to them. 
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12.0 Construction Observation§ 

A representative of HGSA should observe and approve all rock sources to be used in the 
proposed revetments at the quarry source prior to construction to ensure that appropriate 
materials are obtaine<l and delivered to the project site. We should also periodically observe 
revetment construction operations, including toe trench excavation, fabric placement, placement 
of pit run materials, under layer stone {"chWlky rock"). and armor stone, sand covering 
placement, and the planting of vegetation to ensure that materials and work meet the project 
design and specifications. Please provide us with at least five (5) days• notice prior to any site 
observations. There will be additional costs for these services. 

13.0 Limitations 

The Oregon Coast is a dynamic environment with inherent, unavoidable risks to 
development. Landsliding, erosion, tsunamis, stonns, earthquakes, and other natural events can 
cause severe impacts to structures built within this environment and can detrimentally impact the 
health and welfare of those who choose to place themselves within this environment. The client 
is warned that, although this report is intended to identify the geologic hazards causing these 
risks, the scientific and engineering communities• knowledge and understanding of geologic 
hazard processes is not complete. This report pertains to the subje¢t site only and is not 
applicable to adjacent sites, nor is it valid for types of development other than that to which it 
refers. Geologic conditions, including materials, processes, and rates, can change with time and, 
therefore, a review of the site, and this report may be necessary as tirne passes to assure its 
accu('llcy and adequacy. 

Our investigation was based on engineering geological reconnaissance and a limited 
review of published infonnati.on. The information presented in this report is believed to be 
representative of the site. The conclusions herein are professional opinions derived in 
accordance with cu.rrent standards of professional practice, and no warranty is expressed or 
implied. The performance of this site during a seismic event has not been evaluated. If you 
would like us to do so, please contact us. This report may only be copied in its entirety. 

14.0 Disclosure 

H.G. Schlicker & Associates, Inc. and the undersigned Certified Engineering Geologist 
have no financial interest in the subject site, the project, or the Client's organization. 
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Pboto I - Southerly view of Siletz Spit from Lincoln City. 

Photo 2 - Southerly view of the vegetated foredW1e and beach fronting the 
houses at the northern end of the site. 

* H.G. Schlicker & Associates, »< 



Pb.oto 3 - Northerly view of the gently sloping beach at the northern end of the 
site. 

Photo 4 - Easterly view of the beach and vegetated foredWle fronting the 
nonhernmost houses. Note the sand ramp and lack of well-defined erosion scarp 
along the beach-dune junction. 

-iA H.G. Schlicker 6-Associotes, ,.,._ 



, ., 
Photo 5 - View of drift logs on top of the vegetated foredune in the northern 
portion of the site. 

Photo 6 - Southerly view of the beach-dune junction in the area of Tax Lot 103, 
Map 7-11-34CC. Well-<lefined erosion scarps were present along the beach-dune 
junction south of this area. 

* H.G. Schlicker 6 Associates, .,. 



Photo 7 - Northerly view of the beach and beach-dune junction near Tax Lot 
800, Map 08-I I --03BB. Note the well-defined el'QSion scarp along the beach­
dune junction. 

Photo 8 - View of the erosion scarp along the beach-dune junction near Tax Lot 
900, Map 08-l l-03BB. Note the buried drift logs having sawn ends exposed in 
the erosion scarp. 

~ H.G. Schlicker & As.sodotes. •~ 



Photo 9 - Southerly view along the top of a recently built revetment fronting Tax 
Lot IOOO, Map 08-ll --03CB. Severe erosion duri.og winter 2018/2019 
necessitated emergeo.cy constructioo. of this revetment to prevent further damage 
to the house. (Also sec Appendix A-2) 

Photo JO - View of the erosion scarp and damaged revetment fronting TaK Lot 
900, Map 08-11·03CB. Note the ioadequate size and poor quality of the armor 
stone of the damaged revetment. (Also see Appendix A-2) 

-;/;A H.G. Schlicker & Associates, "" 



Photo 11 - Close-up view of the inadequate armor st0ne exposed during the winter 
of 201812019. 

Photo 12 - View oftbe revetments fronting the beach in the area of Tax Lot 7-00, 
Map 08-l l -03CB where the rock quality improves. Reconsll'llction of revetments 
occurred between Tax. Lot 700, Map -08-J l-03CB and Tax Jot 204, Map 08-l l-
03CC to the south after severe erosion along this stretch of beach in 2016. (Also 
see Appendix A-2) 

* H.G. Schlicker & Associates, , .... 



Photo 13 - Close-up view of the top of the revetment fronting Tax Lot 401, Map 
08-11-03CB. Note the shallow revetment angle ( ~ t S•; ~3.SH; JV) and the erosion 
on the dune east of the revetment caused by o vertopping of the revetment. 

Photo 14 - View of drain pipe discharging to the riprap armor stone. 

-;IA H.G. Schlicker 6- Associates, "" 



Photo 16 - View to the west of the revetments fronting Tax Lots 217 (right), 218 
(center) and 219 (left), Map 08-11-03CC. Tlte height of the revetment fronting 
Tax Lot 218 was ~ently raised to help mitigate overtopping (Also see Appendbc 
A-2). 

-ffi H.G. Schlicker & Associotes. ,,. 



Photo 17 - Southeasterly view of the transition from competent high-quality rock 
at the south.em ex.tent of the recenlly constructed {2016) revetments to low­
qualiry basalt breccia rock to the south. 
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PhotO 18 - View of the loosely stacked basalt breccia armor stones used io 
construclion of the original revetments. 

-ffi H.G. Schlicker & Associates, ,-



Photo 19 - Northerly view of the foredune fronting the "park" (fax Lot 235, Map 
08-l 1·09AA. and Tax Lot 139, Map 08-l l--09AD) which does not have a riprap 
revetment. 

Photo 20 - View of a revetment where competent rock is mixed with poor-quality 
basaltic breccia. 

-ifi H.G. Schlicker & Associotes, , .... 



' Photo 21 - Clos~up view of poor-quality basaltic breccia and pillow basalt armor 
stones. Note the fractures in the stones. 

Photo 22 - View of the revetment near the southern extent of the site. Note the 
erosion above and behind the top of the revetment indicating previous overtopping 
oftbe revetment. (Photo taken 07/06/2018) 

-ffi H.G. Schllcker & Assodotes, ... 



• 
Photo 23 -Westerly view of the southern termination of the revetment (indicated 
with yellow arrow) along the nottbem property boundaJj' of Tax Lot 156, Map 08-
l l--09DD. Note the erosion at the toe of the bluff immediately south of the 
termination of the revetment indicated with red arrow. (Photo taken 05/:31/2019) 

--=--..., 
Photo 24 - View of the bluff slope on the western portion of Tax Lot 156, Map 
08-11--09DD that bas experienced shallow failures due to erosion of the toe of the 
bluff. Shallow landslide scarp indicated with red line; direction of movement 
indicated with red arrows. 

-iJ4 H.G. Schltcker t, Associates, ,_ 
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28 December 1972 

19 January 1973 
ca, 

-

Figure 2. E,o,ion ond destruction of tho hou~ undo, cor\Sh'uetion on 
lot 226 of Siletz Spi t . 

Photo 1 - From Komar and Rea ( 1976) 

* H.G. Schlicker 6- A.ssociotes, ""-



28 December 1972 

19 January 1973 

Figure 3 . Erosion around the house on lot 2'29-A. Rapid erosion 
,equired placement of ti prop fronting home in upper photo; 
but no ti prop was initolled in adjacent vocc.nt lot, so ero$ion 
continued o Ieng the side O$ $een in 1-er photo. 

PhotO 2 - From Komar and Rea ( 1976) 

"i,R H.G. Schlicker & Associotes • ..,_ 



Photo 3 - l"rom Komar and Rea (1976) 

figUt"e 4. View of both 
houses of Figures 2 
ond 3 . 
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Photo 4 - From Mcl(jnney (1976) 

* H.G. Schlicker & Associates, ""-



Photo 5 - From McKinney (1976) 

Photo 6 - March 2016 stonn damage to tiprap at Salishan affected 11 properties. 
Wave overtopping, inadequate design and poor construction contributed to the 
problem. From Sennewald (2018} 

-ifi H.G. Schlicker 6 Associotes, ...., 



Photo 7 - Photo of emergency repairs undc1way to protect Tax Lot 219, Map 08-
l 1--03CC. Frorn Sennewald (2018} 

-ffi H.G. Schlicker & Associates, , ... 



Photo 9 - Northerly view of the revetment fronting Tax Lot 218, Map 08-11-03CC 
during perrnittoo repair work. Note the single layer of armor stone and lack of 
filter fabric backing the revetment. Photo taken b HGSA on 05/21/20 I 6. 

Photo JO - Northerly view of the top of the revetment at Tax Lot 218, Map 08-11· 
03CC after the 2018/2019 winter when the revetment was ovenopped. Note the 
erosion of the topping sand, the drift log on the top of the dune, and the plywood 
used to pl'Qtect the windows. Photo taken by HGSA on 03/01/2019. 

-ffi H.G. Schlicker & Associates, .... 



Photo 11 - View of the erosion that damaged the structure at Tax Lot IOOO, Map 
08-l l-03CB, and ripr.ip placed under an emergency permit. Photo taken on 
January 7. 2019 and submitted to oregonshores.org by user "ORbeach". 

Photo 12 - View of wave splash overtopping the revetment fronting Tax Lot 
70 I, Map 08-1 J-03CB, and landing on the roof of the house. PhotO 
extracted from video provided by Jay Sennewald. 

* H.G. Schlicker b Associotes, ""-
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AppendixG 
- Beachgrass Planting Guidelines (from Carlson et al., 1991) -

* H.G. Schlicker 6- Assoclotes, .... 



When To Plant Sand·S1illing 
Grasses 

EuropeM'I and Ameticart beach• 
grass .and An-.efican dunegrass should 
I» planted when temper.ih.1rg are 
beiween J.2 and 60 •F. No p!~nting 
-sho1.1td be done \lnlen moi$-1Vre t$> 
found within a depth of) fnc::h~ of 
the dune su,face. Most r:)lantin~ :mt 
~ dutil\g the coot wet months 
ftom fate fall lhrough eafly spring 
(November I lo AJ>r;I IS) 

Prope, temperaw,e is crltical. 
Work done by Brown 11942131 the 
W.iaenton Project indicates e,ratic 
wrvivJI ,ates if tempent\lre ex~ 
60 °F within a 72•hou, period aftef 
pf anting. The eff@d ol wa,m temper3-
tut6 late in lhe planting season can 
be somewfial minimized by planting 
at night. All Hanspfaming stock is ei~ 
1her stOled at 35 •f Of shade fr.tm~ 
a,e placed 12 inchos above 1he lops 
of heeled,in culm bundle.. ~ 
plantins,s musl be made du,iog warm 
daytime temi,e,ratur'!'$, thes, t-ach 
bundle nf be.ac;hgra:s!. is dipped In 
w.:>ter to k~p it ff"OM drying oot dUt · 
tng the plant ins PfOC~s. To eniure 
success and minimt.te plan1in,g com., 
seltt! planting da1e. well before 
warm sp,tog days o, v.·efl .aft"' cool 
ral11emperatures have set in. 

Planting is not done du,ring free-.ie 
period$. Therefore, November, fetr 
rua.ry, and Marc-.h usuatly are th£- bes1 
months to pl.ant. 

PlatHings .1.re usually StJCC~ful 
d1.1rit1g ooof wE.>athef it11hese 3 
mot1rh$, e~n without pte,c:::ipitatinn 
(Of prQll)Jlged ,,.rind,. low-lyln& 
sites that .are moCU into early sum­
n,er may be ~an1ed mofe safe,ly 
later tn middle to lare ~J)fing than the 
high,et, drier Si(~. 

Plantings (0( the coMtNction of 
f~ynef sh0Uld be mad~ in the 
early sp,ing. after darig:,er frotTI severe 
storms ts 01.-e,. Plantings made ear­
lier c:an be destroyed by \<P1ry high 
tides. Planting.~ made early in Sp,ihe 
~ablish 1h~lves before tM 
wa1m wearMr and g.row rapidly as. 
new sand a<".ctm'lulates on t~ dune 
1hroughou11~c "'ason. A good plant• 
ing may 1QC'.1.1mul~e as much as 2 
foet of $.and annually. 

Areas that au~ M.1bJec1 to winte, 
sub~•nc• shoYld b<. )'.)l•med in 
the spn~ ~ th~ water l~el rec«fes.. 
Pl,Jnlings th.al have nor experienced 
one gmwing $ea:son fail to withstand 
eJdended subme~t\C:(! without 
damage. 

Planting S1odc 

Commerd•I beachi,oss Slnc:k 
may be ob@ined lrom nur$e1i.es OJ 

nawr~,1 stands ol pn:,per ~e a.nd 
quali'ty. Nu,~ry stock is dug .it 2 
years, and thU$ i:s dMig.na.ted "2.-cr 
s.toc-.k. Most natural stand~ will not 
p(oduc:e quafit'( stock; t1 is only 



where new s..and deposits on exis.ting 
gras-s ate ftrtilized that qualit',' s.todc 
is produced. this results in l•0<1· 
year~td) stock from pl.an~ buried 
the previous se..ason. Quallty plartt­
ing stock cor,stSts ol young., vigor• 
ou-s, fivt> cutms with or-e 10 tht'Je 
root nodes and a minimum of okl, 
dead mal4!!tial. Jt is not possible to 
di.gold stands because of the e•ces­
,h~ (051 o/ rema,;ng old de>d parts 
of individll~,1 plartt5, &ecaus.e of •1;,sy­
ing g<owiog (fepths cau:51ed by nt"N 
windblown sand depo:sit.s, t'IO SC)(!~ 

cific digging depth is teeomn-.ended. 
The gr,ss shoold be dug ar a d...,.h 
that will ensure O,at all <::1>!ms hav~ 
ooe lo lhtte Ii,•~ root node-s remain­
ing. 

After being dug, grass (s shaken 
free ol s.and, d!ad trash is cleiJ'led 
from cul ms. ind the hill Of clump is 
b«.ikeo into small bunches. Undet• 
ivoulld ,1,m, ate .,..,,k,o bad< to one 
Of two ncxie,;. For CQO\"(!t'lie,"tce in 
s.t.ock accounting itnd hindling,. 
cul~ ate tied it1to bondl5 o( lO 
pou•ds. Mer ty;ng, the tops ol 1he 
stoek ate cut back with an ax untii 
the overall 1ength i~ abour 20 inches. 
rhis g,e1~ rid of long It-aves that offe, 
mora surfa~ tor moi!ture (oss and 
that are subioct to wind agitatKln 
that couJd loosen the plan!4!!d stetr1 
nom the solld. 

It) ntirse,~, stock can bt- dug 
~ac:h ye-at if given an annual .t,ppfica­
tion o/ fertiliie<. When properl~ fer­
tllized, a new crop v.•ill come up 
from underground s.wms or 

rQOf$talk$. Nu~I')' ate.as can be 9S 
per<:ent dug wilhoot d~,m.ase to the 
vegetative cover. New cult'l'IS quicl<ly 
regene1a1e from rhltome~. 

Stock is h.uvested during the 
p~~nting se~n. Stock should be 
collected during the cool, wtt 
months from late foll throogh • .,1y 
$pnng (Now,n1b,, 1 10 Ap<il 1 S), 
whttl the plant is most neatly d~­
m.anl, American duneg.rass. must be 
h.a,vested when cornp!ttely dor­
mant. Oom,ar,t stock will have 1he 
g.re,\teSI amount of ~cored energ.,- and 
Wlfl, (herefore, be more vigorous 
1han culms from pfanl~ that are .ac­
ti\<eiy g,owiog. The be,chgrasse::s 
(furope,an and American), however. 
Y.•ill s.urvive wl'W!lhel o, not they ~ve 
dormant, as loog .u the stock is hor .. 
Ve-$!~ and planted in cooi \vecuhe,. 

Sl0ting of gri.S'S stock is confined 
10 "heeliC1g-iri" on rhe nu™!ry or 
planting site. h i~ important when 
heeling-in to keep 1h& beds nanow. 
not over t\.\•o bundJe$ wide, in otder 
fO avoid M'.1ting of I.he grass. 
Bundles should be buried in thi, 
trench to• depd, o/ approximat~ly 
one-hall th,eir let1gth, lnd sand 
firmed around chem. Thie s,w 
s.hould no,i be: heeled •ii\ whe<e wate< 
will stand oo the bed ..s this will 
cause deconii>O$ilion of the b.U,al 
buds o/ th• stem. The he<liog-;, bed 
slioold be a well-dr•in<?d, damp 
trench wilh the rools (r,odes) Cf:N­

ered to• depth of at least 8 ;nclles. 
Stock should not be held io heel int• 
in beds fo, M-O(e than 2 ~s. If 



p!am.ing is late in th~ sellSon, then 
eitnef st;_, frames over the heel,in 
beds°' ~ttif".cial cord -sto,age ~ JS 
~Fis ,eeommended. 

Tools for Planting 

Ti,., mo,t widely vs,d tool for 
~ndpf111nting 91 oe-;ll(:hgrll'Ss is the O, 
h.lndle tile ,pade wilh an 16-inch 
blade. Th~ c.an: be thruSt 4irec:tly to a 
depth ol 12 inc:hes fnto the$andand 
provide< lho be$, hole 11,,i <•n be 
achit:!Ved for~$)' pl,ming ol the 
b&.a,chg,w <:ulms. Pli!inters normally 
m~ke sever.al hundred hot~s Y.'lth 
1his- tool befOt"e pf anting. 

Steep sl_. musl be planted by 
hand. Howe\•e,, on the less. sloping 
~rea.5, trinspl.:1n1irig machines have 
been u5-ed with success since 1960 
f0t larger pJantin~ of S acres o, 
more from Santa Maria, california. 
to Westpon, Wa;hl,won (Ternyik 
1979b}. 

The plantins machine:$ l°H)'IV ~ 
fo, la,ge planring, are modified, 
~rct,I row crop tnnspf.antiog 
mat:hines. Yhie planting shoe w-s re .. 
MSigtu!.d to get: the 12-inch ~$ 
'Spedfied for beachy.w platttita.g,s, 
Putting thes. machi~ .a~ small, 
ctawler type tractOI'> equipped with 
.a re.a,~moun1ed hvcir.aullc hitch. Tw-o 
machines are no.v used behind each 
h'3ClOr, wilh lour people (In the ma­
(:1\ine-s. Yh~ c;<,mbinption wilt ~Uow 
(h•e ~!e Cinduding drive,) to-

plant (rom 1 to 3 acres per dav, de­
pel\di;ig c,~ tM' conditions at the site. 
The prl(n.ary oo~dlti<>M det4'.!1minin.g 
planring speed are weallle,, (les,ee 
of !lope, and rype of sand. 

Metliods of Planting 

Beachg,""" <hould be r,lanted 
10 • depth of 12 inc:he, and,~ "3nd 
compacted to temo-..e .air .around the 
root'S and stem t'IOdes,. The top of 1h~ 
plan< should be uprighl and ex1end 
ipproximatety 8 itlch5 .above tM 
g,ovnd. 

HaMpfanting requlties wet s.a-nd, 
othel".vls-e holes are h01 open and the 
pfanh!r$ break tM stock trying 10 
foree it into~ el~ hole. lhtS re­
s.ults in Mgh plant mortafity. Trans­
planting n1achi~ can plant through 
6 inches of dry s.11\d. As a f~ n!SOrt, 
hrigatlon .also c:an prepatt a dry 
dune for pfanring. 

r..- m<>St ,ites al0<1g the l'a<ifi< 
tOilst, a hill sp.acirig of 13 i01;hes, 
widl three cuims per hiU is sufficient. 
On sites exposed to more seve1e 
wealtiering, in areas suuounded by 
p;irtic:\ll111rly val"',b!e property, 04 on 
$!HP slopes Of sand s,e~ <:Ii~, doser 
planting with hiU ~dng ao,poxi­
m.tt~ly 12 inc-hes jnd up fO five 
culms per hill is needed. Well-txo­
te<led 'Site-son be stabilixed by 
widei-tfi111n-normal spacings./\ sum­
mary of pbntins ,ates that weie 
fo..ind tQ be successful on the 
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Cfa.lSOp P111.im area a.re gi,-en in tabte 
2. True economy in pbnti11g i$ 
a<::hievtd whet) hiU spacins ~iid tM 
number ol cul ms per hill ¥e ad­
j1>s~ 10 lhe onsite conditions. 

fertilizing lhe Plantings 

All planted •re» should b, (ertil• 
ized with c~partk:I~ ammof\!om 
sulfate commerciaJ fenilirtr tN·P~K 
21-0-0). This lormula1ionshoold be 
apptied at a rail!' of 42 pounds of 
availm!e nitrogel\ pet acte (200 
pounds) during a pet";od of light 
wirv:J and S1e-ady rain. Ra,n is tlffded 
lo lhoroughly dissolve the fettiti2et­
a m1n.imum of 4 hours ol tie,hr rain or 
2 hours of a downpour. If lhi~ is. 001 
done, (ertiftzer gr,1.rM.1les wifl ~ 
tr.anSti,Otted by winds, 1e,ul1i~ ii\ 
uM~n dis.1ribution. E.xpe,rl~oc~ al"ld 
weather fOt"ecasts a.re vit.al to ensure 
that the (ertiliz~ tS dissolved shortly 
after broadcasting. Irrigation may be 
substltoted for rain, bvt 1>sually is 
COSIiy. 

If the fotward s.fope is sleet> or if 
sand sea cliffs ha.-e been planted, 
f~r1itiu, most be apptie<I immedi­
ately aftet plattting so that it can be 
<aught;, the footprints left by the 
planl•ng 01)..-ation. If nor, the fenil• 
izet will lillta to the bottom of tile 
slope ..s the sand dries and no 
s,owth will occ:ur on upper skJpes. Jt 
is rE-<:omrnended that fertilizer appli• 
,~ion on these steep banks be 



doubled to 400 pounds of N-P•K 21 in Califorrtill. it rs February 1 S to fable 2~.H;II ,pa<;ng and <11lms per hill for Eu,~I"'•• beo<hv,,,st 
0-0 per a<::re. If ne«ssary, il'1igate Match l. Thet"e js usually plenty of 
ltghtfy a.nd r(lqs enough to dissolve moistu,e at thqs,e tim~ and this per• High-intensity Moderale-inl4'.!1'1iity 
lh~ fl!ttili2e-,. mets lh~ fertili1,er to penel:ra.te to th~ st.abifiza(t()n stablli.tation 

Inc~ "--here ,>lantin& stock is gr.ass. root S'f$t<!m. 
scare:~. the 1.1~ ol fertilizer on plant• Mos.I fertifi:rer i5 applied by hand, Site conditiOf'ls Spadng Culms Spacing CUlms 
in_g, with wider-than-n<>smal $pacing oul of buc:ket:s. Qr wllh hand-oper• 
may be die.aper than delefring planl• ated cydone type 19readen.. This is. lnche, Number lnthe.s Numl:,er ins until more stock becoMt!s avail- be-ciuse f\ewfy planted beachg1cls-s is s1..,, ,l<\1>6 
able. ,.,,,,,.ly damaged by tra<IOf• 

VI ind ward Folkiwup fertiliiatioll on eit3b• mounted ,Pn?itders. Two-year,o!d, 
lished pfatHing:s is be"R done- oo the weil-estab:isl'led beichg,ass O,y 12 by 12 3 18 by 18 s fc1:Cific ooost dune-s v."1en the most pla,1tings can be fertilized 'With t,ac .. 
rapid spring g,(W.ltfi ~gins.111 Wash~ tor-mounted 5')1readers with Jitllr Moist 16 by 18 s 18 by 18 3 
in.gtoti, lhis. is April 1 to April 15; in damage. Fertilizer U$Ually is not Uew.aird 
Oregon, it is r,..\.arc::h 1 to Apfil T; and ipread bv airpl.a:ne un'ess the it most 

e\•ef•PfC'SOO\ winds, which tend to O,y 18by IR s 16 by 18 l 
drift the (ertilizer, are absent. Moist 16 by 18 J 2• by 24 s 

Flatar•u 

Maintaining Ounegrass Standt Exposed to h;gh w;nds 

Of\' 18by 18 s 18 by 18 ) 
In I hi$ initi,ail st~ ol dune 11abili0 

Moist 18by 18 s IRbylff l z.at1oo ii is. imponanl to develop and 
maintain an even vegel:i!il cover that Exposed 10 moderate windsc 
ii devoid ol bte-aks until secondary 

O,y 18 by 18 J 18by 18 s Of permanent CO\'ef is. c-s1'!bJis~d. 
Some mairitenance is usuaUy neces- M-ois, 18 by 18 s 24 by 24 s 
sa,y bee•""' ol poo, hm surv;.,.1, 
~)(.tes:sively widf:' spacing. Of failure Irregular topograplly 
to prant ill exposed .areas. This ra- £:cposed to high v.,.inds 
(luit1?'$ teMpoc.aity bt\15h mali tn iUm-
mer .and prompt ,wl~nt(rtg in the Dry 12by12 s 18 by 18 s 
win!et. Atne-rican beic:flg,ass is the Moist 18 by 16 s 18by1~ 3 moil 1.atis/acto,y plJnl #Of <Suc:h ~ 
pair \vod: becau~ it c~tes bettet Exposed to modefat~ winds 
lhiltl Euro,:,,ean beachgrass. with sur-

Ory 18 by 18 5 18 by 18 3 l'hiS !>i!E n,c,cods fcrtiti:i:c, u,m,iriUkl ¥.k?q1$ite rounding £utop,Nn beachgt.aS$ sys.-

'""'· re-ms (Mclaughlin arw::I Brown 1942}. Moiit 16 by 18 s 18 by 18 l 
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AppendixH 
- Oregon Parks and Recreation Department, Ocean Shore Pennit Application Form• 

(Including Application Fee Fonn, page 8 of9, Planning DepaJtment Affidavit, page 9 of9) 
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