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Sitlcn Sedge Tidal Wetland Restorstion - 30 Design - Estimated Construdtion Cost

19-lun-26

Construdtion Category Cost
|Mobifization Demabilization 5 BE6,000
Access, Traffic Control, Water Mangement, Survey 5 847,000
|Demolition, Clearing. and Grubbing 5 205,000
Tidal Channed and Ditch Fill Esrthwork 5 584,000
Sethack Dike Embaniment, imported Fll, Access Rd S 2 555,000
Sethack Dike Drainage Structure, Tide Gate, MTR & 1,841,000
|Backup Drainage Culverts and Aap Gates 5 113,000
Seeding and Revepstation 2 210,000
Wood Habitat Structures & 100,000
|Prefabricated Pedestrian Bridge and Foundations & 2,407 000
15% Contingency for 905 Design Staoe S 1,462,000
. Sitka Sedge TWR Total Construction Cost | 5 11,210,000,
Construction Engineering and Penmit iance Senvices g 038

Construction Category B B Cost
|Mobiization Demobilization & 276,927
Access, Traffic Control. Water Management, Survey 5 314,695
|Demition, Clearing, and Grsbbing & 83,235
|Ecadway imorovements 3 403,119
|Foadway Bridze and Pie-Supported Foundation 5 755,430
Stream Channel and Ditch Fill Earthwork 5 550,449
Wood Habitat Structures ] 127.500
Seecing and Revepstation 5 534,844
15% Contingency for 0% Desizn Stage ] 456,530
Rencke Creck) Sandiake Road Total Construction Cast | § 3503 129
Constrction Engineering and Permit Compliance Services [20%)  § 700,626

Total Extimated Construction Cost for S5TW and Reneke Creek

Total Recommended Funding Amount for Construction snd Consultant Servioes:

14,713,179

17,655,793
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7. Referenres

Appendix D.
Sitka Sedge Tidal Wetland
Restoration - No Rise

Rationale Memo and No Rise
Certification




FLOODWAY "NO-EISE / NO-IMPACT" CERTIFICATION
Thas document 15 to cerfify that I am duly qualified engimeer hcensed to prachice 1 the State of
Oregon . It1s to firther certify that the attached technucal data supports
{Sora)

the fact that proposed Sitka Sedge Tidal Wetland Restoration will not mmpact the base flood
(Name g Drvalapmarns)

elevatons, floodway elevatons, and floodway widths on sand Iake at pubhished
{Neme o Straam)

cross sections m the Flood Insurance Study for, Tillamook County, OR. | dated  September 28, 2018

{Nerme o commzrity) (D)
and wll not mmpact the base flood elevatons, floodway elevations, and floodway wadths at the

unpublished cross-sactions m the avea of the proposed development.

Humnter White, PE.

Nane

DIGITALLY SIGMED

[FENEWAL IATE  De—30-28] 1615 SE 3* Ave Suite 400
March 9, 2025
Portland OR 97214
SEAL, SIGNATURE AND DATE Address
| FOR COMMUNITY USE ONLY:
Commumity Approval

Community Oificial’s Name Comamnnity Offical s Sipnahre Taile




Errremerial Somes Asscimie

1685 &F 3 b
B 415
Porilend, (8 97254
{568 2T4-3001 0
memorandum
date hizrch 9 2026
to Christer LeBrecgue — Tillamook Esmaries Parinership
frorm Humter White, P.E. and Elizabeth Schalo, PE.

subject Sifka Sedge Tidal Wetland Restoration — No-Rize Rationale Memorandum

1.0 Introduction and Overview

Cregon Parks and Beceaton Deparment (OFPLY), in parmership with Tillamaok Estusries Partmership (TEF)
and Tillampok County Poblic Works (TCFW), is working towards implementing a senes of Improvements and
modifications to the infrastmecmre at Sitka Sedgze State Mamral Ares (555MA) to restore tidal bydrology, squatic
organism passage, and habitat copditions in the area known a5 Beltz Marsh while maintaining equivalent or better
Hooed protection for the commmnity of Tierma Del Mar (TDA). The project is known as the Sitka Sedge Tidsl
Wetland (S5TW) Restoration project and is slated for consimociion beginping in Summer 20246 pending recemval
of pecessary permifs and constuction fonding.

The primary meals of the Sitka Sedze Tidal Wetlamd project are toc
# FPeconnect Beliz Marsh to tidal and estuanne processes in the adjacent Sand Lake Estmary,

# Improwe fish passape conditions inte Beliz Marsh and the three coeeks (Reneke Beltz, and No Mame Hast
Marsh) to address limiting factors preventing recovery of ESA-listed Omegon Coast cobo salmon and
benefit other native fsh species,

e {Cause no negative impacts to neizhboning propertiss in Tiema Del Mar (TDM) and. to the extent feasible,
improve TOW s flood protecton, dramape capacity, and resilience to climate change and sea-level nse,
and

# MNainfain or mmprove recrestionsl access to the Sitka Sedpe State Matural Area trail network.

In 2017-2019, OPED conracted with consultants 0 perform a range of site assessments, develop prelimimany
restoration and infrastachore improvement alternatives, and conduct preliminsry bhydrologic analysis to select a
preliminary preferred alternative nchoding a dike breach to reconmect Beltz Marsh to Sand Lake coupled with a
setback dike near the south end of Beltz Marsh to maintsin flood protection for the adjacent community of Tierra
kel Mar and TCPW-ommed Sandiake Foad (MGG, 2019). In 2023-2024, ESA compleied a detailed alternatives
amalysis, 20 hydmodynamic modeling, snd 30% Design for the Sitka Sedge Tidal Wetland (S5TW) Restorstion
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project, with several presentations to technical advisory teams and at public towmhall meetings. The methodology
for development of the hydrelegic and hydranlic models as well as analyzis of model resulis of desizn altematives
are described in the Sitka Sedge Tida! Wedand — Hydraulic Aralysis Memorandum (ESA 2024) and Sitka
Sedgze Tidal Wetland Restoration 30% Baszis of Design (ESA 2025). The Sitke Sedge Tidal Fedand —
Hydraulic Analysizs Memoramdum is included i the Appendix. Figore 1 shows the project location

ESA iz currently contracted for the engineering and permitting services for the Final Decign phass of the Sitka
Sedme Tidal Wetland Bestoration project. The project is curmently at a 60%-Desizn stage, and the project tesm is
utilizing the §0% Plans and project design details to apply for state, federal and local permits. The bydraulic
analysis and modeling have aleo been updated to reflect the 0% desipn confipuration of the proposed dike
breach and setback dike location

The purpose of this memorandum is to provide evidence and rationale fo prepare a No-Rise Certification
for the proposed actions assenated with the Sitka Sedge Tidal Wetland Restoration project. The followmg
micrmation demonsirates that the proposed project actons will not camse sny rise to the Base Flood Elevation in
the Sand [ ake Esmary and will reduce peak water Ievels in the arez south of the proposed sethack dike

2.0 No-Rise Criteria

Title 44 of the Code of Federal Regulations (CFR) 60.3(d)(3) states that a communiry shall

“Prohibit encroachments, inchiding fill, new constmction, substantial improvemeants, and other
development within the adopied regolstory floodway unless it has been demonsrated through hydrologic
and hydraulic anslyzes performed in accordamce with standard engineering practice thar the proposed
encroachment would not result in any increase in flood levels within the comnmmity during the
ocourrence of the base flood discharge ™ Once a project is defermined to e withio a floodway, the mext
step is to demonstrate that the development will canse no rise in the base floed. This can be done throngzh
A hydraulic stwdy, commonly called a no-rise or zero-rise analysis, and reculs in & no-rise certification
(FEMA Z2023).

Figure ¥ iz an excerpt of the FEMA Flood Insurance Fate MMap (FIEM) of the project area. The FIEM
demyomsirates the project area i not located within s fleedway. The project 1s located with a FEMA Zone AE
without a floodway. The Base Flood Elevation (BFE) of 11.8" HMAVDER.

Title 44 of the CFR 60.3{c){10) states that a commumity shall

“Fequire untl 2 regmlatory Soodway is desiznated, that no new constmction, substantial Improvements,
or other development (inchiding fillj shall be perpoitted within Zones A1-30 and AE on the commmnity's
FIEM, unlass it is demonstrated that the cumulative effect of the proposed development, when combined
with zll other existing and antcipated development. will not increass the water surface elevation of the
base flood more than one feot at any point within the commmumity. ™ COnce a project is determimed to e
within an AE Fone, sach as this project, the next step is 10 demoncirate that the developoent will mot
iCatse 3 rise in the base floed zreater than 1 foot This can be dome through 2 hydranlic smdy, and may
also be called 3 no-rise or Zemo-Tise analbysis, and results in 3 po-rise cerofication, althongh the project
may increasa base flood elevation up to one foot under faderal regmiations.
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FEMA Fegion X published its Procedures for “No-Rise™ Certjfication For Proposed Development i the
Regrlarory Floedway m 2013, It details the techmical dars that should support 2 “no-rise™ certification as being
“based upon hydranlic anatyses that nilize the ssame model nsed to prepare the effective Flood Insurance Study
(FL5) repart and Flood Insurance Fate Map (FIRM) unless it is demonstrated that the ‘effectve’ hydraulic model
is unavailable or its nse is inappropriate. If an alternanve bydraulic model is used, the new medel must be
calibrated to reproduce the FIS profiles within 05 feet™ (FEMA 3013).

The project area 1s shown on the FIRM as a backwater of Sand Lake (FEMA | 2018a). The FIS for Tillamook
Commty lists Sand Lake a3 having its Base Flood Elevation (BFE) a5 &8 non-coastal stllwater elevation (FEMA
2018b). However, the Tillamoeok Coastal Smdy, which informs the Tillamook County FI5, states the following:

“Hand Lake is one esimary whoch had not previoushy been subjected #o detailed coastal or rverne
analyses. This particnlar esinary is pericdically mfluenced by coastal backwater flopding due fo extremes
coastal water levels. For the porposes of establishing a new BFE m the estuary, we nsed the sill waier
lewel (5WL) to map the coastal backwater effect of the 1% and 0.2% flood events into Sond Lake (Figune
810"

Figure 3 reproduces the stody’s Figure §-10. The Tillarmook Coeastal Smdy also notes the 5TWL is “the sum of the
predicted asronomical tide listed in Tide Tables, plus the effects of processes such as an El Nifio or storm surge
that can elevaie the measured tide above the predicted tde™ (DOEAMT, 2014)

The Tillsmook County Coastal Smdy demonsirates that the BFE for the project area is developed from solaly
coastal imfluences mcluding the predicted astronommicsl tide and coasial storms. This project, or any amount of Gl
in Sand Lake, does not mfluence the predicted astronomical fide or coastal storm processes and therefore, cannot
mmpact the BFE. Hydraulic madeling 55 described m the FEMA Repion X Procedures for “No-Rise™
Certjficarion For Propesed Development in the Regnlatory Floedway is nof needed to demonsirate this frther.

3.0 No-Rise Analysis

Althouph this project would not affect the BFE, it may affect other bydrologic conditions and scenarios. ESA has
utilized it two-dimensions] (20 HEC-FAS ydraulic model to evalnate potential rise m a 1% flood event (is
10{-Year Evenf)} as a result of the Projeci

Four hydranlic models are typically developed for 8 Mo-Rise smalysis (FEAMA 2013):

1. Dnplicate Effectve (DFE) — The DE model is used o duplicate FEMA effective water surface slevation
data. This model reflects the topography and inputs at the mme the effective model was created, as a form
of quality comirol for FEMA,

2. Comected Effeciive (CE) — The CE model 15 wsed to cormect emors m the duplicate efective mode]. add
any additional coss sections, of Incorporate more detailed topographic mformation than that nsed i the
current effective model.

i. Existing Comditions (EC) — The EC model is used to reflect corrent topography, strucre data (Le.,
bridges and calverts), and hydranlic roughness,
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4. Prpject Conditons (PCY — The PC model is uwsed to reflect project conditions topoeraphy, stocmres, and
hydraulic ronghness,

As described in Secton 2.0, the BFE in the project area was developed from solely coastal imfluences and not
from nverime mfluences. Therefore, there 5 not 8 FEMA effective HEC-FAS (Hydrologic Engineering Center
Fiver Analysis System) mode] for the area. As such, ESA was not able o develop a Duplicate Effective or
Comected Effective model for the Wo-Fise Analysis. ESA created an Existing Conditions model writh the best
gvailable data. ESA also developed a Project Condiions model to compare agzinst the Existing Conditions model
amd draw conclusions for smy potential rise.

Existing Conditions and Project Conditions Models

ESA developed and utilized a two-dimencicnal (20 HEC-FLAS hydraulic model to evalnate the site’s existing
condidon mform and evalnate altemative desipn concepts, and evaluate the preferred altermative for potential rise
m water levels. 7D hydranlic models nse a depth-averaged approach io represent flow patiems in the borzontal
plane, producing maps of depth and velocity across the sirmiltated landecape HEC-FAS 2T was nused for this
project to represent the complex, mulfi-directional fowrs within Sand Lake Beltr Marsh flood-prone areas, and
local infrastracture.

A senies of hydrologic scenanos were developed for the site to calibrate the mode] and snalyze desizn
glternatrves, inchedimg the 100-year storm event. Flooding is a concern for TDM and as such, project performance
mnder flood conditions was a priority to analyze. As nofed in the Tllamook Ceastal Smdy, the project area had
not previousty been subjecied fo detailed mverine analyses. ESA developed hydrologic flows nsing a vanety of
methods depending on the contributing waterched. Streamflow inputs for the TDM draimage areas were
developed uhilizing the Sanfa Barbara Urban Hydrograph MMethod. Streamflow immputs for creek watersheds were
developed utilizing TT5GS Sreambias, verified by a watershed scaling of the nearest gaged sream comparable o
the project creak.

The dowmsiream bomndary of the model is located In Sand Lake approximately 2 000 feet downstream of Beltz
Dike. This downstream boondary condidon is tidal The tdes data nsed was water level data mescured putside of
the Beltz Dike Febmuary 1-13, 2017 This datz is approprizte for use for the 100-year event scenanio becmse of
the high fide (119 fi WAVDY) included m the datssei that is concurment with the bydrograph pesk and also nesr the
published BFE (11.8 ft HAVIY).

The 20 ydraulic moedsl requires topography, hydrology, and roughness as imputs for the model, which are
represented within the mode] mesh. Alternative desipn concepis were assessad with moedel depth. water level and
velocity outputs. These scenarios and model development are described in detail in the Sitka Sedge Tidal
Werland — Hydraulic Aralysis Memorandum (ESA 2024) which is in the Appemdin.

4.0 No-Rise Results

Water surface elevaitions are compared betwesn the Project Conditions model and Existing Condifons model for
the 100-year flood event in Table 1. There are no FEMA cross sections or BEE lines in the project area. The
waier surface elevations were compared at two key locations: in the marsh behind the proposed setback dike
(Figure 4) and owtside of the existing dike in Sand Lake (Figmre 5). As showmn i Table 1 and Figures 4 and 5, the
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hydraulic modeling predices a flood reducton near TDM ac a result of the project. 100-year water surface
elevations are approximataly 1 feot lower under project conditions than existing condifions in the marsh behind
the project setfback dike (Figare 4). This demonsirates the project is not anticipated to cause a nse m 100-year
flocd levels but rather, a8 reduction. Ouride of the existing dike, in Sand Lake, the hydranlic model predicts no
change in water level comparng the existing condifions to the project conditions.
Tasie 1. Exmng ano PriovecT 100-rear Fuoon WSE CoMmparison

FEMA BFE Exnsting Conditions | Project Conditions | Project mimms
(feet NAVDEE) | (Teat NAVIDEE) (feet NAVDER) Existing {feef)

Inside Project Sefback Dike 118 1205 11.03 -1.402
(Figure 4)
COutside Existing Dike (Sand Lake) | 11.8 11.86 11.86 0.00
(Figure 5)

The resulis of these snatyses demonsirate that the proposed Project will not canse an incresse i 100-year flood
event levations n Sand Lake or Sitka Sedpe Wetland relative to Exsting Conditens. This conclusion is based
oo 2 companzon betwesn Existing and Project Conditions model results, which shows no increase in wates
surface elevations mnder Project Condifions for the 100-year flood event. We therefore request that the County
Floodplain Adminisirator approve this No-Fise cerafication



Sl Bedge Tidal \Wediand Fesiomiion — Mo-Rlse Sabonaie Mermorandam

5.0 References

Cozps of Engineers, 2023. HEC-RAS River Analysis System: Hydraulic Reference (Version 6.4.1). U5, Amy
Corps of Engineers Hydrologic Engineering Center.

Environmental Science Associates (ESA), 2024. Sitka Sedge Tidal Wetland — Fydranlic Analysis Memorandum.
April 30, 2024,

Enviroomental Science Assonates (E2AY, 2025, Sitka Sedge Tidal Weiland Festoration 30%: Basis of Desizn.
Revised Jamnary, 2025,

ESA, 2025, Sitka Sedge Tidal Wetland — 60% Design Plans. September, 2025.

Federal Emarpency Manamement Azency (FEMA) Region X, 2013, Procedures for “Mo-Fise™ Certification for
Proposed Developments in the Fegnlatory Floodway. Cotober 2013,

FEMA M018a,. Mationsl Flood Insurance Program Flood Insurance Baie Map, Tillamook County, Cregon, Map
Number 41057C0T1I5F. Efective Date September 28 3018

FEMA 201EL. Fleod Infurance Smdy, Tillamoeok County, Oregon and Incorporated Areas. Flood Insarance
Stady Mumber 41057CVI0A . Effective Date September 28, 2018,

FEMA 73 Guidance for Flood Risk Analysis and Mapping, Floodway Analyzic and Mapping. Movember,
2023

FEMA 1025, Email Commespondence with FEMA Fempional Service Center (B5C) Lead, Josha Crowley. JTamoary
7, 25

Orepon Depariment of Geology and Minera] Indnsines (DICKEAMT), 2014. Coastal Flood Insurance Stndy,
Tillamook Connty, Oregon. June 30, 3014,



!
Tillamook
E‘_‘ |
.;EE TS
0
O o
&
o
QO |
& |
. This figure shows the location of the study site (red square) relativeg
to regional geography. Precipiabon data discussed in the report
| was collected from stations located in Tillamook and Cloverdale;
|, weather stations are shown by red dots.
o
Sand
[ ake
Esfuary £
Tiera Project Area
DOl Mar
[} L1 o8 u f: .n.m.l
Pacific City Cloverdaie
s
Soum e B I-EREI = ST Es: £, hEQE, Garrin
Esri-Japan, METI, Esrl CH URE3, Inbermap,
NE0C, & Opendires thag INCREMENT P. K=Can, Ezn
Figure 1

Project Location Map

Sitka Sedge Tidal Wetand Restoration
Ho-Rise Memorandum




Nowr: T fpwerw s thie FEALA
Fhixd Inuranc: Bate Mg af e

preaen anmd, wralialm g f rageed
iy Toodplain boandary whick
wremeiles The ow'es | By perom ol
Erarai L War mad oboiope e K
ol by addbaie Fosad gl Wi Findl

Mlenk cossimg, The poted boss poial
chovml ienis 1 1LE SN YTHS oirapancd

ton P U gt Thopgal gy wbe o) moak i
LR

2 P Pty —
e —— P i i Rk i i —
canm =t T ———————
Al et [ L — =kl
b Pl — .-.t e —— e bl
g s | s s e i ot = L EERES - - - T T
iy ciinin PO A e N = L e —
e || 0 et e g oy

S T
T e it

[0 et e i e

Figure 2
FEMA Flood Insurance Rate Map Excerpt from North End of TDM oF

2iEa Esdge Thdal Wedland Recioration
Ho-FiGa M L
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[ODFW)
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Glivia Deans, lennifer Jones, Cheryl Butner — National Ocoeanic and Atmosphenc Administration

{MDAA)
from Hunter white, PE — Emvironmental Science Assocates (ESa)
subject Sitka Sedge Tidal Wetland Restoration — Fish Passage and Tide Gate Design

1 - INTRODUCTION AND SUMMARY

Oregon Parks and Recreation Department [FRD) in parinership with Tillamook Estuaries Partnership (TEP) is
planning a tidal wetland restoration and fish passage improvemeant project at Sitka Sedge State Matural Area
(S55MA). ESA is working with these project partners to restore tidal processes and enhance habitat conditions in
the area with 555MA known as Beltz Marsh, including improving fish passage and access to the three tributary
streams that drain into Beltz Marsh, including Renske Cresk, Beltz Creek, and Mo Mame Creek. The site is
currently separated from Sand Lake by an existing earthen dike {Beltz Dike} with a single drainage outlet
through a 4'x4" concrete box culvert. The culvert once featured a wooden, top-hinged tide gate that prevented
tidal water from flowing into Beltz Marsh, but the wobden boards are no longer present, allowing a muted tidal
conmnection and limited fish passage through the cubvert. However, the culvert is undersized for the flows that
pass through the culvert resulting in very high velocities that are likely a partial fish passage barrier or oreate
turbulent conditions that are detrimental to fish passing through the cubeert.

The Sitka Sedge Tidal wetland {55TW) project includes proposed infrastructure and habitat improvemeants to
restore tidal processes and improve fish passage conditions between Sand Lake and Beltz Marsh and to the
tributary streams that drain into the marsh. An ovendiew of the proposed S5TW restoration project elements is
shonwm in Figure 1.

Proposed Dike Breoch and Pedestrian Bridge:

The proposed restoration project includes breaching the existing Beltz Dike at a location west of the existing box
culvert by excavating a new primary tidal channel through the dike that connects two apparent histoncal tidal
chanmels inboard and outboard of the dike embankment. Historical aerial photo analysis indicates that this
hocation was fikely the original primany tidal channel location prior to construction of Beltz Dike m the early
1900s. To maintain recreational access via the Beltz Dike Trail that travels along the top of the existing dike
embankment, the project includes a new 140-foot-span prefabricated pedestrian bridge over the dike breach
chanmel. The breach channel and associated bridge span were sized based on tidal channel sming puidehines,
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ydraulic analysis and evaluation of water velocities relative to fish passage ortena and erosion potential, and
alternatives analysis to restore fish passage while maintaining trail access at 555NA. Modeled welooties through
the 1ap-foot-span and dike breach are expected to stay below 2 fps even during peak drain out during the 100-
year storm scenario. The existing drainage box culvert will be fully remonved, and the dike embankment in this
location will be reconstructed to repair erosion and maintain trail access into the futwre.

Proposed Setbock Dike, Tide Gate Structure, and Backup Culverts:

To maintain flood protection and prevent peak high tde water levels from reaching the adjacent community of
Tierma Del Mar (TDM] after breaching the existing dike, the project indudes constructing a new earthen sethack
dike across the south end of Beliz Marsh. The location of the setback dike was designed to minimize the area of
direct wetland impacts and minimize the area of wetland to remain behind the setback dike, while providing
adequate water storage volume behind the setback dike to contain stormwater runoff from Tierra Del Mar and
the Mo Name Creek watershed to result in a reduction of peak water lavels at the northem edge of Tierra Del
Miar compared to existing conditions. Baltz Creek and Reneke Creek will flow into the tidally reconnected
portion of Beltz Marsh north of the setbhack dike. No Mame Creek will drain into the area south of and behind
the setback dike, draining beneath Sandlake Road and into a network of drainage ditches that are impounded
by existing beaver dams.

Combined flows of No Name Creek and stormwater inputs from Tierra Del Mar, via the Sandlake Road Ditch and
TOM Morth Ditch, and direct precpitation on the land/water surface south of the setback dike and north of the
TOM drainage ditches will be conveyed through the setback dike via a proposed concrete tide gate structure
consisting of 3 12-foot-span box culvert, fitted with an B-foot-tall by 10-foot-wide side-hinged aluminum tide
gate with a Muted Tidal Regulator (MTR) controd system. The MTRE system will be operated to force the tide gate
to stay open during most tidal water levels [approximately 1% of the year) but dose during peak high tides to
prevent the highest of tides from reaching privete properties in TOBM. This proposed tide gate structure with
MTR conirols will provide fish passage through the setback dike and along the No Mame Creek pathway.
Additiendal tide gate fish passoge analysis is summanzed below within this Introduction and Summary amd
described in greater detail in Section 5.

As a conservative backup measure to alleviate concermns of TDM landowners, the setback dike also includes two
3g-inch diameter backup cubverts that will be set at higher elevations to drain off high water levels that may
accumuslate behind the setback dike in the unfilkely event that the tide gate structure became blocked due to
beaver activity or other emergency conditions. These backup culverts are not intended to provide fish passage
and would only activate with flow infrequently during extreme storm events or emergency conditions. These
backup culverts would be fitted with traditional top-hinged flap gates mounted on the downstream concrete
headwalls to prevent extreme peak tides from passing upstream through the backup culverts.

Beaver Maonogement System ot Setbock Dike Tide Gotes:

Due to the presence of heavy and persistent beaver actnnty, the new tide gate structure will be protected by a
beaver exclusion system to prevent beaver from accessing and blocking the culvert or tide gate and a Beaver
Deceiver flow device with a bypass pipe to ensure water flows through the exdusion fencing in the even that
beaver build a dam or rack debris against the exclusion fencing. All beaver exclusion fencing and flow device
fitters would be constructed with 605" mesh fencing {cattie panel fencng) with minimum gap spacing of &
inches to meet SDPW fich passage oriteria for cutthroat trout-only streams, as ODFW has determined is
appropriate for the documented and anticipated fish use in No Name Creek.

Summary of Fish Passoge Analysis ot Proposed Tide Gate Structure:

Oregon’s fish passage rubes are set forth in Oregon Administrative Bules (DAR] Chapter 635, Division 412 — Fish
Passage. Section 635-412-0035 states "tide gates associated with fish passage structures shall meet the
requirements of DaR-412-0035(2)", which provides maximem velocity and minimum depth criteria, “for an
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awerage of at least 51% of tidal cycles”. As referred to in this memorandum, ‘passability’ means the tide gates
are open, and velocty and depth criteria are being met.

in order to achieve at least 51%-passability, it would be necessary to keep the tide gate open at all times when
wiater lewels are at 5.5 {the minimuom water level in Sand Lake at the project location due to bed features in the
lake that prevent full drain out). This minimum threshold will be easily met with the proposed tide gate’s MTR
Water Management Plan, which proposes to use an MTR water level setting of 507 NAVDES. Due to existing
beaver dams upstream of the proposad setback dike and tide gate structure, water levels upstream of the
beaver dams never fall below approximately 7.5" to 8 during summer and winter conditions, respectively.
Therefore, regularly allowing a water level of 8.0 to oocur upstream of the proposed tide gate will just bareky
overtop the existing beaver dam and will not substantially change the water levels that oocur in the southern
porticn of Beltz Marsh or on private properties in Tierra Del Mar.

Following tidal reconnection via the proposed dike breach, tidal water levels outboard of the setback dike wall
rise and fall between elevations of 5.5 and approximately 12°. Tidal water levels immediately upstream of the
proposed setback dike and tide gate will be managed to rise and fall between elevations of 5.5 to 8.0¢ during
typical tidal conditions, with higher water levels occumming upstream of the setback dike during periods of
stormw ater runoff when the tide gate is dosed. with a minimum low water surface elevation of 5.5, we have
salected a culvert imvert elevation of 5.0° so that there will always be a minimum of & inches of water depth
(0.57) in the tide gate structure.

Extensive hydraulic modeling of the proposed tide gate structure during a wide range of conditions
demonstrates that water velocities through the tide gate structure and tide gate opening are expacted to stay
below 2 feet per second (fps) duning typical tidal conditions, reach just ower 2 fps during a 2-year storm event,
and peak just below 4 fps during the peak of a 100-year storm event. Therefore, velocity and water depth
requirements for fish passage will be met 3t all tmes when the tide gate is open, only exceeding the fish
passage velocity threshold of 2 fps infrequently during storm events exceeding a 1-year or 2-year recuTence
interval.

The fish passage anakysis described in this memo indicates that a tide gate system consisting of a 12-foot-wide
concrebe box culvert, with a single, 10-foot-wide by B-foot-tall side-hinged tide gate with Muted Tidal Regulator
(0ATR) controls will comply with ODFW fish passapge velocity criteria.

In summarny, we propose a tide gate system with the following charactberistacs:

& concrete tide box structure with wing walls and a 12-foot interior span

A 14" wide x 15" tall concrete headwall equipped with a single 10"WxEH side-hinged tide gate

Gate imvert elevation at 5.0 feet NAVDES

MTR Controls with a year-around MTR Water level setting of 8.0 feet NAVDES

With these proposed tide gate dimensions and operations, the tide gate would be open and meeting
DDFW fish passage criveria for approximately 91% of the time over the course of the full year, with
monthby fish passage ranging from 84% of lanuary to 94% of June and July.

Sondioke Rood Crossings ot Reneke, Beltz, and No Nome Creeks:

Renske Creek, Beltz Creek, and Mo Mame Creak all originate in watersheds east of Sandliake Road and enter
Beltz Marsh after passing through undersized culverts beneath Sandlake Road. The S5TW project designs
include replacing the undersized culvert at Reneke Creek and Sandizke Road with a new 25-fook-span roadway
bridge. This Reneke Creek/Sandiake Road crossing fish passage improvement is designed to meet Stream
simulation fizh passage. Construction of the bridze and associated roadway work may be constructed separately
from the rest of the S5TW project, awaiting additional grant funding.
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Culvert replacements at the Sandlake Road crossings of Beltz Creek and No Hame Creeks are designed to a 30%-
level. These crossing designs will be finalized in the future after additional design funding is obtained, and these
culvert replacements will be permitted and constructed separately in the future. These crossings are not
included in the S5TW project and are not seeking fish passage authorization at this time.

The Sandliake Road culvert crossings are not covered in this memorandum and will be submitted separately for
fish passage authorization.

The following sections incdude site descriptions, site maps ilustrating site conditions and context, water leveal
maonitonng data, and a summary of hydraulic and fish passage analysis performed. All figures are mcluded in
Appendix A. ODFW Fish Passage Plan for a Road Crossing-Stream Structure and Beaver Coexistence Flow Device
Fish Passage aApproval Apphcation forms will be submitted to ODFW with the formal application. The 90% Plans
are also provided fior additional project information and context.

2 — PROJECT DESCRIPTION

2.1 - Existing Site Conditions and Setting

in 2014, OPRD acquired property north of Paafic City, indluding and adjacent to portions of Sand Lake Estuany.
The property established as Sitka Sedge State Matural Area (S55MA) consists of approximately 102 acres of
marsh, including approximately 70 acres of tidal marsh, =and, and mudflats, 32 acres of freshwater marsh, and
22 arcres of forested or shrub swamp. The property includes approcamately T8 acres of estuary altered by the
half-mile long Beltz Dike which runs east/west across the property_ | Tierra Del Mar (TDM)] is a residential
commuenity located immediately south of Betiz Marsh [Figure 2). Relative to surrounding areas, TDM is flat, with
elevations of developed portions ranging from around 14 to 23 feet NAVDEE. TDM is triangular in shape,
narmowing to the south. itis swrounded by the Pacific Dcean and assodated foredune to the west, additional
vegetated dunes and Beltz Marsh to the north, and forested bedrock halls to the east. 4 marshy swale referred
to 35 No Mame Creek or "East Marsh™ occurs between TDM and the bedrock hills to the east (PGG, 2019]).

Park property contains 3 major streams: Reneke Creek, Beltz Cresk, and “no-name” creek. all of these streams
are tributany to the tidal marsh and Sand Lake Estuary.

555MA inchedes a parking lot and traithead located adjacent to sandlake Road immediately north of the Reneke
Creek area. The traithead provides recreational access to a nebwork of hiking trails and beach access via the
Beltz Dike Trail situated on top of the earthen levee that separates Beltz Marsh from Sand Lake.

Prior to diking, Beltz Marsh was formerly a shallow embayment fully connected to the Sand Lake Estuary via
tidal channels and mudfiats. Topographic modifications incuding construction of the Beltz dike, ditching in the
marsh, construction of Sandiake Road, gquarmy activities, and development of the Tierra Del Mar commundty
continue to affect site hydrology (PGG, 2019).

Figure 3 imcludes an aeral photo of the project area identifying the key site features. Figure 4 depicts an
annotated site topography map derived from OPRD DEM |varous dates). Key site features nclude the Beliz
Dike, oo cubvert and tide gate, remnant tidal channel and ditch network, primary beaver dam in the marsh,
Sandiake Road prism, Tierra Del Mar community ditches, east marsh complex, and dunes to the west of the
marsh. Areas within the marsh having elevations below 5.0° NAVDEE remain inundated most of the time, while
areas with elevations above B0 NAVDES are rarely inundated. The low point in Sandlake Road has an elevation
of approximately 11 1" NAVDEER, owerflowing the roadway at 11.6". Resudential areas within Tierra Ded Mar
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(TDMA) have ground elevations ranging from 14.0 to 23.0°, or higher. Two private properties in TDM at the
sguthern edge of 555MA include existing low-lying areas subject to mundation by the highest measured water
levels of approzimately 12" and backwater flooding during heavy storm events. The TDM ditch and cubvert
network flows north and discharges into the marsh above the direct influence of the tide [P&G, 2019).

FEMA Flood imsurance Rate Maps from the Tillamook County Flood Insurance Study show the 100-year
fioodplain elevation in Beltz Marsh and the Sandlake Bd/East Marsh crossing of 11 8" NAVDES. This flood
elevation inundates the low point in Sandlake Rd and the low-ying portions of three private properties within
TN

2.2 - Existing Surface Water Hydrology

221 - Tides

Thdes are the primary driver of surface water level fluctuations in Beltz Marsh. Tidal fluctuations in the Pacfc
Dcean are transmitted to the marsh via the shallow Sand Lake Estuary and communicated through the existing
b culvert and tide gate. The tide gate has deteriorated ower time and no longer has a functional gate flap, but
the undersized boo culvert restricts flow into the marsh and mutes the tidal signal resultng ina reduwction in
peak tidal water levels.

Pacific Ocean tides are influenced by both astronomical [sun & moon) and meteorological factors [storms).
storms and other large-scale atmospheric phenomenaon, such as £l Nifio, tend to elevate the tides above
predicted levels during the winter season. These same sborm events are also responsible for delnvering heawvy
rain to the area that frequently corresponds with high tide events. Measurements of ocean tides in the
immediate vicinity of Sand Lake Estuary are not available. Long-term measurements at South Beach i Newport,
OR, and Garibaldi, DR [within Tillamook Bay), provide representative ocean tides offshore of sand Lake Estuary.
As orcean tides enter the Sand Lake Estuary they are affected by the shallow nature of the estuary, constanthy
changing sand bed forms near the mowth of Sand Lake, and a complex tidal channel network, resutting ina
situation where water levels in the estuary near the Beltz Marsh never fully recede to match low tides in the
adjacent ocean. Daily low tides are severely muted and never fall below elevation 5.5 ft NAVDESE, while ocean
tides regularty fall to 0.0 ft NAVDES or lower.

Fluctuations behind the dike in Behz Marsh are primarily controfled by the interaction of tides in Sand Lake with
the box cubvert and tide gate, and secondarily by inflow from oreeks and local dreinages. Measurements show
that under existing conditions, the missing tide gate and undersized box culvert allows a muted tidal flux to fill
the marsh on rising tides. \Water passas through the box culvert and water levels behind the dike rise more
slowly and fag behind those in Sand Lake due to the fimited flow through the structure. Tides in 5and Lake peak
amnd bBegin to fall before the marsh completely fills and as water levels equilibrate on the ebb tide the flow
reverses and water slowly drains back into Sand Lake until the minimum low water elevation of ~5.5 ft NAVDES
is reached. in 2017 when the tide gate was still partially intact, high tide elevations behind the dike were
approximately 1 9 feat hower than Sand Lake, as shown in Figure 5. in 2023, since the tide gate was completely
missing, high tide water levels behind the dike were measured to be approgimataly 1.4 feet lower than Sand
Lake and approximately 0.5 feet higher than in 2017, as shown in Figure 6.

in the absence of significant freshwater input, low tides behind the dike tend to be similar to those in 5and Lake
bt are slightly elevated [a few inches) and of longer duration as the marsh slowly drains. Freshwater inputs
from creeks and local drainages that arrive on a rising tide accumulate within the marsh and contribute to
elavated water levels behind the dike. Following heavy rainfall events, it can take multiple tidal cycles for

5
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accumudated freshwater to be discharged through the existing box culvert. The leaky/missing tide gate is no
longer funchional, though the size of the box culvert itself limits flux through the dike and thereby causes lower
water levels than in 5and Lake at high tide, and higher water fevels than in Sand Lake at low tide and following
intenze rainfall events.

Existing tidal fluctuations in the south end of the marsh are further impeded by the existing beaver dam that
impounds water in the ditches and wetlands near Sandlake Foad. Water levels remain relatively constant in
time at about elevation 8.0 ft NAVDEE during the wet season and drop down to elevation 7.5 ft during summer
o flow period. The beaver dam is approximately 3.0 ft high, based on observations by ESA staff in Februany
2018. Figure 7 depicts typical water level fluctuations i the project vicinity during the summer (no rainfall], and
Figure § depicts typical water level conditsons in the winter during and after a storm event [PGG, 2019).

2.2 2 - Freshwater Inputs

Frequent and intense rainfall is common along the Oregon ooast, and in the vicinity of the project site. Mean
anmual rainfall is about BO inches per year, with a 2-year peak 24-hour rainfall intensity of about 3 inches (USGES,
2018). other rainfall records are available at Tdlamook and Cloverdale, OR. Periods of intense rainfall
correspond to both elevated water levels in Beltz Marsh, and photographs of neighborhood flocding provided
by the TOM community from 2016-2017 (pers. com). Given the sive of Beltz Marsh, direct minfall in the marsh
could contribute meaningful surface water inflow during high-intensity storm events.

Beltz Creek (0.5 square mile drainage) and Reneke Creek (0.9 square mile dramage) are the primary freshwater
sources that discharge into Beltz Marsh under existing conditions. Neither of the creeks has been gaged and few
streamflow measurements are avadable to descoribe the response of the creek drainages to mmfall events.
Therefore, the current understanding of creek hydrology relies on limited observations, compansons with
nearby gaged steams [Twcca Creek], and scaling to approcamate discharge from Beliz and Reneke Creeks (PGS,
2019).

Renske Creek flows west toward Sandlake Road, where it encounters a Mocked culvert and then diverts
southwest along Sandlake Road. The creek then flows into a partially blocked 38-ft long, 2-ft diameter, culvert
that passes beneath Sandiake Road into Beltz Marsh. The culvert invert elevations are low enough to be subject
to tidal fluctuations in the marsh during extreme high tides and ESA observed what appeared to be salmonid
fish in the pool immediately downstream of the culvert. Upon entering the riparian area west of Sandlake Road,
the creek channel meanders through wetlands and then bifurcates into multiple smaller braided channels that
separately discharge into the marsh. Signs of erosion and road overtopping indicate that the existing culvertis
undersized and does not pass all creek flows beneath the road. Histonic photos and ground observations
indicate that Reneke Cresk was formerly antificially routed through the blocked culvert and then to the north
along what is cwrrently a dry swale that historically diverted Reneke Creek around the existing dike (P&GE, 2019).

Belz creek arrives at Sandlake Road at a higher elevation than Renske Cresk and passes beneath Sandlake Road
through an angled 80-ft long, approximately 3-ft diameter, culvert. The downstream end of the culvert is
perched abowt 2.5 ft above the adjacent creek channel and well above the influence of the tide. The creek
chanmned then flows through a former rock quarmy and splits into at least two smaller channels before entering
the marsh and ditch network.

The primary drainage ditch from TDM [identified as the East Ditch or Sandlake Road Ditch) flows north through
a series of small culverts that paralflel Sandlake Road. The final culvert beneath Foma Ave. consists of a 40-foot
bong 12-imch diameter corrugated smooth interior wall HOPE pipe with an outlet imvert elevation of 11.8 fi
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MAVDEE. The ditch continues north and connects with other ditch networks upstream of the existing beaver
dam within the marsh. Flows through the ditch along Sandlake Road are limited by the capacity of the culverts
and condition of the ditch. & secondary drainage swale within TDM (identified as the Morth Ditch in Figure 4]
runs paralflel to the dune line and flows northeast through ToM, including beneath roads and structures, before
turning in an east-northeast direction north of Roma Ave.

Finally, drainage from the East Marsh located on the east side of Sandlake Road and across from TOM, flows
it the sowth end of Beltz Marsh via a 2-ft diameter culvert beneath Sandlake Road. The East Marsh watershed
is approzimately 202 acres or 0.32 square miles. Water level monitoring indicates that water levels in the
immediate vicinity of Sandlake Road are controlled by the backwater created by the beaver dam in Betz Marsh.
Ground levels and surface water levels in the East Marsh continue to rise to the south, Rkely impounded by
bkeaver dams and/or emergent vegetation. Observations by ORPD in spring of 2018 indicated water ponded
approximately 1 ft abowve the ground surface throughout this marsh, with desper water closer to the Sandlake
Road culvert [PGG, 2019).

2.2 3 - Hydrologic Charocterizotion Summarny
# The Beliz dike tide gate no longer functions properly and allows water to flow into the marsh when
water levels are higher in Sand Lake. 50ill, water levels at high tide [during non-storm conditions) are
loweer on the inside of the dike under existing conditions due to limited flux allowed in and out of the
existing box culvert.

&  The existing box culvert/tide gate is undersized to efficiently drain accumulated freshwater within the
marsh following mbense rainfall events and thus it currently takes multiple low tide oycles for water
levels in Beltz Marsh to drain out and equilibrate with Sand Lake.

®  The existing beaver dam at the south end of Beltz Marsh impounds water and creates a backwater area
that causes water to pond along both sides of Sandlake Road and within the East Marsh.

& Reneke Creek's northern culvert is completely blocked by gravel, and the southem oslvert is undersized
for passing peak stream flows. This constriction moderates Reneke Creek flows through the cubeert at
moderate flows and causes overtopping of the roadway during peak streamflow events.

# The East Marsh (Mo Name Creek upstream of Sandlake Road] is affected by the backwater of the baaver
dam in Beltz Marsh and is subject to tidal fluctuations dunng extreme high tides and storm events.
Ponded water has been observed in the East Marsh well above the influence of the backwater from
Beltz Marsh.

e Groundwater hydrology characterization and alternatives modeling are covered in detail in the Sitko
Sedge Stote Motural Areg Hydrologic Analysis Final Report (PGG, 2019) Groundwater modefing of a
dike breach scenario without a setback dike predicted insignificant changes in shallow groundwater
elevations beneath TDM during average conditions and slightly reduced groundwater elevations during
large storm events.

2.2 - Proposed Restoration Measures

The Oregon Parks and Reoreation Department | OPRD] and Tillamook Estuanes Partnership (TEP) propose to
restore estuarine habitat conditions m the Beltz Marsh area of 555MA and improve fish passage conditions from

sand Lake into Belftz Marsh and the tributary streams by restoring hydrodogic connectivity through the dike and

T
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upstream across the road. Tillamook County Public Works [TCPW] is another project pariner that will overses
improvements within the Sandlake Road right-of-way. The project team proposes to improve hydrologic
conmectivity by removing the undersized box culvert within Beltz Dike and the undersized culverts beneath
sandiake Road. Pedestrian and wehicular connectivity will be maintained and improved through the instaliation
of appropriately sived bridges over the restored hydrologic channels. & sethack dike will also be constructed at
the south end of Beltz Marsh to provide flocd protection for residents of Tierra Ded Mar, which will include a
new tide gate structure to provide drainage and fish passage through the setback dike while preventing peak
tidal water fevels from reaching TDML

The project elements are depicted in the 20% Plans and Overview Figure 1, inCluding the following:

Constructing an earthen setback dike embankment near the south end of Beliz Marsh located
approximately 50 feet north/downstream of the existing primarny beaver dam to:

- Prevent high tide water levels from reaching Teerra el Mar,

- Provide sufficient storage volume upstream,/south of the sethack dike to contain stormwater runoff
without increasing water levels in Tierra Del Mar, and

- Maimtaim the exsting beaver damTodge complex and freshwater habitat at the south end of Beftz
Marsh 1o minimize potential beaver conflicts at the setback dike and assodiated tide gate structure.

Constructing a new tide gate structure within the proposed setback dike desizned hydraulic drainage
capacity and fish passage featuring:

- @ 12-foot-wide concrete box cuhiert, concrete headwalls and wingwalls

- an 8 tall x 107 wide side-hinged aluvminum tide gate, with an invert elevation of 5.0'

- @ Muted Tidal Regulator [MTR) control system to operate the tide gate to stay open during the majority
of tidal conditions up to an MTR Water Level setting of 5.0

Constructing a pair of 36" diameter backup culvert pipes with top-hinged fiap gates within the sethack dike,
set at higher invert elevations of 9.5" to 107 to provide relief drainage im the event that the pnimary tide gate
structure is blocked or during extreme storm events,

Installing beaver exclusion and management system at the setback dike drainage structures including:

- &" x 6" mesh fencing across the upstream and downstream sides of the tide gate structure

- & Beaver Deceiver flow device including a square fitber made of 6" 06" mesh fence panels and a 24"
diameter bypass pipe to pass water through the upstream receiver fence

- iChaim fink fencing along the tide gate structure's headwalls and wingwalls with gates to provide access
for maintenance

- Trash racks on the iniets of the backuep culverts with mimimum mesh/bar spacing of 6
Filling linear drainage ditches and excavating new tidal channels in the marsh,

Instailing large wood structures in chanmnels and on the marsh plain for habitat complexity and bank stability
in select locations,

Removing the existing 4"¢4" box culvert and deteriorated tide gate and reconstructing the dike embankment
and overhying trail,
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& Excavating a 140-foot-wide breach opening and channel through the existing Baltz Dike t0 reconnect Beltz
Marsh to tidal processes in Sand Lake, located to conmect historical tidal channel alignments and minimize
tree removal,

# Constructing a 140-foot-span pedestrian bridge owver the dike breach to maintain recreational access along
the Beltz Dike Trail to the rest of the S55NA trail network,

# Replacing the undersized culvert at Reneke Creek/Sandlake Road to improve fish passage mcluding:

Raising approximately 800 feet of roadway to reduce roadway overtopping and constructing a 49-foot
span vehicular bridge in place of the existing undersized oubvert

Realizning the Reneke Creek channel to move the cresk out of the roadside ditch and restore a
historical channel flow path and alluvial fan/forested floodplain area.

# 4 future phase of this project will incdlude the Beltz Creek and No Name Creek cutvert replacements, which
willl primarily impadct existing county right-of-way.

J - WATER LEVEL DATA SUMMARY AND INUNDATION AMALYSIS

3.1 - Existing Water Level Monitoring Data Summary

Water levels in the project area have been monitored at different times dunng the course of project planning
and design including a period in 2017 during the original hydrologic study and again in 2022-2023 during the
detailed alternatives analysis leading to the 30% Design. Water levels were monitored continuoushy inside and
oputside the existing dike and tide gate, as well as locations upstream at the main beaver dam, south end of Beliz
marsh, and upstream of Sandlake Road at Reneke Creek and Mo Name Creek. Water levels in the project area
are summarized as the following:

Water lewvels in the Pacific Ocean near the mouth of Sand Lake exhibit full tidal fluctuation from -3.9° to
11.7 (lowest and highest measured tide leyvels interpolated from MOAA tide stations in Newport and
Garibaldi, Oragon)

‘water levels in the Sand Lake rise to the full height of ocean tides and possibly slightly higher basad on
water level monitorning data. However, the low tides in Sand Lake are muted due to bed featuras in Sand
Lake that prevent full drain out at low tide.

o At a location within Sand Lake approximately 1 mile upstream of the mouth, the water level falls
to a minimum elevation of approximately 3.0°.

At the existing Beltz Dike location (approximately 2 miles wpstream of the mouth), the water
level never falls below 5.5'.

‘water levels in Beltz Marsh, inside the axisting dike, are influenced by tidal water levals in Sand Lake
and freshwater inputs from Reneke, Beliz, and Mo Name Creeks, stormwater runoff from the Tierra Del
Mar and Sandlake Road ditches, and direct precipitation.

o During typecal tidal conditions, the deteriorated tide gate allows tide water to enter the marsh,
burt the constriction of the 4'x4" box culvert imits peak tides approximately 1.5" lower than the
high tide in Sand Laks.

o Dwring storm conditions, runoff and streamflow entering Beltz Marsh build up behind the dike
and the 4'x4" box culvert has limited capacity to drain the water. Water levels rise in the marsh
up tix an elevation of nearly 12" and can take several days to drain out.

‘water levels at the south end of Baltz marsh (south of the main beaver dam) are always impounded at
approvamately &' (B.5" m winter and as low as 75" dunng the summer, or due to minor changes in the
height of the bkeaver dam).

o This beaver dam impoundment backwaters the ditch network and Mo Name Creek channel at
Sandiake Road
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o The No Name Creek/Sandlake Road cubvert is always submerged, and this backwater effect
extends upstream of Sandlake Road as well.
#  The highest water levels in Beltz Marsh ocour during penods of heavy rainfall due to accumulation of
rumoff in the marsh and slow drain out through the 3’4" box culvert through Beltz Dike.

3.2 - Proposed Conditions Modeled Water Levels and Inundation Extents

As detaled in ESA's Sitha Sedge Tidal Wetlond — Hydroolic Analysis Memorondum (ESA, 2024, we performed
extensive 2D HEC-RAS modeling of existing conditions and proposed alternative conditions. The 20 models have
bkeen updated at each step of the design and to reflect the locations and dimensions of site features included in
the 30% Design Plans. Figure 9 shows the 20 model extents and hydrologic boundary conditions.

The HEC-RAS modeling induded a seres of ydrologic scenario simulations including:

e 3 calibration event modeled after an actual storm event in February of 2017, which included a period of
typical winter tide conditions and moderate stream flows followed by a storm event that generated 1-
year stream flows and stormwater rumoff

® 3 long-duration, 14-day hydrologic scenano that includes 3 days of typical wintertime conditions, 5 days
of a "furst storm’ using 2-year peak stream flows with 10" high tides, and 6 days of a "second storm' that
inCludes 100-year peak stream flows and stormwater runoff rates combined with 12" King Tides

Figure 10 shows the streamflow mputs for the February 2019 Calibration event. Figure 11 shows the streamflow
inputs for the 100-year storm scenario. Figure 12 shows the downstream tidal boondary condition water kevel in
Sand Lake used in the 100-year storm scenanio, scaling up tides to reach 12° King Tide levels. Figure 13 shows
the sample point locations within the 20 model domain where data was sampled for display on the water level
and velocity plots.

Following the proposed dike breach, water levels in Beltz Marsh north of the proposed setback dike are
expected to match the high and low water levels in 5and Lake, ranging between the low water level of 5.5 up to
approximately 12" (HMT based on NOAA tide station analysis is 117, while a maximum water level of 11.97 was
measured onsite in 5and Lake). This will increase the peak tidal water levels by approximately 1.5' compared to
existing conditions, increasing the inundation extent around the perimeter of the marsh. All areas subject to
increased inundation extent are within the S55MA, mosthy in areas of existing wetlands. The Reneke Creek
crossing of Sandlake Road will also experience the increased peak tide slevations, as the existing cubvert and
proposed channel invert elevation is 3.5'. The axisting roadway elevation at this crossing is approximately 16
and currently overtops during flood events due to high flows on Renske Creek, not due to backwater from Beltz
kiarsh. Under proposed future conditions along with replacing this culvert with a new 49-foot-span bridge, Sand
Lake will also be raised by 2 feet to an elevation of 18" to provide at least 2 feet of freeboard beneath the bridge
during 100-year flows on Reneke Cresk.

water levels upstream/south of the setback dike will be controlled by the operations of the proposed tide gate
structure and the continued presence of the main beaver dam.

o Tidal water levels between the setback dike and the beaver dam (within the excavated tide gate
drainage channels] are expected to rise and fall between 55" [minimum water level) and &'
[allowed by the proposed MTR].

o Wwater levels south of the beaver dam will not experience much change under proposed
conditions berause they are already impounded betwesn 7.5" [summer] and 8.5° [winter] due to
the existing beaver dam. Operating the MTE to allow 8.0" water levels upstream of the tide gate
willl match the existing elevation of the beaver dam. Inundation extents will generally be limited
to within the existing channels and shallow inundation within the vegetated marsh (maintaining
the existing conditions).

10
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o During storm events, runoff from Mo Name Creek and Tierra Del Mar will accumulate behind
the setback dike during high tides above 0" when the tide gate is closed. However, hydraulsc
micdeling of typical tides, 2-year storms, S0-year storms, and 3 100-year storm event coupled
with King Tides demonstrates that peak water levels will be reduced under proposed conditions
and water levels will recede much faster due to increased conveyance capacity of the proposed
tude gate system and the free-draining breach channel through the exsting dike. The 100-year
storm modeling results comparing proposed conditions to the exsting conditions are displayed
in Figure 14,

= These modeling results support ESA"s Mo Rise Certification submitted to Tilamook County
Flanning Department as part of the project’s Floodplain Development Permit application. The
proposed setback dike location, tide gate structure characteristics, and water level managemeant
plan are desizgned to maintain water current levels under typical (non-storm) conditions and
reduce peak water levels and inundation duration during storm and peak tide conditions.

4 — DIKE BREACH CHANNEL AND PEDESTRIAN BRIDGE

At the north/downstream end of the project site, all flows from the three tnbutaries of Reneke, Beltz, and No
Mame Creek ulttmately drain to Sand Lake through the existing Beltz Dike via a 4'x4" concrete box culvert with a
detenorated tide gate. The S5TW project proposes to restore tidal connectivity and fish passage from Sand Lake
into Beltz Marsh by excavating a large breach channel through the dike. The dike breach was located to connect
to the apparent historical primary tidal channel, which is still visible on the inboard and ocutboard side of the
dike, as shown in Figure 15.

In arder to maintain recreational access to the S55NA trail network via the Beltz Dike Trail which runs along the
top of the existing dike, the dike breach would need to be spanned by a pedestrian bridge. Other alternatives
including full dike removal, & boardwalk system with multiple bridge crossings, and replading the existing tide
gate with a larger modern tide gate system were evaluated prior to selecting the preferred alternative of a dike
breach with 2 padestrian bridge. Figure 16 shows a conceptual plan for breaching Beltz Dike, constructing a 140~
foot pedestrian bridge over the breach channel, and removing the existing box culvert and reconstructing the
dike embankment.

The breach channel was sized to exceed the minimum expected tidal inlet size based on tidal channel design
guidefines |a channel with a 32-foot bottom width and 80-foot top width at 127 elevation). This channal size is
similar to the width of the remnant historical channe! cuthoard of the dike breach location, visible in aerial
photos or during low tide when the broader inundation of Sand Lake narrows to reveal the channe! form
approximately 35 feet wide. Active Channel Width |ACW)]) measurements of the existing channels upstream and
downstream of the dike breach are not applicable because the dike breach channe! will connect to open water
areas in 5and Lake and Beltz Marsh, where daily high tides ccoupy wetted widths of nearly 1000 feet
downstream in 5and Lake and 500 feat in Beltz Marsh. For reference, the cumulative ACW for the three cresks
that drain imto Beltz Marsh add up to approximately 25 feet, but the dike breach channel will also comeey daily
tidal flows of water filling and draining from Beliz Marsh.

subsequent hydrawlic modeling and alternatives analysis led to the selection of a 140-foot-wide dike breach
channe! spanned by 2 140-foot span pedestrian bridge. These dimensions were optimized by using the 2D HEC-
RAS model to evaluate the peak velocities and shear stresses that would ocour duning the peak drain out of the
100-year storm event with 12" King Tides. Figure 17 shows a comparison of modeled peak vebocity and shear
stress for 100-, 140-, and 200-foot-span alternativas.

For the selected 140-foot-span dike breach and bridge alternative, peak velocities through the dike breach
remain below 2 feet per second [fps) at all times, even during the moment of peak drain out/foutflow during the

1
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lod-year storm + King Tides scenario (1.8 fps). Dunng typical tidal conditions, welocities within the breach
remain below 1 fps. During 2-year flows, peak velocities reach 1.5 fps. Figure 18 shows modeled velocities
through a 100-foot dike breach, which only resulted in peak velocities exceeding 2 fps during the height of the
100-year storm drain out.

Peak shear stresses also remain relatively low, at 0,08 Ib/fft2 (psf). These shear stress values are expected to be
capable of eroding fine sediments but not gravels or riprap. Given that the exsting substrate in the Sand Lake
consists of sand and fine sediment, it is possible for the native sediment to be eroded. Howeyer, with the size of
the designed breach channel and alignment with historical primary channel path, we would expect the channel
to be relatively stable in the proposed location. We would prefer to maintain natural sediment within the beach
chanmel bed and banks, while reasonably protecting the substantial investment of the new bridge. We propose
to utifize buried riprap armoring arownd the baze of the bridge abutment pile caps, covered in a minimum of 2
feet of native sediment and topsoil. The areas above 5.5' and capable of supporting vegetation will be planted
with native herbs and shrubs above the 5.5 low-water elevation. A full revegetation plan is included in the 90%
Plams.

The proposed dike breach and pedestrian bridge will restore full fish passage from Sand Lake into Beltz Marsh.
Figure 19 shows the dike breach channel grading plan from the 50% Plans. Figure 20 shows the dike breach
channel section view and elevation view of the 140-foot pedestrian bridge. The S0% Plans show more detail of
the grading plan, channel alignments and dimensions, structural details, and constrocticn bogistics for building
the pedestrian bridge and breaching the dike.

5—TIDE GATE 5Y5TEM DESIGN

5.1 - Tide Gate System Design Requirements

The new tide gate will require approval by Gregon Department of Fish and Wildhife (ODFW) and comply with
requirements in the Tidal Areas Restoration Program (TARP), a programmatic biological opinion prepared by the
Mational Marine Fisheries Service (MMFS). The final desipn and operation of the new tide gate system will also
seek to avobd impacts on the private properties in Tierra Del Mar, south of the proposed setback dike.

Relevant excerpts from DAR 635-412-0035 state:
(2] “Requirements for fish passage at dams and other artificial obstructions which create a discomtEnuity
betwesn upstream and downstream water surface or streambed slevations are:” _ “Fishway water
velocities shall: (A} Range between 1 and 2 feet per second in transport channels;” ... "and [C) Niot
exceed 8 feet per second in discrete fishway transitions between the fishway entrance, pools, and exit
through which fish must swim to move upstream, including but not limited to slots, orifices, or weir
crests.” _ “[e)in fishway locations through which fish must swim, water depths shall be a minimum of &
inches where only juveniles require passage and 12 inches where adults require passage_."

& (4] “Requirements for fish passage at artificial obstructions in estuaries, and above which a stream is
present, are:” . “Tide gates and associated fish passage structures shall be a minimum of & feet wide
and shall meet the reguirements of DAR 635-312-0035(2) withan the design streamflow range and for an
average of at least 51% of tidal ocycles, exdluding persods when the channel is not passable under natural
condditions.

® 5] “Requirements for fish passage at artificial obstructions in estuanes, floodplains, and wetlands, and
above which no stream is present, are:"_.. (b} Upstream Fish Passage: a fishway or road-stream crossing
structure with or without a tide gate shall be provided during the pariod determined by the Department
if there is current or historic native migratory fish spawning or rearing habitat within the estuany,
floodplain, or wetland area impounded by the artificial obstruction.™

12
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The design team has consulbed with local ODFW biclogists and state fish passage staff, induding email
coordimation, a wirtual meeting on Februany 5, 2025, and subsequent site visit to review the Mo Name Creek
area on February 10, 2025, In an email from Assistant District Fish Biologist, Mike Sinnott, on January 22, 2026,
oDFW confirmed that, consistent with ODPW fish distribution layers, Mo NMome Creek is o cutthroot-only stream
thot wowld not support adult salmon wse. There is o possibility that juvenile coho conld wtilize the lower
portion of N Mame Creek for foraging once passoge is improved, buit the habitot s not suitoble for oduft coho
or steefhead. The proposed tide gote and assocated beaver exclnsion system do not need to be sized for odolf
salmon. [ODFW, 2026)

While the Mo Mame Creek and Beltz Marsh area upstream of the sethack dike are kely not suitable for adult
salmon and there may limited use by jusenile coho or steelhead, this voluntary restoration project’s goals are to
provide the mazimum fish passage improvements feasible within the constraints of the site contaxt.

5.2 - Tide Gate Modeling Methodology

EsaA utifized a combination of statistical analysis of tidal water level data and extensive 20 HEC-RAS modeling to:
# determine the appropriate sizing of the proposed tide gate system,
®  demonstrate that water velocities inside the tide gate structure {fishway] and tide gate threshold
[transition) meet ODFW fish passage velocity criteria, and
# estimate the % of time that the tide gate structure would be open and meeting fish passage critena.

Following guidance in the TARP Section 30b Tide/Fiood Gote Removol, Replocement, or Retrafit, (Corps of
Engineers, Federal Emergency Management Agency, and Federal Highways Administration, 2018), ESA:
s obtained 10-years of tide data from the nearast NDAA tide stations,
» correlated the 10-year time seres of tide data to the project site loation, and
s performed statistical analysis on 10-years of available tide data to develop monthly water level
exceedance probability plots for each month of the year.

The S5TW project site and Sand Lake are located between the NOAA tide gages at South Beach, DR (9435380
and Garibaldi, OR (2437540). Tdal levels, reported relative to NAVDES, were downdoaded at a 6-mimute mterval
for both MOAA gauge sites. The two tidal water leved time series were interpolated based on the relative
distance from each of the NOAA tide stations to develop a tidal time series near the mouth of the Sand Lake.
The time series was then shifted to best fit the peaks and troughs of the water levels observed outside the
existing Beltz Dike tide gate im Sand Lake. & linear regression refationship was developed from the compaosite
MOAA tidal time series and the monitored water levels in Sand Lake. However, the regressicn relationship was
not found to have a good fit due to the significant muting of the low tide in Sand Lake duwe to bed features that
prevent full drain out and prevent water levels from falling below 55" at the location of the existing dike.

The tidal datums reported for the South Beach and Garibaldi NO&A tide stations are summarized in Table 1,
along with the interpolated tidal datums and the mouth of Sand Lake and the effective tidal datums at the
existing dike due to the muted low tide.

Table 1. Tidol datum elevations at the project site.

Sand Lake  Sand Lake

Elevation [feet, NAVDEE]) Garibaldi South Beach  (mowth) at Dike
Highest Measured Tide [HMT] 1175 11 .66 117 117
Mean Higher High Water | MHHW| 759 7.57 PR 78
Me=n High Water [MHW] 28 B.B7 72 Fr

Mz Tide Leved ‘MTL} 416 3.74 a.0 55"
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Mean Low Water [RMLW) 1.04 0El 0.9 55"
Mean Lower Lo Waker [MLLW) -0.33 077 -5 55"
Lowest Measured 'Water Leve -3.80 4131 -3.0 55"

Mote: *The water lawel in Sard Lake at the locstion of the u:i:l:inE;E.-:l:ﬂ:nn'Hrulh'hﬂ:w:l.:ln' gue mmmﬂnﬁmdhﬂlEMruh
the iake that impound weter and prevent full drein out.

The 10-year time series of tidal water level data does not account for pericds where water levels in the system
are elevated due to high stream flows or drainage limitations during the wet months. Under high stream flow
scenarsos, water bevels at the site may remain higher than modeled tidal levels, which could resalt i the tide
gate remaining chosed for longer perods of time due to elevated water levels. However, we expect that the
proposed dike breach channe! and central drainage channel will provide adequate drainage to allow water
levels to fall to the mimimum 5.5" elevation during all low tides in Sand Lake.

EsA modeled cuhvert hydraulics, water levels, and velocities through the Bide gate structure and dike breach
chanmel using a 20 HEC-RAS model of the project’s proposed conditions. Extensive modeling of a range of
project alternatives, induding 3 range of dike breach widths, setback dike locations, and tide gate operations
(TR water level settings) is documented in ESa's Sitko Sedge Tidal Wethond — Hydroulic Anolysis
Memorandoum (ESA, 2024). The HEC-RAS modeling included a series of hydrologic scenaro simulations
including;:

# 3 calibration event modeled after an actual storm event in February of 2017, which included a period of
typical winter tide conditions and moderate stream flows followed by a storm event that generated 1-
year stream flows and stormwater rumoff

® & long-duration, 14-day hydrologic scenano that includes 3 days of typical wintertime conditions, 5 days
of a ‘first storm” using Z-year peak stream flows with 10" high tides, and & days of a ‘second storm’ that
inCludes 10d-year peak stream flows and stormwater runoff rates combined with 12" King Tides.

5.3 - Tide Gate Modeling Results

MTR Water Lewel EEI.'l"llE
in order to meet ODPW's criteria for the tide gate to be open 51% of the time, upstream,inboard water levels

would need to be allowed to reach approximataly 4.5 feet MAVDEE, based on mean tide level calculated for
Sand Lake mouth. Because of the elevated/muted low tide level in Sand Lake at Beltz Dike, with water levels
never falling below 5.5°, the tide gate would need to stay open any time water levels were at this minimum
water level of 5.5".

it the proposed location of the sethack dike and tide gate structure, water levels of up to B.0° could be allowed
to ocouwr without substantially changing inundation extents or causing any negative impacts to adjacent
properties or infrastructure. A proposed MTR water level setting of 8.0 was deemed acceptable by OPRD in
eariier stages of alternatives analysis, and the B.0° MTR setting has been incorporated in hydrawlic modeling of
the project since the 30% Design stage.

This approach of essentially maintaining the typical water level conditions at the south end of Beltz Marsh is
supparted by OPRD and project stakeholders, and an 8.0° MTR setting would easily mest ODPW’'s requirement
for keaping the tide gate open for more than 51% of the time. Using 10 years of available HOAA tide station
data, analyzed by each month, E5A used a MATLAB model to predict the parcentage of time the tide gate would
ke open during each month, and the full year, under a range of MTR water level settings from 7.0° to 10.07.
These results are presented in Table 2. Using a 9" or 10° MTR setting would essentially cause the tide gate to
stay open naarly 98-100% of the time, but thesa baselne water levels would increase daily inundation extants
compared to existing conditions and could lead to expanded inundation extents on adjacent private properties
during flood events.
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Tidal water level frequency analysis and model results predict that a tide gate with the proposed MTR water
level setting of B.0" MAVDEE would be open for 20.7% of the time {for the full year], with monthly values
ranging from 83.5% in fanuary, up to 93.6% of the time in June and July.

Table 2. Percent of time meeting fish passage critena by month [% of time tide gotes will be open under eoch
MTR waiter level setting between 7 ond 107 NAVDES

MTR Weater
A YEAR FLT] FEB M BR APR MAY JUIM i g Al SEF T NOV EC

Setting (I,

MAVDES]

7 T TLE T5.B TES v ] d45 M5 3.7 1= 813 0% T2 a1
E:| L g 235 .3 E&.8 3.1 94.7 935 h BN LI E ] ara b I [ BE6.5
3 973 al 5.2 T 31 583 G984 | %6 985 SET 975 .1 5.4
1 955 3 9497 i3 9.8 995 9aE 100 100 100 8T 549 8.6

*Assuming velooty and water depth fish passage oriteria sre met, which will be met with & single 2 tall x LF wide tide gate with invert
Elevation = 3.0°

Velocities Through Tide Gate Structure
For the proposed conditions as depicted in the 90% Pans (a tide gate structure with a 12-foot-span box culvert

and a single 8° tall x 107 wide side-hinged tide gate, with a 5.0° imvert elevation, controlled by a Muted Tidal
Regulator system operated with an MTR water level setting of 8.0'], the modeling results show that velocities
through the tide gate structure will remain below 2 feet per second during all typical tidal conditions. Short
duration peak velocities excead 2 feet per second [fps] only when passing i-year and 2-year stream flows and
stormwater runcff, with peak velocities reaching as high as 2.3 fps through the fishway and up to 2.8 fps
through the gate threshold transition. During extreme flood conditions | 100-year flows and stormwater runoff
coupled with 12° King Tides), modeled peak velocities through box culvert and tide gate threshold reached 3.7

fps and 4.5 fps, respectively.

Figures 21 and 22 show water levels immediately inside and outside of the tide gate structure, as well as
madeled velorities inside the box cubvert/fishway and at the tide gate threshold/transition during the February
2017 model calibration event that included typical winter tide conditions followed by a 1-year storm event.
Figure 23 shows water levels and velocities at the tide gate structure during the extremsa flood model scenario
including a 2-year storm followed by a 100-year storm event coupled with King Tides.

This modeling was conducted with some assumptions of typical conditions [e.g., frictional loszes at culvert
entrances, optimal MTR performance, no leakage through tide gates). Actual performance of the tide gates will
vary somewhat from these conditions when site-specific factors influence inboard water levels and flow
velocities. Minor adjustments to the tide gates to avoid inundation on the neighboring properties may ba
necessary. These adjustments coubd shightly modify actual time of fish passability from the predicted passability
percentsges.

5.4 - Tide Gate System Design Plans

The proposed setback dike and tide gate system are depicted in detail in the 20% Decign Plans. Figure 24 shows
an excerpt of the setback dike plan wiew. Figure 25 shows an enlargement of the tide gate structure grading
plan. Temporary culverts will be installed i the existing central ditch channel to provide stream bypass while
the setback dike and tide gate structure are under construction. Once the new tide gate structure is complete,
the drainage channel will be excavated to realign the channel through the new tide gate structure. Figure 26
shows profile views of the tide gate structure drainage channel and the beaver exdusion system.
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6 — WATER MANAGEMENT PLAN FOR TIDE GATE STRUCTURE

Operating Protocol:
We propose a single, year-round MTR water level setting of 8.0" MAVDEE, Mo seasonal adjustment is intended.

This water lewel setting is intendad to maintain daily peak water levels upstreambehind the tide gate at E.0°
MAVDES, in the absence of stormwater runoff inflow or flood flows. This water level setting is intended to result
in maximum water levels of 11" NAVDEE during peripds of heavy rainfall and stormwater runoff, based on
hydraulic modeling of extreme storm conditions |[200-year flows coupled with King Tide water lewels).

Responsible Party:
Oregon Parks and Recreation Department [PRD) is the property owner of Sitka Sadge State Natural Area and

will be the primary party responsible for determining if tide gate water level setting adjustments are needed. If
adjustments are reguired, they will be performed by the tide gate system manufacturer, authorized contractor,
or CPRD staff trained by the tide gate manufacturer. If 3 seasonal adjustment routine were ever established,
OPRD staff will be trained by the tide gate systemn manufacturer to make seasonal adjustments.

Initial water level settings and fine tuning:
Upon completion of construction, the tide gate manufacturer/contractor will be required to tune the tide gate

system’s water level controls to meet the designed upstream water lewel of 8.0° NAVDEE during dry, summer-
time conditions (no stormwater runoff inflow ). OPRD, or an authorized representative, and the project engineer
willl obsenve inundation levels upstream of the tide gate structure and confirm no unintendad inundation is
pocunTing on the adjacent private property. To aide in visual water level observations, a staff gage will be
installed on either side of the tide gate (inside and outside), mounted on the concrete wing walls, and surveyed
in to reflect accurate elevations in MAVDEE vertical datum.

Monitoring protocol:

in addition to perodic on-the-ground observation of water levels and mundation extents, water level
manitonng instrumentation will be installed inside and outside of the tide gate structure to record water levels
CCCWming upstream and downstream of the setback dike/ftide gate. OPRD, or TEP monitoring staff, will retrieve
wiater level data every six months, at a minimum, perform barometric compensation, and plot water level data
for review. Water level data will be reviewed and analyzed to document daily peak water levels inside the tide
gate and peak water levels during storm events. Thesa water levels will be utilized along with LIDAR and/or as-
built terrain surfaces to estimate inundation extents. The data will be analyzed to estimate the % of time the

tide gates are open during each month throughout the year.

Beporting Protocol.

Cauring the first three years following construction, OPRD, or an authorized contractor, will prepare annual
reparts on the tide gate system's performance. The reports will ndude short narratives, photos taken from
upstream and downstream of the tide gate structure, plots of water level data, and tables summarizing the
performance including estimated % of opening time.

Adaptive Management Plan:

Monitoring data and observations described above will be analyzed by OPRD, or an authorized contractor, and
willl be utilized to make recommendations for maintaining the current operating protocol or adapting the
operating protocol to improve fish passage or manage water levels/inundation extents to protect neighboring

property.
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if the tide gate system’s fich passage performance is not meeting the % passability goals outlined in the
approved fish passage plan, OPRD will reassess the MTR water lewvel setting to improve fish passage, as long as
this adjustment does not cause adverse effects on neighboring property.

if wrater levels on adjacent properties, or subseguent permission from adjacent landowners, allow for increasing
the MTR water level setting, the water level setting may be increased in 0.25-foot increments while ochserving
the effect over a series of high tides. If water levels |daily tidal levels or water levels during storm events) result
i inundation, or salinity intrusion, on neighboring property, the water level setting may be decreased. In this
event, OOFW will be consulted for approval of any reguired adjustments.

7 — BEAVER EXCLUSION MEASURES AT TIDE GATE STRUCTURE

The proposed setback dike and tide gate structure are located in an area of existing beaver activity. The maim
beaver dam located approdimatealy 50 feet south of the proposed tide gate structure has been present and
persistent fior the last 10 years or more, since the early stages of project planning and hydraulic analysis. Other
smaller beaver dams hawe been observed throughout the project area, including beaver dams in the ceniral
ditch north of the proposed setback dike and beaver dams in the Reneke Creek, Beltz Creek, and Mo Mame
Creek flow paths. We expect that the main beawver dam and other beaver activity in the project area will persist
after the dike breach and other restoration actions are completad.

in order to protect the proposed setback dike tide gate structure and MTR control system, and to prevent the
tide gate structure from being blocked by beaver activity or debris from a beawer dam blow out, we propose to
construct a beaver exclusion system at the tide gate structure consisting of:
® a6"06" mesh fencing across the channe! downstream of the tide gate structure [downstream exclusion
fenice], with 6"x6" mesh fencing on the channe! bottom to prevent beaver from digging under the fence,
a 6" x6" mesh fencing across the channel upstream of the tide gate structure (upstream recever fence]
a 6"06" mesh box with inte mal 626" mesh baffles {sguare fence filter] to allow water to pass through
and into a 24-inch diameter bypass pipe that penetrates the upstream receiver fence, and
& Chain link fencing along the top of the tide gate structures headwalls and wingwalls (at the top and side
slopes of the setback dike embankment], with gates to provide human access into the fenced area for
maintenance.

The proposed beaver exclusion system at the tide gate structwre is depicted in Figures 27 and 28. Additional
details and notes describing the beaver excusion system are shown on Sheet D41 of the S0% Design Plans.

OAR 635-412-0035, states:

fic] Begver exclusion culvert protection devices shall:
1] Allow for easy maimtenance and debris removal;
{ii} Be maintained, monitored, and clegned as necessary to prowide fish passoge;
(i} Have a minimum clear spoce between vertical ond horizontal members of 6 inches when only
resident trout, Entosphenus and Lompetro species [iomprey] species are present;
{iv} Be opproved on @ cose by case bosis in areas with solmon, steathead, bull trowut, or other large bodied
SpECiEs.
A5 previously discussed, ODFW has communicated that No Mame Creek is a cutthroat-only stream. Based on fish
use data and on-the-ground observations, No Name Creek and the beaver-impounded wetland area south of
the setback dike and upstream of sandlake Road are not suitable for adult salmon use. Therefore, 6-inch spadng
of wertical and horizontal members of beaver exclusion elements/Tencing may be used at this site.
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The beaver exclusion system is designed to be easily maintzined with access to both sides of the exclusion
fencng. The setback dike will have a gravel access road on top, providing vehicular access to the tide gate
structure for monitonng and maintenance, including access by an excavator or vaowem truck in the event that
such eguipment is needed to perform maintenance or removal of mud or debris.

OPRD staff are present at the 355NA most of the time, with the Park Manager's residence located within the
park. OPRD staff wall frequently monitor and maimtaim the tide gate and beaver excdusion system (as further
described in Section ) to maintain hydraulic function and fish passage.

B — BACKUP OVERFLOW CULVERTS SEEKING FISH PASSAGE EXEMPTION

in addition to the main tide gate structure through the proposed sethback dike, the project design includes two
36" diameter culvert pipes passing through the setback dike to provide emergency relief in the event that the
main tide gate structure was blocked by beaver or other reasons.

The main tide gate structure is designed o have adequate hydraulic capacity to provide drainage of peak flows
from Mo Name Creek and stormwater runoff from Tiemra Del Mar during a 100-year storm event. Howewver,
stakeholders have expressed concemn that even with a beaver exclusion system described in Secton 6, they
wiould feel more comfortable if a backup drainage system were im place in case the tide gate structure became
blocked by beaver damming or associated debris.

The main tide gate structure has an invert elevation of 5.0°. Modeling of peak flood events indicate that water
levels south of the setback dike will mrely exceed 100" except during extreme events such as a 100-year
stormystreamflow ewvent, which would lead to short-duration peaks up to 11.0°. The backup culverts are
designed with invert elevations of 205" (upstream end] and 2.5 |downstream end), such that they will only
convey flow during the largest or storm events or under emergency conditions if water levels in the wpstream
marsh exceed 107 elevation.

The backup culverts are designed i accordance with US Army Corps of Enginesr's Engineering Manwal EM1110-
2-1913 Design and Construction of Levees, inCluding appropriate baedding and backfill. The upstream and
downstream ends of the culvert pipes will include concrete headwalls with riprap armoring around the
headwalls and at the pipe owtfalls.

The upstream headwall/pipe inlet will be protected with 3 metal trash rack with 8-inch bar spacing. Because the
pipes will be elevated above typical water levels, we do not anticipate significant pressure from beavers to block
the backup culverts or build dams near them, as they will only convey flow during extreme storm events or if
the main tide gate structure were blocked for some reason.

The downstream ends of the backup culverts will inchede traditiona! top-hinged flap gates to allow for one-way
drainage of water, from upstream to downstream. The top-hinged flap gates would reliably prevent tide water
from flowing upstream through the backup culverts imto the area upstream of the setback dike. Figure 29 shows
the plan view locations of the two backup culverts and a profile view of one of the backup culwerts.

Due to the infrequent conditions when water will pass through the backup culverts and their intended function
as emergency backup drainage features, we are seeking an exemption or waver for meeting fish passage
criteria at these crossings. Rationale for providing an exempiion or waiver is outlined below.

DAR 635-212-D025 - Fish Passage Waivers and Exemptions states:
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{1) The Commission {or Depariment as applicable) may grant exemptions from fish possoge requirements gt an
artiftcial ohstruction if it is determined that:
fa) & keck of fish passage has been effectively mitigoted;
(B} The owner or operator has received o legol waiver for the artificial obstruction from the Commission
or the Department; or
ic) There iz no opprecioble benefit to providing fish passage.

The lack of fich passage through the tao backup culverts through the setback dike is mitizated by the
establishment of an effective fish passage route through the setback dike via the main tide gate structure
described in detail in Section 5. &s documented herein, the main tide gate structure will provide fish passage
approximately 91% of the time throughout the year by allowing fish passage at all timas when tidal water levels
are at or below B MAVDES (just badow MHHW] and only closing during peak tides exceeding this elevation.

The backup outverts are designed with invert elevations of 3.5" [downstream end] and 10.5" [upstream end],
swch that they will only conwvey flow during heavy storm events or under emergency condiibons if water lewels in
the upstream marsh exceed 10,57 elevation. Furthermore, the area upstream of the setback dike, including Mo
Mame Cresk which is characterized by DDFW as a cutthroat-only stream, is not suitable for adult salmon use.
we do not believe providing fish passage through these elevated backup culverts would provide any appreciable
benefit to fish passage through the setback dike.

9 — MAINTENANCE PLAN

This preliminary maintenance plan is mtended to provide the information required in the TARP guidance, as well
as for maintenance plan documentation required for Tillamook County Land Use parmitting and a general
understanding of the anticipated maintenance that will be required for ensuring operation and hydraulic
capacity at the proposed stream crossing structures.

The tide gate manufacturer and installation contractor will be required to provide the final Dperation and
Maintenance |DE&M) Man with additional detail for inspecting, maintaining, and replacing specific componeants
of the tide gate structure and Muted Tidal Regulator (MTR) mechanical system.

Responsible Parties:

Cregon Parks and Recreation Department [OPFAD) is the property owner of Sitha Sedge State Natural Area
(s55Ma) and will be the primary party responsible for maintaining the tide gate system and pedestrian bridge
crossing over the Beltz Dike breach channel. Tillamook Estuaries Partnership [TEP) will assist with water level
monitonng and penodic observations as agreed to with OPRD. Oregon Department of Transportation (ODOT)
bridge inspectors inspect OPRD's pedestrian bridges every three years and provides inspection reports to OPRD.

OPRD will retain the tide gate manufactwrerfinstaller, or authorized contractor, to periodically inspect the tide
Eate system components and repair or replace components as needed to maintain the intended function. The
tide gate manufacturer, or authorized contractor, with specific knowledge and understanding of the MTR
mechanical system will be retained for inspections at one year, five years, and 10 years after construction.

Monitoring Protocol, including frequency:

s Sethack Dike, Tide Gate Structure, and Pedestrian Bridge by OPRD
o During first year after construction:
= Monthly visual inspection of tide gate opening and chosing: the tide gate showld stay
open when tidal water levels are below 8" MAVDEE and should close when tidal water
levels upstream of the structure rise above B NAVDEE. Tide gate visual inspections to
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chserve the tide gate"s dosing funcison should ocour when tidal water levels are
predicted to excead B
e Recond water level observed on upstream staff gauge when gates close and
mote water mark of previous high-water levels, if present.
# Monitor extent of inundation at the south end of Beliz Marsh during high tides
s Conduct continuouws water level monitoring inside (upstream) and outside
[downstream) of the tide gate at 15-minute intenals.
=  Monthly visual inspection of the beaver exclusion measures, including the exdusion
fencing, flow device, and bypass pipe
# iCheck for debris rmcking or beaver damming activity
e Dbsarve the location and orientation of the ‘square filter” flow device and
bypass pipe for stability, proper anchoring, displacement, debris, or damage
# Observe the point where the bypass pipe enters the receiver fence for proper
flow, blockage, or displacement
o Annual Inspection:

= Wisual inspaction of tide gate structure area;

# tide gates and adjacent channel areas for debris, logs, sedimentation, or other
potential blockages

# MTR mechanical components for apparent damage, debris racking, or
functional problems,

s side slopes and wing walls for scour, rock displacement, or damage,

= Wisual imspection/monttoring of setback dike side slopes for erosion, vegetation
establishment, signs of settlement

= Wisual nspection/monitoring of channels and interior of concrete structure for
sedimentation or scour

»  Wisual inspection of pedestrian bridge abutments, breach channel banks, and dike
embankment side slopes in vidnity of pedestrian bridge

= Wisual inspection of beaver exdusion systems, induding fencing, flow device, and
brypass pipe

v Inspections shouwld ooour during low tides, but high tide gate operations,/dosing should
also be verified

i Followmng flood event (tidal water levels exceeding 11" NAVDEE, or local raimfall exceeding 3
inches ower a 48-hour period)

» wisual inspection of sethack dike side slopes

= Wisual inspection of tide gate area for scour, damage, or debris

»  Wisual mspection of beaver exclusion system for damage, debris, or dammang activity

o Remedies/Actions:

= Remoye debris (kegs, small woody debris racking, rocks mobilized to within 10 feet of
tide gate doors). Hire excavator operator to remove larger debris or sediment if
MEeCEssary.

»  Remove debris from beaver exclusion fencing and flow device sguare filter. Fix any
damage or displacement of flow device square filter and bypass pipe.

*  Remove deposited sediment if affecting opening and dosing of gates by hand
excavation or mechanical dredging. Hire vacuum truck operator if necessary to remove
sadiment from the tide gate structure or immediate vicnity and conduct work in
accordance with permit conditions including but not lmited to work area isolation and
fich salvage.

= Report any apparent damage or functional isswes of the MTR system to tide gate
manufacturer for follow-up inspection
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# By specialized tide gate contractor
o 1 year, 5 yeors, 10 years post constroction {updote maintenance plon gfter 10 peors)
= Full inspection and adjustment of MTR mechanical system,
» Inspect Door Actuator
* |nspect Linkage (telescoping arm, middle stationary linkage, and inner
adjustable linkage arm)
Inspect Modulator (hinged counter weighted float tank)
Inspect tide gates, hinges, seals
Adjust MTH system as needed for optimum operation or adaptive managemant
in coordination with OPRD.
o Adjust stroke to optimize torgue and gate opening width
i Adjust MTR interior water level setting if needed
o Remedies/ Action:
= Adjust MTR system components as nesded
= Repair or replace damaged or worn parts
= Remoye debris in immediate vicinity of tide gate

Reporting Protocol

During the first three years following construction, OPRD, or an authorized contractor, will prepare annual
reparts on the tide gate system's parformance. The reports will indude short narratives, photos taken from
upstream and downstream of the tide gate structure, plots of water lewvel data, and tables summarizing the
perfiormance mcluding estimated % of opening time. Annual tide gate performance reports will be provided to
ODFw for review and comment.

Modification process if passage or habitat conditions fail to mest project goals
OPRD will coordinate with ODPW to evaluate whether the tide gate system’s performance meets the project
goals or if adjustments are necessary.

The tide gate structure has been sized using hydraulic modeling to meet fish passage velocity criteria and
ydraufic conveyance capacity to provide adeguate drainage of the basin upstream of the setback dike,
resulting in the proposed interor structure span and thde gate widths. Modifying these charactenstics after
construction will not be feasible. The primary means of modifying the fish passage performance of the tide gate
system after construction will be adjusting the PATR water level setting to increase the amount of time the tide
gates stay open. Az described under adaptive Management, OPRD will fine tuna the MTR water level setting
(8.0 NAVDER baseline) to maximize tide gate opening time while preventing mundation on the neighboring
private property.
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Photo 2 — Sand Lake looking morth, outboord af the extsting dike ond tide gote structore
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Photo 4 — Beftz Marsh looking south/inboard of existing tide gate, high incoming tide during winter
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[nlsting 4" =3° box
culvert with tide gate

1950 Ralty Dl

Faews 140° Breach wf
Padestrian Aridge

Proposed 17" wide
box cubwert with Sethack Dike
210 tide gata (WNTTH)

Photo 5 — Annototed oerial photo, focing north, showing existing dike and tide gote, proposed sethock dike
and tide gate structure in relotion to Sond Lake ond Pacific Ocean

Photo & —Annotated oerial photo showing existing Beliz Dike ond locotion of existing colert/tide gate ond
proposed dike breach locotion to be spanned by 140-foot-spon pedestrian bridge
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Photo 7 = Annotated photo showing
approximate location of proposed sethock
o i e shivy dike ocross Beltz Marsh ond

beaver dam
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requiring repairs by TCPW

- Beltz Creek at Sandlake Road

= 384inch diameter culvert pipe
« 2.5-foot perched outfall
= A-foot active channel widin

« Downstream of culvert flows
through old quanry pond crea

Culvertinlet Perched culvert outlet
Photo 10 = Beltz Creek culvert inlet and perched outlet ot Sandlake Road crossing
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permanently impounded wetiond areq wpstream
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APPENDIX A - FIGURES
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Note: Thiz fiewre shows an overview the propesed elements of the Sitka Sedge Tidal Wetland Restoration Project.

Figure 1
Sitka Sedge Tidal Wetland Restoration Concept Plan Overview r |1“'| \

Sitka Sedge Tidal Wetland Restoration |
Fish Passage and Tide Gate Design Memo J
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Annotated Site Map and Aerial Photo
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2023 Water Level Data
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Figure 9
2D Model Extents, Downstream Boundary, and Hydrologic Inputs
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Figure 14
Modeled Water Levels at South End of Beltz Marsh During 100-Year Storm Scenarnio (Full Duration)
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Figure 13
2022 Aerial Photo of Bettr Dike, Existing Cubvert, and Historical Flow Path
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Figure 16
iConcept Plan for Constructing a Pedestrian Bridge Owver a Dike Breach
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Figure 18
Water Velocity Through a 100-Foot Dike Breach During the 100-Year Hydrologic Scenario
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Modeled Tide Gate Velocities and Water Levels - February 2017 Typical Winter Conditicns and 1-year Storm
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Modeled Tide Gate Velocities and Water Levels - February 2017 Typical Tidal Conditions
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Figure 23
Modeled Tide Gate Velocities and Water Lewels - 100-Year Storm Event and King Tides
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Figure 25
Setback Dike Tide Gate Structure Grading Plan - %0% Design
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Figure 26
Tude Gate Structure Channel Profile and Beaver Exclusion System Profile - 30% Design
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Tide Gate Structure Beaver Exclusion System - Plan View - 30% Design
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American Sodety for Testing and Materials International
American Association of State Highway and Transportation Officials
Bridge Design and Drafting Manual

below ground surface

Cascadia Subduction Zone

Federal Highway Administration

Geotechnical Design Manual

Load and Resistance Factor Design

Mechanically Stabilized Earth Wall

Oregon Department of Transportation

Standard Penetration Test

Unified Soil Classification System
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INTRODUCTION

Project Overview

This preliminary report presents the results of our preliminary geotechnical design
recommendations for a proposed Pedestrian Bridge along the trailhead and the proposed
culvert replacements with bridges and a box culvert alomg Sandlake Foad as part of the
overall Sitka Sedge Tidal Wetland FEestoration Project (the Project) in Tillamook County,
Oregon. As a consultant to Environmental Scence Associates (ESA), Shanmon & Wilson is
providing geotechnical engineering services, incduding feld explorations, laboratory testing,
and preliminary engineering analysis and recommendations for the proposed bridges and
culvert on Sandlake Foad and Sitka Sedge trailhead included in the project. The location of
the project site is shown on the Vicnity Map, Figure 1.

The final report will be prepared for these bridges and culvert during final design phase.
Geotechnical design recommendations for levee setback design elements will be provided in
a separate report titled “5itka Sedge Tidal Wetland Restoration (Levee Setback)”.

Elevations are referenced to North Amernican Verfical Diatam 1988 (NAVDEE).

scope of Services

Shannon & Wilson's services were conduced im accordance with the Subcontractor

Agreement with ESA dated September 23, 2024 The completed geotechnical design
services for the project consisted of the following tasks:

*  Performing a site reconnaissance to determine site conditions, access, potential drilling
locations, and safety concerns;

*  Performing the Field Exploration Program, induding drilling seven borings;

* Performing laboratory testing to determine soil index properties;

* Evaluatimg subsurface conditions;

* Feviewing available existing geotechnical data, induding geology, soil maps, seismicity,
and previcus borings;

=  Evaluating site-specific seismic hazards, induding liquefacion potential, lateral
spreading, and slope instability;

* Ewaluating foundation types for bridges;

*  Providing deep foundation design recommendations for bridges;

= Providing shallow foundation design recommendations for colvert;
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*  Providing recommendations for bridge abuitment walls, including laferal earth pressures
and global stability;

* Evaluating the overall stability of the existing trailhead embankment in the vicnity of
the proposed pedesirian bridge; and
listed abowe.

PROJECT UNDERSTANDING

Site Descnption

The Project site i1s located along the Sitka Sedge trasfhead near Sitka Sedge Parkmg and
Trailhead Park and along Sandlake Road between Sitka Sedge Parking and Trailhead Park
and REoma Avenue in Tillamook County, Oregon.

The trailhead consists of fill embankment through the Sitka Sedge wetland. The trail 15
approxdimately 8 to 15 feet wide with an approximate side slope gradient of 1H:1IV to 2ZH:1V.
Brushes and trees are growing along the traithead as shown on Exhibits 2-1 and 2-2.

Sandlake Foad runs northwest to southeast from Sitka Sedge Parking and Trailhead to
Foma Avenue. The pavement of Sandlake Road consists of asphaltic concrete pavement
without shoulders on both sides. Southbound from the Sitka Sedge Parking and Trailhead,
Sandlake Foad slopes gently downhill to a local low point at the Eeneke Creek Culvert, by
borings B-3 and B4. From this crossing, the road slopes uphill past the Beltz Creek culvert,
where B-5 is located, to a local arest slightly south of a residential gravel droveway on the
east side of the road. Sandlake Road then slopes downhill to fhe South, passing boring B-&
and crossing an unnamed reek at the location of boring B-7 before leveling out at the
intersection with RFoma Avenue. The east side of the road generally consists of a wooded
hillside. The Sitka Sedge wetland is located to the west of the road. Vegetation consisting of
grass, brushes, and trees are growing on both sides of the shoulder. Exhabit 2-3 through
Exhibit 2-6 present site photographs showng several views of the site and exdsting features.
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Exhibit 2-2: Looking East Along Trailhead from Boring B-2
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Exhibit 2-3: Looking Mortheast Along Sandlake Road from Borings B-3 and B-4
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Exhibit 2-8: Looking Morthweat Along Sandlake Road from Boring B-7
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Project Descnplion

The Project consists of a proposed pedestrian bridge along the trailhead and calwvert
replacements with bridges and a box culvert along Sandlake Foad The culvert
replacements comsist of proposed bridges at Eenske Creek and Beltz Creek and a box
culvert at No Name Creek. The struchare locations are shown on the Site and Exploration

Plan, Figure 2.

Sixty percent (60%) design documents for the proposed Pedestrian Bridge and Eenekea
Creek Bridge are induded in Appendix A Thirty percent (30%) desipn documents for the
proposed Beliz Creek Bridge and proposed No Name Creek culvert are included in
Appendix A. Levee setback is incdluded in the £0% design documents. Based on our
discussions with a struchural engineer at David Evans and Assodates (DEA), we understand
foundation type, size, and depth for these proposed bridges may be changed during final
phase design.

The exasting culvert on the Sitka Sedge trailhead is a 24-inch diameter concrete pipe culvert
with a missing gate. The existing culvert will be removed and backfilled with on-site
materials to the same geometry as the exasting trailhead. Based on 60% design documents,
the Pedestrian Bridge is a 140-foot pre-mamufactured truss single-span bridge. Based on &0
design documents, each bent of the proposed single-span Pedestrian Bridge will be
supported on three (3} 20-inch-diameter dosed-end steel pipe piles. The factored axial
compressive load for each pile was provided by DEA and is summarized in Exhabit 2-7. A
dike breach will be required for the Pedesirian Bridge to provide a fish-friendly and
wetland conmection. The Pedestrian Bridge will have concrete abutment walls up to B feet
tall and wing walls. The bottom of the pile cap is proposed at approcdmate elevation of 8.5
feet. We also understand that the wingwalls will be cantilevered from the bridge abutments
and pile caps. The bridge approach may be raised up to 2 feet to accommodate the fimish
grade of the bridge. The existing trailhead embankment will not be widened.

Exhibit 2-7: Factored Axial Compresaive Load for sach Pile at Pedesirian Bridge

Fachored Axial Compresaive Load for Each Pila{kipa)

strength Limit (\ips]  Service Limit (kipsj  Extreme Event Limit (kips)

Pedestrian Bridge it Prowidisd 13 Mol Provided

Based on 60% design documents, the existing culvert at Reneke Creek undercrossing
Sandlake Foad is a 24-inch diameter concrete pipe culvert. The exdsting culvert will be
replaced with a 45-foot single-span bridge. Based on 60% design documents, each bent of
the propesed single-span Eeneke Creek Bridge will be supported on eight (8) steel H-piles,
HP 1&x141. The factored adal compressive load for each pile was provided by DEA and is
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summarized in Exhibit 2-8. The bridge will have conete abutment walls and wing walls

up to 6 feet tall. The bottom of the pile cap is proposed at approximate elevation of 12.5 feet.
Woe also understand that the wingwalls will be cantilevered from the bridge abutments and

pile caps.
Exhibit 2-8: Factored Axial Compreaaive Load for sach Pile at Rensks Bridge

Factored Axial Compresaire Load for Each Pile [kips)

Strength Limit [laps] Earvice Limst (kipe]  Extreme Event Lamit (kips)

Reneke Cresk Bridge 151 95 166

The existing culvert at Beltz Creek undercrossing Sandlake Eoad at a skew is a 3&-inch
diameter concrete pipe culvert. Based on the 30% design document, the exdsting calvert will
be replaced with a 45-foot single-span bridge. The factored axial compressive load for each
pile was provided by DEA and is summarized in Exiubit 2-9. The bridge will have concrete
abutment walls and wing walls up to & feet tall. The bottom of the pile cap is proposed at
approximate elevation of 26 feet. We understand that the proposed Beltz Creek Bridge
structure may be similar to the Reneke Bridge.

Exhibit 2-8: Factored Axial Compresaive Load for sach File at Bellz Bridge

Factored Axial Compeesarne Load for Each Pile (kipa)

Strength Limit [laps] Earvice Lims (kips])  Exfreme Event Lam# (kips)

Beliz Creek Bridge A 118 168

The existing culvert at No Name Creek undercrossing of Sandlake Road i5 a 24-inch-
diameter metal pipe culvert. Based on the 30% design document, the existing culvert will be
replaced with an B-foot x 12-foot precast box culvert. The top of the proposed culvert is
located approximately 2 feet below the pavement surface. The bottom of the culvert will be

located at an approsimate depth of 10 feet bgs (approcdmate elevation 1.5 feet).

GEOLOGIC AND SEISMIC SETTING

Regional Geology

The project site lies within the Coast Range physiographic province near the western edge
of the mountains of the Coast Range and in the estuary and wetland areas east of the
shoreline of the Pacific Ocean. Basement rocks within the Coast Range consist of volcanic
and sedimentary rocks of the Siletz Terrane. The Siletz Terrane is an exotic crustal block
made up of rocks from an ocean island arc within the Pacfic, which was acoeted to the
western edge of the North American contment approximately 51 to 49 million years ago
(Wells and Others, 1994). Overlying the rocks of the Siletz Terrane is a series of sedimentary
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rocks deposited in shallow seas within the western continental shelf of Morth America
throughout the late Eocene (55.8 to 33.9 million yvears ago), Oligocens (35.5 to 23 million
years age), and mio the Miocene (23 to 52 million years ago) (Wells and others, 1994).

Tectomic uplift of the Coast Eange from the Miocene into the Fleistocene (2.3 million to
11,700 vears ago), combined with erosion, created the rugged coastline and bay inlets seen
today as the rivers and sireams flowing out of the Coast Eange mountams carved large
valleys and canyons, which were immdated as sea levels rose after the last ice age.
Sediments transported from inland, as well as from ocean currents and wind, accumulated
within these inundated bay areas aeating wetlands and estuaries.

Site Geology

The coastal area around Sand Lake is located within an estuary located between Padfic City
to the south and Cape Lookout to the north. The estuary of Sand Lake area was created
within a wide andent river channe] where multiple creek valleys comverge within an area of
low elevation before draiming mnto the Pacific Ocean. The estuary area is bounded and
protected due to long-shore transport of beach sediment which developed sand bars along
the shoreline that partially shielded 5and Lake from the ocean (Wilsey and Ham, Inc. 1974).
Large amounts of sediment have been deposited within fids estuary through a combination
of sources, including siream alluvinm deposited from creeks which drain from the Coast
Range highlands, oceanic and tidal sediments deposited from long-shore currents and tidal
activity, and eolian sediments deposited by the wind (Wilsey and Ham, Inc. 1974; Wells and
others, 1954). The surface geology of the greater Sand Lake area, induding the project site,
is penetally mapped by Wells and others (1994} as quatermnary sediment, including fluvial
and estuarine deposits of unconsolidated day, silt, sand, and gravel deposited by rivers and
streams, as well as tidal flat mud, sand, and peat. Wells and others (1994) mapped the
uplands to the east as Alsea Formation, consisting of Oligocene and Miocene marme
sedimentary rocks, inchiding tuffacecus silistone and sandstone. The Alsea formation is
locally intruded by irregular bodies of 6 to 17 million-year-old Grande Eonde Basalt (Wells
and others, 1994)

Landshdes and debris flows are also common withon the slopes of the mountains and
foothills of the Coast Range (DOGAMI SLIDO, 2024). According to the Statewide Landslide
Information Database for Oregon (SLIDX), alluvial fan deposits are mapped within the
alipnment and near borings B-3, B4, and B-5. A small landslide is mapped between B-6 and
B-7. The landslide deposits near B-7 are designated as historic (<150 years old}, and the
other alhavial fan and landslide deposits are designated as prehistoric (=150 years old)
{SLIDO, 2025). Exhibit 3-1 presents an image from SLIDO of the mapped landslide located
upslope from Sandlake Road.
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Exhibit 3-1: SLIDO data showing mapped landslides and alluvial fan deposits within the project area
{3UDO, 2025).

In recent history, the landscape of the Sand Lake Estuary has been further altered by human

inchede part of the county access road to Whalen Island, the Beltz Creek Dike, and a flood

control dike located on the north shore of the Sandlake between Galloway Foad and Sand
significant increases in marsh areas within the bay (Wilsey and Ham Inc., 1974)

Seismic Setfing

Earthquakes in the Pacific Northwest ocour largely as a result of the region’s proxdimity to an
oceanic crust of the Explorer, fuan de Fuca, and Gorda Oceanic Plates are subducting
beneath the overriding, less dense, westward-moving continental crust of the North

11880
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American Plate. Oblique convergence of these plates not only results in east-west
compressive strain, but also in dexiral shear, dockwise rotation, and north-south
compression of accreted crastal blocks that form the leading edge of the North Amencan
Plate (Wells and others, 1998). The C5Z muns approximately parallel to the coastiine for
about 750 miles from northern California to southern British Columbia. Within the present
understanding of the regional tectonic framework and historical seismicity, three broad
seismopenic sources have been identified:

* A mepga-thrust source at an interface between the North American and Juan de Fuca
plates in the CS5Z;

* A deep subcrustal zone (intraslab) in the subducted Juan de Fuca Flate in the C5Z; and
» A shallow crustal zone within the Morth American Plate.

The following sections briefly describe the location, characteristics, and seismicity of each of
thie sources.

Cascadia Subduction Zone: Megao-Thrust Interface Source

CS5Z mega-thrust earthquakes onginate along the interface between the subduching oceandic
plates and the North American plate. Because of the significant uncertainty of the landward
extent of a potential rupture sarface, estimates of the dosest distance between the project
and the potenfial ropture surface range from about 40 to 80 miles. Focal depths for mega-
thrust earthquakes are commeonly on fhe arder of about 15 to 25 miles. Rupture of the
interface could result in earthquakes with moment magnitudes on the order of 8.5 to over
2.0, with strong shalimg that lasts for several minagtes. No large earfhquakes have ocourred
in this zone during historic times (the last 170 years). Howewver, geclogic evidence suggests
that coastal estuaries have experienced rapid subsidence at various times within the last
2,000 vears (e.g., Atwater, 1987, Atwater and Hemphill-Haley, 1997). It appears that
ruptures of this zone have ocourred at irregular intervals that span from about 100 to more
tham 1,200 years, with an average recurrence interval of about 300 to 500 years ( Atwater and
Hemphill-Haley, 1997). Based on historical tsunami records in Japan (Satake and others,
1336}, the most recent interplate event on the C5Z was a moment magnitude (Mw) 2 event
on Jamuary 26, 1700

Cascadia Subduction Zone: Infraslab Source

CSZ intraslab earthqualkes originate from within the subducting oceanic plates because of
down-dip tensional forces and bending caused by mineralogical and density changes in the
plates at depth. These earthquakes typically ocour 28 to 37 miles beneath the surface.
Because intraslab events involve high-angle normal faulfing, the area of the rupture surface
and mapgnitude is strongly dependent on the thickness of the subducting slab. Young
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subduction zones, such as the C5Z, generally have relatively thin subducting slabs.
Thermal modeling of the C5Z (Hyndman and Wang, 1993) and the observed geometry of
the Wadati-Benioff Zone confirm the likehhood that the subduciing slab is relatively thin

Worldwide observations indicate that the largest intraslab earthquakes are on the order of
magnitude (M) 8, with the 12 largest of these ocourming in older subducting slabs. The
largest recorded intraslab earthquake beneath the Puget Lowland, the 1949 Olympia
earthquake, was a surface wave magnitude M7 1 event. Ludwin and others (1791) estimate
that the mardmum magnitude from this source zone would be about 7.5.

At the project site, ground shaking produced by intraslab earthquakes would generally be
less intense and less prolonged than ground motions generated by large subduction zone
interface earthquake events. Historic seismicity from this source zone inchudes the 1949
magnitude 7.1 Olympia earthquake; the 1965 magnmitude 6.5 earthquake between Tacoma
and Seatfle; and the 2001 magnitude 6.3 Nisqually earthquake. While indraslab events have
oocurred frequently in the Puget Sound area, they are historically rare in Oregon

Shallow Crustal Source

Shallow crustal earthquakes within the North American Plate have historically ocourred in a
diffuse pattern within western Oregon, typically within the upper 4 to 19 miles of the
continental crust. The largest known custal earfhquake n the Pacific Northwest is the 1872

Morth Cascades earthquake of magritude 6.8. Other examples include the 1993 magnitude
5.6 Scotts Mill earfhaquake and the 1733 magnitude 6.0 Klamath Falls earthquake.

Shallow crustal faults and folds throughout Oregon and Washington have been located and
characterized by the United States Geological Survey (USGS). The USGS provides
approximate fanlt locations and a detailed summary of available fault information in the
USGS Quaternary Fanlt and Fold Database. The database defines four categories of faults,
Class A through D, based on evidence of tectonic movement known or presumed to be
associated with large earthquakes during Quatemnary time (within the last 2. & million years).
For Class A faults, geclogic evidence demomnstrates that a tectonic fanlt exists and that it has
likely been achive within the Quaternary pericd. For Class B faults, there is equivocal
geologic evidence of Quaternary tectomic deformation, or the fault may not extend deep
enough to be considered a source of significant earthquakes. Class C and D faulis lack
convincng peclogic evidence of Quaternary tectonic deformation or have been studied
carefully enough to determine that they are not hikely to generate significant earfhquakes.

According to the USGS Quaternary Fault and Fold database, there are six (6) Class A
features within approcdmately 30 miles of the project alipnment Their names, general
locations relative to the site, and the ime since fheir most recent deformaticn are

Movembe=r 2025



1

s gy .l
—j 1wy

12880

N H=Ta T Sifka Sedge Tidal Weliond Restoration [Bidges and Culvert]
e CRAFT Preliminary Sectechnical Engineenng report

summarized in Exhibit 3-2. Multiple faults associated with the Cascadian Fold and Fault
Belt are located as near as eight (8) miles west of the project site, while the main megathrust
fault of the C5Z hes approcdmately &5 to 75 miles west of the project site.

Exhibit 3-2: USGS Glasa A Faults Within an Approximate 30-Mils Radius of the Project Site

USGEE Fault Approximate Slip Rate Time Sinca Last
Mumber Lengin
LUnname=d
s Fa TED 174.0 miles 102 miies HW 1010 3.0 mmdyT =15 ka
Stoneaall . :
&
Ansic a6 435 miles 247 mies 5W 1.2 10 5.0 mmeyT 15 ka
Mehalem Banik
Fault TEe 2.8 miles 12.9 miles NW 1.0 5.0 mméyT =15 ka
Tiflamock Bay
Zons < <
Fault ga1 19,8 miles 16.2 miies ME 1.2 mmiyr 1.6 Ma
Happy Ca .
H;:L.Iltm s 1.9 miles 12.1 miles N = 0.2 mmiyT = 1.6 Ma
Siketz Bay Faulis B 6.2 miles 23.8 mies 5 < {2 mmiyr <130 ka
MOTES:

1 Approxinale distance betereen project sie and nearesl exdent of foull mapped = fhe ground sarface.
¢ mm= milimelers; yr = year
3 M= ="Megs-ansum” or milion pears age; k= io-annem® or one Bousand pese ngo.

HELD EXPLORATIONS

Shannon & Wilson explored subsurface conditions at the project site with seven (7}
geotechmical borings designated B-1 through B-7. Boring explored depths and locations are
summarized in Exhibit 4-1. Geotechnical borings B-3 through B-7 were drilled within the
roadway of Sandlake Ed between May 24, 2025, through May 28, 2025. Geotechmnical
borings B-1 and B-2 were drilled aleng the trailhead embankment between March 31, 2025,
through April 1, X025, The borings were drilled using a CME-55L.CX track rig provided and
operated by Westem States Soil Conservation Inc. (Western States) of Hubbard, Oregon.
The boring locations were measured by handheld GPS in the field, and fhe approximate
boring locations are shown on the Site and Exploration Plan, Figure 2.
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Exhibit 4-1: 3ummary of Field Explorationa

zaofechnacal Boring Approximates Explored
Dasignafion Dapth (fest)

Pedesivian Bridge Bent 1 B-1 T3
Pedesivian Bridge Bent 1 B-Z @65
Feneke Creek Bridge Beat 1 B-3 T
Feneke Creek Bridge Beat 1 B4 T
Beltz Creek Bndge South Abatment B-5 741
Levep Sefack Tie to Sandiake Road B-& a1
Wi Mame Creek Cakert B-r 41.5

A Sharmoen & Wilson geologist was on-site throughout the exploration program to locate the
borings, observe the drilling, collect samples, and log the materials encountered. Details of
the exploration program, including descriptions of the techniques used to advance and
sample the borings, logs of the materials encountered, and backfll details, are presented in
Appendix B, Field Explorations.

LABORATORY TESTING

Laboratory tests were performed on selected samples from the explorations to determine the
basic index and engineering properties of the soils encountered. The samples we obtained
during our field explorations were transported to our laboratory for further examination
The soil testing program incduded moisture content tests, Atterberg limit tests, oven-dried
liquid limgt testing, particle-size analyses, and a Corrosivity suite. Testing was performed
by Shannon & Wilson at our in-house laboratory in Lake Oswego, Oregon, and by Cooper
Testing, Inc. of Palo Alto, Califormda.  All tests were performed in accordance with
applicable American Sodety for Testing and Materials (ASTM) International standards. The
resulis of the laboratory tests and brief descriptions of the test procedures are presended m
Appendix C, Laboratory Test Eesulis.

SUMMARY OF SUBSUEFACE CONDITIONS
General

The explorations and laboratory testing were performed to evaluate gectechnical soil and
groundwater conditions for the proposed structures. This sechion describes the general soil
units encountered in our subsurface exploration program and includes an overview of our

interpreted geclogic conditions at the proposed structures.
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Our observations presented in this report are spedfic to the locations, depths, and times

noted on the logs and may not be applicable to all areas of the site. No amount of

explorations or testing can precisely predict the charactenistics, quality, or disinbution of

subsurface and site conditions. Potential vardation inchades, but is not limited to, the

following:

* The conditions between and below explorations may be different.

* The passage of time or intervening causes (natural and manmade) may result in changes
to site and subsurface condifions.

*  Groundwater levels and flow directions may fuctuate due to seasonal, imgation-
related, and recharge source varations.

If conditions different from those described herein are encountered durnng construction, we
should review our description of the subsurface conditions and reconsider our condusions
and recommendations.

Geotechnical Soil Units

Shannon & Wilson grouped the materials encountered in our field explorations indo six (6)

geotechmical units, as descibed below. This mnberpretation of the subsurface condibions is

geotechmical units are as follows:

* Roadway Fill: includes pavement and base aggregate sections, loose to medium dense,
Silty Gravel (GM); very soft to soft, Elastic Silt with Sand (MH]);

* Embankment Fill: very loose to loose, Poorly Graded Sand with Silt (SP-5M);

*  Marsh Deposits: very soft to soft, Orgamic Soil (OH);

* Alluvial Fan Deposits: loose to very dense, Silty Gravel to Silty Gravel with Sand (GM);
soft to stiff, Elastic 5ilt to Elastic 5ilt with Sand (MH); medium dense, Silty Sand to Silty
Sand with Grawel (5hd};

* Fluvial and Estuarian Deposits: very loose to very dense, Poorly Graded Sand with Silt
{SP-5P); very loose to very dense, Silty Sand to Silty Sand with Gravel (SM); very loose,
Silty Grawvel (GM); very soft to soft, Elastic Silt (MH]); and

* Alsea Formation: exiremely weak to weak (R{0-E2), slightly to moderately weathered,
SiltstonefSandstone; very weak to weak (R1-E2), slightly to moderately weathered,
Siltstome.

The geotechnical units listed abowve were grouped based on their engineering properties,
geologic origins, and their disinbution in the subsurface. Our interpretabion of their
distribution in the subsurface is shown on Figure 3, Interpretive Subsurface Cross Sechion A-
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A’, and Figure 4 Interpretive Subsurface Cross Section B-B’. The locations of the cross
sections are shown on Figure 2. The cross sections are interpretive, and variations in
subsurface conditions may exast between the borings. Confacts between the units may be
more gradational than shown in the cross sechions and in the Drill Logs m Appendix B. The
Standard Penetration Test (SPT) N-values shown on the Drll Logs, cross sechions, and
discussed below are in blows per foot (bpf) as counted in the field (uncorrected). SPT blow
counts in gravelly soils may not be representative of actual soil density due to the infloence
of gravel and cobble clasts on the sampler. The following sechions descibe the geotechnical
unit characteristics in greater detail

Eoadway Fill

Eoadway Fill was encountered in borings B-5 and B-7 below base aggregate and extends to
depths ranging between & to 3.5 feet. The Foadway Fill generally consisted of loose to
medium dense, Silty Gravel with Sand (GM]}, and very soft to soft, Elastic 5ilt with Sand
(MH). Asphalt pavement and base aggregate are induded within the Eoadway Fill. The
asphalt pavement and base aggregate thickness varied between 22 to 32 inches. SPT N-
values ranged between 2 and 10 bpf and averaged & bpi.

Embankment Al

Embankment Fill was characterized as material used to construct the levee in the locations
of borings B-1 and B-2. The Embankment Fill was encountered from the ground surface to
depths of 12.5 and 9.5 feet, respectively, and generally consisted of very loose to loose,
Poorly Graded Sand with Silt (SP-5M). Pockets of Silty Sand (SM) were observed in some
samples. One selected sample natural moisture content of 37 percent and a fmes content of

18 percent. SPT N-values in the unit ranged from 0 to 4 bpf and averaged 2 bpf.
Marsh Deposits

Marsh Deposits were encountered in borings B-3, B-4, B-5, and B-7, and extended to depths
ranging between 7.5 and 12.5 feet. The Marsh Deposits generally consisted of high plashicty
Organic Soil (OH). Few to litfle organic wood and debris material was observed within the
samples, incheding what appeared to be interbeds of peat in boring B-7. Natural moisture
contents ranged from 83 to 112 percent. Plasticity indices ranged bebween 31 and 33, with
oven-dried liquid limits ranging between 47 and 56 percent. A United Seil Classification
System (USCS) designation of OH was assigned after assessment of the natural moisture
content and Atterberg limit testing data. SPT N-values ranged from 0 to 2 bpf and averaged
1 bpt
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Alluvial Fan Depasits

Alluvial Fan Deposits were encountered in borings B-1, B-2, B-5, and B-& between depihs of
2.5 to 35.0 feet bgs and ranged in thidkness between approcdmately 45 and 16.0 feet. The
unit generally consisted of loose to very dense, Silty Gravel and Silty Gravel with Sand
(GM); soft to stiff, Elastic Silt to Elastic 5ilt with Sand (MH]); and mediom dense, Silty Sand
and Silty Sand with Gravel (SM). The Alluvial Fan Deposits are interbedded within the
Fluvial and Estuarian Deposits and inferpreted to be andent and modem alluwvial fans
which were created as fine- and coarse-grained sediment was transported and deposited at
the mouth of the siream channels into the bay as they exited the mountains of the Coast
Range. Some of the alluvial fans are mterpreted to have formed before the Holocene during
the ice age, when sea levels were lower, and then as sea levels rose, these allavial fans were
overlain and buried under younger Fluvial and Estuarian Deposits.

Within the unit, the fines ranged from low to medium plasticty, and an Atterberg limit test
was performed on a single selected sample which indicated a plasticity index of 16 and a
United Soil Classification System (USCS) designation of MH. Disturbed textures were
observed with moderate to heavy iron cxdde staining. The unit generally ranged in color
from red-brown to gray and brown. Natural moisture contents ranged from 30 to 42
percent and averaged 37 percent. Parficle size analysis indicated fimes ranging between 35
and 39 percent. SPT IN-values ranged from 6 to 32 bpf and averaged 17 bpf, with one SPT
atbempted meeting refusal, where owver 50 blows were required to advance the sampler &
inches.

Auvial and Estuanan Deposits

Fluwial and Estuarian Deposits were encountered in all borings underlying Fill and Marsh
Depaosits, and interbedded with Alluvial Fan Deposits. The unit generally consists of very
loose to very dense, Pootly Graded Sand with Silt (SP-SP); very loose to very dense, Silty
Sand and Silty Sand with Grawvel (SM); very loose, Silty Grawvel (GM); and very soft to soft,
Elastic 5ilt (MH). Fines in the unit generally ranged from nonplastic to high plasticity.
Shight to moderate iron codde staining was observed in some samples, and the material was
typically micaceous. The sand constituent was generally fime to coarse-grained. Natural
moisture contents ranged from 23 to 50 percent and averaged 30 percent. Particle size
analysis mdicated fines ranging between 7 and 46 percent. One Atterberg Limits test was
performed on a single selected sample which indicated a plasticity index of 17 and a USCS5
desipnation of MH. SFT N-values ranged from 2 to 91 bpf and averaged 25 bpf.
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Alsea Formation

The Alsea Formation was encountered in borings B-3, B-4, B-5, and B-¢ at depths ranging
between 60 and 67 feet, and the borings were terminated within the unit. The Alsea
Formation generally consisted of exiremely weak to weak (E0-E2X), slightly to moderately
weathered, Siltstome/Sandstone; and very weak to weak (E1-F2), shightly to moderately
weathered Silistome.

Groundwater

The borings were drilled using mud rotary drilling techmiques, which introduce fluid into
the boring during drilling, making it difficult to discern groundwater levels. ESA provided
groundwater conditions for the four sites. Groundwater conditions are summarized n
Exhibit &-1.

Exhibit 8-1: Summary of Groundwater GConditions

Elsvation of
Channal Bothom Elvation of Mean Bevation of Static
{Taatt High Water (feel) Groundwates?

MOTES:

1  Eslmaled vslues.

2 N - Not Applicatle.

Based on Exhibit 6-1, we assume groundwater for desipn is at the Mean High Water
elevation of 7 7 feet for Pedestrian Bridge, Reneke Creek Bridge and No Name Creek
Culvert. For Beltz Creek Bridge, we assume groundwater for design is at an elevation of
220 feat.

soil Comosivity

As mentioned in Section 6.3, the Pedesirian Bridge, Reneke Creek Bridge and No Name
Creek Culvert are subjected to marine environment. The Beltz Creek Bridge is not subjected
to marine environment.

Analytical testing was performed to evalnate the cormosivity potential of the soil at the
project site. The corrosivity testing suite included soil resistivity, pH, chloride content,
sulfate comtent, sulfide content, and oxddation-reduchion potential Analytical testing was
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performed by Cooper Testing Laboratory, Inc, Palo Alto, Califormia. Corrosivity test resulis
are present in Appendix C.

Soil corrosivity potential was evaluated based on the guidelines in Section 10.7.5 of the
AASHTO LEFD (AASHTO, 2024). 5oil corrosivity tests were performed on a soil sample at
a depth of 10 feet from boring B-1 for the Pedesirian Bridge and a soil sample at a depth of
2.5 feet from bering B-3 for Reneke Creek Bridge. Soil sample at a depth of 10 feet from
boring B-1 for the Pedestrian Bridge is considered to be corrosive based on test results. Soil
sample at a depth of 2.5 feet from bering B-2 for Reneke Creek Bridge is considered not to be
corrosive based on test results. Corrosion design requirements for steel piles in marine
environments are provided in Section 8.3.

SEISMIC GROUND MOTIONS AND HAZARD
EVALUATIONS

Site Class

The Seismic Site Class for the bridge and retaining wall seismic design criteria was
developed based on the recommended procedure from the recently released AASHTO
LEFD 10 (AASHTO, 2024). Prior to LEFD 10, bridge structures and refaining walls were
typically designed for ground motions comresponding to a 1,000-year retum period under
"No Collapse” aiteria LEFD 10 now adopis a design approach based on a "limit state of
inapient collapse,” targeting a risk of approcamately 1.5 percent over a 75-year period for
ordinary struchures. Since direct shear wave velocty measurements were not available at
the project site, shear wave velocities were estimated based on SPT data. Our evaluation
indicates that the most critical site class derived from Vs, Vs/1.33, and 1.3Vs cormesponds to
Site Class E. Site Class E is defined by soft soil having an average shear wave velocity less
than 500 feet per second (AASHTO, 2024).

Seismic Design Ground Motions

The ground motion parameters were obtained from the AASHTO-UISGS Seismic Design
Ground Motion Database (AASHTO, 2023), provided in Exhibit 7-1.
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Exhibit T-2: Design Responas Spectrum for Site Clasa E

Panod () Accateration [
a 0755
0.0 0.7
002 0.rar
0.03 0818
0.05 0859
0.07s 1.02
o1 1.19
015 1332
L1 1.41
025 L5
0.3 1.62
04 1L.EF
0.3 1.64
[ 1.43
1 1.19
15 0.52
2 orx
i 0468
4 0342
3 Q265
1.5 o153
H 2.116

MOTES:
g = aeelemion due ko grovily; 5= =econds.

7.3 Seismic Hazard Evaluation
73l General

The expected setsmic harards at the project site are primarily ground shaking, tsunamis,
Liquefaction, and liquefachion-related phenomena such as settlement and post-setsmic soil
strengih reduction. Other seismic hazards, such as fault rupture, and seiche, are not
considered hazards for this site. The following sechions inchade a discussion of the relevant
seismic hazards present at the project site.
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Tsunami

The Project area within the Oregon Coast Lies adjacent to the Cascadia megathrust
subduction zone, capable of producng tsumamis during an earthquake event. Please see he
geologic hazard report tiled *Geologic Hazard Report, Sitka Sedge Tidal Wetland
Restoration, Tillamook, Oregon,” dated October 2025, prepared by Shannon & Wilson, fof
further discussions.

Liguefaction

Soil biquefaction is a phenomenon in which excess pore waber pressure of loose to mediam
dense, saturated, granular scils increases during ground shaking to a level near the initial
effective stress. The Increased excess pore pressure results in a reduchion of soil shear
strength. The effects of Bgquefaction typically mciude lateral spreading, slope instability, and
ground settlement.

Important factors n evaluating a soil's suscephibility to hquefaction include relative density,
the fines content (percent of soil by weight smaller than 0.075 millimeters, passing the INo.
200 sieve}, and the plasticity charactenistics of the fines. Relative density can be estimated
from SFT MN-values that were performed for this project. We performed laboratory
Atterberg Limits testing to evaluate the plasticity of the scils encountered at the project site.

7331 Socresning

We evaluated the geotechnical borings B-1 to B-5 at the project site for potentially Equefiable
soil layers. We evaluated the liquefachon potential of the soils considered susceptible by
our screening analysis using the SPT-based liquefaction evaluation procedures of Boulanger
and Idrss (2014) method. The SFT-based procedures evaluate the earthquake loading based
on the estimated peak ground acceleration (Fpp x PGA), As and Mw of the design event. In
accordance with 2024 AASHTO LEFD 10, we used the following ground mobion parameters
{PGA and M) in our liquefaction analyses:

*  Site-adjusted peak ground acceleration (As) of 0.755g and moment magnitude of 3 for a
1,000-year retum period..

Based on the results of our analysis, we estimate that loose to mediom dense Poorly Graded
Sand with Silt (SP-5M) and Silty Sand (SM) from Fluvial and Estuarian Deposits, and loose
to medium dense Silty Gravel with Sand (GM) from Alluvial Fan Deposit will iquefy
during the design event. A summary of the results of the hquefaction analysis is presented
in Exhibit 7-2.
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Exhibit T-1: Summary of Reaults from Liguefaction Analyais

Aporaximaka Approximate
Ground Liqusfiahls
Sufacs (i Layer
Exploratipn Elgvation i
i {feat)
B-1 145 B.& 7.7 i) ik, Fi-]
440 m-520 58.5 o BES
77532, T2,
132 o -203, 28 0
B-2 14.8 71 Fir 5 B&
4210-272, 309 10 42,
-T2 D432 S2o5E
Tita2 731013,
-3 1o - 1850
B3 1510 T3 7.7 % =, Ta
-28 o -35, 41 to 48,
-8 I -43 51058
it 12 50 20
B4 150 7.3 T3 = ; Ta
-27 o -43 4210 58
B-5 X2.5 105 220 450 280325 T4

7332 Uguefaction-lnduced SetHement

We evaluated the potential liquefaction-induced settlement of the soil layers considered
susceptible by our screening analysis using the Boulanger and Idriss (2014) method. We
anticipate that Fluvial and Estuarian Deposits and Allnvial Fan Deposits are susceptible to
seismically-induced setlement during the 1, 000-year retumn period seismic event.
Susceptible iquefaction zone begins below groundwater level and extends to a depth of 665
feet {elevation -52 feet). Setflement may occar in cohesionless soil that undergoes
liquefaction and pore pressure development during ground shaking. The setlement is
related to densification and rearrangement of particles during ground shaking, as well as
volume change, as the excess pore pressure dissipates after ground shaking. Seismic
ground setflement may not ocour umformly over an area, and differential setflement may
impact existing or proposed structures supported by hiquefied soil. Liquefaction-induced
setflement magnitudes were estimated using Ishihara and Yoshimine {(1992). Resulis of our
seismically induced setflement analyses are summarized in Exhibit 7-3.
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Exhibit T-2: 3ummary of Results of Liguefactioninduced Settlement Analysis
Esfimated Liguefaction-mduced

Battiomant at the Existing Ground
Expiiorafion D Surface (inches)

B-1 "

1a

B-2
B-3
B-4
B-5

Differential seismic setflement may range between 50 and 100 percent of total settlement.
This degree of setflement may cause damage to the proposed structures if not mitigated.

If deep foundations are used for foundation suppert, iquefaction-mduced setflement will
result in downdrag forces on the deep foundation elements.

Lateral Spreading

We estimated the shear strength of the liquefied scil using methods recommended in the
ODOT GO (ODOT, 2024 and other standard methods. These methods indude Idrss and
Boulanger {2007) and Kramer (2008). In general, these methods base the Equefied (residual)
501l shear strength on adjusted SPT N-values (MN1)s or (N1)sew. For our analysis, we
estimated the residual shear strength by taking the average of the residual shear strengihs
determined using the recommended methods. Our analysis indicates that the shear
strength of the iiquefied Sand (Fluvial and estuarnine deposits) should be reduced by 0% of
the static shear strength.

Based on our liquefaction evaluation, we predict that iquefaction-induced permanent
ground deformation (lateral spreading and flow failure) may ocour at the bridge abutments
without mitigation Lateral spreading occurs when the shear strength of liquefied soil is
incrementally exceeded by the inertial forces mduced durng an earthquake, which
produces permanent soil strain. Flow failures are driven by large static stresses that exceed
the residual shear strength of the soil fellowing liquefaction iriggering and lead to large
deformations, or fow. The ODOT GDM (ODOT, 2024) notes that flow failure should be
considered likely when the post-seismic F5S is less than 1.05. Flow failure typically ocours
near the end of, or shortly after, strong ground shaking, whereas lateral spreading occurs
during shaking.

Our global stability analysis of the proposed abutments for each bridge is detailed in
Sections 832, 842 and 852. For abutments at the Pedesinian Bridge and Beliz Creek
Bridge, additional abutment support or scour protection is needed to prevent lateral
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spreading. Based on discussion with DEA, we understand the bridge replacement bent
foundations will be designed to tolerate the anticpated lateral loads due to lateral spreading
and fow failure.

PRELIMINARY FOUNDATION DESIGN
RECOMMENDATIONS

General

provided by DEA, and our review of the available existing information Geotechmical
design recommendations are provided for the proposed bridges in the following sections.
Also, key construchion considerations were developed assodated with the geotechnical
design recommendations. If foundation types or confiparations change after this report,
Shannon & Wilson should be contacted to provide updated recommendations.

We understand that the bridge foundations and wing walls will be designed considering the
following manuals and spedfications:

*  AASHTO LEFFD Bridge Design Specifications (AASHTO LEFD), 10th Edition, 2024;

*  ODOT Geotechnical Design Manual (ODOT GDM), May 2024;

*  ODOT Oregon Standard Spedfications for Construction (ODOT O55C), 2024; and

«  Applicable FHWA geotechnical guidelines.
Bridge Foundation Design Altematives

The selection of an appropriate foundation system for the proposed bridge strocture is
dependent upon several factors, induding foundation capacities, tolerance to total and
differential setflement resulting from static loads, and construction considerations. Based
on the explored subsurface conuditions and the desipgn loads, the sites are susceptible to
liquefaction, and therefore, we considered steel-driven pipe piles, steel H piles, and drlled
shaft foundabons. A comparison of these three types of foundations is presented in Exhibit
81
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Exhibit 8-1: GComparizon of Bridge Foundatbion Allematnes

FO— Advantages Disadvantages
abie of mobiizing Rigner-end. - iz of premature redusal prioe to
bearnng resistance; A W il
. : Feasitie for proposed constuction elevation in dense or obstrucied scil
m[cmseu-emmm o l3yers may require prebaring;
] Relafvely fast construction; Potental significant negative skin
Lower cost than driled-in iction (downdrag) in liquefiabie
foundations; 50,
Enhanced drivabiity, enabing
instalagion 1o the target panetration - 5 s
dep® wilh reduced nsk of refysal,  POLENGAL significant negative skn
Steel Driven Pipe Files Feasibie for proposed corsuction E“[mmﬂ!ﬂhm
J mlﬁnmm Hﬂmﬂmhmt
Lower cost than drifed-in i tadhonapinite .- e g
foundatians;
mm,m _
mstaiation i the target penetration o e
dEpT with reduced risk of refysa;,  POtEndal significant negative sin
. : Faasitle for proposed consiruction iction (downdrag) i quetiabis
Steed Driven H-Piles =2 . sais; _
Retafvely fast consiruction; WY ECxu oreier Pwbe
L o B depi 0 achieve design capacity;
foundations;
Redatively more expensive fan
driven piles;
Higher level of comroi of construcion  REquiFe a Speciaty convacto,
variability compared 1o diven pies; Highest comstruction GAXIC
Smai- to Medium Diamsier Provides higher [ateral resisiance Mequirements;
m:mns SO P, Reiatively longer construction
Feasibie for proposed cons¥uction  duration comgpared to driven piles;
[2- to &-300t diameter) saquence; i :
Can be constucted using nom- Costs compared o diven pies;
wibratory methods; Potentil siqnificant negalive: skin

friction (downdrag) in lguefise
,Rt.

Based on our deep foundation evaluation and discussion with DEA, a summary of bridge
foundation selection for each bridge is presented in Exhibit 8-2. Details are discussed in
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Exhibit B-2: Bridge Foundation Selection Recommandation

Bridge Bant Pils Type
Pedestrian Bridge Benls 1 and 2 Sheel pipe pite [Ciased-end)
Reneke Cresk Bridge Benls 1 and 2 Steal H-pie
Beltz Creek Bridge Morth and South Abatments Steal H-pie

Steel Pile Comosion

Corrosion of steel piles should be anticipated due to the marine environment and the
alternate wetling and drying from tidal action present at the Pedesirian Bridge, Reneke
Bridge, and No Name Creek Cuvlert sites. According to the Federal Highway
Administration (FHWA) Geotechmical Engineering Circular (GEC) 012 - Volume I, Exhibit 5-
3 presents the average and maxdmum probable marine corrosion rates for steel piles in
seawater. The laboratory test results for pH and corrosivity are induded in Appendix C.

L]

= Blea| Pie
HWL ! Splagh Zone OO0 iy et B35 mdkemum probable = 00071 in  year
"
-
Irker-ticdal Zone CO0FE in ¢ year, 85 maserurm probable = 006043 in  pear

LWL | Low Waler Zone

Q005 iy § year, BE% masiwirm protabilé = 00071 in f pear
AbEsion damags may ocelly inoeasa Iossas o 014G im O yaar

.00 In ¢ year, 85% maximem probabio = 0,0088 in ¢ year
Imimarsion Zona i

Soa Bad
e sl |
-'E:_}b-eu&:-'- e
QA0CA i § year, A5% makemurm probusiils = 0002 |n !y
Biried Zone
L

Exhibit 8-3: Losa of Thickneas by Gorrosion for Steel Piles in Seawater [Figure 6-28; FHWA, 2016)
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Preliminary Foundation Design Recommendations for Pedestnan
Brndge

Seneral

Based on 60 design documents induded in Appendix A, each bent of the proposed single-
span Pedesirian Bridge will be supported on three (3) 20-inch diameter dosed-end steel pipe
piles. Based on our discussion with DEA, the foundation type, size, and depth will be
Bridge Abutment Global Stability

We conducted a global stability analysis for the proposed bridge abutments using the
computer program SLOPE/W, Version 2024 2.1, This program employs limit equilibrium
methods n accordance with AASHTO. The Morgenstern-Price slope stability analysis
method was used for a rotational surface failure mechanism. The analysis was performed
for static, seismic, and post-seismic condiions. A live load of 250 pounds per square foot
{p=f) was assumed for the static condiion. For seismic global stability analyses, pseudo-
static procedures described In the ODOT GDM Chapter 7 were followed. Horizondal
acceleration coefficients equal to one-half of the site peak ground accelerations (0.5 x PGA)
were used. For our seismic global stability analysis, we used a horizontal seismic coefficent
equal to 0.377. An ordinary high-water design elevation of 7.7 feet was assumed i the
chanmel for all cases.

The ODOT GDM requires that slopes supporting bridge foundations be designed with a
madmum resistance factor for global stability of 0.65, equivalent to a factor of safety (F5) of
1.5, for the static condition. For seismic and post-seismic conditions, a madmuam resistance
factor of 0.9, or an FS of 1.1, is required. Per the ODOT GDM, a factor of safety below 1.05
for the post-seismic case indicates that a flow failure is hikely.

Global stability analysis results and soil parameters are presented in Extubit 8-2 and in
Figures D1 through D-3 in Appendix D. Based on our analysis, the proposed bridge
abutments will satisfy the minimum global stability FS5 requirements for static condifions.
However, the F5 for seismic and post-seismic conditions are less than 1.1, and therefore,
lateral spreading and flow failure toward the creek will be an issue at the site, and the
potential impacts of the embankment slope faihares inchude sipnificant settlement of the
approach to the bridge and additional lateral loading on the foundations.

Based on discussion with DEA, we understand the bridge abutments will be designed to
tolerate the anticipated additiomal lateral loads due to seismic and post-seismic effects, e.g.,
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lateral spreading and flow failure, but the approach embankments and roadway will be
allowed to deform and seftle sipnificantly in the post-seismic case.

Exhibit 8-4: Global Stakility Analysis Results at Pedestrian Bridgs

Type of Analysis Required Factor of Safetly Factor of Saiaty
Siatic Condition 1.5 20
Setsmic Condilion 11 HL]
Post-Seismic Condifion 1,1 04

Based on our global stability analysis, the bridge foundation should be designed to resist
lateral spreading loads at each abutment for seismic and post-seismic conditions. The
caloulated factors of safety account for the lateral resistance that will need to be provided by
the bridge foundations due fo static and seismic active lateral earth pressures on the
abutment wall (see Section 8.24.35). Thas resistance 1s modeled as a point load on the
abutment wall at the location of the resultant force from the tiangularly distributed earth

PIEEE-IJIEE.
Dnven Pipe Pile Design Eecommendations
B.431 Gensral

Based on observed subsurface conditions encountered in boring B-1 and B-2, the pile axial
compressive resistances were evaluated for a 20-mnch-diameter dosed-end pipe pile with
0.625-mch wall thickmess. The recommended pile lengths are esimated as the distance
between the bottom of the pile cap elevation and the estimated pile tip elevation required to
resist the anficipated loading.

Based on hiquefaction analysis, the highly variable potential liquefiable layers extend to an
approximate elevation of -52 feet, and therefore, we recommend that the pipe pile should be
extended below an elevabion of -52 feet. In addition, pre-boring may be required to drive
through dense to very dense sand between approximate depths of 22 to 27 bgs (elevations -7
and -12 feet) and 38 to 57 bgs (elevations -23 and -42 feet) at Bent 1 (boring B-1) and 22 to 27
bgs (elevations -7 and -12 feet) at Bent 2 (boring B-2) to reach the minimum required pile ip
elevation.

B437 Drven Pie fAcxdol Resistance

We recommend that the steel piles conform fo the requirements of ASTM A252 Grade 3.
Mill certification of the steel should be provided by the supplier. All portions of pile design
and construction should meet the requirements of ODOT OS55C, Section 00520, and its
project spedial provisions. Exhibit 8-5 presents the typical pile section design properties.
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Exhibit B-3: 3tee] Pipa Pile Section Properties

Pile iamaber x

Thickness (inchas) Steel Grade (kpafinch?)  Sachon Ama (mchs End Condition

PP 20 X 0625 AZR2 Grade 3 30.04 Reinfarced Fiat Plate

The estimated nominal and factored pile compressive resistances for the recommended 20-
inch-diameter closed-end pipe piles are presented in Figures E1 and E2 in Appendix E and
summarized below in Exhibit 8-&. The estimated nominal compressive resistance is
established using a resistance factor of 0.4, assuming the FHW A Gates equation will be used
1o establish the pile driving criteria (see Section §.6.1.1). The estimated seltlements are less
than 1 inch at the maximum loads applied to the piles under the strength limit state
loadings; therefore, the nominal resistance may be considered the nominal service limit state
resistance as well We recommend a resistance factor of 1.0 be applied to the nominal
resistance for the service limit state and extreme event limit state evaluations.

Exhibit 8-8: Steel Pipa File Length and Gompresaive Reaistance for Pedesirian Bridge Foundations

Baottom Mominal Factored _A.H:ill ﬂtﬂjlﬂ'ﬂﬂiﬁl’n
of Pile  Estimated Estamated Axial Raaislanca {kips)
Cap Deivin Pile Tip  Compreasiva Pilg Extrema

Elevaion  Lsngin'  Eevation  Resistance Driving ~ Shength Ssrvice  Event

Lecabion [faalj {faatj {Feaf) [kips) Crileria Limnat Limmik Limit
Bent 1 B.S5 68.5 -60 360 Gates Bq. 45 350 11a
Bent 2 B3 B8.5 -6 i Gaes 6. bt H Han foa

KOTES:

1 Eslimaled driven pile length, isken as e disioce between boiom of pie cap and estimated pde by elevafion, is szsumed o be
+-1 feed of the tobie vahe.
The axial compressive loads for Strength Limat and Extreme Event Limit were not provided.
The axial resistances for Service Limit do meet factored structural design load of 133 kips
per pile. We discussed the axial loads with DEA. The deep foundation will require
redesign during final design. For final design, DEA will consider drilled shaft foundafion or
hangmg the pipe pile on dense to very dense sand layver at approximate depths of 25 feet at
Bent 1 and 45 feet at Bent 2, and accept seismic settlement up to 2 inches for each pile.

The gectechnical resistances of an ndividual pile under strength, service, or extreme event
limit state shall not be greater than the pile’s struchural capacity. The struciural engineer
should evaluate the pile structural capadity i accordance with AASHTO LEFD Section 6.

The estimated nominal axdal resistances assume the piles are spaced at least 2.5 pile
diameters apart, measured center-to-center. Based on this assumption, the pile group effects
are not considered. If the pile spadng is reduced during final design, the appropriate pile
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efficency factor must be established and applied, as recommended by AASHTO LEFD
Sedion 10.7.3.9.

B.43.3 Drven Pie Seismic Downdrag Loods

Based on post-liquefaction settlement analysis, the driven piles at both bents will experience
seismic downdrag loads. At Bent 1, the seismic downdrag load will be on the order of Z10
kips per pile if the pile is embedded at the recommended minimum tip elevation. At Bent 2,
the seismic downdrag load will be on the order of 110 kips per pile if the pile is embedded
at the recornmended minimum Hp elevation. A load factor of 1.0 is recommended to be
applied to this seismic downdrag force in the Exireme Event Iimit state.

In accordance with AASHTO LEFD Section 10.7.1.6.2, fhe downdrag load does not impact
the nominal geotechnical resistance and does not need to be considered in geotechnical Hmit
state evaluations. Howwever, the downdrag load should be considered in struchural ot
state evaluations of the pile secion

B.434 Drpven Pie Loterz Resistance

The driven pile foundations will be subjected to lateral loads resulting from live, seismic,
and abutment global instability loading. We understand that the laterally loaded pile
analyses will be performed with the aid of the LPILE computer program. (-eotechnical
input parameters for LPILE are provided in Table 1, attached at the end of this report, for
the static/seismic condifions.

The estimated lateral resistance parameters presented in Table 1 are recommended for
driven piles with center-to-center spacing greater tham five pile diameters (5D} and n a
single row. Based on this assumption, the pile group effects are not considered. If pile
spadng is less than 5D or multiple rows of piles are required, the appropriate P-Multiplier
must be established and applied, as recommended by AASHTO LEFD Section 10.7.2.4.

B.435 Additonal loteral Load Due to Global Instakility

The global stability analysis results present that seismic and post-seismic FSof less than 1.1,
indicating seismic failure and flow failure are likely to occur. In the global stability analysis,
additional pile reinforcement was added in order to achieve the required F5. Exhibit 8-7
summarizes the additional lateral pile reinforcement needed for FS of 1.1 at seismic and
post-seismic conditions. Global stability analysis results and addifional lateral load are
presented in Exhibit -7 and in Figures D4 and D5 in Appendix D. The distributions of
these lateral pressures are shown on Figure 5, Estimated Additional Lateral Earth Pressure
on Pedestrian Bridge Abuiment.
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Exhibit B-T: Global Stability Analyais with Pile Reinforcement at Fedestrian Bridge

Addithonal Latsral Load

Typa of Anahyass Factor of Safety Meedad [ifest)
Seismic Condifion 11 2400
Post-Seismic Condition 11 2,700

Preliminary Foundation Design Recommendations for Reneke
Creek BEndge

Seneral

Based on 60% design documents, each bent of the proposed single span Feneke Creek
Bridge will be supported on eight (8) steel H-piles, HP léx141.

Bridge Abuiment Global Stability

Global stability at the Eeneke Bridge abutment 15 evaluated in a similar manmer as described
in Section B.3.1.

Global stability analysis resulis are presented in Exchibit 8-8 and in Figures D6 through D8 iIn
Appendix D). Based on our analysis, the proposed bridge abutments will satisfy the
minimum global stability F5 requirements for static, sersmuc, and post-seismic condifions.
Exhibit B-8: Global Stahility Analysis Results at Reneks Cresk Bridge

Type of Analysis Raquired Factor of 3afatly Factor of Saiaty
Static Condifion 15 26
Seismic Condition 11 12
Posi-Seismic Condigon 11 13

Driven Pie Design Recommendations
B8.531 Gensral

Based on observed subsurface condifions encountered in boring B-3 and B4, the pile axial
compressive resistances were evaluated for HP 16x141. The recommended pile lengihs are
estimated as the distance between the bottom of the pile cap elevation and the estimated
pile tip elevation required to resist the anfidpated loading,

Based on hiquefaction analysis, the highly variable potential liquefiable layers extend to an
approximate elevation of -43 feet, and therefore, we recormmend that the H-piles should be
extended below the elevation of 43 feet to Silistone/Sandstome {Alsea Formation at an
approximate elevation of -49 feet.
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8.5.32 Driven Pie Auxal Resistance

We recommiend that the steel piles conform to the requirements of ASTM AS7Z, Grade 50.
Mill certification of the steel should be provided by the supplier. Because driving of the
piles on rock is anticipated, the H-pile tips should be reinforced with prefabricated cast steel
points. All portions of pile design and construction, mchuding pile fip reinforcement,
should meet the requirements of OS55C Section 00520 and its project spedal provision
Exhibit 89 presents the typical pile section design properties.

Exhibit B-8: 34esl H-Fils S3action Froperies

Pila Diamaker X Thickneas

[inchag) Sbeal Grade (kipafinch?) Secton Arsa [inch’) End Comdition

HP 162141 AST2 Grade 50 41.7 Reirfonced

The estimated nominal and factored pile compressive resistances for the recommended HFP
16x14] are presented in Figures E3 and E4 in Appendix E and summarized below in Exhibit
&-10. The esimated nominal compressive resistance is established using a resistance factor
of 0.4, assuming the FHWA Gates equation will be used to establish the pile driving citeria
(see Section 8.6.1.1). The estimated setflemends are less than 1 inch at the maximum loads
applied to the piles under the sirength limit state loadings; therefore, the nominal resistance
may be considered the nominal service limit state resistance as well. We recommend a
resistance factor of 1.0 be applied to the nominal resistance for the service limit state and
exireme event limit state evaluations.

Exhibit 8-10: Estimated Diriven Steal H-Pils Langth and Compreaaive Rasiatance

Botiom Nominal Factored Axial Compressive
ofPils  Estimated  Esfimated Axial Rasisiance (kips)
EHE.';E:I-H Ij:Tr;:rr:l Eh'ﬂtll:rl.'l T'!P ﬂma E.-;-.HHE ng Sﬂ]‘-m-j:l'l SErvice Eéma
Locafion [feat) {faet) {feaf) [kip=) Criteria Limat Limnit Limit
Benl 1 125 54.5 -52 210 Gates Eq. 165 410 310
Benil 2 125 545 -52 200 Gates Eq. 160 400 300
MOTES:

1  Eslimaled driven pis length, isken as e detnce between boliom of ple cap snd estimaled pie by clevsfion, is assumed fo k=
+i-2 feed of the tnble valus

The gectechnical resistances of an ndividual pile under strength, service, or extreme event
limit state shall not be greater than the pile’s struchural capacity. The struciural engineer
should evaluate the pile structural capadity m accordance with AASHTO LEFD Section 6.

The estimated nominal axial resistances assume the piles are spaced at least 2.5 pile
diameters apart, measured center-to-center. Based on this assumption, the pile group effects
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are not considered. If, during final design, the pile spadng is reduced, the appropriate pile
effidency factor must be established and applied, as recommended by AASHTOLEFD
Secton 10.7.3.9.

8.53.3 Driven Pie Seismic Downdrag Loods

Based on post-liquefaction settlement analysis, the driven piles at both bents will experience
seismic downdrag loads. At both bents, the seismic downdrag load will be on the order of
80 and 70 kips at Bents 1 and 2, respectively, per pile. A load factor of 1.0 is recommended
to be applied to this seismic downdrag force m the Extreme Event limit state.

In accordance with AASHTO LEFD Section 10.7.1.6.2, the downdrag load does not impaict
the nominal gectechnical resistance and does not need to be considered in geotechnical himit
state evaluations. Howwever, the downdrag load should be considered in struchural ot
state evaluations of the pile section.

8.534 Drven Pie Laferal Resstance

The driven pile foundations will be subjected to lateral loads resulting from live, seismic,
and abutment global instability loading. We understand fhat the laterally loaded pile
analyses will be performed with the aid of the LPILE computer program. Geotechmical
input parameters for LPILE are provided m Table 2, attached at the end of this report, for

The estimated lateral resistance parameters presented in Table 1 are recommended for
driven piles with center-to-center spacing greater than fve pile diameters (5D} and n a
single row. Based on this assumption, the pile group effects are not considered. If pile
spadng is less than 5D or multiple rows of piles are required, the appropriate P-Multiphier
must be established and applied, as recommended by AASHTO LEFD Section 10.7.2.4.

Preliminary Foundation Design Recommendations for Beltz Creek
Bridge

Genenal

The Beliz Creek Bridge is at the 30 percent design phase. Based on cur discussion with
DEA, the foundation for the Beltz Creek Bridge will be designed in a later design phase. We
understand that the proposed Beltz Creek Bridge structure may be similar to Reneke Brdge,
and therefore, we assumed the proposed Beltz Creek Bridge will be supported on steel H-
piles. We also assumed that each abutment of the proposed single-span Beltz Creek Bridge
will be supported on eight (8) steel H-piles. We provided design recommendations for HP
14x117 and HP 16x141
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Bridge Abutment Global Stability

As described in section 8.3.1, global stability at Beltz Creek Bridge abutment is evaluated i
a similar manmer.

To mifipate potentinl scour ard raintam abuiment stability, @ 4-foot-thick riprap layer s
recommended along the cresk bed. replacing the existing marsh and allurial fim deposits near the
abutment. Global stability analysis results and soil parameters are presented m Exhibit 8-11
and in Figures D? through D11 in Appendix I). Based on our analysis, the proposed bridge
abutments will satisfy the minimum global stability F5 requirements for static and post-
seismic conditioms. Howewer, the FS for seismic conditions is less than 1.1.

Based on dismssion with DEA, we understand the bridge abuiments will be designed to
tolerate the anficpated additiomal lateral loads due to seismic effects.

Exhibit 8-11: Global Stabifity Anahrais Results at Beitz Greek Bridge

Type of Analysis Raquired Factor of Safety Factor of Saiaty
Siatic Condition 1.5 15
Setsmic Condilion | 14
Post-Seismic Condifion 11 15

Based on our global stability analysis, the bridge foundation should be designed to resist the
additional seismic lateral loads at each abutment for seismic conditions. The calculated
factors of safety account for the lateral resistance that will need to be provided by the bridge
foundations due to seismic active lateral earth pressures on the abutment wall (see Section
8.6.3.4). This resistance is modeled as a point load on the abutment wall at the location of
the resultant force from the triangularly distnbuted earth pressures.

Dnaven Pide Design Recommendations

8.631 Gen=sml

Based on observed subsurface conditions encountered in boring B-5, the pile axdal
compressive resistances were evaluated for HP 14x117 and HP 16x141. The recommended
pile lengihs are estimated as the distance between the bottom of the pile cap elevation and
the estimated pile tip elevation required to resist the anticipated loading,.

Based on Bquefaction analysis, the highly variable potential liquefiable layers extend to an
approximate elevation of -5 feet, and therefore, we recommend that the H-piles should be
extended below the elevation of -5 feet to Siltstome Sandstone (Alsea Formation at
approxamate elevation of -35 feet.
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8.6.3.2 Driven Pie Auxal Resistance

We recommiend that the steel piles conform to the requirements of ASTM AS7Z, Grade 50.
Mill certification of the steel should be provided by the supplier. Because driving of the
piles on rock is anticipated, the H-pile tips should be reinforced with prefabricated cast steel
points. All portions of pile design and construction, mchuding pile fip reinforcement,
should meet the requirements of OS55C Section 00520 and its project spedal provision
Exhibit 8-12 presents the typical pile section design properties.

Exhibit B-12: 3teal H-Pile Section Propariiea

Pila Diamaker X Thickneas

[inchag) Sbeal Grade (kipafinch?) Secton Arsa [inch’) End Comdition
HP 142117 AS7 2 Grade 50 d4.4 Reinfonced
HP 162141 AST 2 Grade 50 41.7 Rerdoned

The estimated nominal and factored pile compressive resistances for the recommended HP
14x117 and HP 16x141 are presenfed in Figures ES and Eé in Appendix E and summarized
below in Exhibit B-13. The estimated nominal compressive resistance is established using a
resistance factor of 0.4, assuming the FHWA Gates equation will be used to establish the pile
drving criteria (see Section 8.6.1.1). The estimated settlements are less than 1 inch at the
maximum loads applied to the piles under the strength limit state loadings; therefore, the
nominal resistance may be considered the nominal service limit state resistance as well We
recommend a resistance factor of 1.0 be applied to the nominal resistance for the service
limit state and exireme event Emit state evaluations.

Exhibit 8-13: Eatimated Diriven Steal H-Pile Langth and Compressive Rasiatance

Bottom Mominal Factored Axial Compresaive
of Pils  Estimated  Estamated Axial Resistancs {kips)
Cap Driven Pile Tip  Compreasive Pile Extrame
Elavation Lsmgth’ Eievabion  RAssistance Driving  Strength Service  Event
H-Fiia [faat) {Eaat) {Faaf) [kips) Crileria Limit Limit Limit
14t iv 260 Ta.0 -7 a50 Gakes 6] Tl 50 300
Taeid] 260 Ta.0 -7 a390 Gakes 6] il Ja0 ki L
NOTES:

1 Eslimaled driven pie length, isken #= fe detance betwesn boliom of ple cap snd esbimated pie b elevsfion, = s=sumesd fo b=
+i-2 feed of the abie value.

The geotechnical resistances of an individual pile under strength, service, or extreme event
limit state shall not be greater than the pile’s struchural capacity. The struciural engineer
should evalnate the pile sbructural capadty in accordance with AASHTO LEFD Seclion 6.
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The estimated nominal aaal resistances assume the piles are spaced at least 2.5 pile
diameters apart, measured center-to-center. Based on this assumption, the pile group effects
are not considered. If, during final design, the pile spadng is reduced, the appropnate pile
efficency factor must be established and applied, as recommended by AASHTO LEFD
Section 10.7.3.9.

B.6.3.3 Dnven Pie Seismic Downdrag Loods

Based on post-liquefaction settlement analysis, the droven piles at both bents will experience
seismic downdrag loads. At both bents, the seismic downdrag load will be on the order of
40 kips per pile. A load factor of 1.0 is recomumended to be applied to this seismic downdrag
force in the Extreme Event liondt state.

In accordance with AASHTO LETD Section 10.7.1.6.2, the downdrag load does not impact
the nominal geotechnical resistance and does not need to be considered in geotechnical Hmit
state evaluations. However, the downdrag load should be considered in struchural ot
state evaluations of the pile section.

8.434 Drven Pie Loteral Redstfance

The driven pile foundations will be subjected to lateral loads resulting from live, seismic,
and abutment global instability loading. We understand that the laterally loaded pile
analyses will be performed with the aid of the LPILE computer program. Geotechnical
input parameters for LPILE are provided i Table 3, attached at the end of this report, for

The estimated lateral resistance parameters presented in Table 1 are recommended for
driven piles with center-to-center spacing greater than five pile diameters (50} and in a
single row. Based on this assumption, the pile group effects are not considered. If pile

spadng is less than 5D or multiple rows of piles are required, the appropriate P-Multiphier
must be established and applied, as recommended by AASHTO LEFD Sectiom 10.7.2.4

8.43.5 Addifional Lateral Load Dwe to Glokbal Instokility

The global stability analysis results indicate that seismic F5 is less than 1.1 for the proposed
bridge abutments. In fhe global stability analysis, additional pile reinforcement was added
in order to achieve the required F5. Exhibit B-14 summarizes the additional lateral pile
reinforcement needed for FSof 1.1 at seismic condditions. Global stability analysis results
and additional lateral load are presented in Exhibit 8-14 and in Figure D12 in Appendix D.
The distribubions of these lateral pressures are shown on Figure &, Estimated Addifional
Lateral Earth Pressure on Beltz Creek Bridge Abutment.
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Exhibit B-14: Global Stability Anahyais with Pile Reinforcement at Beltz Creek Bridge

Additional Lateral

Type of Analysis Facior of Bafaby Load Mepded |Ibffeat)

Seismic Condiion 11 1,7

Additional Reld Explorations for Beltz Creek Bridge

Borng B-5 was located approximately at the south abutment of the Beltz Creek Bridge. We
recommend that one boring be performed at approximately north abutment for the final
design. The boring should advance to a depth of 85 feet. Oregon Department of
Transportation Geotechnical Design Manual (ODOT GDM) and American Assodation of
State Highway and Transportation Officials (AASHTO) require one boring at each abutment
for foundation design.

Pile Foundahon Construchon Considerations

Pie Dnving Crteria and Construction Considerctions
B8.7.1.1 Pie Driving Criteria

As previously stated, we recommend that pile driving and installation of piles follow the
OS5C, Section 00520. If splicing pile lengths in the leads is necessary to install the piles, then
splicing locations should be approved by the structural engineer. All pile splices should be
made according to the O55C and procedures for piling with lateral and tension loading
conditions. Also, the piles should be driven no closer together than 2.5 pile diameters,
measured from center to center, and within & mdhes of locations shown on the plans. The
pile driving alignment tolerance should follow the OS5C.

The piles should be driven with an impact hammer such as a single or double-acting air,
steam, or diesel hammer. The driving energy of a pile hammer used for piles with a
nominal resistance less than or equal to 600 kips may be qualified using Table 00520-1 in the
OS5C, Section 00520, which is based on the FHWA Gates Equation. According to the OS5C,
a wave equation analysis is required if the piles are to be driven with a double-acting or
differential hammer, regardless of required nominal resistance, or if the required nominal
resistance is greater than 600 kips.

The piles should be driven to a mindmum “last set” and to a mindmum pile length of 12 feet
as required by the OS5C, Section 00520 41c I the “last set” is reached before the minimum
tip elevation or minimum pile embedment, drving should continue uniil the minimmam
desipn requirements are reached. I pile refusal ocours before the minimum tip elevation is
reached, the contractor should pre-bore the hole and continue to drive the pile.
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Prior to construction, pile driving criteria, mcluding “last set,” should be established for the
specific pile-driving equipment proposed for use. The hammer selected by the condractor
should be capable of adueving the required nominal resistance at a blow count between 2
and 10 blows per inch, as determined by the FHWA Gates Equation spedfied in the O55C,
Section 00520.42(b). The FHWA Gates Equation is only applicable if the hammer is in good
condition and operating in a satisfactory mammer, the hammer has a free fall, a follower is
not used, and the head of the pile is not broomed or crushed.

During pile driving, a contimeous record of pile doving resistance (bpf) should be
maintained for the full length of each pile driven, as well as other pertinent mformation,
incdluding observed hammer performance. If an open-end diesel hammer is used to drive
the piles, the pile-driving contractor should supply a Saximeter™ during pile driving to
determine the actual stroke height and pile driving energy. We recommend that an
engmneermg staff representative, under the guidance of a professional geotechnical engineer,
monitor pile driving in order to evaluate the suitability of each pile driven.

8.7.1.2 Pie Driving Vibration Impacts

We understand the nearest existing building is approcdmately 1/2-mile from the proposed
residences may not be a significant concern. However, we recommend the Contractor
perform a pre-construction condition survey of the exdsting structures around the pile
driving building damage.

B.7.1.3 Pie Drivirg Nose

Pile doving will be very noisy and may disturb nearby residents and the environment. The
Agency should evaluate any potential noise impacts to surrounding residents. In addition,
constmucticn nodse should meet local noise ordinances.

Bridge Abutment and Wing Walls

General

Wing walls for Pedestrian Bridge heights are up to 8 feet and approocdmately 9 feet in length,
parallel to the roadway. Wing walls for Eeneke Creek Bridge heights are up to & feet and
approximately 12 feet in length parallel fo the roadway. Wing walls for Beliz Creek Bridpe
heights are esiimated up to & feet, parallel to the road, based on 30 percent design plans. It
is understood that these wing walls will be cantilevered from the pile caps and bridge
abutments beneath the bridge deck. The wing walls will have a level backslope. This will
impose additional loads on the piles supporting the bridges, although lateral loads due to
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earth pressures will be partially cffset due to the wing wall on the opposite end of the pile
cap.

For design purposes, we have assumed that subdrainage systems will be installed to
prevent hydrostatic pressure from developing belund all retaining walls. Also, we have
assumed that the backfll behind the walls is level

Lateral Barth Pressures

The lateral earth pressures on the retaining walls depend on the type of wall (Le., yielding or
non-yielding), the type and method of placement of backfill against the wall, the magnitude
of surcharge weight on the ground surface adjacent to the wall, the slope of the backfill, and
the design criteria. We recommend that at-rest (non-yielding wall) earth pressures be
considered at the wing wall/abutment connection. At the ends of the wing walls, active
(yielding wall) earth pressures may be used if the length is sufficent to allow vielding of the
wall The earth pressure loads can be linearly interpolated along the length of the wing wall
between these values. The abutment walls should be designed as non-yielding walls.

Based on the structural design information and the above assumptions, the lateral earth
pressures on the walls were developed according to the ODOT GDM (ODOT, 2024) and
AASHTO LEFD Bridge Design Specifications (AASHTO, 2024). The static lateral earth
pressure acting on walls consists of two components: static earth pressure and static
surcharge pressure. The seismic lateral earth pressure on walls consists of three
components: static earth pressure, static surcharge pressure, and seismic earth pressure. A
horizontal acceleration coefficient, ks, equal fo the site peak ground acceleration (Fpp x
PGA), A., was used to determine the seismic earth pressure for non-yielding walls. A kn
equal to 12 of A. was used to determine the seismic earth pressure for vielding walls, where
1 to 2 inches of lateral deformation is acceptable. The distributions of these lateral pressures
are shown in Figure 7, Lateral Earth Pressure Distribution on Abutment and Wing Walls.

subdrginage

Suitable dramage for walls can be provided by grammlar backhll material and a wall base
subdrain system consisting of a &-inch-diameter perforated or slotted drainpipe wrapped in
an envelope of filter material at least 12 inches thick and confined by a separation geotextile.
The filter material is specified in Section 02610.10{a) of the ODOT OS55C. The subdrain
should be above the typical groundwater level, convey any collected seepage to the end of
the wall, and daylight at low spots below the wall elevation.
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Backhill Material and Compaction

The wall backfill material should be in accordance with standard ODOT Granular Wall
Backfill (Section 00510.12 of the ODOT O55C). Heavy compaction equipment should not be
allowed closer than 3 feet to the retaining wall to prevent high lateral earth pressures and/or
wall yielding and/or damage. Eequired compaction of wall backfill within 3 feet of the
walls shall be obtained using hand-operated compaction equipment, such as a vibrating
plate compactor.

Lateral Resistances

We understand the static and seismic lateral resistance of the abutment wall can be
provided by the pile foundations. We assume the lateral resistance for the wing walls will
be generated through the structural cormection with the pile cap. If it is determined fhat
brdge foumdations canmot adequately support the abutment/wing wall loads, speafic
foundation design recommendations will be provided uwpon request.

Mo Mame Creek Culvert Design Recommendations

Seneral

The following sections present our design recommendations, inchading bearing resistance,
estimated setflements, and lateral earth pressures on culvert walls, and construction
considerations for the culveris. If the struchure or foundation types and confipurations
change after this report, Shannon & Wilson should be contacted to provide updated
recommendations. We understand that AASHTO LEFD does not require seismic design for
pre-cast box culverts. Therefore, no seismic hazard evaluations were performed for this
porbon of the project.

Culvert Foundation Over-excavation and Subgrade Preparatfion

Based on boring B-7, very soft to soft and high plasticity organic scils (Marsh Deposit) are
encountered between depths of approximately 2 and 11 feet bgs. The proposed botiom of
the box culvert will be placed at approcdimately a depth of 10 feet. The Marsh Deposits are
highly compressible. To reduce potential settflement, we recoommend that the Marsh
Deposits be over-excavated to silty sand soil and replaced with ODOT Granular Wall
Backfill in accordance with OS5C Section 00510.12. The crushed rock should be placed and
compacted n accordance with OS5C Section 00330, The over-excavation may serve as a
crushed rock working mat for the culvert.
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Foundation Beoring Resistonce and Settlement

Woe performed bearing resistance analysis in accordance with AASHTO and the ODOT
GDM. Based on the explored subsurface conditions, both culverts will be placed on silty
sand of Fhovial and Estuarian Deposits. The propesed box culverts may be designed for
factored bearing resistances in Exhibit 8-15.. A resistance factor of 045 was used in
calulating bearing resistance for the strength mit state. A resistance factor of 1.0 was used
for the service and extreme event limit states.

Exhibit 8-13: Factored Bearing Reaistancas for Mo Mame Creek Culvert

Factored Axial Compresaive Fesisfance (kipa)

Strepgih Limik [kaf) Sarvice Limat [kaf) Extrems Event Limit [kaf}
Mo Name Creek Culven 12.0 20 30.0

Total Settlement is estimated to be less than 1 inch, and differential settlement is estimated
to be less than 0.5 imch.

Lateral Earth Pressures

Based on the above assumptions, the laferal earth pressures on the box culvert walls were
developed according to AASHTO and the ODOT GDM.  The lateral earth pressure acting on
the culverts consists of two components: earth pressure and surcharge pressure. The lateral
earth pressure diagram for the calverts s shown in Figure 8. We assume that the culverts
will be backfilled using 3/4-inch-minus ODOT Granular Structure Backfill in accordance
with O55C, Sechon 00510.13 (ODOT, 2021). We have provided lateral earth pressures
dependent on the groundwater level and height of fill above the top of the culvert. The
hydraulic engineer should determine the appropriate groundwater level for the culvert
design. The critical groundwater level for the culvert design may occur during the design
flood drawdown condition, which represents the condition just after a design flood has
oocurred and the water elevation inside the calvert has receded to the ordinary high water
level, but the groundwater level outside the culvert is still at the design flood level. The
earth pressures presented are independent of other structural considerations, mcduding wall
stiffness and load factorimg.

Trailhead Embankment Stability for Pedesinan Bndge Construction

A trolley similar to a Spedalized Hauling Vehicles (VHS) SUé may be used to transport the
prefabricated Pedestrian Bridge superstructure from the staging area {existing parking lot)
to the bridge site along the trailhead. The trolley consists of & axles total, two (2) axles in the
front and four {4} axdles in the back. Each of the axle sets will have 5-foot spadng, but there
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will be approximately 150 feet between the 2 axles in front and 4 axles in back. Each axle
load is approcdmately 30 kips.

We performed static slope stability of the existing trailhead embankment to support the
trolley during construction of the Pedesirian Bridge using the computer program SLOFE/W,
Version 20242 1. The analysis was performed for static conditions. For live load, we
assumed two ne loads, and each Iine load is 530 pounds per foot.

For a temporary slope stability analysis, we used a factor of safety (F5) of 1.3 for the static
condibion.

Based on our visual cbservation, the side slopes of the exasting trailhead embankment are
approximately 2H:1V to 2.5H:1V. We assumed fhat the materials of the existing trailhead
embankment are similar to the materials encountered in bering B-1 and B-2. Global stability
analysis results and soil parameters are presented in Exhibit 8-16 and in Figure D13 in
Appendix D

Exhibit B-18: Global Stability Anahrsis Results for Trailhead

Typs of Anatysis Embankment S3de Siopss  Required Facior of Safsety Facior of Safety

Static Condilion ZSHIY 13 13

Based on our slope stability analysis, the side slopes of the existing trailhead embankment
will need to be maintained atleast 2 5H1V or flatber. To place sliver £ll on the side slopes of
the existing embankment, pit mn or 4-inch minus materials may be used.

Backfill Recommendations for Existing Culvert Removal

An exdsting 4" x 4" concrete box culvert is located on the trailhead embankment, to the east of
the proposed Pedestrian Bridge. The top of the existing concrete box culvert is located at
approximately 5.0 feet elevation. The existing trail head elevation in this location is
approximately 15 feet, and therefore, the exdsting concrete box culvert has approcdmately 10
feet of 1l on top of it We understand that the existing concrete box culvert will be removed
and backfilled to the existing geometry of the frailhead embankment.

The excavation should be backfilled with Satisfactory soil materials for levee-type fill are
defined as those complying with ASTM D-2487 soil dassification groups CL and ML
(predominantly silt and lean day), and should be verified by lab testing. Unsatisfactory
s0ils include those complyving with ASTM D-2487 soil dassification groups GW, GF, and
GM (predominantly grawvel); SM, SW, and 5P (predominantly sand); MH and CH
(predominantly elastic siit and fat clay), OL and OH (predominantly organic); and Marsh
Deposits. With additional testing, the use of MH, OH, and Marsh Deposits materials may
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be allowed; however, addifional laboratory testing and stability analysis would be required
to use these materials.

Unless otherwise noted, fll should be compacted to 35 percent of the standard Proctor test
(ASTM De38). The fll should be placed In maxdmum liffs of B inches of loose material The
fll materials should be compacted within the range of +2 percent of the optimum moisture
content value or with moisture content allowing compaction requirements to be obtained.

Conceptually, we anticipate that the coffer dam and dewatering will be below groundwater,
and temporary shoring and dewatering will be required. Sheet pile is feasible to use to
construct a coffer dam. We anticipate that dewatering could be accomplished using sump
pumping with a sheet pile coffer dam. Design of temporary shoring and dewatering is not
incuded in our scope of services.

GEOTECHNICAL CONSTRUCTION CONSIDERATIONS

Site Preparation and Earthwork

Site preparation will include (1) dearng, grubbing, and roadside cleanup; (2) removal of
existing structures and underground ufilities; and {3) subgrade preparation and excavation
These construction activities should generally be accomplished in accordance with the
ODOT O55C. I temporary shoring is needed, the design of such shorng is fradifionally the
responsibility of the contractor.

After site stripping and preparation activities are completed, the exposed subgrade to
receive fill should be proof-rolled with a fully loaded 10- to 12-yard dump truck or similar
heawy rubber-fired construction equipment to identify soft, loose, or unsuitable areas. The
proof-roll should be conducted prior to 61l placement

The site stripping and proof-rolling should be observed by a qualified geotechnical engineer
or representative, who should determine stripping depth, evaluate the suitability of the
subgrade, and identify areas of yielding. If loose and/or wet, soft soil zones are identified
during proof-rolling, the soils should be removed and replaced with compacted strucharal
fll.

Disturbance of subgrade soil due to construction equipment and activities could affect the
support of the proposed walls and embankment. The contractor should take necessary
steps to protect the subgrade from becoming disturbed.

Movembe=r 2025
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Temporary Cut-and-Fill Slopes

The culvert replacement will be excavated using the open-cut trench method. In general,
temporary earth slopes may be cut near vertical for excavations less than 4 feet in depth. If
the excavation is more than 4 feet in depth, flatter slopes will be required in accordance with
the Occupational Safety and Health Administration (OSHA).

Temporary shoring is typically the responsibility of the contractor and should comply with
applicable local, state, and federal safety regulations, nduding the corrent OSHA
Excavation and Trench Safety Standards. Temporary shoring techniques and dewatering
tedmiques should be evaluated together, because one temporary shorng technique may
work well with certain dewatering techniques and not well with others.

Water Conirol and Dewatenng

To control water n the aeeks, the water should be diverted aroumd the excavation to
downsiream of the excavation using a pipe or chanmel Groundwater should be expected to
be encountered in the excavation for the culverts and bridge substruchures. The design of
the temporary dewatering systems is tradiionally the responsibility of the Contractor. Any
water collected during dewatering and any excavated soil should be treated and disposed of

in a manner meeting local, state, and federal envirommental regulations and requirements.

To control water in the Mo Mame Creek, the water should be diverted arcund the
excavation to downstream of the excavation using a pipe or channel. Groundwater should
be expected to be encountered in the excavation for the culverts. We further recommend
that the working mat 12-in-thick working mat provided in Section 8.8.2 be increased to 24-
in-thick. Based on the subsurface conditions, we anticipate that dewatering could be
accomplished usng sump pumping with a crashed rock drainage layer by increasmg the
working mat in Section B.8.2 from 12 inches thick to 24 inches thick.
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Appendix B

Field Explorations
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B.1 GENERAL
Body Text

Shanmnon & Wilson explored subsurface conditions at the project site with seven
geotechnical borings designated B-1 through B-7. The locations of the explorations were
located in the field using a GFS, and points were taken to reference the locations. The
approximate exploration locations are shown on the Site and Exploration Plam, Figure 2.
This appendix describes the techniques used to perform the explorations and presents logs
of the materials encountered.

B.2 GEOTECHMICAL DRILLUNG

Borings B-3 through B-7 were drilled within the roadway of Sandlake Rd between May 24,
)25, through May 28, 2025. Borings B-1 and B-2 were drilled along traithead of
embankment between March 31, 2025, through April 1, 2025. The borings were drilled
uging CME-S5LCX track rig provided and operated by Western States Soil Conservation Inc.
{Western States) of Hubbard, Oregon. A Shannon & Wilson geologist was present during
the explorations to locate the borings, observe the drilling, collect soil samples, and log the
materials encountered. Below are descriptions of the drilling method used durimg the
drilling.

B.2.1 Open Hole Mud Eotary Drilling

Mud-rotary borings are typically advanced using a tri-cone bit and a string of hollow drill
rods {narrower than the bit) through which bentonite drilling mud is pumped. The mud is
mixed on site using water and powdered bentonite. The drilling mud serves to cool the bit,
keep the hole open, and flush the cuttings to the surface and the borehole is considered
"open hole™ since the borehole is not cased. Returning drill mud is typically passed through
a screen and into a tub over the hole. The screen collects the cuttings, and the tub collects
the mud for recirculation back into the hole. If fine-grained, cohesive soils are encountered,
other styles of drill bits may also be used with the mud-rotary method, such as scraper or
drag bits. The common size mud rotary drill bit is 4 7/8-inch, which produces an
approximate 5-inch-diameter hole.

112880
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B3 SOIL SAMPLNG
B.3.1 Disturbed Samplng

Disturbed samples were collected in the borings, typically at 2.5- to 5-foot depth intervals,
using a standard 2-inch-putside-diameter (0.00) split spoon sampler in conjunction with
Standard Penetration Testing. In a Standard Penetration Test (SPT), ASTM D1586, the
sampler is driven 18 inches into the soil using a 140-pound hammer dropped 30 inches. The
number of blows required to drive the sampler the last 12 inches is'defined as the standard
penetration resistance, or M-value. The SFT M-value provides a measure of in situ relative
density of cohesionless soils (silt, sand, and grawvel), and the consistency of cohesive soils
(silt and clay}. All disturbed samples were visually identified and described in the field,
sealed to retain moisture, and returmed to our laboratory for additional examination.

SPT MN-values can be significantly affected by several factors, including the effidency of the
hammer used. Automatic hammers generally have higher energy transfer efficiencies than
cathead-driven {mamnual) hammers. For reference, cathead hammers are typically assumed
to have an average energy efficiency of 60 percent. Based on information we received from
Woestern States, the energy efficiency of the hammer used on the rubber track moumnted
CME-S5LCX drill rig averaged 85.0 percent. All N-values presented in this repart are in
blows per foot, as counted in the field. No corrections of any kind have been applied.

An 5PT was considered to have met refusal where more than 50 blows were required to
drive the sampler 6 inches. 1Ff refusal was encountered in the first 6-inch interval (for
example, 50 for 1.57), the count is reported as 50/1st 1.57. If refusal was encountered in the
second &-inch interval {for example, 48, 50 for 1.5"), the count is reported as S0/1.5", 1f
refusal was encountered in the last 6-inch interval {for example, 39, 48, 50 for 1.57), the count
is reported as 98/7.5%.

B.3.2. Relatively Undisturbed Samplng

Relatively undisturbed samples were attempted in 3-inch O.D. thin-wall Shelby tubes which
were hydraulically pushed into the soil at the bottom of the boreholes. The recovered soils
exposed at the ends of the tube were examined and described in the field. After
examination, the hubes were sealed to preserve the natural moisture of the samples. The
sealed tubes were stored in the upright position, and care was taken to avoid shock and
vibration during their transport fo and storage in our laboratory.
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B.4 MATERIAL DESCRIPTIOMS

In the field, soil samples were described and identified visually in general accordance with
ASTM D2488 Stanvdeard Practice for Description and Identification of Soils (Visual-Manual
Procedure). Comsistency, color, relative moisture, degree of plasticity, peculiar odors and
other distinguishing characteristics of the samples were noted. Once returned to the
laboratory, soil samples were re-examined, varigus laboratory tests were performed, and the
field descriptions and identifications were modified as necessary. We refined our visual-
manual spil descriptions and identifications based on the results of the laboratory tests,
using elements of the Standard Practice for Classification of Soils for Engineering Purposes
{Unitied Soil Classification System), ASTM D2487. However, ASTM D2487 was not
followed im full, because it requires a suite of tests be performed to classify a single sample.
The specific terminology used in the soil clagsifications is defined on the Soil Description
and Log Key, Figure BI. The specific terminobogy used in the soil dassifications is defimed
omn the Rock Classification and Log Key, Figure B2,

B.5 LOGS OF BORINGS

The summary logs of Shannon & Wilson geotechnical borings are presented in Figures B3
through BY. Material descriptions and interfaces on the logs are interpretive, end actual
changes may be gradual. The left-hand portion of the boring logs provides descriptions,
identifications, and geotechnical unit designations for the materials encountered in the
boring. The right-hand portion of the boring logs shows a graphic log, sample locations and
designations, backfill details, and a graphical representation of N-values, natural water
contents, percent passing the #200 sieve, and sample recovery.

B.& BOREHOLE ABANDOMNMENT

U pon completion of drilling the borings were backfilled with bentonite chips or
bentonitefcement grout in agcordance with Oregon Department of Water Resources
regulations. Cold parch asphalt pavement was used to seal the surface of the borings
performed within Sandiake Road.

112880
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intermationss, 100 Barr Harbor Drive, West Conshobocken, PA 19428, A copy of
e compiete siancard may be obisine from ASTRS intermationsl, W st org.
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Sand with Skt {SP-SM); wet frace to few, fine io
coarse, subanguiar grawel fine io medium sand;
low plasticiy fines; micaceous: slight Fon oede
staning,

Veery sofl, dark gray, Sty Sand (SM); wek e o
coarse sand: low plasicity ines; frace onganics;
shell fragmenis; micaceous.

Locse to very dense, gray, Poaryy Grafed Sand
with St [SP-Sidy; wet; trace fine, subrounded
gravel; fine to medium sand: nonpiasic fines;
MIC3C20UE.

FLUNIAL AND ESTUARIAN DEPOETS
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Tolal Depdh: TEE T Moribing: _ — 60, ZRS T
Top BEevalion: =15 % Easing -T2 005
¥ert. Dtum: AAVDHD Simtion: =]

Horlz. Dabum: CRA-NIFE Offeet: =

[Drillirsg fdethod:
Dirilieg Company: Wresien Stafes
DOrill Aig Equipment: CRRE-BSLE Hammer Type: Audnmae'c
Other Comments:  _ Hammer Sficiency = 85%

Mo Rofary

Hode DEam.. i

ol Thpes e

S04 DESCRIPTION
Fimfer o the mepiet et @ proper wnders Sanding of e

belwen pof iypes, and ihe fansdions oay e Dracal

gl

i

PEMETRATION RESISTAMCE, N (lowwi)
i Hammer Wit & Dvope 140 03 7 30 fnchas

Depif,

] par] 40 EQ ED

B

Confinued:
Loose fo very dense, gray, Poary Graded Sand
Wi SO (SP-SM); Wet, trace fine. subrounced
1 gravet; fine fo medium sand; nonplastc fines;, |
lill']'ﬂ:aﬂEﬂ'.n'E.
L] FLUWTAL AND ESTUARLIAN DEFDETS J

Gigy, Elastic SiE (M) wet, fne i medum
sand; iow plasiicily, micaceowss.
Haroar ovifing aciion ar 35.5

Crense, red-orown mattied, Sitfy Gisve! wth
Eang (G}, molst, fine i coarse, subangular o
subrounded; Sne 0 Coarss sand; low piasticty
‘l\m distubed texture; heavy Fon oxkle staining.
Al LLWVIAL FAN DEPOSTS
Diense, Yelow-orown o dark gray, Poony'
Graded Sand with Si (SP-5i4); wel; frace to
few, fine f0 coarse, subangular o subounded
gravel; fine to medium sand; low plasticly fines;
micacauys; modemaie fron oxide siaining.

FLUNIAL AND ESTUARIAN DEPOETS

Medium dense to wery dense, Drow ko gray,
Poory Graded Sand with Sit jSELSM); wet
frace fo few, Bne fo coarse, subanguiar o

eubrounded gravel; fine bo medlum sand;
nanpiasiic fines; micaceous.
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Z. Gemanouater e, I Indlcated atove, 15 for The de Speriiied s ey san).

3. Geoop sFmibol i Eeses] on sl identicakion and seecied iab Esting.
4, The hofe iooafon and slesaion Fhouid e consldensd appms make.
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T T A

Tolal Depdh: TEE T Moribing: _ — 60, ZRS T Dl Adethod: Mo Rofary Hode Citam: - B A
Top BEevalion: =15 % Easing —TEHI008N  Drilleg Company: Weslern Stafes Fiod Tape: (i)
Wert, Datum: AAVDED Simion: = Dl Rig Equipment: gﬂ Hammer Type: Audnmadc

Horlz. Dabum: CRA-NIFE Offeet: =

Other Comments:  _ Hammer Sficiency = 85%

S04 DESCRIPTION
Fimfer o the mepiet et @ proper wnders Sanding of e

belwen pof iypes, and ihe fansdions oay e Dracal

Eiew.

|

i

PEMETRATION RESISTAMCE, N (lowwi)
i Hammer Wit & Dvope 140 03 7 30 fnchas

Depif,

] par] 40 EQ EQ 100

Conlinzed:

Medium dense to very dense, brown 5o gray,
Foory Graded Sand with Sit [SP-SM), wet,
trace o few, fine o coarse, subangular o
subrounded gravel; fine bo medlum sand;
nonpiastic fines; MICaceous.

Gravel inferbed's ifemed frowm oviling action

FLUWIAL AND EFTUARIAM DEPDSITS

Medium dense to denss, gray to gray-baown,
Poordy Graded Sand with Sif (SELSM); wek Bine
to metium sand; low plastichy fines; strasfied
with interbeds of Sy Sand [Sid); micaceous.

Completed: March 31, 2025
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3. Geoop sFmbol i Eeeses] on W - identiicakion and seecied ioh Esting.

4, The hofe iooafon and slesaion Fhouid e consldensd appms make.
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wert Detum: MAVDED Station:

Horlz. Dabum: CRA-NIFE Offeet: =

DOrill Aig Equipment: CRRE-BSLE Hammer Type: Audnmae'c
Other Comments:  _ Hammer Sficiency = 85%
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[SM). e = 5 - -
s | |
TALL - FRELES TS ST |
1 2l 2l
______________________ &5 [ e R ERLLEE LR EER A ER A i
\iery lopse, gray, Sy Sand (Sid); wek ine to EER - .
medium; nanpiasic ines; MCaceous. 1. el L i
4.5 i
Very I00se 10 ID0ES, gray, Poony Graded Sand 55 pLd — i i i !
Wi S (SP-SM); wek ine fo medium sand; 54" ] gl i
nonplaslic fin2s; micaceous. L : DT RN T AR T R T T AR T A |
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] o S ""]: = A
| ST 45 [0 ] ] ] ]
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| gravet, fine to medium sand; nonpiasac nes; ’-u'w“ &0 EREER R R |
stratfied with ntermeds of Poorly Grades Grave o
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i CORTISUED HEXT GHEET o n 40 En a0 e E]
LECEMD T Foecovery (%)
| = Gmngie ot Reoowred & % Fines {<0 07Smrm)
i T Stondand Ferefration Test @ % Woter Conbent
g Plasfc Umt |——] Liguid Limt
2 S Sedge Tidal Wetland Resloration
E Tilamoak County, Cregon
i HOTES
ﬁ 1. Reter o KEY S eepianation of symbols, codes, abbreystions, snd definBons. L,DGGFEmHEE_z

T Lk

Z. Gemanouater e, I Indlcated atove, 15 for The de Speriiied s ey san).
3. Geoop sFmibol i Eeses] on sl identicakion and seecied iab Esting.

4, The hofe iooafon and slesaion Fhouid e consldensd appms make.

June 2025 1123380
FIG. B4
SwsHannonswison | FIG. BY

REV 3



T T A

Tolal Depdh: [ Mioribing - &0, B0 T
Top BEevalion: i 01 Easing: -—THIZITR
¥ert. Dtum: AAVDHD Simtion: =]

Horlz. Dabum: CRA-NIFE Offeet: =

[Drillirsg fdethod:

Drilieg Company: Westenn Stafes
DOrill Aig Equipment: CRRE-BSLE Hammer Type: Automat’c
Other Comments:  _ Hammer Sficiency = 85%

Mo Rofary

Hode DEam.. i

ol Thpes e

S04 DESCRIPTION
Fimfer o the mepiet et @ proper wnders Sanding of e

belwen pof iypes, and ihe fansdions oay e Dracal

i

PEMETRATION RESISTAMCE, N (lowwi)
i Hammer Wit & Dvope 140 03 7 30 fnchas

Depif,

] par] 40

8
8

100

Conlinzed:
Loase, gray-brown, Sy Sand (SW); wet frace
to few, Mne [0 coarse, subangular 1o
subroundied grave!: fine fo medium sand;
menium plashcity MNes; Misacecs.

Hanger driiing action af 35 feet

Dence, gray 1D brown, Saty Gravel with Sang
(G wet: fine to coarse, subrounded o
subangular; fine b coarse sand; low plastichy
fines; MICICE0UE, [0 TECOVEry

ALLUVIAL FAN DEPOSITS

Loose, gray io brown, S¥y Sand (SM wet, fine
to medium sand; medum plasticly fnes:;
siraified with Interbeds. of Sandy SOr L)

Medium dense to dense, red-brown, Poony
Graded Sand with Si [SP-SH); wel: fine in
medium Eal'iﬂ,'ﬂl:ll'ﬁ]‘l-m ines; micaceous,
moderate Fon oxkde stEining.

Medium dense, red-brown, Sy Zand (SM];

wed; fine 10 medivm 5and; nonpiasiic Tnes,
mMiCac20uE; maderate Inon oxide =2aining.

FLUWIAL AND ESTUARIAN DEPOSITS

Medium dense, gray-brown, Poary Graded
Sand wilh S (SP-SAM); wet fine to medium

sand; nonplastic ines; siatifed win intesteds of
Sity Sand (SU); micaceous; sight iron axide
Etaming.

Medium dense, gray-orown, Sily Sand [Sh),
wet; ine o mediem sand; nonpéastic ines;

micacacas; sight ron axide siaining.
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1. Refer b KEY for explanation of symbols, mdes, abbreyations, and deficRions.
Z. Gemanouater e, I Indlcated atove, 15 for The de Speriiied s ey san).
3. Geoop sFmibol i Eeses] on sl identicakion and seecied iab Esting.

4, The hofe iooafon and slesaion Fhouid e consldensd appms make.
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Tital Cepdh: S5 T Morihing  — S0 BIEBE
Top Bevallon: =14 Easing: -—THIZITR
wert Detum: MAVDED Station: =
Horlz. Dabum: CRA-NIFE Offeet: =

[Drillirsg fdethod: Mo Rofary Hode DEam.. i
Dirilieg Company: Wresien Stafes ol Thpes e
DOrill Aig Equipment: CRRE-BSLE Hammer Type: Audnmae'c
Other Comments:  _ Hammer Sficiency = 85%

S0iL DESCRIPTION - wl |PEMETRATION RESIETANCE N ilowwi)
e r0 the et FEnt RO proger TS Seningy of e F- Mammar Do _ 1480 G5 7 30 dpches
Qubrpiare RS and oving meods.  The Saifioeton 2 E - A s
nes ncaded D rEED=T M gnpemae bounoates E 3
belwen pof iypes, and ihe fansdions oay e Dracal o ] 40 &0 50 Th K
Confinued:
Medium dense, gray-brown, Poary Graded 21
Sandg with St {SP-SM); wel, ne o medium AEATTH TR A EA RAT E
'Illaand;mrpmn'cﬂﬁ;‘nﬁmmm f -3t
[ gy AN ! ! | | | |
Medium dense, gray-brown, Poary Graded i { i i i i
Sand with S {SP-SM); wek; fine to medium l l
sand; nonplastic fines; siratifled wilh intesbeds of TP L
Saty Sand [SA); micaceous; sight ron oxide . . - : :
E-t*l!'lg 1 . e FEpo g fomnf fop g o g fopad foe
[ [ [ [ [
7ot : - - -
FLUNEL AND ESTUARIAN DEPDSITS R 3= | i i i
E --iii -iii | | --iii | | --iii | | --iii | o]
75 e . . . .
¥ 1
m i
ELEd i it i it i it i
SR
Dieriae, gray-brown, Foary Graged Sand mh | : T
Eit {EP-SI); wet Tine to medium sand; f f f f

oufle staining.

T 64 Al

Compieted: ApT 1. 2025

it S SN0 LAY RO LS SR

T Lk

HOTES
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3. Geoop sFmbol i Eeeses] on W - identiicakion and seecied ioh Esting.

4, The hofe iooafon and slesaion Fhouid e consldensd appms make.
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Total Cepth: To Morihing - 800,348 Driling kbethod: Mo Rtary ol Dt B
Top Eevalor: - 1618 Easfing: -7 HE47ER  Drileg Company: _Weshem Stafes Fiod Type: e
wert Detum: MAVDED Station: = DOrill Aig Equipment: CRRE-BSLE Hammer Type Audnmadc
Horz Catum: _ OR03-MF  Offset: = Other Comments:  _ Hammer Sficiency = 85%
S0iL DESCRIPTION Eev. | » - wl |PEMETRATION RESIETANCE N ilowwi)
Famier i fhe et feof o @ prOper Andersianding of e T Hamemer
subracntace: rratevists and oiing rRefods. The: Sraicaoin ﬂ'ﬁ?"" E E EE | i R
Pnes nocmed b movesmnt e gneenimere heonoates | & 5 E E
belwen ool fypes, and ihe ianndions oay be Dracal o pat] 40 &0 &0 100
NoAspnat dnchestick 1oz i i i i i
s3a [ EAV R R R b R e e N A
| Bace Aggregale o i i i i i
15 i i i i i
Wery 50, dark brown, Crganic Sall (OH]; wet; g : "'I | "'I | "'I | "'I ! "'I
frace, fine, subroundad to munded gravet irace =
ta few, e io coarse sand; high plasticly; few io oLl b RIARERLUDERCA R LR R R Eb L LRER TG b
| | | | | ]
It crganics. e G ;
at |
MARSH DEPOSITS 2l BRI S TR R RS R R | EHARRRE
78 E— i lii | | | |
\ery laoee, yelow-brown, Siy Gravel [GUM] wel, | 75 &3 s H s bifad Foaad Fepad Feead bElaq | o
fine ta coarse, subrounded to runced gravel el L aH 1! - i i i
 fine to coarse sand; low io medium piasticRy Fi o i i i i
11- . LE J H—— 1Iu e . EI =4 e bt e
Gray, Elastic Sit (MH]; wet, race, Tne fo coase || 460 [d L e B0 6 SR E6 AR AT
';Imu;matﬂmt:r!mmslgmuanm rf s 3 i i I I
\eilrng. . d ol EHEEh [-- et b e A e A e
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E medium sand; nonpasic fnes, micaceous. St "I ] i |
[ § § § § §
FLUN L AND ESTUARIAN EPOETS {'ﬁ
4 c A LT
| T A AP T T i T 7 S AT pray 20 e T T P AT
Medium dense fo very sense, brown B Piil el o i
red-brown, Poarly Graded Sand with ST O 3 i
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wert Detum: MAVDED Station:

Horlz. Dabum: CRA-NIFE Offeet: =

DOrill Aig Equipment: CRRE-BSLE Hammer Type: Audnmae'c
Other Comments:  _ Hammer Sficiency = 85%

S04 DESCRIPTION
Fimfer o the mepiet et @ proper wnders Sanding of e

belwen pof iypes, and ihe fansdions oay e Dracal

PEMETRATION RESISTAMCE, N (lowwi)
i Hammer Wit & Dvope 140 03 7 30 fnchas

Eiew.

Depif,

i

] par] 40 EQ EQ 100

Conlinzed:
Medium dense to wery dense, brown
red-oroam, Poorly Graded Sand Wil S
{SP-SM); wel; fne to coarse sand; medism
plasiichy fnes; micaceous.

FLUWIAL AND ESTUARIAN DEPOSITS

Ciense, brown to red-brown, Poory Gradseg
Sand wilh S (SP-SM); wet: frace {0 few, fine,
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oz sialning.
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3. Geoop sFmbol i Eeeses] on W - identiicakion and seecied ioh Esting.
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Horlz. Dabum: CRA-NIFE Offeet: =

Other Comments:  _ Hammer Sficiency = 85%
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Sand with Si {SP-SM); wet frace to fow ine, TR T
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si@ning. BAIT i i i i 'i-
FLUVIAL AND ESTUARIAH DEPOSITS 55 Hpm =Orist 3#
Harder driiing acifon ar a4 - : : : =1t
SILTSTONE/SANDSTONE: very weak bo weak 223 4 : : - -
(R1-A2L moderaiely wealherad; foint struciure g’ — FERRELE AR PREE TRLER RREEE LRI AR AR A
indiscernibie In SPT sample. = 1 1 1 1 1
ALSEA FORMATION i i i i i
um;m TRV %{J A= Ta Illl:“lllllll:-ll*:l:“lllllll:- Enist ‘I:'Il‘
| --iii | --iii | --iii | --iii | --iii | i
75 i1t t t t FrEiE
| --iii | --iii | --iii | --iii | --iii | i

= [ [ [ [ [
g | | | | |
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Z. Gemanouater e, I Indlcated atove, 15 for The de Speriiied s ey san). L E E
3. Geoop sFmbol i Eeeses] on W - identiicakion and seecied ioh Esting.

4, The hofe iooafon and slesaion Fhouid e consldensd appms make.
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Tolal Depdh: o R Micribing _ — SO0 3T 7.
Top BEevalion: =15 % Easing. - T 2608 T
¥ert. Dtum: AAVDHD Simtion: =]

Horlz. Dabum: CRA-NIFE Offeet: =

[Drillirsg fdethod:
Dirilieg Company: Wresien Stafes
DOrill Aig Equipment: CRRE-BSLE Hammer Type: Audnmae'c
Other Comments:  _ Hammer Sficiency = 85%

Mo Rofary

Hode DEam.. i

ol Thpes e

S0 DESCRIPTION Eev. | w - wl [PEMETRATION RESIETANCE N (eiowai )
B ATt o K ke 3 r 1405/ 30 inchag
TR R3S W s w E E. 5 E E & Hammer Wt & Deogr
A5 NVEE GACH MRIVESRT AN AN TN SOUNOaTe s :ﬁ.] & = 5 £
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VEry 50, dark brown, Organic ol JOH); wet = g BRI R T R
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T e
£ S p 3 3 -t
MARSH DEPOETS - I e 1 | 1
o LD ERIREER I ER AR § §
-2 1
o [0 I
ery £ofl ta ot KGNt gray 1o gray-brown, Eiasac | san T s
&% (i wet frace fine sand; medium fo high Sl 2 R R PR R PR R PR R T
ey T, o a0 i i 1 i i
\ery lonse, biue-gray, Sty Sand (S wek: ine L ERER AR RRARR A FEATEE HH BT R
&1 to medium sand; nigh plasticiy Tnes; | | | | |
E| micaceous 3 i i i i i
i 15
; "]: % :
Rl s s s s -1.3 = i
i Medium dense, yellow-Droen 1o rec-brown, 38y 163 J ] | | i 1}
i Eandg with Gravel (S, wet: fine 10 coarse, Y | | | |
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#| sand; low pizstcity fines; micaceaws; sigh Fan t
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: “I |
FLUWTAL AND ESTUARIAN DEPOSTS . f
______________________ .m0 HL L
Dense, yelow-Drown 1o reo-brown, Foory 50 “I I
N sroged sana win Sw SRS wet tne o T
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@l stanng.
x | | | N i
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T T A

Tolal Depdh: o R Micribing _ — SO0 3T 7.
Top BEevalion: =15 % Easing. - T 2608 T
¥ert. Dtum: AAVDHD Simtion: =]

Horlz. Dabum: CRA-NIFE Offeet: =

[Drillirsg fdethod:
Dirilieg Company: Wresien Stafes
DOrill Aig Equipment: CRRE-BSLE Hammer Type: Audnmae'c
Other Comments:  _ Hammer Sficiency = 85%

Mo Rofary

Hode DEam.. i

ol Thpes e

ta medium =and; race nonpiastic fines;
micacecuE, shek fragments.

FLUWIAL AND ESTUARIAH DEPOSITS

Medium dense, brawn to red-brosn, Poory
Graded Sand with S /SP-S); wet, tne fo
coarse sanid; low plasicily fines, micaceous:
slight Fon oodde staining.

Kedium dense, brown to yelow-broem and
red-Brown, Foory Graded Sand with S
{5P-504; wel; fine i coarse, subanpular o

subounded, QIE'.IEE fng %0 poaree cand; iow
plasticly ines; micaceous; sight ion oxide
staning.

Pocvly Graded Sand wih SW {SP-SM); wel; fine

S0IL DESCREPTION Eev | B n g w |PEMETRATION RESISTANMCE, N Slowi)
e r0 the et FEnt RO proger TS Seningy of e ef E E E & | & Hammer Wt & Do _ 180065 7 30 ncheg
bpdipre s and oving methods. The Saificetion E -
Enes indicaed b mpvesen e aoproE T bouniates | & - E 2
belwen pof iypes, and ihe fansdions oay e Dracal o pat] 40 &0 &0 100
Contineed: | ”1[_[. i | |
Ciense to very dense, red-brown, Poody Graged I S M '|"" T R B
Sand with St (SP-5M); wel fine o coarse T ﬂ" F-I | HHAL A
sand; nonplastic fines; heavy on oxde slaning. | | '.h | LR
1 1 FFEC 1 1
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35

T

===

B B i
o
-
¥ .I k;l‘
i
2 -
2 BN iR
-
Tk
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Z. Gemanouater e, I Indlcated atove, 15 for The de Speriiied s ey san).
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4, The hofe iooafon and slesaion Fhouid e consldensd appms make.
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B} Reovery %)
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Wert, Datum: AAVDED Simion: = Dl Rig Equipment: gﬂ Hammer Type: Audnmadc
Horz Catum: _ OR03-MF  Offset: = Other Comments:  _ Hammer Sficiency = 85%
S0IL DESCRPTION Eev | 3 w Tw o |PEMETRATION RESISTANCE, N fiowsi
e r0 the et FEnt RO proger TS Seningy of e ef F- Mammar Do _ 1480 G5 7 30 dpches
gibnriare mareais and Qong mehods. The shmifiatoe ﬂ'ﬁm‘ E E g E " A -
s noicaec Dt mermomnt M goyedTae boonoate s | & ‘5 E E
belwen pof iypes, and ihe fansdions oay e Dracal o P t] 40 &0 50 Th K
Confinued: ;:IJ_';.},‘
Medium dense, red-brown, Poardly Graded Sand ':_“
Wit SI¢ (SP-SA); wet: Tne to coarse, e ALy n-.qg i -.1 T
subangular o subrounded, gravel; fine to coarse o | | it LHH LR
sand; low piasticlly fines; micaceaus; sight Fon | g5 B8 i i i i i
ofde staining. BAD pre] | { { HHH G
FLUVIAL AND ESTUARIAH DEPDSITS ﬂ,.ﬂ.I EE c
Harder driling Sctfon ar a4 sz= T ¥ ¥ ¥ ¥
SILTSTONE/SANDSTONE: extremely weak i 223 4 : : - -
weak {HEI-HE]. mﬂl‘!lﬂtﬂj HE.H-EI‘EIH:}IHM === A b Feb L beaad Fifad Foas | bepad biand Fofa | bie
sinecture Indiscernible In SPT sample. o | | | | |
ALSEA FORMATION i | i i i
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Tolal Depdh: Td AR Micribingr _ — S0 B00 T Dl Adethod: Mo Rofary Hode Citam: - B A
Top BEevalion: =320 Easing: —TE31850F Dl Company: Weslern Stafes Fiod Tape: (i)

wert Detum: HAVDED Station: =

Horlz. Dabum: CRA-NIFE Offeet: =

DOrill Aig Equipment: CRRE-BSLE Hammer Type: Audnmae'c
Other Comments:  _ Hammer Sficiency = 85%

S0 DESCRIPTION ev.|F| 8 | 2y ™ [PENETRATIONRESISTANCEN  iowe)
B ATt o K ke 3 u.ﬁ,{r. 1405/ 30 inchag
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—————————————————————— -:15‘ ¥ E --3 13 --3 - | = --|-;| | b= --I-;'I -+ = --l-;l i
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medium sand; low plasiicly, micaceaus; Neavy | Ll = - - -
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1Iu - = bt
=4 ] |
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E = .-1:: --? | | i --? | | i --? | | i --? | | i1
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______________________ dd 4 5 5 L] 5 5
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LEGEND E} Recovery (%)
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T T A

Tolal Depdh: Td AR Micribingr _ — S0 B00 T
Top BEevalion: =320 Easding. - T 51,050
¥ert. Dtum: AAVDHD Simtion: =
Horiz. Dalum: CRAF-MIE Cifeet: =

[Drillirsg fdethod:
Dirilieg Company: Wresien Stafes
DOrill Aig Equipment: CRRE-BSLE Hammer Type: Audnmae'c
Other Comments:  _ Hammer Sficiency = 85%

Mo Rofary

Hode DEam.. i

ol Thpes e

S04 DESCRIPTION
Fimfer o the mepiet et @ proper wnders Sanding of e

belwen pof iypes, and ihe fansdions oay e Dracal

i

PEMETRATION RESISTAMCE, N (lowwi)
i Hammer Wit & Dvope 140 03 7 30 fnchas
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X
k
a
E
i
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imbmems:h&aqinnnﬂﬂestﬂhg;uw f
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Medium dense, gray to gray-brown, S#y Sand
fEAf; wet frace, Ine, anguiar to subrounded

Saof to medium =58, yellow-brown, Lean Ciay
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jCEmEted J
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medium plasiciy fines, micaceous.

ALLUWVIAL FAH DEPOSITS

\ery dense, red-brown, Séy Sand (S wet;
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with Sand (GR); moderate non oxide s£aking.

-1ad
475

o
%E i EIREEL |
EE

=

b i S e o
=
=

- =

T e -

I
:
:
— —
:
:
5
i
:
:
— —
—
-
——
:
:
5
i
:
:
— —
:
:
5
i
:
:
— —
:
T
3

-
e

&=
T
o
o

it S SN0 LAY RO LS SR

T Lk

CORTIMUCD HEET GHEET o mn 40 En a0 e E]
LECGENDY [EF mecovery (%)
=  Sompie MNot Recowened

HOTES

1. Refer b KEY for explanation of symbols, mdes, abbreyations, and deficRions.
Z. Gemanouater e, I Indlcated atove, 15 for The de Speriiied s ey san).
3. Geoop sFmibol i Eeses] on sl identicakion and seecied iab Esting.

4, The hofe iooafon and slesaion Fhouid e consldensd appms make.
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Cirillimg Akt
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Dl Rig Equipment: gﬂ Hammer Type: Audnmadc
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Hode DEam.. i
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C.1 INTRODUCTION

Soil samples obtained during the field explorations were described end identified in the
fiald in general accordance with the Standard Practice for Description and Identification of
Soils (Visual-Manual Procedure), ASTM D2488. The samples were reviewed in the Shannon
& Wilson laboratory. The physical characteristics of the samples were noted, and the field
descriptions and identifications were modified where neceasary in accordance with the
terminology presented in Appendix A, Figure Al. Select samples were chosen for various
laboratory tests. We refined our visual-manual seil descriptions and identifications baged
on the results of the laboratory teats, using elements of the Standard Practice for
Classification of Soils for Engineering Purposes (Unified Soil Classification System), ASTM
D2487. The refined descriptions and identifications were then incorporated into the Logs of
Borings, presented in Appendix A. MNote that ASTM D2487 was not followed in full because
it reqquiires that a suite of tests be performed to fully classify a single sample.

The soil testing program included natural moisture content, Atterberg Limits, particle size
analyses, end corrosivity testing. Laboratory testing was performed by Shannon & Wilson
in our in-house laboratory in Lake Oswego, Oregon, and Cooper Testing Laboratory of Palo
Alto, California, All test procedures were performed in accordance with applicable ASTM
International standards.

Analytical testing was performed on a composite sample of investigation-derived waste
from the upper 10-feet of the borings for disposal. Analytical testing was performed by Pace
Analytical National (Pace) of Mount Juliet, Tennessee in accordance with applicable
Environmental Protection Agency (EPA) standands.

C.2 SOIL TESTING

C.2.1 Moisture [Natural Water} Content

Matural moisture content determinations were performed in accordance with ASTM D2216,
omn selected soil samples. The natural moisture content is a measure of the amount of
maoisture in the soil at the time of exploration. It is defined as the ratio of the weight of
water ko the dry weight of the soil, expressed as a percentage. The results of moisture
content determinations are presented on the Logs of Borings in Appendix A.

112880
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C.22 Atterberg Limits

Atterberg Limits were determined for select samples in accordance with ASTM D4318. This
analysis yields index parameters of the soil that are useful in soil identification, as well as in
a number of analyses, including liquefaction analysis. An Atterberg Limits test determines
a s0il's liquid limit (LL) and plastic limit {PL). These are the maximum and minimum
moisture contents at which the soil exhibits plastic behavior. A seil's plasticity mdex {P1)
can be determined by subtracting PL from LL. The LL, PL, and F1 of tested samples are
presented in Figure C1, Atterberg Limits Results. The results of the Atterberg Limits tests
are also presented in the Logs of Borings in Appendix A. For the purposes of soil
description, Shannon & Wilson uses the term nonplastic to refer to soils with a P1 bess than
4, bow plasticity for soils with a Pl range of 4 to 10, medium plasticity for soils with a F1
range of 10 to 20, and high plasticity for soils with a Fl greater than 2. Oven-dried liquid
limits were performed on samples B-3 5-2 at 5.0 feet, and B-7 5-3 at 7.5 feet.

C.2.3 Parficle Size Analysis

Particle-size analyses were conducted on select samples to determine their grain-size
distributions. Grain size distributions were determined in accordance with ASTM D&%913
and D1140, as applicable. For the samples tested, a wet sieve analysis was performed to
determine the percentage (by weight) of each sample passing the No. 200 (0.075 mm) was
determined {ASTM D1140). Results of all particle-size analyses are presented in Figure 2,
Grain Size Distribution. The percentage of each sample passing the Mo, 200 sieve is
presented on the Logs of Borings in Appendix A

C.2.4 Cormosivity Tesfing

Corrosivity testing was performed on a select specimen to evaluate the corrosivity potential
of the soil at the site. The corrosivity test suite included redox potential, soil conductivity
{resistivity), soluble chloride and sulfate concentration, sulfide tests, and soil pH.

A discussion of the corrogivity results is inchuded in the main report text in Section 5.3.
Analytical testing was performed by Cooper Testing Laboratory and results of the
corrosivity testing are attached to the end of this appendix.
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Appendix D

Slope Stability Analysis

Figures

Figure D1:
Figure DX
Figure Dd:
Figure Du:

Figure D&
Figure Dé:
Figure 0¥/
Figure D&:
Figure DA
Figure DIQ:
Figure D11:

Figure DX

Figure D13

Global Seability Analysis Pedestrian Bridge Static Conditions

Global Stability Analysis Pedestrian Bridge Seismic Conditions

Global Stability Analysis Pedestrian Bridge Fost-Seismic Conditions

Global Seability Analysis Pedestrian Bridge Seismic Conditions with
Additional Lateral Loads

Global Stability Analysis Pedestrian Bridge Post-Seismic Conditions with
Additional Lateral Loads

Global Stability Analysis Reneke Creek Bridge Static Conditions

Global Stability Analysis Reneke Creek Bridge Seismic Conditions

Global Stability Analysis Reneke Creek Bridge Post-Seismic Conditions
Global Stability Analysis Beltz Creek Bridge With 4-foot Thick Riprap Static
Conditions

Global Stability Analysis Beltz Creek Bridge With 4-foot Thick Riprap Seismic
Conditions

(Global Stability Analysis Beltz Creek Bridge With 4-foot Thick Riprap Post-
Seismic Conditions

Global Stability Analysis Beltz Creek Bridge With 4-foot Thick Riprap Seismic
Conditions with Additional Lateral Loads

Global Stability Analysis Existing Trailhead Embankment Static Conditions
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Appendix E

Slope Stability Analysis

Figures

Figure El:  Estimated Axial Resistance 20-Inch-Diameter Pipe Pile (Closed-End)
Pedestrian Bridge Bent 1

Figure E2:  Estimated Axial Resistance 20-Inch-Diameter Pipe Pile (Closed-End)
Pedestrien Bridge Bent 2

Figure E3:  Estimated Axial Resistance HF 16 x 141 Reneke Creek Bent 1
Figure Ed:  Estimated Axial Resistance HF 16 x 141 Reneke Creek Bent 2
Figure ES:  Estimated Axial Resistance HP 14 x 141 Reneke Creek Abutment
Figure E&;  Estimated Axial Resistance HP 16 x 141 Reneke Creek Abutment
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=1 SHANNON &WILSON e

IMPORTANT INFORMATION ABOUT YOUR
GEOTECHNICAL/ENVIRONMENTAL REPORT

CONSULTING SERVICES ARE PERFORMED FOR SPECIFIC PURPOSES AND FOR SPECIFIC CLIENTS.

Consultants prepare reports to meet the specific needs of specific individuals. A report prepared for a deil
engineer may not be adequate for a constroction confractor or even another civil engineer. Uniess indicated
ciherwise, your consultant prepared your report expressly for you and expressly for the purposes you indicated.
Mo one other than you should apply this report for its miended purpose without first confermmg with the
consultant. WNo party should apply fhis report for anyr purpose other than that criginally contemplated withost
first conferring with the consultant

THE CONSULTANT'S REFORT IS BASED ON PROJECT-SPECIFIC FACTORS.

A peotechmicalfenwironmendal report is based on a subsurface exploration plan desipned to consider a wnigoe s=t
of project-specific factors. Depending on the project, these may inchude the peneral nature of fhe struchare and
Pmmmm;ihﬂemd:mﬁguﬁmihhjﬂndﬂlmmdpzcﬁmH::lncaii-nnafﬁcmmmﬁt
sih:ndii:-mimhﬁun:uﬂarrimprmemmhsnthumm:ﬂs,Fnh:'r_gh'h,lrdmderﬁmduﬁlﬂi&:mdﬂu
additfomal sk cruhd'bj' mPE-ﬂi-s.l:rri-:E ]J.l:'lif:.h.nmianpuﬂdh?th client. To th avoid :n:ﬂ'g' prubiﬂ:ls_. aszk
the consultant to evaluate how any factors that change subsequent to the date of the report may affect the
recommendations. Unless your consaltant indicates otherwise, your repork should not be used {1} when the
m‘h.l:uafﬂmp:q:ns:dpruiedisdtmgud{ﬁmumﬂ,ﬁmnﬂiﬂhﬂdhgnﬂﬂb&cudﬂdinsl:c:ld.uf:p::l:i::l.g:
ga::ge,arii::cﬁigu:tﬁdwndmusemdﬂbfbuﬂtinshadnimmcﬁgcﬂ&dnru:_.mchemiﬂlsmdjscwm&
om o ieear the site); (1) when the size, elevation, or configuration of the proposed pooject 15 altered; {3} when fhe
location or orientation of fhe proposed project is modified; (4} wwhen there is a change of ownership; or (3} for
application to an adjacent site. Consuliants cannot accept responsibility for problems that may ooour if they are
mot consulted after factors that were considered in the development of the report have changed.

SUBSURFACE CONDITIONS CAN CHANGE,

Subsurface condifions may be affected as 3 resalt of natural processes or human actvaty. Becaase a
geotechnical/enironmental report is based on conditions that exdsted at the tme of ;ubsurface exploration,
construcion decisions shoald not be based on a report whose adequacy may have been affected by Gme. Ask the
consultant bo advise if addibonal fests are desirable before comstruchion sharts; for example, groundwater
conditions commonly vary seasomally.

Constmachon operations at or adpcent o the sife and nataral events such as foods, earthquakes, or groundwates
fhociuations may also affect subsurface conditions amd, fhus, the confinuing adequacy of a
gcntrduu::],fmmmmmtﬂupmt Thccmm:ﬂ:ntﬂm;ldbeh:pt :Ppisbdaiarqrsu:hﬂm‘lsnﬂ shouald be
consulied to determine if addsittomal tests are mec=scary.

MOST RECOMMENDATIONS ARE PROFESSIONAL JUDGMENTS,

Site exploration and testing identifies achual surface and subsurface condifions onky af those pomis where
samples are taken. The data were extrapolated by your consultant, who then applied pudgment to render an
opinion about owverall subsurface condiions. The achual mierface betwesn materials may be far more pradual oo
abrapt than your report indicates.. Acheal comditions in areas not sampled may differ from those predicted n
]."-uq.l.:l:cp-nrl'_ Whil.en-l:rl'hi:ngcmhe diome to mtmmtm}mmdfmmdtmtﬂnmﬂ: 'I:ngcﬂ'ber'h:
help reduce their impacts. Retaming your consultant fo observe subsurface construchon operations can be
particularly beneficial in this respect.

1123880 Page 1of 2 Mowvernbser H25



! Environmental Scence Amociates
e Hunter White
A REPORT'S CONCLUSIONS ARE PRELIMINARY
ﬂtcﬂnﬂ.tﬁmsmhhtdhymnmmlhifﬂupﬂﬂmpreﬁn:ﬁ::y,hc;mﬁqmﬂhﬂhm&mh
assumphion that condifions revealad through selechive exploratory samphng are mdicative of achual conditions
throughout a sife. Actual subsurface conditions can be discemed only during earthwodk; therefore, vou shoald
retaim your consultank bo observe actual condibions and to provide conclusions. Omnly the consultant who
prepared the report is fully familiar with the background nformation nesded to determine whether or not the
IEP-:'rl:srl.-::lmm:rui:.hmu'b::.edmihnﬁe:mrhsﬂn_mv:hdzﬂwheﬂ'murnntﬂrmnhmuahdntgbf
]:l.:.l:l-:l.l:.:l'?l’nl:l:l'bc:ﬂn{tﬂqnfﬂ:rﬂpﬂﬁsmnﬂmmﬂ;ﬁmﬁmﬂﬂﬂp;ﬁyuuhmﬂdtnnbummrhm

THE COMNSULTANT'S REPORT IS SUBIECT TO MISINTERPRETATION
Enﬂypﬂlmsmumrﬂmumadﬂppafﬁﬁm:hdﬂdnpmd:plmbﬂﬂmm%hﬁmﬂa
g:nhduﬁca]imﬁ:-mmmt:] I:IE'FD!‘L Tn-th 1vaidﬂ:E.=thlems,ﬂtcmmJ}hntd:mﬂdberehi:E&hwmk

5H!

BORING LOGS AND/OR MONTORING WELL DATA SHOULD NOT BE SEPARATED FROM THE
REPLDIHET
Final boring logs developed by the consultant are based upon inkerpretation of field logs (assembled by site
persanmel), feld best uﬂﬂ'ls,m&l:bnr:hrfmdfmﬂﬂi:f ﬂam:ﬁﬂnniﬂddﬂm]_:lunnd data Only fnal boring
mcmmhrwuh-::edt‘awnfmn:ﬂ‘unmmudnhrtunl ox other design drawings, because drafters may
mtmmmmmmﬂuhm:f:rrlm.
To reduce the lkelihood of boring log or monitoring well misinterpretation, condractors should be given ready
access to fhe complete geotechmical engineering/environmental report prepared or authorized for their use. If
a.n:EsisP-rn-uidcdm@h&np&mmﬂfmmfmﬁlﬂaﬂﬁnmﬁﬁ“ﬂﬂtr@nﬁsﬁmﬁhﬁm
ummhghﬂ;cmhchrmsnﬂimnfﬂ:ﬁ@edﬂrmfmwhum&m@nﬂmpcpminﬂﬁﬂ
developing constrochion cost estimates was not one of the spedfic purposes for which it was prepared. While a
mm”mmmhwﬁgc&mamwmmeaﬂphmm
discuss the repoct with your consultant and perfiorm the additional or altemmative work believed necessary to
impression Hhat simply disdaiming responsibility for the acouracy of ;ubsorface nformation always inslabes
them from attendant liahility. Providing the best available information to contractors helps prevent costiy
construction problems and the adversanal sthitudes that agpravate them to a disproporbonate scale.
READ RESPONSIBILITY CLAUSES CLOSELY
Because geotechnical/environmental enpinesring is based extensively on judgment and opinion, it is far less exack
than offhver desipn disciplines. This situation has resulied in wholly unwarranted daims being lodeed agamst
consulianis. T|:|'I'|-|-_'I.1:| Pnerﬂ'l:l:i:h:i_':PrnElr.m, consultanfs have d.l:'l:-nl:nPed a ruamiber of clauses for wse in el
-nm:l'l:r;l...-h,rcpnrls, mﬂnﬁmdmmmb-ﬁmsﬂpmﬂu]ﬂ?dmﬁmmtm@mmmdd@rdh
transfer the consultant’s liaklibes to other parbes; rather, they are defmibve dauses that id=nibify where the
consuliant’s responsibilibies begn and end. Their use helps all parbes mvolved recognize thelr mdivadunal
rstmhiJ&snﬂt:kcaPPtﬂPn.:lzarhm Some of fhese dthhndmmﬁclthaptummr@mh
and you are encouraged to read them dosely. Your consuttant will be pleazed to give full and frank answers to
Four g ons.

The preceding parapraphs are based on information provided by the Geoprofessional Business Assocation
ihttps:/iwww.peoprofessional.orp)
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duvbmitted To:  Environmental Science Associates
1615 5E 3rd Avenue, Suite £00
Portland, OR 97214
Atin: Humter White

Sulpject: DRAFT PRELIMINARY GEOTECHMICAL BMNGINEERING REPORT, SITEA
SEDGE TDAL WETLAND RESTORATION [DIKE SETRACK), TILLAMOOK
COUNTY, OREGOHN

Shannon & Wilson prepared this Preliminary Geotechnical Engineering Report (Dike
Setback) and particdpated in this project as a subconsultant to Environmental Scence
Assogates (ESA). Our scope of services was spedfied m Amendment 1, dated February 5,
2026, of the Subrontractor Agreement with ESA dated September 23, 2024. This report
presents the fimdmgs of our gectechmical mvestigation for the Bridges and Culvert phase of
this project, the results of our gectecdhmical analysis and assumptions for the Dike Setback
design phase, and our recommendations for the geotechmical elements of the Dike Setback
phase of the project. This report was prepared by the undersigned.

Woe appredate the opportunity to be of service to you on this project. If you have questions
conceming this report, or if we may be of further service, please contactus.

Sincerely,

SHANMOMN 8 WILSCHM

Travis Nguyen, PE, GE Eric Paslack, PE

IMM-SCS TTN-ECP BSE/mmbmyw
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INTRODUCTION
Project Overview

This preliminary report presents the results of our preliminary geotechnical design
recommendations for a proposed dike setback in Sand Lake Estuary as part of the overall
Sitka Sedge Tidal Wetland Festoration Project (the Project) in Tillamook County, Oregon.
As a consultant fo Environmental Science Associates (ESA), Shannon & Wilson is providing
geotechmical engineering services, including field explorations, laboratory testing, and
location of the project site is shown on the Vicmity Map, Figure 1.

A final report will be prepared for the dike setback after field explorations (anticdpated in
June 2026} are performed to confirm the assumed sobsurface conditions. Preliminary
geotechmical design recommendations for the bridges and culvert design elements were
provided in a separate report titled “5Sitka Sedge Tidal Wetland Festoration (Bridges and
Culvert)” (Shanmon & Wilson, 2025).

Elevations in this report are referenced to North American Vertical Datum 1988 (MAVDEE).

Project Background

Based on our discussions with ESA, we understand that the proposed construction of the
dike setback will begin In June 2026. We also understand that fhe permit applications to
access the site and to perform geotechnical field explorations in the proposed dike setback
area are currently being reviewed by the respective permitting agendes. The duration of
the gectechnical field explorations and subsequent design may take several months to
complete, and therefore, was antidpated to not meet the proposed project construchion
schedule. Therefore, ESA has requested that Shannon & Wilson design the dike setback
without new field explorations and extrapclate information from the exdsting, previous
borings completed for the bridges and caolvert phase of the overall project for this dike
setback design phase.

The gectechmical Held explorations for the dike setback will be performed prior to
construction to confirm the assumed subsurface conditions along the dike setback alipnment
and for our design. The propeosed field exploration program for the dike setback consists of
three (3) borings extending to a depth of &0 feet, as shown on the attached Site and
Exploration Plan, Figure 2 'We have discussed the risks of encountering different
subsurface condifions from the assamed subsurface condifions with E5A. ESA understands
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the risks assodated with this approach, which may indude geotechnical re-design, and
updating plans, spedifications, and construction costs. For the design of the dike setback,
we have primarily relied on information from borings B-1 and B-2 for the water side, boring
B-6 for the dike tie m to high ground on Sandlake Foad, and boring B-7 for the landward
side. The existing bormg locations are shown on the attached Site and Exploration Plan,
Figure 2.

Scope of Services

Shanmon & Wilson's services were conducted in accordance with Amendment 1, dated
February 5, 2026, of the Subcontractor Agreement with ESA dated September 23, 2024. The
completed gectechmical design services for the Project consisted of the following tasks:

* Interpretation of subsurface condilions.

Development of engineering material properties for geologic unts.

* Design recommendations for the new tide gate culvert

*  Up to three filter designs for interfaces of dissimilar materials (sach as under riprap or
around tide gate calvert).

*  Design recommendations for wing walls arcund the tide gate calvert, mcludimg lateral
earth pressures under static conditions, hydrostatic pressures, and lateral resistanice.

= Seepage and slope stabihity for the dike prism for up to two aoss-sections following
USACE design guidelines. Provide mitigation options to meet design factors of safety
for slope stability, if required.

*  Ewaluate hydraulic gradients (i.e., underseepage) behind the dike prism Prowvide
mifigation ophions to meet the design factor of safety for underseepage, if required.

* Estimate settlement at the end of 3 months, 15 months, and the dike's design life
{assume 50 years). Provide overbuild recommendations so that the dike will maintain
its design crest elevation over time.

* Estimate the potential setfiement of Sandlake Foad due to the proposed dike.

*  Provide recommendations for suitable dike embankment fill materials.

= Provide other relevant geotechnical-related construction considerations.

abowve.

Our scope of services does not indude scour analysis and seismic design or the risk
evaluation assodated with a seismic event ocourring at or near the site.

A pnl 2026
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2 PROJECT UNDERSTANDING

2.1 Site Descnpthion

The Project site is located within the Sitka Sedge State Natural Area (Sitka Sedge) and along
Sandlake Foad between the entrance to Sitka Sedge Parking and Trailhead and Roma
Avenue in Tillamook County, Oregon. The Sitka Sedge is generally located within the Sand
Lake Estuary, with a separate area of the Beltz Marsh located south of the Beltz Dike. The
area was used for cattle graring and dairy farming throughout the early to mid-1900s. A
dike embankment (Belltz Dike) muns east to west across the marsh area and was constmacted
in the 1930s to extend the limits of grazing land (Wilsey and Ham, Inc.. 1974). A culvert and
tidal gate were nstalled within the ceniral portion of the dike to conirol tidal Sows within
the grazing lands. Ground surface elevalions generally range from between 7 to 9 feet
within the Beltz Marsh, approximately 12 to 15 feet along Beliz Dike, and approxamately 17
to 32 feet along the stretch of Sandlake Foad within the Project area. The site is occupied by
grass, shrubs, wetland vegetabion, and a small channel that crosses the proposed dike
setback alipnment. The existing ground surface elevation at the proposed dike setback
alipnment ranges from approcimately 5 to 10 feet. Exduibits 2-1 through 2-7 present site
photographs showing several views of the site and exasting features.

Exhibit 2-1: Looking Weat from the Trail on Baliz Dike Mear the Propossd Pedestrian Bridgs

11880 & prl 2026
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Exhibit 2-2: Looking Sowthesst over Beltz Marsh and Hifls East of Sandlakes Road

Exhibit #-3: Looking Soawth at Beltz Marsh South of Beltz Dike
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Exhibit 2-4: Looking Weat at the Beliz Diks Embankment Slope

Exhibit 2-3: Looking East at the Proposed Dike 3stback Area in Sand Lake Estuary
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Sand Lake Estuary

Exhibit 2-7: Looking Ezat at Exiating Vegetation within the Proposed Dike Setback Area in Sand Lake
Extuary
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Project Descnplion

Based on 60 percent design drawings (ESA, 2025), which are attached in Appendix A, the
proposed dike setback alignoment traverses east to west across the Beltz Marsh area, and ties
into high ground at the loop trail on the west side and Sandlake Road on the east side. The
proposed dike setback is approxdmately 1 000 feet long and between 7 to 12 feet high, with a
crest elevation of approximately 17.5 feet. A tide gate is planned through the setback dike at
a location to the west of the exasting channel. The proposed hide gate strachure is a 127 x 10
box culvert with comcrete headwalls and Muted Tidal Regulator (MTR) system, ona
shallow-mat foundation of layered aggregate and geogrid. Based on cur meeting with ESA
on March 19, 2026, we understand that the proposed dike embankment prism core will have
side slopes of 2 Horizontal fo 1 Vertical (ZH:1V) on both sides. An outer shell {ie., planting
berm) of material cn the dike will extend the side slopes to SH:1V on both sides for
plantings, including forbs and shrubs, and to mitigate against erosion. The prism core and
outer shell will be the same material with topsoil added to the cuter shell for plantings. The
proposed dike setback location is shown on the Site and Exploration Plan, Figure 2.

GEOLOGIC SEITING

Regional Geology

of the mountains of the Coast Eange and in the estuary and wetland areas east of the
shoreline of the Pacific Ocean. Basement rocks within the Coast Fange consist of volcanic
and sedimentary rocks of the Siletz Terrane. The Siletz Terrane is an exotic crustal block
made up of rocks from an ocean island arc within the Padfic, which was acoeted to the
western edge of the North American comtinent approximately 51 to 49 million years ago
(Wells and others, 1994). Overlying the rocks of the Siletz Terrane is a series of sedimenfary
rocks deposited in shallow seas within the western continental shelf of North America
throughout the late Eocene {558 to 33.9 million years ago), Oligocene (55.8 to 23 million
years ago), and into the Miocene (23 to 52 million years ago) (Wells and others, 1994).

Tectonic uplift of the Coast Range from the Miocene into the Pleistocene (2.3 million to
11,700 vears ago), combined with erosion, created the mugged coastline and bay nlets seen
today as the rivers and streams flowing out of the Coast Eange mountains carved large
valleys and canyons, which were immdated as sea levels rose after the last ice age.
Sediments transported from inland, as well as from ocean currents and wind, accumulated
within these inundated bay areas areating wetlands and estuaries.
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3.2  Site Geology

The coastal area around Sand Lake is located within an estuary located between Padfic City
to the south and Cape Lookout to the north. The estuary of Sand Lake was created within a
wide andent river channel where multiple creek valleys converge within an area of low
elevation before draiming into the Pacific Ocean. The estuary area is bounded and protected
due to long-shore transport of beach sediment which developed sand bars along the
shoreline that partially shielded Sand Lake from the ocean {Wilsey and Ham, Inc. 1974).
Large amounts of sediment have been deposited within this estuary through a combination
of sources, mcluding stream alluvium deposited from creeks which drain from the Coast
Range highlands, oceanic and tidal sediments deposited from long-shore currents and tidal
activity, and eolian sediments deposited by the wind (Wilsey and Ham, Inc. 1574; Wells and
others, 1994). The surface geology of the greater Sand Lake area, induding the project site,
is generally mapped by Wells and others (1994} as quaternary sediment, including fluvial
and estuarine deposits of unconsolidated day, silt, sand, and gravel deposited by fivers and
streams, as well as tidal flat mud, sand, and peat. Wells and others (1994) mapped the
uplands to the east as Alsea Formation, consisting of Oligocene and Miocene marine
sedimentary rocks, inchndmg tuffacecus siltstone and sandstone. The Alsea formation is
locally intruded by irregular bodies of & to 17 million-year-old Grande Fonde Basalt (Wells
and others, 1934).

Landslides and debris flows are common within the slopes of the mountains and foothills of
the Coast Range (DOGAMI, 2024). According to the Statewide Landslide Information
Database for Oregon (SLIDO), alluvial fan deposits are mapped within the alignment and
near borings B-3, B-4, and B-5. A small landslide is mapped between B-6 and B-7. The
landslide deposits near B-7 are designated as historic (<150 years old), and the other alluvial
fan and landslide deposits are designated as prehistoric (>150 years old) (DOGAMI, 2024).
Exhibit 3-1 presents an image from SLIDO of the mapped landslide located upslope from
Sandlake Foad.
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T8 Lanasioe ana Alyvial Fan Dapasits
1T Scarps

Exhibit 3-1: 3UDO data showing mapped landslides and alluvial fan deposita within the project area
[DOGAMI, 2024).

In recent history, the landscape of the Sand Lake Estuary has been further altered by human
Three dike structures have altered the tidal Sow of the estuary. These dike structures
indude part of the Tillamook County access road to Whalen Island, the Beliz Dike, and a
flood comitrel dike located on the north shore of the Sandlake Foad between Galloway Road
and Sand Lake east of the reoeation area. These dikes have constricted tidal flows and
created sipnificant increases In marsh areas within the bay (Wilsey and Ham, Inc., 1374).

4 HELD EXPLORATIONS FOR BRIDGES AND CULVERT
geotechmical field explorations for the dike setback will be performed prior to consbuchion
to confirm the subsurface conditions assumed for the dike setback design. For
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completeness, this report incdudes mformation from the borings performed for the bridges
and culvert design phase of the project, which have informed our assumpions for the

preliminary design of the dike sefback.

Shannon & Wilson explored subsurface conditions for the bridges and culvert design phase
of the project with seven (7) geotechnical borings designated B-1 through B-7. Boring
exploration depths and locations are summanzed in Exhibit 4-1. Geotechmical berings B-3
through B-7 were drilled within the roadway of Sandlake Road between March 24 20325,
through March 28, 2025. Geotechnical borings B-1 and B-2 were drilled along fhe trail
embankment between March 31, 2025, through April 1, 2025, The borings were drilled
using a CME-55LC track rig provided and operated by Western States Soil Conservation Inc.
(Western States) of Hubbard, Oregon. The boring locations were measured by handheld
GPS in the field, and fhe approximate borng locations are shown on the Site and
Expleration Flan, Figure 2.

Exhibit 4-1: Summary of Fisld Explorationa

Yol Gaotechnical Boring Approimats Exploration
Dasignation Deptn (fest)

Pedesinan Bridge Bent 1 B-1 TE.S
Pedesinan Bridge Bent 2 B-2 86.5
Reneke Creel Bridge Beat 1 B-3 701
Reneka Creek Bridge Beal 2 B4 T
Beftz Creek Brdge South Abdimest B-5 T41
Cike Seiback T info Sandisie Road B-& 801
Mo Mame Creel Cukeert B-7 41.5

A Sharmon & Wilson geologist was on-site throughout the exploration program to locate the
borings, cbserve the drlling, collect soil samples, and log the materials encountered. Details
of the exploration program, incduding descriptions of the techniques used to advance and
sample the borings, logs of the materials encountered, and backfll details, are presented in
Appendix B, Nearby Field Explorations.

LABORATORY TESTING

Laboratory tests were performed on selected samples from the explorations for the bridges
and culvert to determine the basic index and engineering properties of the soils
encountered. The samples we obtained during our field explorations were transported to
our laboratory for further examination The initial soil testing program for bridge and
culvert design included moisture content tests, Atterberg Limit tests, oven-dred liquid ot
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tests, partide-size analyses, and a corrosivity suite. In addition to the laboratory testing
performed for the bridges and calvert, laboratory testing was performed on select samples
remaining in storage for the preliminary dike setback design, mncluding particle-size
analyses and consolidation testing. Testing was performed by Shannon & Wilson at our in-
house laboratories in Lake Oswego, Oregon and Seattle, Washington, and by Cooper
Testing, Inc. of Palo Alto, California. Laboratory tests were performed in accordance with
applicable American Society for Testing and Materials (ASTM) International standards. The
results of the laboratory tests and brief desaiptions of the test procedures are presented in
Appendix C, Laboratory Test Eesulis.

SUMMARY OF ASSUMED SUBSURFACE CONDITIONS

General

The explorations and initial laboratory testmg were performed to evaluate gectechmical soil
and groundwater conditions for the proposed bridge and calvert struchures. This sechon
describes the general soil units encountered in our previous subsurface exploration
program, which informed the assumed conditions for the dike sefback.

Our cbservations presented in this report are spedfic to the locations, depths, and Hmes

noted on the logs and may not be applicable to all areas of the site. No amount of

explorations or testing can precisely predict the characteristics, quality, or distnibution of

subsurface and sife condifions. Potential variation mchedes, but is not limited o, the

following:

* The conditions between and below explorations may be different.

= The passage of time or intervening causes (natural and manmade) may result in changes
to site and subsurface conditions.

= Groundwater levels and flow directions may Buctuate due to seasonal, irrigation-
related, and recharge source varations.

If conditions different from those described heren are encountered during construction, we
should review our description of the subsurface conditions and recomsider cur conchesions
and recommendations.

Geotechmical Soil Units

Shannon & Wilson prouped the materials encountered in our field explorations into six (6)
geotechnical units, as desaibed below. This interpretation of the subsurface conditions is
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geotechmical units are as follows:

* Roadway Fill: includes asphalt pavement, roadway base aggregate, and Sandlake Foad
fill comsisting of loose to medium dense, Silty Gravel with Sand (GM) and very soft to
saft, Elastic Silt with Sand (WEH);

* Embankment Fill: inchedes Beliz Dike gravel surfacng and dike fill consisting of very
loose to loese, Poorly Graded Sand with Sitt (SP-SM;

*  Marsh Deposits: very soft to soft, Orgamic Soil (OH);

= Allovial Fan Deposits: loose to very dense, Silty Grawvel to Silty Gravel with Sand (GM);
soft to stiff, Elastic Silt to Elastic Silt with Sand (MH), medium dense, Silty Sand to Silty
Gand with Grawel (Sh{};

* Fhuvial and Estunarian Deposits: very loose to very dense, Poorly Graded Sand with Silt
{SP-5F); very loose to very dense, Silty Sand to Silty Sand with Gravel {(SM); very loose,
Silty Grawvel (GM); very soft to sof, Elastic Silt (MH); and

* Alsea Formation: exiremely weak to weak (R(-E2}, slightly to moderately weathered,
SiltstonefSandstone; very weak to weak (R1-E2), shightly to moderately weathered,
Siltstome.

The geotechnical umnits listed abowve were grouped based on their engineering properties,

geclogic origins, and their distribution in the subsurface. Contacts between the units may

be more gradational than shown m the Drnll Logs in Appendix B and the modeled aoss

secions in Appendix D). The Standard Penetration Test (SPT) N-values shown an the Dmill

Logs and discussed below are in blows per foot (bpf) as counted in the field (uncorrected).

SPT blow counts n gravelly soils may not be representative of actual soil density due to the

infleence of gravel and cobble dasts on the sampler. The following sechions describe the

geotechmical unit characterisiics in greater detail

Roadway Fil

Eoadway Fill was encountered in borings B-3 through B-7 and extends to depths ranging
between 6 to 8.5 feet. Fill used to construct Sandlake Foad was encountered below the base
aggregate in Borings B-5 and B-6 and generally consisted of loose to medium dense, Silty
Gravel with Sand (GM), and very soft to soft, Elastic 5ilt with Sand (MH). 5FT N-values
ranged between 2 and 10 bpf and averaged &6 bpf Asphalt pavement and base aggregate are
included within the Roadway Fill. The asphalt pavement and base aggregate thickness
varied between about 18 to 30 inches.
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Embankment Fl

Embankment Fill was characterized as material used to construct the Beliz Dike in the
locations of borings B-1 and B-2. The Embankment Fill was encountered from the ground
surface to depths of 125 and 9.5 feet, respectively, and generally consisted of very loose to
locse, Poorly Graded Sand with Silt {SP-5M). Podkets of Silty Sand (SM) were observed In
some samples. 5FT N-values in the unit ranged from 0 to 4 bpf and averaged 2 bpL

Marsh Deposits

Marsh Depesits were encountered in borings B-3, B4, B-5, and B-7, and extended to depths
ranging between 7.5 and 12.5 feet. The Marsh Deposits generally consisted of high plasticity
Organic Soil (OH). Few to litfle crganic wood and debris maferial was observed within the
samples, mchading what appeared to be mterbeds of peat in boring B-7. Natural moisture
contents ranged from 83 to 112 percent. Plashicity indices ranged between 31 and 93, with
oven-dried liquid limits ranging between 47 and 56 percent. Particle-size analysis on one
sample indicated a fines content of 64 percent. A Unified Seil Classification System (UJ5CS)
desipnation of OH was assigned after assessment of the natural moisture comtent and
Atterberg Limits testing data. SPT IN-values ranged from 0 to 2 bpf and averaged 1 bpf.

Alluvial Fan Deposits

Alluwial Fan Deposits were encountered in borings B-1, B-2, B-5, and B-6 between depths of
2.5 to 35.0 feet bgs and ranged in thickness between approximately 4.5 and 16.0 feet. The
unit generally consisted of loose to very dense, Silty Gravel to Silty Gravel with Sand (GM);
soft to stiff, Elastic Silt to Elastic 5ilt with Sand (MH}); and medium dense, Silty Sand to Silty
Sand with Gravel (SM). The Alluvial Fan Deposits are inferbedded within the Fluvial and
Estuarian Deposits and interpreted to be ancient and modem alluvial fans which were
created as fine- and coarse-grained sediment was transported and deposited at the mouth of
the stream channels into the bay as they exited the mountains of the Coast Range. Some of
the alluvial fans are interpreted to have formed before the Holocene Epodh during the ice
age, when sea levels were lower, and then as sea levels rose, these alluvial fans were
overlain and buried under younger Fluvial and Estuarian Deposits.

Within the unit, the fines ranged from low to medium plastiaty, and an Atterberg Limits
test was performed on a single selected sample which indicated a plasticity mdex of 16 and
a USCS designation of MH. Disturbed textures were observed with moderate to heavy iron
oxide staning. The unit generally ranged m color from red-brown to gray and brown
Matural medsture contents ranged from 30 to 42 percent. Parficle-size analyses indicated
fimes ranging between 35 and 76 percent. SPT N-values ranged from & to 32 bpf and
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averaged 19 bpf, with one SPT meeting refusal where over 50 blows were required to
advance the sampler & imches.

Fuvial and Estuarian Deposiis

Fluvial and Estuarian Deposits were encountered in all borings, underlying Embankment
Fill and Marsh Deposits, and were inferbedded with Allavial Fan Deposits. The unit
generally consists of very loose to very dense, Poorly Graded Sand with Silt (SP-5FP); very
loose to very dense, Silty Sand to Silty Sand with Grawvel (SM); very loose, Silty Gravel (GM);
and wery soft to soft, Elashic Silt (MH). Fnes m the unit generally ranged from nonplashic to
high plasticty. Slight to moderate iron oxide staining was observed in some samples, and
the material was typically micaceous. The sand constituent was generally fine to coarse-
grained. Natural moisture contents ranged from 20 to 50 percent. Particle-size analyses
indicated fines ranging between 7 and 46 percent. Ome Atterberg Limits test was performed
on a single selected sample which mdicated a plashiaty index of 17 and a US(S designation
of MH. SPT N-values ranged from 2 to 91 bpf and averaged 28 bpf.

Alsea Formation

The Alsea Formation was encountered in borings B-3, B-2, B-5, and B-6 at depths ranging
between 60 and 67 feet, and the borings were terminated within the unit. The Alsea
Formation generally consisted of extremely weak to weak (R0-E2), slighfly to moderately
weathered, Sittstone/Sandstone; and very weak to weak (E1-F2), shightly to moderately
weathered, Siltstome.

Groundwater

The borings were drilled using mud rotary drilling techmiques, which introduce fiwid into
the boring during drilling, making it difficult to discern groundwater levels. For the dike
setback design, we assumed groundwater levels at the ground surface, with surface water
elevations provided by ESA and described later.

Soil Comosivity

The proposed dike setback will be subjected to a marme environment. Analytical teshing
was performed to evaluate the corrosivity potential of the soil at the project site. The
corrosivity testing suite included soil resistivity, pH, dhloride content, sulfate condent,
Cooper Testing Laboratory, Inc., in Palo Alto, Califormia. Corrosivity test resulls are
presented m Appendix C.
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Soil corrosivity potential was evaluated based on the guidelines in Section 10.7.5 of the
AASHTO LEFD (AASHTO, 2024). 50il corrosivity tests were performed on a soil sample at
a depth of 10 feet from boring B-1 and a soil sample at a depth of 2.5 feet from boring B-3.
The soil sample at a depth of 10 feet from bormg B-1 is considered to be corrosive based on
test results. Therefore, struchures within the dike setback (e.g., culverts, tide gates, flap
gates, sheet piles, etc.} should be designed for corrosion

GEOTECHNICAL ENGINEERING ANALYSIS

General

Where applicable, analysis methods, design parameters, and design criteria were adopted
from the current USACE design and analysis puidance. Smce dike setback explorations
were not available at the fime of the analysis, we assumed the following possible subsurface
conditions for our analyses:

* Assumed Conditions — Based on our understanding of the geoclogy of the site, we expect
that the subsurface conditions at the sethack dike location to be similar to those
encountered in borings B-1 and B-2, primanly consisting of coarse-grained fluvial and
estuanan deposits (Le., free-draining sands). Our models pomanly considered layers of
Silty Sand (SM) and Poorly Graded Sand with Silt (SP-5M), with minor layers (less than
5-feet thick) of Silty Gravel (GM) and Elastic 5ilt (MH) at an approxdmate depth of 30
feet, as encountered in boring B-1. The bedrock depth was assumed to be approximately
&0 feet, based on boring B-6. These assumed conditions are supported by the two
shallow (i.e., 1-foot-deep) hand-angers performed by Padfic Groundwater Group, which
did not find low-permeability soils that could act as a barrier to groumdwater exchange
with surface water (Padfic Groundwater Group, 2019). Hand auger logs are not
available in the Pacific Groundwater Group report.

= Sensifivity Analysis — While not expected, it is possible that a surficial low-permeability,
compressible, confining layer may be present at the dike setback location, or on the
landward side of the proposed dike setback. This would be a aitical condition to
consider for settlement, seepage, and stability analyses. Therefore, we performed
sensitivity analyses assuming primarily sands on the water side (as described above and
found in borings B-1 and B-2}, with a surfidal layer of Marsh Deposits (OH) at the dike
location and on the landward side. The Marsh Deposits were assumed from the pround
surface to an elevation of 0 feet (with an approximate thickness of 5 feet), as found m
boring B-7. By inspection, the assumed conditions are similar to the fine-grained
Altuvial Fan Deposits (MH) found in boring B-&. This possibility is also supported by
the clay layer found at an approximate depth of 8 feet by Padfic Groundwater Group in
their boring PGG-1i on Eoma Ave (Padfic Groundwater Group, 2019). Boring PGG-1iis
included in Appendix B, for reference.
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Setflement Analysis

Seneral

Constructing the dike setback through placement of fill will result in setflement of the dike
embankment, nearby ground surface, and nearby structures. To estimate the magnitude and
extent of these setflements, we modeled the dike construction using the software program
Settle3 (Focscence, 2024). The input parameters and analysis methods were in general
agreement with EM 1110-1-1904 (USACE, 1990) and EM 1110-2-1913 (USACE, 2000).

501l layers in the settlement models were based on the assumed conditions and sensitivity
analyses as descibed in Seclion 7.1. Due to the lack of soil information, and for simplicty,
settlement models were assumed to have flat (horizontal) soil layers. Conservatively, and
for simplicty, coarse-grained Fluvial and Estuarian Deposits (5M, SP-5M) and coarse-
gramed Alluwal Fan Deposits (GM) were given material properties for 5M, which is
assumed to hawve the smallest elastic modulus of the coarse-gramned seils. The settlement
models (both Assumed Conditions and Sensitivity Analyses) induded thin (2- to 3-foot-
thick) fine-grained Alluvial Fan Deposits (MH) layers at depths of approxdmately 8 feet and
25 feet based on borings PGG-1i and B-1.

Settlement Models

Cme settlement miodel was created for each subsurface condiicn evalaated (Assumed
Cenditions and Sensitivity Analysis), as described in Section 7.1. The proposed dike setback
was grouped into similar areas based on proposed height and aest width to model the load
variation across the dike length.

The &0 percent design plans indude 2 feet of overbuild {(ESA, 2026), which will be
constracted during the mitial comstruction phase. We understand that a second phase of
construction will ocour after about one year of setflement and will indude constructing the
tide gate and re-grading the overbuild to 2 feet above the long-term design crest elevation

ol Parameters for Settlement Analysis

Information from the available borings (for the bridges and culvert), assodated laboratory
testing, typical values from the literature, and our previcus experience on similar projects
was used to determine appropriate immediate (elastic) settlement and consolhidation
parameters for the various soils likely to be present below the dike setback. Soil parameters
used in our analysis are provided in Exhibit 7-1.
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Exhibit T-1: 3oil Parameatera for Settlement Analyais

Mitesial Ea iz Cc cr & OCR Cv (fidn) =
Marsn Deposits (OH) 36 05 ooz 2102 1 i | a0l
Fluvial and Estuamian 240 B i _ i ~ }
Depasits (Ski)
Alluwial Fan Deposils (MH) 122 05 gz 202 1 i3 oo

MOTES: E= = Elaslic Modulus, O = Compression lndex, Cr= Recompeesson lndex, &0 = inilial void refio, OCR = Owver-Consclidabon
Rzbio, Cv = Coefficen] of Consoldsfion, Ca = Segondary Comprezsion index

kxf = kips per square fook, filiy = square feel per pear
Ground Surfoce and Embankment Loods

The existing ground surface varies between about elevation (EL) 5 and 10 feet along the
proposed dike centerline. The design elevation of the proposed dike setback, induding the
overbuild considered in the 60 percent plans, varies from EL 17 feet (typical) to 18 feet {at
the tide gate) and 22 feet (near the tie-in at Sandlake Foad). The amount of fll proposed
along the dike setback varies from about 0 to 14 feet, depending on location. Due to
limitations within Settle3, in which loads may only be applied on a honzontal surface, the
ground surface was assumed to be uniform at EL 7 feet, which is considered generally

The proposed dike setback was modeled with multiple embankment loads, each with a unit
weight of 115 pounds per cubic foot, side slopes of 5HX1V, and a base width, crest width,
and height commesponding to the drawings. The assumed unit weight of 115 pcf is based on
assumed import dike fll recommended in Section B.6. The loads were increasad after the
first year, to add a height comresponding to the consolidation settltement to-date after
construction, therefore representing the re-grading that will take place. The tide gate was
modeled as being constructed after the Arst vear (preloading phase), by replacng that
poriion of the embankment with a rectangular load corresponding to the estimated weight
of the concrete and cover soil as shown In the drawings.

Groundwater Assurmptions

The groundwater table was assumed to be at the ground surface for all settlement models;
small changes in groundwater elevation do not significanfly change the resulis of this

settlement Analyses Resulls

The estimated elastic setflement, consolidation setflement, and secondary setflement are
presented in Exhibit 7-2. Setflement will vary along the dike alipnment Greater settlements
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are expected where the dike embankment is tallest; setilements would be expected to be less
where the embankment is shorter. The values presented in Exhibit 7-2 represent a location
of antiapated maximum settlement for the type of setflement, subsurface condition, and
time-period shown. Consolidation setflement and secondary settlement are presented after
1 year (preloading phase), and after 50 years (Project design life). Values are also presented
for “Post-Regrading Settlement” after 50 vears, representing the design lifetime settiement
that is expected after regrading is performed in the second construction phase.

Exhibit T-2: Sattlemant Reaults

— Aspumed Conditions Bansitivity Ani_pia
(sand) {Marsh Daposits]

Elastic Settiemant during iniial Construction (nches) 4 T
Consodidation S=ttiement after 1 year (inches) 4 i
Secondary Seftiermsent afier 1 year [inches) <05 Gk
Consolidation Setlement after 50 years {inches) 4 22
Secondary Setfiement afer 50 years (inches) 05 2
P-:rsl-Ft-agradmg Consolidation Setlement after 50 D5 "
years (nches)
Post-Regrading Secondary Seftlement afler 50 years - 4
{inches)

The majority of settlement is expected to happen between the first and second phase of
censtructien. The ime for consolidation settlement to oooor is a funchion of the thidowess of
the fine-grained soil layer (e.g., OH, MH, CL) squared. For the estimated Coeffident of
Consolidation and an assumed Marsh Deposit thickmess of 7 feet, the theoretical time to %0%
consolidation is between 1 and 2 years. However, the estimated time would imcrease for
increased thickmess of Marsh Deposits. Thin honizontal sand layers, which can be common
in fluvial environments and difficult to capture in geotechnical mvestigations, would
decrease the ime for consolidation setflement. Exhibit 7-3 shows the estimated total
settlement {elastic settlement, consclidation settlement, and secondary settlement) over ime
for the tallest proposed embankment section {approcdmately Station 9+50).
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35

£
N I

—— B=sumed Condifions [Sand)

Eﬁ] —— Semsivty Anshys= (Mamh Deparis)
& 15
&
2
- -

5

0

o 5 1 15 = 25 30 s 4 &5 50

Time {years]

Exhibit 7-3: Time versua Tofal Settlement, Talleat Embankmant Secion

Based on the results of our setlement analyses, and the estimated post-regrading
settlement, we antidpate that the proposed consbruction sequence and incduding 2 feet of
overbuild in the &0 percent plans is sufficent to mamtain the leng-term design caest height
for the design life of 50 years.

Exhibit 7-4 provides settlement at the proposed tide gate and for Sandlake Foad where the
dike setback connects to the road. Total settlement for the bide gate mclhudes elastic,
consolidation, and secondary setlement from fide gate construction (which will ocour in the
second phase of construchion after preloading) to the design life of 50 years. The Sandlake
Eoad setflement presented is total settlement (elashic, consolidation, and secondary
setflement) due to dike sefback loads over the design life of 50 years.

Exhibit T-4: Sattlemeant of Structures and Pavemant

Aspwmed Conditions Sansstivity Analysis
Foeezut :
{Sand] {Marsh Deposits]
Tolal Setiement at Tide Gate! {inches) 05 ]
Differential Setiemant ai Tide Gale? (inches) 05 05
Sandlake Road Setiement (inches) a5 1
MOTES:

1 Memimum Gde gate setiemest i= expected af the cenberine of e dise.

2 Diferenbal setfiement ol the tide galie i= measored pempendicudsr o the die aligrment, from e cenber of the tid= gaie fie.,
sppraaimale dils cenledine| o B upsteam or dowsstresm edge of slab (spproximaie distance of 30 feet).

We recommend installing setflement plates and monitoring the setement over time so that

we can compare the actual settflements to the estimated setflement results, as described in

Section 8.
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Seepage and Stability Analyses
General

Several factors influence the slope stability of a dike, nduding (1) the geometry of the dike
and subsurface materials; (2) the weight of soil materials overlying the failure surface; {3}
the shear strength of soils along the failure surface; and (4) the hydrostatic pressure
{groundwater levels) present within the dike and along the failure surface. The stability of a
slope is expressed in terms of a factor of safety (F5), which is defined as the ratio of resisting
forces to driving forces. At equilibrium, the FS is equal to 1.0 and the driving forces are
balanced by the resistimg forces. Failure occurs when the dnving forces exceed the resistng
forces, ie., the F5is less than 1.0. An increase in the FS to greater than 1.0, whether by
increasing the resistimg forces or decreasing the doving forces, reflects a cormmesponding
increase in the stability of the dike.

Seepage can also negatively impact the stability of the dike land=side slopes. The seepage of
water increases porewater pressures in and below the dike. The increase in pore pressure
causes a decrease n effechive stress which causes a decrease . shear strength of the soils.
Because of this effect, our seepage analyses are coupled with cur stability analy=es. Ina
steady-state seepage analysis, the surface water elevation is considered to exast at a single
stage indefimitely, and the model is non until the water pressures and flow rates have
reached steady values. The use of steady-state conditions is consistent with the
methodology induded in EM 1110-1-1913 (USACE, 2000). In a transient seepage analysis,
the flood is modeled as a stage hydrograph (surface water elevation versus time) and water
pressures and Aow rates vary for each time step.

slope Stability and Seepage Criteria

Stability and seepapge analyses for the project were performed in general accordance with

EM 1110-2-1913 (USACE, 2000) and EM 1110-2-1902 (USACE, 2003). EM 1110-2-1913

requires that slope stability be evaluated for three cases as follows:

* Casel-End of Construchon: This case apphies to both the water side and landside of the
dike embankment. The USACE and Project minimaum required F5S for Case Tis 1.3

= Casell - Rapid Drawdowr: This case applies to the water side of the dike embankment.
The USACE and Project mimimum required FS for Case 15 1.0

= Case [l - Steady Seepage: This case applies to the landside of the dike embankment The
USACE and Project minimum required FS for Case [l is 1.4

Seepage through and under a dike dunng a flocd event can produce piping and uplift near
the landside toe. Underseepage is of particular concern when there is a thin confining (low
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permeability layer) overlving an aquifer (high permeability layer). In this case, the seepage
pressures in the aquifer may exceed the overburden pressure of the confining layer, which
could result in a nupture of the confining layer and possible mternal erosion (Exhibit 7-5).
As discussed inthe U.S. Bureau of Eedamation Dam Safety Best Practices Chapter D-&
(USBE, 2019}, underseepage can lead to a progressive failure that can occur In a single event
or become progressively worse over the course of multiple events.

Exhibit 7-5: Undersespage Gausing UpliftBlowout (USBR, 2018)

BLOWOUT
Impervous Hup'ure
L ‘ o
\\‘\\_ Corfining layer - P
Parvious layer T g jj—'
UPLIFT

The potential for underseepage related uplift/blowout is evaluated by comparing the
calculated exit gradient to the allowable exit gradient of the surface soil near the dike toe
{i.e., aross the confining layer). The exit gradient is defined as the difference in total head
between the bottom of the impervious (confining) soil layer and the ground surface divided
by the thickness of the scil layer. The allowable exit gradient of a soil is directly
proportional to its density. Therefore, the allowable gradient of the light-weight organic sili
{OH) near the surface is relatively low (0.35) compared to typical non-organic soils
{(approcdmately 0.5). Allowable exit gradients were calculated using a F5 of 1.6 (USACE,
2005a). Therefore, when the calculated exat gradient is equal to or less than the allowable
exit gradient, the FS for underseepage is equal to or greater than 1.6.

Steady state in a Hdal environment is conservative. If an analysis section did not meet
design criteria for underseepage, based on the results of the steady-state seepage analysis,
then a transient seepage/slope stability analysis was performed for that section.

seepage and Slope Stability Models

SEEP/W and SLOPE/W (Bently Systems, 2025) were used to perform seepage and stability
calulations, respectively. SEEP/W is a fmite element analysis software program which we
used to calculate porewater pressures and phreatic surfaces for tides and storm surges.
SLOPE/W is a limit-equilibrium analysis software program. Failure surfaces were analyzed
usmng the Morgenstern-Price method to calculate the FS. Failure surfaces less than 3-feet
deep, ie_, shallow failures that are caused by sloughing and erosion and generally
considered maintenance issues, were excluded from our analysis. The lowest FS from
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thousands of potential failure surfaces as calculated by SLOPE/W is reported for each
analysis.

Two model cross-sections were developed based on the assumed conditions and sensitivity
analysis as described in Sechion 7.1. The stability and seepage models represent the dike
post-construction. The end-of-construchion case considers the overbuild amount and flatter
post-construction slopes of 5SH:1V. The long-term cases consider the long-term design dike
crest elevation and the interior dike prism core {Le., without the outer shell flatter slopes
desipned for planting) of 2ZH:1V. All models mcluded a propesed basal geognid (assumed
Miragrid 5XT) at the bottom of the dike prism.

>0l Parameters for Seepage Analysis

Information from the available laboratory testing (ie., soil gradation tests), hydraulic
conductivities used in the hydrogeologic evaluation (Padfic Groundwater Group, 2019),
typical values from literature, and our previous experience on similar projects was used fo
determine appropriate seepage parameters for the various soils. Soil parameters used m our
seepage analyses are provided in Exhibit 7-6.

For materials expected to be below the phreatic surface, the Saturated Only material model
was used. For dike materials the Saturated Tnsaturated material model was used. For
Saturated/Unsaturated material models, the Volumetric Water Content and Hydranlic
Conductivity Functions were developed using estimation methods inchaded in the SEEP/W
software package.

Exhibit T-8: Soil Paramsters for Seepage Analysis

iGealogc Unit Materiad K [Fti) By

Fill Diie Embankmant Fill 1.0E-6 1
Fluvial and Estuarian Deposiis— SP-5M 50E-4 a1

SM 4 0E-4 a1

KH 20E-6 1
Blluvis] Fan Depasits GM 4054 1
Marsh Deposis aH 5.0E-6 1
Aised Formaion Bedrock 1.0E-7 1

NOTES: Kx = Horizomtsl Hydrsulic Conductiy, Ky = Arisciropy; &' = feel per szcond
S0l Parameters for Slope Stabilidy Analysis

Soil parameters used m our stability analyses are provided in Exhibits 7-7 and 7-8.
Information from the available subsurface explorations (ie., SPT blow counts, pocket
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penetrometer readings, and torvane shear data), laboratory testing {i.e., soil gradation tesis
and Atterberg Limits tests), typical values from Lterature, and our previous experience on
similar projects was used to determine appropniate shear strength parameters for the
various scils. Fully soffened dramed shear strengths were developed using the correlations
by Stark & Idriss (2023) using iquid limit, clay-size fraction, and effective normal siress.
Exhibit 7-7: Soil Paramsters for Slope Stability Analysis

Fil Dike Empankment Fil 115 30 1] 20 350
Fluvial and Eshiarian ~ SP-5A 120 35 1] - -
hipgets SM 120 32 1] - -

N 100 29 1] 1] 500
Aluvial Fan Deposits GM 130 38 1] - =
Marsh Deposits OH 100 24 1] 1] 300
Alsea Formation Bedrock 140 High Sirengm

MOTES: y = ol unit weight, pf = pounds per cubic foot, p=i= pounds per square fool, @' = efechve friction angle, c' = efiecie
cohesion, 4 = ioial friction sngle, & = lolal cohe sion

Exhibit 7-8: Fully Softened Drained Shear Strengtha for Marsh Depoasits (OH)

Hormal Streas (pef Snear Hrength (paf)

251 126
1,08 438
2 080 800
B,354 2671

MOTES: psf= pounds per aquere foot

Peak drained shear strengths were used for free draiming soils, while peak drained, fully
softened drained, and peak undrained strengths were used for low permeability soils.
For low permeability soils the shear strengths used for each analysis case are as follows:
=  Casel-End of Construchion: Peak undrained shear strengths

* Case I - Rapid Drawdown (Steady-5tate Analysis): Staged analysis using peak dramed
and peak undrained shear strengths

= Case Il - Steady Seepage (Steady-State and Transient Analysis): Fully softened dramed
shear strengths (Marsh Deposits) and peak drained shear strength (Embankment Fill
and Fluvial and Estuarian Deposits)
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Groundwater and Floodwater Assurmplions
7431 Geady-itate Seepage

For the steady-state seepage analysis, ESA has chosen touse a design high water elevation
of 126 feet, which is approximately equal to the king tide plos storm surge (ESA, 2026).

7432 Transientiespoge

Initial porewater conditions for the transient seepage analysis were calculated from a
steady-state parent analysis with the water stage at an average of the design high water
elevation (king tide plus storm surge) and low tide elevation, equal to about El. 9 feet.

We obtained tidal data for the nearby station at Garibaldi, OF (Station 3437540) (NOAA,
2026) for two 10-day periods of interest: one representative of king tides (12/1/2025 —
12/10/2025), and another representative of smaller tides (8/1/2025 — 8/10/2025). We then
scaled the tidal curves for each time period to have a macdmum equal to the design high
water elevation of 12.6 feet, and a minimum equal to the low tide elevation of 5.5 feet. The
resuliing stage hydrographs are shown in Exhibit 7-9.

Exhibit 7-8: 3tage Hydrographa Considered for Transient Analyais

Time (Days)

We compared the results of the transient analysis for the two stage hydrographs and found

that the stage hydrograph for the smaller tides was more critical, so that hydrograph was
used for further evaluations, as described in more detail below.

Woe also compared the total head at the bottom of the confining layer {used in the et
gradient calculation) versus the stage hydrograph and found that while the total head is
fluchuating with the tide elevation, it is not generally increasing over time {Exhibit 7-10).
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Therefore, the 10-day duration of the hydrograph used in the transient analysis appears
suffidently long for the purposes of evaluating underseepage.
Exhibit T-10: Stage Hydregraph veraua Total Head at Bottom of Confiming Layer

13

l
"3

f | y

| PR p\ \ - \ ‘l Wi
E: | | | | -n\jl Il Jlﬁll 'll || ||n'| ||| ll |II I'u | | II || | II |
l:! g || .'"f ‘If"u Ill".-' || I| | || \ | [ | | -|||| l || 'l I[ | |
B | | | |
g° '
§ B - Smaller Tides Hydrograph ¥ ||[| lil

: ——— Takal Hiend Bathom of Corfining Layer

(] 1 ? 3 4 T“?uam B 7 B 3 10

7433 End of Construction [Cose (]

Groundwater levels for Case I (End of Construction) were held constant at the ground
surface elevabion.

7434 RaopidDrowdown (Cose 1)

For Case I (Rapid Drawdown) using results of the steady-state seepage analysis, a two-
stage analysis was performed: Stage 1) the water stage at the design high water elevation
(EL 126 feet) with the phreatic surface within the dike determined from the steady-state
seepapge analysis, followed by, Stage 7) the water stage at the low tide elevation of 5.5 feet
(ESA, 2026) with the phreatic surface within the dike held in place from Stage 1.

7435 Steodyisepage (Coze ()

For Case III {Steady Seepage), the pore water pressure distribution and phreatic surface
calculated in the steady-state SEEP/W model were coupled to the stability model.

seepage and Slope Stability Analyses Resulis

Exhibit 7-11 provides the calculated FS for seepage and slope stability, compared to the
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Exhibit 7-11: Seepage and Stability Analysis Reaults (Without Mitigation)

Analysis Case I:;':!: Slope HS.E.[:I_E i:ll:l l “l""ﬂ Calculasd F3
Azmumed Condibons [Sand)
- Walersige Pl
End of C:onstraciion® - 14
- Landsxis Pl
Ragd Drawdoan’ - Walerside 1.0 0.6
Sieady Seepage’ Sieady-Siate b it 14 12
Seepage Analysis g
Seagy-State !
u : Landsuis 16 5y
PR Sespage Analysis
Senaitivity Analysis (Marsh Deposits)
- Walersite 3
End of Construction’ - 1.3
- Landsxis 3
Rapid Drawdoan - walersige 1.0 0.6
Steady-State ,
Steady Seepaged - s Laniside 1.4 0.8
Heady-otale ; 0.8
Sespage Analysis _
Underseapage . Landside 16
Transient Seepage s
Analysis

NOTES:

1 End of Consuchion siabily models noude the plamed 2-foof overbuild and SH:1V sid= slopes.

2 Ropd Drwdown and Steady Seepage sinbily models have the long-izrm de=ign dike cresl elevabion, and an iniemal 2H:1V dike

are.

3 mmmﬁ:mmtmihmmmmumﬁﬁmﬂpq‘mwmmumﬂr
=fale seepage snalysi.

As shown In Exlabit 7-11, the USACE and Project design criteria are not met for rapid

drawdown or steady-seepage (both conditions), or underseepage (sensitivity analysis). We

iteratively reviewed mitigation options and found that mcuding four layers of Miragrid

5XT geogrid in the 2ZH-1V dike prism core, at 2.5-foot vertical spacing (EL 5 feet, 7.5 feet, 10

feet, and 12 5 feet) increases the FS to meet criteria for rapid drawdown and steady seepage

conditions (Exhibit 7-12).
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Exhibit T-1Z: Seepage and Stability Anakysis Reavlts (With Mitigation)

Analysis Case :n_;':: Slope “E:;::f!;“ l “l"'d: Calculasd F3
Azmumed Condibons [Sand)
Ragid Drawdoan! . Walersige 1.0 13
Sieady Seepage! SEa-t:I,r-Elate-_ : i *
Sanaitivity Analysis (Marsh Deposits)

Ragit Drawdoan' . Warlersige 1.0 12

I R - Landside 14 20
TN ST Seepage Analysis

MOTES:
1 Ropid Drowdown and Sieady Seepage sinbidy models have the long-teem design dike cresl slewabion, snd mbemal 2H:1V die
prizm core. The modeled miligeion nduded fowr layers of 30T geognd et BL Eizet,?.ﬁfbd,‘lﬂhimiﬂ.ﬁi:d:

Due to the uncertainty of the subsurface conditions at the proposed dike location, we
performed a series of transient seepage analyses to determine the minimum thickness of
Marsh Deposits, if present to meet the USACE underseepage design criteria for varying
ground surface elevations (Exhibit 7-13). If Marsh Deposits are found to be present during
construction, and are thinmer than the monimuom thickness presented, then mitigations
would be required (e g., over-excavation or installing a fremch drain or relief wells as
discussed further below).

Exhibit 7-13: Transient Seepage Analysis Results, Sansitivily Analysis (Marsh Depoaita), Minemum
Confining Layer Thickneas

Minimum Thickneas of

Anatysis Casa  Ground Surface Confining Layer (Marsh ERREE: At Eampect Cailciiated F3
Elevation (fest] Deposits) Without Mitigation! ~ D20/9n CTileria

5 1} 16

3 8 16

7 B 16
Undersespags . " 16 3

g 3 16

10 2 16

MOTES:

1 Fllsrsh d=posils sre found during con=ineciion and == Buinmer than e minimum Bickne=s shown (afier dearing and gribbing , 2=
measured st the lsndwend be], Ben we would recommend nslzling & s=epage miigsion desgn, == discumzed in Secion 74.5.

Figures of the seepage and stability model results are presented in Appendix .
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745 Mitigation Design Recommendations

Based on our experience with similar projects, mitigation design oplions to relieve
underseepage pressures could inchide a cat-off wall, trench drain, passive relief wells, or a
land=side seepage berm. Advantages and disadvantages to each mitigation design option
are presented in Exiubit 7-14, below.

Exhibit 7-14: Advantages and Disadvantages to Undarseepage Mitigation Design Optiona

Witigafion Deaign -
Option Advantages Dasadvantages
Sheet Pile or *  Would reduce additional *  Wouid need to peneirale the entire pervious kayer o be
Benonie water on the ndside of hie effective in reducing Underseepage cragients (depm
Cut-Off wall Dike (compared to refief unknown, >70 feet below Natve Ground surface)
'I'ﬂ_ﬁﬂ;{lmm - . E&i‘gﬂl&jﬂhﬁhih!itlﬁ&ﬁnﬂﬁlﬂﬁm
options au"h"r-' :
*  Additional expicrations required o determine design
depm
= Jgdged in be the mighest cost mitigation design as wel
a5 the option with the most isk during instaliabon
. re o i
contracionspequipmenl
Trengh Drain Fsieves Undersesnage WMay require shoring and dewalering during
pressares, aiso resulting in constnacion, which increases nsk and unceriaity of
higher facines of sassty for Construciion cost
landside stabiity Winuid need to confimm fiter designicompaticlity for
Judged 1o be relalvely ow- french drain fill
oSt with fypical matenals . : .

: Trench drain $ messng fter design wodd need 10 be
and consinuction methads caiTcHazsed 2 imporied i the sk
”“E"i“."*?“’m Wauld resultin additional water on the landside of e

e opton, Dike during fiocd events, which may be acceptabie for
and could be msiaied al his tidaly inAuenced ara
SPECHEL reaches as
NECESSary Using equipment
Tkety already on-sie

28
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Wit:gation Design :
Dplion i .

Fassve RelifWelE . poeyes underseepage Would need to perform filler design for the material that
pressires, aiso resufing in Suremas the well screen
wﬂfﬂﬁﬁ'“ Fitler compatibie material surrounding wed soreen

Stabilty Woid need i be purchased and imported &0 the site
= rm'ﬁm“m” Would require detiied well design {including
cz:mi g alaations and seegage analysis) o condrm wel size
and spacing, with an additiona] boring at sach propesed
*  Judged 10 be relafvety ow- wedl location
Would require avanced lead $me, cocedinabon of
e dribiers and drill fig
" Couldbeinstalled 31 speclc |y nend i penetrate the entire pervious kyer i be
PGS Bk ey effective in relieving underseepage pressures {degth
unknowm, =T fiest befow nadve groond surface)
Requires more regular marenance than a trench deain
Wil suffer loss i efiGEnGy over Bme
Would resuft in additonal water on the landside of e
Dike during flood events, which may be acceptabile for
his tidaly influenced area

i-mﬂ'ﬁ?ﬁ:ﬂﬁ *  Relieves underseepage ‘Would need to perform fikier design for the seapage

Berm (Le., ratsing the pressares, @iso resulting in berm fil material

iandward ground highes facioes of sasety for :

surface) landside stability MWincich ek ey pesiiom seMicserd eyl ol
seepage berm fo deberminge any overbuild required
*  LUsES COMMan eariTenk ,
2 T In oo EXparience, Seepage berms ofien nesd 1o be at
i lzast 300 feet long [dsEnce from the dike e o the
*  Minimal manenance seppags bem ioe) 0 be effective in rebieving
required ouer time UNderseepaqe ressures

*  Would not result in

The amount of fl requined for a sespage bermn would

addiional water on the Ekely be detimental o the envvronmestal and habilat
landside of the Dike during bensits of tis Project
i Judged 1o be e least Sexitie mitigation opsons,

»  Judged 10 be relafvely low- requiFing significant imports of additionas fill matesial and
cast [ignonng potental costs re-grading of the plans
dige tr negoliations with
Nearty penperty CWNErs|

Based on the advantages and disadvantages of each mifigation option, the construction
schedule, and the uncertaintieslack of subsurface information, we believe that a trench
drain is the most appropriate mitigation option to plan for this Project. Depending on the
s0ils encountered in the explorations and during construchion, the trench drain may be
omitted. If a confining layer (ie., Marsh Deposits) are encountered at the surface, with
thickmesses less than showm in Exchibit 7-13, then a trench drain can be installed i fhat

specific area.

20
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7.5  Tide Gate Engineering Analysis and Design Recommendations

The proposed dike setback includes a 12° x 10 concrete cast-in-place box tide gate structure
with concrete headwalls and MTE system, on a shallow-mat foundation of layered
aggregate and geogrid. The following sections provide recommended bearing resistance,
shiding resistance, lateral earth pressures, hydrostatic pressures, and uphift pressures for nse
in structural design.

7.5 Bearing and Shding Eesstance

The required F5 for bearing capacity of normal structures (ie., structures in which failure is
not anticpated to result in loss of life), with ordinary site mformation, and vnusual loading
condibions is 2.0 {Table 7.1, USACE, 2027} While the cxrmment site information is limited we
expect that borings performed prior to construction will be used to confirm the bearing
resistances provided herein. We calculated allowable bearing resistance for the proposed
tide gate structure and associated walls for the Assumed Conditions (sand) and Sensitivity
Analysis (Marsh Depeosits). Conservatively, the bearing resistances provided are for native
materials, not considering the proposed layers of geogrid and crushed surfacng base course
(CSBC) below the foundafions. The bearing resistance for the Sensitivity Analysis (Marsh
Deposits) case considers undrained strengths. The recommended allowable bearing
resistances are provided in Exhibit 7-15.

Exhibit T-15% Recommended Allvwable Bearing Resistance

Alcwabia Baaring

Analysis Case Raaintance (pel
Assumed Conditions
2.000
[Sand) :
{Marsn Deposits)

MOTES: psi= pounds per squere foot
1 Adowsble besring resisisnces provided include = F5 of 2.0
Z  Alowsble besring resisiances provided s=mume 8 foofing widts of 10 feel, end = fooking =sped mbo [LE) of 2

We recommend that shiding for the tide gate struchare and associated headwalls be
evaluated in accordance with EM 1110-2-2502 Seclion 7.3 (USACE, 2022) and EM 1110-2-
2100 (USACE, 2005b). The required F5S for sliding of normal structures, with ordimary site
information and unusual loading conditions, is 1.3 (Table 3-3, USACE, 2005b). While the
will be used to confirm the sliding coefficients provided herein. 'We recommend using the
sliding coefficients shown in Exhibit 7-16 for design of the tide gate and tide gate headwalls.
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Exhibit T-18: Recommended Ulfimate Sliding Cosfficienta

Assumesd Conditions
[Sand)
Sensithity Anabysis .95
{Marsh Deposits) '

05

MOTES
1 We recommend using an FS of 1.3 {nof incladed in the siding cosficient nboue] for sliding miculaSors.

Lateral Earth Pressures; Hydrostatic Pressures, and Uplift Pressures

Lateral earth pressure behind the proposed tide gate walls and headwalls is a funchion of
the properties of the retained material and the type of wall (yielding or non-yielding}).
Based on our understanding of the proposed structures, we have provided at-rest static
earth pressures for the tide gate struchure and at-rest and active earth pressures for the
headwalls. The lateral earth pressures recommmended for use in tide gate and headwall
desipgn are presented in Figures 3 and 4, respectively. The lateral earth pressures for the
headwalls (Figure 4) mclude options for 2 3H:1V and SH1V dike slope behind fhe wall The
lateral earth pressures for the tide gate structure (Figure 3) include the 1.5 feet of soil cover
on top of the tide gate. If additional soil cover is planned, these lateral earth pressures
should be revised accordingly. Passive earth pressures are not provided due to the lack of

s0il cover, possible scour, and mobility of dprap.

For hydrostatic pressures, the phreatic surface within the dike fill can be assumed to vary
linearly from the design high water elevation on the water side to the ground surface
elevation at the toe on the landward side.

If the base is entirely in compression, uplift pressures will vary Inearly from the hydrostatic
pressure on the water side of the tide gate to zero on the landside of the ide gate. If the
base is not entirely in compression, the uplift pressure on the portion of the base not in
contact with the foundation material should be a uniform value, equal to the hydrostatic
pressure at the adjacent face, m accordance with EM 1110-2-2100 (USACE, 2005b).
Eecommended uplift pressures on the tide gate are shown in Figure 5.

GEOTECHNICAL CONSTRUCTION CONSIDERATIONS

General
These construchion considerations are provided as a gemeral guide and are for construching
the Project dike setback. We recommend that constroction earthwork activities be
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performed during periods of dry weather, between June and September, when soil moisture
can generally be controlled by aeration.

Cleanng, Grubbing, and Stripping

Areas that will receive fills should be stripped to a depth that is sufficent to remove exdsting
surface vegetation and crganic soil, trunk (or stem ), stump, root ball, roots greater than -
inch-diameter, and any other deleterious materials encountered. This includes old
foundations, slabs, pavements, footings, base rock, and other placed stone A1l The resulting
voids should be backfilled with dike embankment materials and compacted to a density
equal to the surrounding soil. Prior to backfill, the excavated areas should be free of
standing water. We anlicipate that the required stripping depths will be up to 12 inches in
heawily vegetated areas. Siripped orgamic soils will not be suitable for re-use as fll for the
dike embankment, but may be re-used as topsoil for plantings. In accordance with EP 1110-
2-18 (USACE, 2019}, we recommend removing all woody vegetation within 15 feet of the toe
of the proposed dike footprint.

Subgrade Preparation

should be rolled and compacted using a tamping foot roller to breakup potential seepage

paths and surfaces created during the clearing, grubbing, and stripping process. After areas
are stripped or excavated to design subgrade elevations, we recommend that the subgrade

be evaluated by the Geotechmical Engimeer of Record, or their representative, for the
presence of potenfially soft or unsuitable soils. Areas that pump, heave, or appear soft or
muddy should be scarified, dried, and compacted, or else over-excavated to an engineer-
approved subgrade and backfilled with dike embankment materials. We recommend
limiting any over-excavation to a depth of 2 feet below the surface of the stripped subgrade.

Geognd and Geotextile

To meet design citeria for slope stability, reduce differential setlement, and improve
constructability, we recommend mstalling a Miragrid 5XT geogrid (or equivalent) on the
prepared subgrade surface, or at the bottom of the over-excavation (if performed), as well as
at Elevations 7.5 feet, 10 feet, and 12.5 feet In the dike prism (see Exhibit 8-1). Ata
minimum, the basal geogrid should cover the entire dike footprnt and will vary in
elevation depending on the existing ground surface elevation, amount of clearing/grubbing,
and amount of over-excavation. The addifional layers of geogrid can be limited to the
ZH:1V dike prism (Le., are not required within fhe planting berm}.
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Exhibit 8-1: Recommanded Geogrid Dike Gross-Section (not to acals)

In areas where the basal geogrid is within 6-inches (vertically) from the next horizontal
geogrid, the horizontal geogrid can be terminated (see Exhibit B-2).
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Exhibit 8-2: Recommanded Geogrid Dike Profile (not to scale)

We recommend onenting geogrid soil remforcements with the highest strength axds
perpendicular to the dike alipnment, and using a continuous length of geogrid
perpendicular to the dike alipnment. Adjacent rolls of geogrid (ie., joints) should be
overlapped by a minimum of 24 mches at the basal geogrid and 12 inches for the geogrid

Embankment Gl {cover) material should be placed on the geognid such that a minmimmum
compacted mitial lift thickness of at least & inches is between the equipment tires or tracks
and the geogrid at all times. Soil should not be dropped on the gecgrid from a height
greater than 3 feet. End-dumping the cover material directly on the geognid should not be
permitted. Tuming of vehides on the first lift above the geogrid should not be penmitted.

We have reviewed the proposed tide gate struchure foundation, incduding the layers of rock
and gecgrid proposed in the 60% plans. We recommend separating dissimilar (i.e., non-
flter compatible) materials with nonwoven construction geotextile for soil stabilization, as
shown in the 0% plans between the 1-1/4" crushed mimus base course and the subgrade,
and beneath the fprap. Adjacent sheets of construction geotextile for soil stabilizabion
should be overlapped by a minitmum of 2 feet when installed above water and a minimum
of 3 feet when installed below water. As an alternative to overlapping panels, the adjacent
geotextile panels could be sewn together with a minimum overlap of & inches above and
below water. Additionally, we recommend separating the geotextile for separation and the
bottom layer of geogrid with a minimum 3-inch-thick layer of 1-1/4-inch minus crushed
base course. We recommend adding a minimum 9-inch-thick layer of 6"-0 stone
embankment {ODOT OS5C 00330.16) between the geotextile and the riprap for a cushion
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layer. Stone embankment and fdprap should not be dropped from a height greater than 1
and 2 feet above the geotextile, respectively.

Geosynthetic (geogrid and gectextile) should be laid smooth without excessive wrinkles and
should not be left expeosed to sunlight durnng mstallation for a total of more than 14 calendar
days.

Fill Placement on Slope

Fill placed on an existing slope that is steeper than 5H:1V should be keyed into the existing
slope by benching the slope. Benches should be cut such that they are at least 12 inches high
with a maximum height of 2 feet and of sufficient width fo accommodate the compaction
equipment. Each horizental cat should begin at the intersection of the ground surface with
the vertical side of the previous bench and should penetrate the existing slope at least 3 feet.
The fill slope should be over-built by at least 2 feet and fhen cut back to grade to provide a
compacted final slope.

Dike Embankment Matenals

We recommend that dike embankment 1] within the mterior ZH-1V dike prism consist of
imported material, either naturally ocourring or processed, and free of debris, contaminants,
invasive and noxdous weeds, waste, frozen materials, wood, vegetation, and other
deleterious matter. We recommend that the dike embankment fill meet the gradation
requirements as shown in Exhabit 8-3, below, have a plastiaty index (FI) of 4 or greater as
determined by ASTM D4318, and an organic content less than or equal to 1% as determined
by ASTM D2974

Ezhibit §-3: Recommended Diks Embankment Fill Gradation, as determined by ASTM DE213

Swve Size Parcant Paaaing, by Waight

2imch 100

Tinth o0 100
Moo 4 80 - 100
Mo 40 60 — 5
Mo 200 30 — 8

For bidding purposes, we recommend that the Contractor assume all fill and backfll
material will be imported. Other seils inclnding Marsh Deposits and Fluvial and Estuarian
Deposits, such as those from excavations on-site, may be acceptable in the SH:1V planting
berm, provided that they are filter compatible with the dike All material and are free from
organics. After laboratory testing data (soil gradation curves) are available from the
proposed bormow source, Shanmon & Wilson can provide a filter design band for the dike f11
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material for comparison. We recommend that Shannon & Wilson be retamed to perform
laboratory testing and material review for all fill materials for compatibility. The excavated
on-site solls will be wet of optimum. The excavated on-site soils may become unworkable
because of excess moisture content. To reduce moisture content, discng and drying of the
soils will likely be required.

Trench Drain Fill Matenals

If a trench drain is installed at the landward toe of the dike sefback as an underseepage
mitigation measure, it will need to be backfilled with flter compatible materials for the
surmounding subgrade soil Filter compatible materials will help mitigate against the
surrounding soil migrating into the trench drain and reducing its” functionality. A flter
design band was developed for the Fhuvial and Estuarian deposits based on apphicable
guidance in EM 1110-2-1913 (USACE, 2000) and FEMA (2011). The filter design is presented
in Figure 6. ASTM (€33 sand is a typical material that generally meets the flter design
crteria. The portion of the Glter material passing the No. 20 (0.425 mm) sieve must have a
plastiaty mdex (PI) of zero.

In order to relieve underseeapge pressures, the trench drain A1l materials must be kept clean
and free from topsoil. We recommend a 1-foot-thick Crushed Rock Trench Cap be placed
on top of the trench drain, consisting of 3/8” to Ne. B gravel (ODOT OS55C, Section 02650).
However, if topsoil and vegetation are desired on top of the trench drain, 2 nonwoven
geotextile for separation would be required between the topseil and tremch draim f11
materials, and a gravity-fed collector pipe would be required to allow for drainage. The
trench drain width can be equal to one bucket width (typically 3 to 4 feet). We recommend
full time geotechnical construction observation during trench drain construction to ensure
that the trench drain Al completely penetrates the Marsh Deposits laver, with at least 1 foot
overlap with the Fluvial and Estuarian Deposits below.

Fill Flacement and Compaciion

The dike embankment fill should be placed n loose liffs not exceeding 8 inches in thickness
and compacted to at least 38 percent of the dry density as determined by the standard
Proctor test, ASTM DeRE. We recommend that the moishore content of dike embankment
fll be no more than 2 percent below or 2 percent above the optimum moisture content as
determined by the Proctor test. At these moisture content ranges, it is generally easier to
achieve the spedfied compaction

I required, the trench drain backfll should be placed in loose lifts not exceeding 2 feet

(below water) and 12-inches (above water). Each lift should be compacted with at least one
contineous pass of an excavator plate compactor. The lift thicknesses, mumber of passes,

A pnl 2026



1

=l =H

8.9

8.10

12880

o Sitko Sedge Tidal Wetiand Resionafion [Cike Setbock]
CRAFT Prelimmony Gectechnical Engineerng Report

and sizeftype of plate compactor should be approved by the Geotechnical Engineer in the
field. As shoring is removed, additional passes may be required fo eliminate voids cansed
by shoring remowval. The Crushed Fock Trench Cap should be placed in loose lifis not
exceeding 12-imches and compacted with at least 2 passes of approved compaction
equipment such as vibrating plate compactors or smooth drum rollers. The final surface of
crushed rock shall be mounded over the trench at least & mches above grade to account for
future setflement.

Temporary Cut Slopes

Temporary excavations should be constructed in accordance with Ocoupational Safety and
Health Administration (OSHA) standards and applicable state and local regulations. The
soils at the site classify as OSHA Type C, and excavations extending into these soils should
be cut on a slope no steeper than 15H:1V. Flatter slopes may be required, and all operations
should be performed under the supervision of qualified site personmel in accordance with
OSHA regulations. Any excavation slope left exposed should be protected from erosion
and saturation by rainfall and runoff. Adequately designed bradng may be used to support
excavations. Dewatering of soil prior to or in conjunchion with excavations may be required.
Temporary excavations extending below approximately 15 feet may need additional
analysis,

Wet Weather Earthwork and Erosion Conirol

Wet weather generally begins about mid-Ocdober and continues through about May,
although rainy periods may occur at any time of year. Therefore, it would be advisable to
schedule earfivwork during the drier weather months of June through September. The soils
expected at the dike setback location are mostly granular; howewer, if Marsh Deposits are
present, they could contain significant amounts of silt and organics, making them moisture
sensifive. Marsh Deposits would ikely not be suitable for a2 working platform and may be
unstable when wet and under equipment loads.

Performing earfhwork during dry weather would reduce the problems and costs assodated

with rainwater, trafficability, and handling of wet soil. However, should wet weather/wet

condition earthwork be unavoidable, we recommend the following:

= The ground surface in and surroundmg the construction area should be sloped as much
as possible to promote runecff of precpitation away from work areas to prevent ponding
of water.

*  Earthwork should be accomplished in small sechions to minimize exposure to wet

conditions. That is, each section should be small enough so that the remowval of
unsuitable soil and placement and compaction of fill can be accomplished on the same
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day. The size of construction equipment may have to be limited to prevent soil
disturbance.

* In-place soil or Al that becomes wet and unstable and/or too wet to suitably compact
should be removed and replaced.

*  No soil should be left uncompacted and exposed to moisture.

* Excavation and placement of fill material should be observed on a full-ime basisby a
geotechnical engineer (or representative) experienced in earthwork to determine that all
work is being accomplished in accordance with the Project specifications.

* Grading and earthwork should not be performed during periods of heavy, continious
rainfall

The contract documents should mcdude provisions for wet weatherfwet condition
earthwork. These provisioms should include requirements for repairing damage to dike
embankments from haul and construchon equipment causing soil pumping and rutting.

The near-surface soils cbserved at the site are erosion susceptible. Ercsion condrol for the
site should nchide Best Management Practices mcorporated into the Project Plans and may
inchede the following recommendations:

*  Limit exposed cut slopes.

* Foute surface water through temporary dramage channels around and away from
exposed slopes.

*  Use silt fences, straw, and temporary sedimentation ponds to collect and hold eroded
material at the site.

* Seed or plant vegetation on exposed areas where grading work is complete. If
seeding/mulching is performed to control erosion, it should be in place early enough to
allow significant vegetation growth before the start of the wet, winter season

* Fetain existing vegetabion to the greatest possible extent.

Plantings

We understand that ESA prefers to inchude plantings, incduding forbs and shrubs, along the
slopes of the dike setback. In cur opinion, this is acceptable, s0 long as the root systems
from plantings on the SH-IV planting berm do not encroach on the mterior ZH-1V dike
prism. We recommend carefully reviewing the seed mixes and plantings proposed omn the
plans, and the locations of the plantings, to ensure that the dike prism remains free of roots.
Further, we recommend that plantings within a minimum of 10 horizontal feet from the
dike crest are imited to a mowable seed mix {preferably consisting of native grasses). This
will be beneficial to maintain dike access for community use, allow for inspections and
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seepage, and struchoral damage due fo root systems).

Temporary Construction Drainage

We believe temporary site and construction drainage can be reasonably well controlled by
careful excavation practices. Typically, these inchade, but are not limited to, shallow
upgrade perimeter ditches or low earthen berms and temporary sumps in excavations to
collect seepage and prevent water from damaging exposed subgrade. Drains should be
incleded at the bottom of all temporary slopes to collect surface water flow from the slope
and prevent it from flowing onto exposed subgrade. All runoff water and groundwater
encountered should be collected and drained cutside the construction limits.

Groundwater should be expected to be encountered in the excavation for the dike setback.
The design of the temporary dewatering systems is fradifionally the responsibility of the
Contractor. Any water collected during dewatering and any excavated soil should be
treated and disposed of in a manner meeting local, state, and federal environmental

Pipe Penetrations

All new pipe penetrations should be designed in accordance with the requirements of
Chapter B, Section I, of EM 1110-2-1913 (USACE, 2000). This section specdifies allowable
materials, mstallabion methods, and anti-seepage devices.

To meet the requirements of Section 8.5, the landside one-third of the pipe should be
encased in drainage material The gradation drainage material is determuned on a case-by-
case basis and should be filter compatible with the surrounding soil.

Construchion Monitoring Requirements

Fill placement and checking of the exposed subgrade should be monitored by the
Geotechnical Engineer of Eecord, or their representative, to verify that unsuitable materials
are not present, that proper materials are used for Gll, and that placement and compachon
of materials has been accompliched. Before fill and backfill operations begin, representative
samples of the proposed fill and backfill material should be tested for determination of
laboratory compaction characteristics in accordance with ASTM D698, as recommended
above. Laboratory gradation tests and Atterberg Limits tests should be accomplished in
accordance with ASTM De913 and ASTM D4318, respectively, to check material
classification.
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Compaction of subgrade surfaces, fill, and backfill should be checked with a sufficent
number of density tests to ensure that adequate compaction is being addeved. Construction
specifications should require at least one m-place density test of the compacted fll for every
2,000 square feet of fill placed in the dike prism and every 5,000 square feet of fill placed
elsewhere. For backfill of utility trenches or around struchares, construction spedfications
should require at least one in-place density test per lift for every 100 feet. At least one test
should be completed per Lift regardless of the size or location of the All area. Where density
tests failed mimimum values, retesting should be performed after mitigation.

settlement Monitoring Program

We recommend settlement monitoring plates be installed along the dike sefback alignment,
embedded in the subgrade and located within the dike crest footprint, at 200-foot spadng.
Addifionally, we recommend installing four setflement monitoring plates at the tide gate
location, with two evenly spaced on each side of the proposed tide gate location. A typical
detail of a settlement plate is shown on Figure 7. The riser pipes connecting to the
settlement plate should be tied with visible warning flags or ribbons. We recommend that
surveying of the settlement monitoring points be performed once a week durng
constrachon, once a month between the first and second seasons of construchion, and onice
every three months post-construction for at least a year. Settlement momtoring data should
be provided fo Shannon & Wilson so that we can update our long-term settlement
predictions, and confirm that preloading of the tide gate struchure is complets.

Geotechnical Support Dunng Construction

We recommend that Shanmon & Wilson be retained to perform full-tme construction
observation of fhe dike setback induding field density testing to check dike subgrade,
thickness of Marsh Deposits if encountered, provide timely materials testing resulis during
construction, and provide on-site consultation

ADDITIONAL HELD EXPLORATION AND EVALUATIONS
PRIOR TO CONSTRUCTION

A geotechnical Geld exploration program for the dike setback will be performed prior to
constraction to confirm the assumed subsurface conditions along with the dike setback and
our design. The proposed field exploration program for the dike setback consists of three
{3} borings extending to a depth of €0 feet, as shown on Site and Exploration Plan, Figure 2.
We recommend that we be on site during the drilling to log the boreholes, characterize the
subgrade soil, and collect samples for laboratory testing. Hawing us on site will allow for
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real-time interpretation if additional exploration or engineering analyses are required.
Additional geotechmical services may indude re-design and updating plans and
specifications.

LIMITATIONS

This report was prepared by Shannon & Wilson for the Sitka Sedge Tidal Wetland
Restoration (Dike Setback), for the exchusive use of ESA and Oregon Parks and Fecreation
Department. Apendes and contractors that reference this report should rely on factual data
only, and not as a warmranty of subsurface conditions, such as those interpreted from
observations of the site or information we reviewed. The engineering analyses and
recommendations were performed based on assumed subsurface conditions. This report
will be updated after new field explorations for dike setback are completed. This report
shall not be used for construction

Interpretations, analyses, conclusions, and recommendations contained in this report are
based on our observation of site conditions as they existed during our site visits and our
interpretation of assumed subsurface conditions based on explorations we performed for
the bridges and culverts; subsurface exploration logs prepared by others; and geologic and
hydrogeologic data for the Project site. The prefessional opinions, recommendations, and
conclusions contained in this report for the dike system are valid for a period not greater
than 10 vears from the date of this report. This time limitation is mcluded n recognition
that the condifions of dike systems can and do dhange with time as do the conditions that
lead to water surface elevation deferminabions. If new imformation becomes available to
Shannon & Wilson, the professional opinions, recommendations, and concusions contained
in this report may be modified by Shanmnon & Wilson.

Our analyses, and resulting conchisions and recommendations, rely on data provided by
others, including, but not limited to, survey data, subsurface data, dike geomeiry
information (plans and cross sections), and design flood water surface elevations. Shannon
& Wilson makes no warranty, express or implied, as to the accuracy of the data relied on.
Within the Imitations of the scope, schedule, and budget of this project, the analyses,
conclusion, and recommendations presented m this report were performed in accordance
with generally accepted professional engineering prindples and practices in use in the area
of the Project at the time this report was prepared.

Woe assume that our interpretations of subsurface conditions are representative of
subsurface conditions at the site. Due to the Project schedule, borings at the dike sefback
have not vet been performed. We recommend performing explorations at the dike setback
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as soon as practical so that we can confirm the analyses and recommendations presented
hersin.

Unantidpated soil condifions are commonly encountered and cannot be fully determined
by taking soil samples, drilling test borings, pushing probes, or excavating test pits. If
subsurface conditions different from our observations or mterpretation are encountered or
appear to be present, we should be adwvised at once so that we can review these conditions
and reconsider our recommendations where necessary. Such unexpected conditions
frequently require that additional expenditures be made to attain a properly constructed
project. Therefore, some contingency fund is recommended to accommodate such potential
exira costs.

If there is a substantial lapse of time between the issuance of this report, or if conditions
have changed due to natural causes or construchion at or near the site, we recommend that
site conditions and this report be reviewed to determine the applicability of the concusions
and recommendations.

The scope of our present work did not incdhude environmental assessments or evaluations
regarding the presence or absence of wetlands, or hazardous or toxic substances in the soil,
surface water, groundwater, or air, on or below or around this site, or for the evaluation or
disposal of contaminated soils or groundwater should any be encountered.

Shannon & Wilson has prepared and included “Important Information About Your
Geotechnical/Environmental Report,” to assist you and others in understandmg the use and
limitations of our reports.
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Appendix B

Nearby Feld Explorations
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B.1 GEMERAL

Shannon & Wilson explored subsurface conditions at the project site with seven
geotechnical borings designated B-1 through B-7. Borings B-1 through B-7 were drilled for
the design of the bridges and culvert project features. The locations of the explorations were
determined in the field using a GPS, and points were taken to reference the Jocations. The
approximate exploration locations are shown on the Site and Exploration Plan, Figure 2
Additional borings are planned to confirm subsurface information essumed at the dike
setback location, with proposed locations shown on Figure 2, This appendix describes the
techniques used to perform the explorations for the bridges and culvert {B-1 through B-7)
and presents logs of the materials encountered. 4

B.2 GEOTECHMNICAL DRILLING

Borings B-3 through B-7 were drilled withir the roadlway of Sandlake Road between

March 24, 2025, through March 28, 2005, Bori 1828 B-1 and B-2 were drilled along the trail on
the embankment between March 31 'ﬁtﬂ.ﬁ,l]lmug -.A.FI'II 1, 2025. The borings were drilled
using a CME-55LC track rig F‘I.'ﬂ'i"ldﬂd ﬁdﬂ]&nud by Western States Soil Conservation Inc.
{Western States) of Hubbarqrfﬁﬁ@;m hlﬁm & Wilson geologiat was present during
the explorations to locate the borings, obseérve the drilling, collect soil samples, and log the
materials encountered. Below atedeseriptions of the drilling method used during the
drilling.

B.2.1 Openficle Muﬂmntdr:,f Drilling

Mud-rotary bunnﬁqtre Eﬁm“}r advanced using a tri-cone bit and a string of hollow drll
rods (rarrower than thebit) through which bentonite drilling mud is pumped. The mud is
mixed on-site using water and powdered bentonite. The drilling nmid serves to cool the bit,
keap the hole open, and flush the cuttings to the surface, and the borehole is considered
“open hole™ since the borehole is not cased. Returning drill mud is typically passed through
a screen and into a tub over the hole. The screen collects the cuttings, and the tub collects
the mud for recirculation back into the hole. If fine-grained, cohesive sails are encountered,
other styles of drill bits may also be used with the mud-rotary method, such as scraper or
drag bits. The common size mud rotary drill bit is 4 7/8-inch, which produces an
approximate S-inch-diameter hole.

112880
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B3 SOIL SAMPLNG
B.3.1 Disturbed Samplng

Disturbed samples were collected in the borings, typically at 2.5- to 5-foot depth intervals,
using a standard 2-inch-putside-diameter (0.00) split spoon sampler in conjunction with
Standard Penetration Testing. In a Standard Penetration Test (SPT), ASTM D1586, the
sampler is driven 18 inches into the soil using a 140-pound hammer dropped 30 inches. The
number of blows required to drive the sampler the last 12 inches is defined as the standard
penetration resistance, or M-value. The SFT M-value provides a measure of in situ relative
density of cohesionless soils (non-plastic silt, sand, and gravel), and the consistency of
cohesive soils (plastic silt and day). All disturbed samples were visually identified and
described in the field, sealed to retain moisture, and It"i'l.m'led to our laboratory for
additional examination.

SPT M-values can be significantly affected h}faﬁﬁéral factors, ingluding the efficiency of the
hammer used. Automatic hammers gmmﬂi‘.haue higher Enel'E:,r transfer efficiencies than
cathead-driven (manual) hammers. For mﬁermgﬁ:-r:aﬂmd hanvmers are typically sssumed
to have an average energy Eff'n:wu:jr.-ﬂ-ﬂl peﬂ:m'l'h Based on information we received from
Western States, the energy efficiency of &#Wr wsed on the rubber track-mounted
CME-55LC drill rig averaged | B3 pen:mL JAll N-values presented in this report are in
blows per foot, EH-WUIIEEd a:ﬁ I"ll'p corrections have been applied.

An SPT was considered tothave met refiisal where mare than 50 blows were required to
drive the sampleg éifiches. [frefusal was encountered in the first 6-inch interval ffor
example, 5&1’1;,:"1"_5 inches),the coimt is reported as 50/1st 1.57. If refusal was encountered
in Il'leaeaundﬁimd'Lmtervq {for example, 48, 5} for 1.5 inches), the count is reported as
S0/1.5", If vefusal wmm'u,ﬁl.mtered in the last 6-inch interval {for example, 39, 48, 50 for 1.5
inches), the count is Eéﬁﬂrted as 95/7 5",

B.3.2 Relafively Undisturbed Sampling

Relatively undisturbed samples were attempted in 3-inch OLD. thin-wall Shelby tubes,
which were hydraulically pushed into the soil at the bottom of the boreholes. The recovered
soils exposed at the ends of the tube were examined and described in the field. After
examination, the tubes were sealed to preserve the natural moisture of the samples. The
sealed tubes were stored in the upright position, and care was taken to avoid shock and
vibration during their tranaport to and storage in our laboratory.

112880
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B.4 MATERIAL DESCRIPTIOMS

In the field, soil samples were described and identified visually in general accordance with
ASTM D2488 Stanvdeard Practice for Description and Identification of Soils (Visual-Manual
Procedure). Comsistency, color, relative moisture, degree of plasticity, peculiar odors, and
other distinguishing characteristics of the samples were noted. Once returned to the
laboratory, soil samples were re-examined, varigus laboratory tests were performed, and the
field descriptions and identifications were modified as necessary. We refined our visual-
manual spil descriptions and identifications based on the results of the laboratory tests,
using elements of the Standard Practice for Classification of Soils for Engineering Purposes
{Umified Soil Classification System), ASTM D2487. However, ASTM D2487 was not
followed i full because it requires a suite of tests fo be pesfprmed to dasgify a single
sample. Select soil descriptions were also updated m:ﬁi:h:uﬁng logs based on the
additional round of laboratory testing that was Perfamgﬂ%zn select samples remaining in
3n:-rage ﬁ:l-r the d.lk-E aerhack de-slgn The 5|:r-e:lﬁc I;‘I:‘m:nn:nlngruaed in Ihe sml demlhn:'aunm

the rock classifications is defined in the Rﬁwﬂm and Log Key, Figure B2.

B.5 LOGS OF BORINGS

The summary logs ufﬂ'mrmmﬁ'h’ﬂm'#ﬂredwml borings are presented in Figures B3
through B9. Material dwphmﬁ-and mfhfaca on the logs are interpretive, and actual
changes may be gradual. 'ﬁn—hﬁ hand"pﬂrtm of the boring logs provides descriptions,
identifications, q;ﬂgum]miml unit designations for the materials encountered in the
boring. The r;ﬁﬁt—hand pl;q:lm ﬂ"ﬂ'le boring logs shows a graphic log, sample locations and
designations, bu;kl"ll dernlﬁl;. and a graphical representation of M-valies, natural water
contents, percent mn;ﬂm ¥200 sieve, and sample recovery.

B.6 BOREHOLE ABANDOMNMENT

Upon completion of drifling, the borings were backfilled with bentonite chips or
bentonitefcement grout in agcordence with Oregon Department of Water Resources

regulations. Cold patch asphalt pavement was used to seal the surface of the borings
performed on Sandlake Road.

112880
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PARTICLE SIFE DEFINITIONS

DEACRIFTICN | HEVE HUMEER ANDADR APPROXIMATE BIZE
Shannon & Wisan, inc. (SEW), uses 3 soi
identiication system modied from the Linifed FINES < 200 {0OTS mm = 0.003 in )
Soll Classifcation System (USCS). Elements of e
ihe USCS and other definibons are provided on :
e st e Tilenhs : mﬂ,g“mmlg g . #200 0 40 {0.075 bo 0.4 mm; 0.003 fo 0.02 In )
H Papes. Medium  |#40 fo#10 {0.4 to-2 mm; 002 fe 008 in.)
E?ﬁfmﬁ”ﬁmmwﬁmi (ASTM Coarse | #10 fo#4 {3 bo 4.75 mm 0.08 fo 0167 k)
a rAtOry =S DroceTies
(ASTM D2487], F perormed. CRAVEL
Fine #4103 tn.E-L?E-!n 15 mn; 0187 fo 0.75 in.)
SAW INORGAMIC S0IL CONSTITUENT DEFIMITIONS Coarse | 34103 in. {1910 78 mm)
FE-GRAMED BOILE COARIE-GRAINBD
COMBTITUENT" | *scons e mors Snsay _h:?-g‘m, COBBLES |3 1o 12 In. (76 ko 305 mm)
i, Lean Clay, BOULDERS |= 12 . (305 mm)
IMBjOr EfasTic ST, or Sand or Gravel®
Faz Clay RELATIVE DENSITY | COMSISTENCY
'lﬂ'ﬂﬂl'm 0% OF MorE WAara than 17% COHERIOMLESS EDILE COMESIVE 308LE
¥ COgree- niel: TmE-EHJ'Eﬂ'
_mumﬁm“ =oedes major| o O O vety| iy of Clapey” M.SPT,  RELATIVE N, SPT.  RELATIVE
BLOWSFT. DENSITY BLOWSIFT, CONSISTENCY
15% 10 30% 5% 10 129% .
coarse-grained: fine-grained: =4 Very Dose =2 Very saft
Milnar with Sand or with ST of 4-10 Loose -4 St
FORDWE | whhGravel' | wihillay 10-20 Medium dense 4-B ledium s
i 3% or mare {oial 30-50° Dense B-15 Sar
coarse-gramed and|  15% ormore al 3 = 50 wery dense 45-30 Wery =57
grained consmuent constituent: =30 Flard
|5 15% OF MOre: Wit Sand ar
with Sand of wiih Graver WELL AND BACKFILL SYMBOLS
with Gravel TET|  Berforite Surface Cement
1 peroeniages are oy welght of folai specimen pessing a 3Hnoh seve. e Cement Grout fraird  Seal
“The order of terres e Foaeimg Ligor Wit Liisor f -
nist based om e, i
— nec based on atich consitusnt comprises & larger perceniape. '/J"‘ﬁ Beranite Grou: - Asphalt ar Cap
chever is the esser consffuent. ! Herforita Chi e T h
Oy Absence of maisture, disty, dry L Hon peyion ey Cosy
s e tauch |I| Vibrating Wirs
Maist  Damp but no visibie water Perforaed or Flezomesar
2 Sereened Casing
Wet  \isibie freewaier, from balow .
waler bk PERCENTAGES TERMS *
Trace = 5%
Few S0 10%
STANDARD PENETRATION TEST {5
SPECIFICATIONS = Line o Z
Hamimer pounids with 3 30-inch free fall oo ot
' Hi?rmﬁ-tﬂm-lrm-dlam cafiead Moty 50 to 100%
4 rope fumns, = 100 e i
Gravei, sand, and Tnes estmaies by mass. Cther conssiuenis, such &5
Sampier. 10 ta 30 Inches EQaniTS, conbées, and bouders, esfmeied by wolme.
Snoe 1.0. = 1.375 iiches
Bamed 1 0. = 1.5 Inches ‘Repricted, with permizsion, from ASTM D252 - 050 Standand Praciice for
Bamel .0, = 2 [nches Description and idergfication of Solls (Visusl-Atanes] Procssure), oopyright
e M5TH Intemational, 100 Bam Harbor Drive, West Conshohnoken, FA 15828
MAVElue  Sum biow counts for second and third EEENY B I STl SN, Wy Mt o A e,

WAL BETTL 0N

EHRC InCremenss.
fRedusal; 50 bioes for 6 inches or
fessr 10 blows for O Inches.

NOTE: Penefrafion resistances [N-valies] showm on
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UNIFIED S0iL CLASSIFFCATION 5YSTEM [LISCS)
iModified From USACE Tech Memo 3-357, ASTM 02487, and ASTM D2488)
MASDR DWVISHOHE TYPICGAL MENTIRHCATIONS
e -Carmher] oot Vel -Eradied
Srarael with Sand
Poory Graded Gravel; Poorly Graced
Grayes
Sraye with Band
fmoe tha B0
of coarse
A e Sty Gravel; Sity Gravel wih Sand
CZOARBGE- Clapey Cravel, Clayey Gravel with
SRASMED Sanad
20iL3 Y
i pe aw s \Wei-Graded Sand; Wiei-Graded Sand
200 Dheve) Band Wi B
sy iy 8%
fin=x ‘Poorly Graded Sand; Foary Sraded
Eanos ar S it Grave
(0% or more of
Coarme SEoinn
Dasses the Mo, 4 =17 Bty Band; Sity Sand with Grams
shaymi =
imore than 129 -
pnes) EC Clay=y Band: Clayey Sand with Smwel
ML Sit; 5t with Band or Grave!; Sandy of
Grreety SR
InGrganic r
Edls anc Clays
Lesm Clay; Lean Clay wih Band
ke (il dexs e Grael !.::r Cig.lslyLﬂmgh:l
than EOF
1117 Cepanic Bl or Clay; Crganic Skt or
FIRE-GRAINED '
e prowodl | o il S o G e
(50 Gl'rr:l?rh 4l
pEsTEL
H Eiaslc it Elaclic Sht with Sand or
200 iewe) Il 'l Greve: Sandy or Gravely Eastc SH
reey Ciars Inorpanic
anc -
| Fat . Falb wiin Sand or Greree
qui v 50 or LH 7 mﬁhﬁmm .
manel e
HTAHT | Orpanic 88 or Clay, Organic Skt or
a kc oM with Sand or Graeet
e G ety Grgeni S o Gy
HIGHLY- Pricearty crganic maker, davk 2 _L:._, Peat o other Flghty organic soils [se=
4 Color, and arganic odor A ASTM D44IT)
o b iy
Flaced by hesmans, body eng e enesd TEe FE = {5 Cormbdred
FaL ped nonenginesred. May inchsde Wi the =of Ihat best
various 5ol mat=rak snd debris represenis the obseroed materal

MOTE: M0, 4 skt = 275 mim = 0L1E7 I, Moo 200 £z = 0075 mim = 0003 In.

MOTED

1. Dl 3ymbods (symbols separadsd by @ Ayohen, L=, SP-5if, Sang
Wity SIY are used for solls wilh betweer 5% and 13% fines or when
the= Bquid m® and plasticty mder values plol In the SU-G0 ares of
the pt=aScEy chart.

2. Bordedine symbols. [Spmbo's sepamfed by @ sash, Le, CURL,
Lean Chy do BR; SP-SAVTSH, Sand wilh Sif fo 28y Sandj Indcate
that the ok properti=s ame clos= fo e definkng bouncary Debaeen
b Qnoaprs.

3. The sof graphics above represent e varous U3 CE idepdScations
L=, 2° B4 =ic | ard may be aegemenbed il sdd Hionsl
symboiogy io represent d¥s=rences within WFECE designations.
Sandy S L), for exampie, may be accom panied by the T soll
geaphic wikh =snd graies added. Mon-USCE mei=rials may be
represendsd by olher graphic symbols; s== log Tor descripticns.
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GRADATION TERMS

ACRONYMS AND ABBREVIATIONS

Poory Graded  Mamow range of grain slzes presant
or, wrmmma:angem rain sizes ATD Al Time of Driling
b BET, ONE Or Mare B Emm approw.  Appromimate/Approsimabely
_ﬁs'r?.qﬁm Diam. Diamessr
Wel-Grades ﬁsmgaa:ummmmnm Eiev.  Elevabion
STM D24E7, I tested. :
= Fel  Iron Codde
CEMENTATION TERMS gal.  Gallons
Weak  Crumbies or breais with nandiing or Horlz.  Horizoetad
slght finger pressure
Modesale  Crumbles or Dreais with conslderabie FEUY: o EReen ey
finger pregsLre L0 Inslde Diameter
Strong wﬁmtmmmummmmw N Inches
PreseUrE bs. Pounds
PLASTICITY' MgD  Magnesium Ouide
PLASITICTY] MO Manganese Owide
SOEX NA ot Applicable or Not Avalable
o Ty NP MNaonpiasic
Nonplastc A 1/5-n. wean carmot be roled %
at any waber condent. 0.0, Dutside Diamsier
Lo A thraad can b= robied and 410 10% oW Obsesvation Well
alump cannal be wnen | i
drier than the plastic limit pef P
Medlum hn‘maiu!beaarmmilaﬂrmm 1010 PO Photo-lonization Desectar
plastic (imit. The thread cannot be 1:;'&: il
rerofed afler reaching the plastic inth vl
Emit. A lump crumbies whan drier psl  Pounds per Square inch
1han the piastic mit P Chiaride
Hign it take considerable ome roil m e
and kneading to reach the c =20% pan per
Emit. A thread can be : SPT  Standard Pensiration Test
several tmes afler reaching the USCS  Un@ed Sofl Classificafion System
Lo g Lol e Uncoriined Compressive Strength
without crmbiing when et
drier than the piastic im VWP Viorating Wire Piezometes
Verl.  Vertical
ADDITIONAL TERMS
- WOH  Weight of Hammer
Molted  Imeguar paiches of diferent colors. WOR  Welght of Rods
Bioturbated  Soll disturbance or mixng by planis or Wi \Weignt
arimals. -
8 |
Diamict  Monsorted sediment. sand and gravel ETRIN- TURE- TESo
in &ift andior ciay matrte; intesbedced  Aemating of varying maierial or coior
_ -.ntu:;a-,m 1;4 -inch ihick; singuiar; bed.
Cuttngs  Material beought to surface by aniing. Laminated -.mzI ing material or color
- E&EEEM nch thick; singuiar
Sough  Materlal thiat caved som sides of
Ibaonencle. Fesuraed Eeahaimgdenmephmmﬁaﬂummm
Ritle resissance.
Sheared  Disturbed texture, mix of : Shckensiged  Fraciure planes r pofished or ;
EII-'-E'I'Ig:II'I:E.I H m:eapcﬂ JiOsEY;
PARTICLE ANGULARITY AND SHAPE TERMS Blocky (Cohecslve sofl thal can be broken down into
Anguiar  Sharp edges and unpolished planar walmlmmmzmmm
e Lensed hmmmmﬂmm
Subanguiar  Similar i anguiar, but with roundled gﬂﬂﬁu‘ﬂfyﬁﬂﬁﬂfﬂﬂm
e Homogeneous  Same colior and appearance Hnoughioul

Subrounded  Mearly planar sides with wes-rounded
Edges.

Rounted  Smooily curved sides wiih no sdoss.,
Fiat  Widinshickness ratic > 3,

Sltka Sesge Tidal Wetiand Restoraton
Tllamook Cownty, Oregon

Elongated  Lengihvwidih ratio > 3.
'Reprinted, with permission, from ASTM 02433 - 093 Standan Practice for

Description and [dengncason of Solis [Vsusi-Manual Frocedune). copyight ASTM
intermations, 100 Barr Harbor Drive, West Conshobocken, PA 19428, A copy of
e compiete siancard may be obisinec from ASTRS Intermationsl, W st org.
"Adapies, Wi permizsion, from ASTM D2428 - 05 Slandard Fracice for

Description and [dengfication of Solis [Vsusi-Manual Frocedune). Copyright ASTM
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BASED ON INTERNATIOMAL SOCIETY FOR ROCK MECHANICS (IBRM) ROCK CLASSIFICATION METHOD 5.

EETHMEMTARY ROCHKE LBEAMIAL COMPREESNME
- RALE] DESCSIFTION FIELDH EDENTIFICATECRN ETREMOTH
sl shuches TFaf [=d]
Eﬂ"mm Rl | Extremehy Wesk Fock | ndented by thumteal 03581 o e
-’_'““h' : R et —
mi.ml ety i | VeryweskRock | ""’Hlm'“: “‘;t ook 1o 145 o T00
il S E— m' - 'r:'-a:l"um i i i
T o A2 Weak Sock incendabions made by frm biow eh pont of geningicas | 54025 70010 3,500
FOLEATED - Fanalsd = | ey 5 i
amangemend o dsirbulon of Tt b scmped of pesied By & pocks! Snife,
minzmals A | MedumSiong Rock | specimen cam e frachoed wits singe Sm bioe of sy | 3ED08T 300
BCHISTOEE - Fraliel . gl T . 1
m‘ﬂld’;ﬂlﬁ Rt 2t ook E:lu:lm::mﬂu;mlmmhﬂurml S0ic 100 | 7.20040 34500
. _" ; I: : Tt el ek : i
minera Info bands RS | ery Stong Rock f”l """If““’m“““mm 100250 | 14,5000 5,250
CLEANAEE - Tendercy o 2 L SELREST, = = 2 L
-liugmm RS |Ewremety Stong Roce Bp-u:lmmmmﬂ chipped pepingical - 226250

m

rhh-ﬂum#mﬂﬂ-# m&mmwm

Bt 1R AR T v 552k L] b e ] mecbon (HrRagaind by w bl Fro ks Sesskond

m-mmuum

S| BCAE NTERUEDFTE BOALE| Hignty Wesier=d | e iy pressas
g tewied e

Ermanin Limciiaisg F o

Srenersized Parar Reakcua S0

Mrﬂ_‘hmﬂdﬂw-ﬂ Thi Srig i s I wii wrgely iSas

Al oy el s comaiind e ael. T mam suciune ard mamiel Sl G deslicyes Thes B e
Eige SRangs in viiune, Bel e aci kel ol Do Sigsfcaniy e iied

b T it

JOINT GIT) - th'tﬂ-llﬂlrnm
mmmumm:&n-m”urm

mmqmuwmmn Joint or o not eddent ol
waetiexi and dried; breaks siong esisting surisce

mmm-murmmmummm:u

BEODING FLANE SEFSRATION or FARTING - & separalion song bedding sfer
exiraction Som sirees peie oF saking

FRACTURE £0OME (FZ) - Piarar zone of brokes rock sifhoud pouge

MECHAMICA. BRESK {ME |- Breaics. fue o driing or Fancing. daling break {05,
haemmeer bressk (HED

SHEAR {8H) - Susiace of differeniial movement evident by presence of sickermsides,
Shintiors, or polsiEng

SHEAR TOME (52~ Tone of gouge and mock fragrments boonded by piansr shesr

FALLTFT) - Shedar mee of significant extent dffenerieton Do shear pone mey be
Sie-sperific

STRATEIRAPHIC EPACING CRBCONTIMLITY
Eufremealy Thick > V@ [=Em} Exframety Wide
ey Thick ElDE FoEm ‘ary Wide
Thick IeoE M e 2 m) Wikie
feiom Bio 24, L2 Ao OB ) Pobocd e abe
Thin 25 o B . 46000 200 mm) Cipse
\ery Thin 1 ko 2.5 In. (20 b &0 e ey Clome
L ymireslec: Thickly| 035 fo | In (6 o Xmm) | Exiemely Cliose
Lamsnafed: Thinkg 02 o o 25 mmd Extramsiy Ciose

" Refers fo aprarent spacing aliong oore axds unless messoned
crihogona bn disconteulty; shousd Than report for sach 5=
o Mabiirkid Beimd U T, o, DA, Powll Craciiesuilss med Mg S
Ll fabonls S et 6 et ekod fme KA P (e

Sitka Sedge Twdal Wetland Restoration
Tilamook County, Oregon

May 2025

ROCK CLASSIFICATION

AND LOG KEY

112880

SWSHANNON 5WILSON

FiG. B2




g

M Sy Haole Dlam..

Moring: -~ 801 BRFR Drling Method:

RS

Tolal Depi:

A

Ol Rig Equipmenst: o poi o Hammer Type:  Aadomaiic

Eassting: - THI00EN  Ddling Company- ecmmorgies  Aod Teps:

MAVDED ‘ShaTon:
Horlz. Dalum: _ ORE3WFE Oftsel

=151

Tap Ekevalion:
Verl. Dakum:

mm-ﬂ

Diher Commesnis:

d Hammer Wt & Dropc 140 {03 30 fnches

b

IR D

et e

===

e et

o |PEMETRATION REBISTANCE, N  melcwnfy|
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e vk e deacw raprasast B aporoaimale Aol

s 524 frpas, sl e Fenabons ey b edon’

Gravel Pavement

Graded Sand with SAT {SP-SM); wet; frace fo
faw, fine to coanse, subangular gravel; fine io
medium sand; low plasiicly ines; micacecus

Viery f00BE b IonsE, (gt Drown, Foorly
slight Iron axlde staining.

EMBANKMENT FILL

Viery sofl, Gark gray, Sity Sand (SMJ; wet ine
to coarse sand; low plasticRy fines; irace
organics; shall fragments; micaceous.

Loose bo very gense, gray, Poany Graded
Sand with S (EP-SM]; wet; race fine,

subrounded gravel; fine i medlum sand;
ronplastic fNEE; MICACEOUE.

FLUVIAL AMD ESTUARIAN DEPOSTS

¥
&

foei e = oy

& % Finas {<0.07Smm)
& % Winar Comtent
Flowtic Limt |——— Liguid Limit

40
E] mmcewary %)

DOMTRAED HEXT BHERT
Sarnpda ok R cresind
T Swiderd Pensiration Tesl
IT 300 Shly Tuba
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Sitka Sedge Tidal Weband Resioration
Tillamook County, Cragon

LOG OF BORING B-1

1123380

FIG. B3

Janary 2026

St 1283

SHISHANNON 8WILSON

BUTES
1. Rafar o BEY for sspianalion of symbol, 0odel, abbeintions, and delinlion.

I Groindsaer kvid, ! isdizabed shovs, i for e debn specTod @ iy vary.
3. Croug bl is bassd on vieupl-mamisl Hesilficaion ond seiected b iesling
4. Ths bk iseathon ard sbiraaion should s oo iieied Soprmimal

REV 3




The=— B 2]
Bl |4 = == ! | drt
T === = u N AL
ik |15 B = iR
: m Em g == e adl |BE m m
2B A ESE L = e——— L 5 O
HE - === == =N
D4 u% a== e s === a===4§ ; - §
¥ 'pdag i & m
|- L
v pLCuE
m sepdueg F

Eassting: - THI00EN  Ddling Company- ecmmorgies  Aod Teps:

Diher Commesnis:

: a5 8 - S L

: T 2 s

© _JrrJ | — 1

JEA R e 8g8 af .

L ,mw By 8 518 3NpE, B iiny

By m.mm o m_m amm_..m.m. E -mwm.m m _mME

m m= m MM “m.m g g mw:mmm fﬁmm
HSiHf Manﬁﬁmm ¢ oEgset w g5 a0,

I R I

EREHIFH R FE e mmm,mm : 88 55 ¢

o33l SoEpsdef|Eeg £ 3 3w BB
a0 Eeb ] 4
iy A mmwmﬁrmmwmmmmm i

Sarnpda ok R cresind
T Swiderd Pensiration Tesl

IT 3" 00 Shaly Tuba

T L TR TG Rl YD T

BUTES
1. Rafar o BEY for sspianalion of symbol, 0odel, abbeintions, and delinlion.

I Groindsaer kvid, ! isdizabed shovs, i for e debn specTod @ iy vary.
3. Croug bl is bassd on vieupl-mamisl Hesilficaion ond seiected b iesling
4. Ths bk iseathon ard sbiraaion should s oo iieied Soprmimal

REV 3




g

Mg By Haolke Dlam::
Eassting: - THI00EN  Ddling Company- ecmmorgies  Aod Teps:

NAVDEY  Staton:

Moring: -~ 801 BRFR Drling Method:
Horlz. Dalum: _ ORE3WFE Oftsel

RS

Tolal Depi:

A

Ol Rig Equipmenst: o poi o Hammer Type:  Aadomaiic

=151

Tap Ekevalion:
Verl. Dakum:

mm-ﬂ

Diher Commesnis:

it

40

d Hammer Wt & Dropc 140 {03 30 fnches

= SR
= e e e e e e e e e e e e —
- mmme sk ] ... [T I p——— [ RSP [ R, A ————— [ —

===
.

EETH I

e et

SR P S——

AR Rl o e e e o
— s o ———
NN — — NN [N SIS E— —— | N—

i

- - e

[

[ S

===

B

B

o |PEMETRATION REBISTANCE, N  melcwnfy|

:

i

[ | -l
[
T

=T
-
=

-
-~
\

S0 DESCRIPTION
Fadr iy Wi report dee for & propes snchantiaing of e
Bl el aod onng meliody.  The smificadion
Eantridn S04 by, and! e e tions ooy b redus’

e R BeT e SODTEIAAT Ml SR ETIIS Do

Continued:
Medium dense to very dense, brown o gray,

"

wel;

trace to few, fine o coarse, subangudar ko
subrosnded gravel; fine b0 med|sm sand

nonplastic Tines, micaceous.

Poarly Graded Sand wih Sit (SP-SM)

Grave! Interbeds infemed from drilng 2ciian.
FLVIAL AMD ESTWARIAN DEPOETS

wel;

fine ta madium sand; low plasticity Tnes;

FRE PR PaE VRl PRl PRl il Pl Pk Pl Pl Pl PRl PRk PRl PRl Pt Pl PR Rt e (B - . 1

Medium dense fo dense, gray to gray-brown,

Poary Graded Sand wih St (SP-SM)

stratifled with interbeds of SMy Sand [SA);

micacenus.

Completed: March 31, 2025
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S0 DESCRIPTION
Fadr iy Wi report dee for & propes snchantiaing of e
Bl el aod onng meliody.  The smificadion

s 524 frpas, sl e Fenabons ey b edon’

Gravel Pavement

e R BeT e SODTEIAAT Ml SR ETIIS Do

pociels af Skt
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Viery loose b0 Ioose, brown, Poony Graded
Sang with St {SP-EM); wet, fine o medium;

low piasicity fines; micaceous
Sand ().

EMBIANKMENT FILL

wed: fine io

medium; nonplastc fines; micaceous.

Siity Sand {Sh)

Weny boose, gray

Very loose o koose, gray. SMy Sand (SM)
wet; fine sand; nonplastic ines; micaceous.

Medium dense o very dense, gray, Poony..

Graded Sand with St {SP-SH); wat; irace fo
faw, Nne to coarse, sUbangular o subrounded
gravel; fine to medium sand. nonplastic fines;.

Etratified with interbeds of Paonly Graged
Gravel with ST and Sand (EP-E;

micacens.

FLUVIAL AMD ESTUARIAN DEPOSITS

Bl TR o

.

o
3

L005E, gray 10 Drown, Siy Sand (SAT); ek

faw i IEte, fine fo coarse, subanguiar to
subraumnded gravel; fine to medism sand.
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Verl. Dakum: FRAVDOD ‘Shafce = Ol Rig Equipmenst: o poi o Hammer Type:  Aadomaiic
Horlz. Dalum:  ORE3-MNFE ofiset = Diher Commesnis: Hammer Eficiency = 355

S0 DESCRIPTION
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C.1 INTRODUCTION

Soil samples obtained during the field explorations were described and identified in the
field in general accordance with the Standard Practice for Description and Identification of
Soils (Visual-Manual Procedure), ASTM D2488. The samples were reviewed in the Shannon
& Wilson laboratory. The physical characteristics of the samples were noted, and the field
descriptions and identifications were modified where necessary m accordance with the
terminclogy presented in Appendix B, Figures Bl and B2, Select samples were chosen for
various laboratory tests. We refined our visual-mamnal soil descriptions and identifications
based on the results of the laboratory tests, using elements of the Standard Practice for
Classification of Soils for Engineering Purposes (Unified Soil Classification System), ASTM
D2487. The refined descriptions and identifications were then incorporated into the Logs of
Borings, presented in Appendix B. Note that ASTM D487 was not followed in full because
it requires that a suite of tests be performed to fully dassify a single sample.

The mnitial soil testing program for bridge and culvert design incdluded natural moisture
content, Atterberg Limits, particle size analyses, and corrosivity testing. In addition to the
laboratory testing performed for the bridges and culwert, laboratory testing was performed
on select samples remaining in storage for the dike setback design, incdnding particle size
analyses and consolidation testing. Laboratory testing was performed by Shannen & Wilson
in our in-house laboratones in Lake Oswego, Oregon, and Seattle, Washington, and Cooper
Testing Laboratory of Palo Alte, Califorma All test procedures were performed m
accordance with applicable ASTM International standards.

Analytical testing was performed on a composite sample of investipation-derived waste
from the upper 10 feet of the borings for disposal. Analytical testing was performed by Pace
Analytical National (Pace) of Mount Juliet, Tennessee, in accordance with applicable
Environmental Protection Agency (EPA) standards. The results of this testing are not
inchaded in the report.

C.2 SOIL TESTING

C.2.1 Mosture (Natural Water) Content

MNatural meisture content determinations were performed in accordance with ASTM D2216
on selected soil samples. The natural moisture content is a measare of the amount of
moisture i the soil at the tme of exploration. It is defined as the ratio of the weight of

A pnl 2026
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water to the dry weight of the soil, expressed as a percentage. The results of moisture
content determinations are presented on the Logs of Borings in Appendix B.

C.22 Atterberg Limifs

Atterberg Limits were determined for select samples in accordance with ASTM D4318. This
analysis yields index parameters of the soil that are useful m soil identification, as well as
a number of analyses, including Bquefaction analysis. An Atterberg Limits test determines
a soil's liquid mat (LL) and plastic imit (PL). These are the maxdmum and minimum
moistore contents at which the soil exhibits plastic behavior. A soil's plasticity index (FI)
can be determined by subtracting PL from LL. The LL, FL, and P1 of the tested samples are
presented i Figure C1, Atterberg Limits Results. The results of the Atterberg Limits tests
are also presented in the Logs of Borings in Appendix B. For the purposes of soil
description, Shannon & Wilson uses the term nonplastic to refer to soils with a FI less than
4, Iow plasticty for scils with a PI range of 4 to 10, medium plasticty for soils with a FI
range of 10 to 20, and high plasticity for soils with a PI greater than 20. Oven-dried Liquid
limits were performed on samples B-3 5-2 at 5.0 feet, and B-7 5-3 at 7.5 feet.

C.2.3 Paricle-Size Analysis

Particle-size analyses were conducted on select samples to determine their grain-size
distributions. Sieve analyses were conducted in accordance with ASTM D6313 and sieve
with hydrometer analyses were conducted in accordance with ASTM D422 A wet sieve
analysis was performed to determine the percentage {by weight) of each sample passing the
No. 200 (0.075 mm) sieve. The material retaimed on the No. 200 sieve was shaken through a
series of sieves to determine the distribution of the plus No. 200 fraction (ASTM D&513).
Several particie-size analyses mcluded hydrometer analysis by ASTM D422 which yields
the grain-size distribution of the sample fraction finer than the No. 200 sieve. For some
analyses, only the percent passing the MNo. 200 sieve was defermined (ASTM D1140). Results
of the particle-size analyses performed for bridges and culvert design are presented in
Figure C2. Results of the additional particle-size analyses that were performed for dike
setback design are presented in Figure (3. The percentage of each sample passing the No.
200 sieve is presented on the Logs of Borngs in Appendix B.

C.2 4 Consolidation Tesfing

One-dimensional consolidation tests were performed for dike sefback design on selected

samples in accordance with ASTM D2435. Consolidation tests measure the volume change
and rate of vobhame change of soil samples under predetermined loads. Each spedmen was
tmmmed and fit into the testing apparatus. Vertical {normal) loads were applied while the
sample was immdated with water. The specimen was then permitted to consolidate under

A pnl 2026
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the applied normal loads, and the amounts of consolidation were measured at specified
time mtervals. We note that the consolidation test results should be used with caution, as
the tests were performed on samples that were in storage for a numbrer of months. The one-
dimensicnal consolidation test results are presented m Figures C4 and C5.

C.2.5 Comrosivity Tesfing

Cormosivity testing was performed on select specimens to evaluate the corrosivity potential
of the soil at the site. The corrosivity test suite incdluded redox potential, soil conduchivity
(resistivity), scluble chloride and sulfate concentration, sulfide tests, and soil pHL

A discussion of the comesivity results is inchaded in the main report text in Section 6.4.
Analvtical testing was performed by Cooper Testing Laboratory, and the resulis of the
corrosivity testing are attached to the end of this appendix.
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Blika Sadge Tidal Wakland Restorafion CONSOUIDATION CURVES
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Appendix D

Seepage and Slope Stability Analysis

Figures

Figure D1:
Figure DX
Figure Dd:
Figure Dd:
Figure Dix
Figure Dhé:
Figure ¥7:
Figure DE:

Figure DA

Figure DI
Figure DI11:

Figure D12
Figure D13
Figure D14:
Figure D15
Figure D1é&:
Figure D17

Figure DI&:

Figure D19:

Figure D2

Figure [¥1:

Figure XXk

Stability Analysis, End of Construction, Landside

Stability Analysis, End of Construction, Waterside

Stability Analysia, Rapid Drawdown

Stability Anabysis, Rapid Drawdown with Geogrid

Sespage Analysis, Steady-State

Stability Analysia, Steady Seepage .

Stability Analysia, Steady Seepage with {_'._‘_:;_hgnd

Stability Analysis {Sensitivity), End uf:Eu-rlec‘rl:rn Landside with Marsh
Deposits

Stability Anabysis {Sensitivi rjr},.,ﬂnd of l:pn5hu-|:'hl.'u‘| Waterside with Marsh
Deposits

Stability Analysis (Sensitivity), Rapid Drawdown, Marsh Deposits
Stability Analysia -[.Ei-limﬂ;ﬂ.ﬂl‘!ﬁl’r R.aj:m:l ‘Drawdown with Geogrid, Marsh
Dreposits

Seepage Analykis (a.pmn ']., Steady-Gtate, Marsh Deposits

Stability Analysis {5&!1511'“-1 Steady Seepage, Marsh Deposits

Stability W{ﬁmmﬁh ty), Steady Seepage with Geogrid, Marsh Deposits
S#EE ﬁmlyﬁ‘[ﬁermuﬂt_f}, Transient King Tides, Marsh Deposits

ﬂepag,e An.akﬁlmﬂ {fnermluﬂt_lf}, Transient Smaller Tides, Marsh Deposits

EH;'EHEE Anaijms {Sensitivity), Transient Smaller Tides, Marsh Deposits,
Ground El-l;‘fa:e 5 ft
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Ground Surface 6 ft
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CGround Surface 7 ft

Seepage Analysis (Sensitivity), Transient Smaller Tides, Marsh Deposits,
Ground Surface 8 ft

Seepage Analysis (Sensitivity), Transient Smaller Tides, Marsh Deposits,
Ground Surface 9 ft

Seepage Analysis (Sensitivity), Transient Smaller Tides, Marsh Deposits,
Ground Surface 10 ft
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IMPORTANT INFORMATION ABOUT YOUR
GEOTECHNICAL/ENVIRONMENTAL REPORT

COMSULTING SERVICES ARE PERFCEMED FOR SPECIAC PURPOSES AND FOR SPECIAC CLIENTS.
Consultants prepare reports to meet the specific needs of spedfic individuoals. A report prepared for a dwil
enginser may notbe adequate for a conshrochion contractor or even another dwil engineer. Unless indicated

Mo ome other than you should apply this report for its intended purpose without first confernng with the
comultant. Mo party should apply this report for amy purposze other than that oo gnally contemplated without
first conferring with the consultant

THE CONSULTANT S REPORT 5 BASED O PROJECT-3PECIFIC FACTORS.

A geotechmcalfenwironmmental report is based on a subsurface exploration plan designed to consider 2 wmagque set
of project-specific factors. Depending on e project, these may include the peneral nature of the shuchare and
Pl:-l:lrlﬂ'-b_lr:i:lrn-h‘ud;i‘issiu :nd:mﬁgm.:ﬁm;i‘hhhbmicﬂmcmﬂpr:ﬂiﬂc;ﬁtlx:ﬁunniﬂts&u:h:mm&m
addlﬁmﬂnstmlhdhfsmp—nfminelmihhmimfmﬂdhrhchﬂﬂ- Tul:deid:nsﬂ'_rpr-ublms,:ﬂ.
the consultant to evabaate how any factors that dhange subsequent to the date of the report may affect the
recommendations. Unless your consaltant indicates otherwise, your report should not be ased (1) when the
mhmnfﬂtPrnpns:&Frq'edischmgud{iuru:mPk,Emaﬁm'&mﬁ]..ﬁ::gwﬂbcacrbdhmh:dnfaruﬂ:h:g
gange,urii:rc&igﬂ:l:dw:rdmueurﬂlbehuﬂﬁmslﬂﬂn-imumﬁig:ﬂhdme,ntﬂumiﬂhmdismvmd
on or near the site); (2) when the size, elevation, or confipuration of the proposed project is altered; (3) when the
location or orientation of the proposed project is modified: (1] when Beere is a change of ownership; or (5] for
application to an adjacent site. Consulianis canniot accept responsibility for problems that may coour if Beey aze
not commultted affter factors that were considered in the development of the report have changed

SUBSURFACE COMDITIOMS CAN CHANGEE

Subsurface condifions may be affected as a resalt of natural processes or homan activity. Becanss a
geobechnicalfenrirorumental report is based on conditions that exacbed at the ime of subsurface explozation,
comstruchion decisions should mot be bazed on 2 report whose adequacy may have been affeched by me. Ask the
comsuliznt o advise if addibional fests are desirabl= b:t'mmmhurlimrhrls;fnrenmrlk,gt-mndwﬂﬂ:
condifions commondy vary seascnally.

Constrochon operations at or adfacent o the sfe and natoral events sudch as Hoods, earthquakes, or groundwrater
Huochuabions may also affect subsurface condifions and, thos, the confmoing adequacy of a
gcnhch:\imﬂmﬁ:mmmhlmpoﬂ. Thmm]hntﬂm:ldbehpt :P?nsudnim}'ﬂ.ﬂmermbnbdshmlﬂhe
comsulbed to determine if addifional tests are necessary.

MOSET RECOMMENDATIONS ARE PROFESSEDMAL JUDNGMEMNTS.

Site exploration and testing idendifies achual surface and submrface condifioms only at Euose points where
samples are aken. The data were extrapolated by your consultant, who then applied udgment to render an
opmzon about owerall subsurface condifions. The achual mberface between materials may be far more gradoal oo
abrupk than your report indicates. Al condifions in areas not zampled may differ from those predicted in
F‘mI.I:I:IEF-D:I'-L “Hemﬁhgmk&mhmﬂm&dﬂﬁm,ymmﬂymrﬂnﬂmmmtugfﬂﬂh
hielp reduce their impacts. Fetaiming your consultant to observe subsurface consbruchion operabions can be
partioalarty beneficial in this respect.

11880 Poge1of2 & pril 2028



Envirpnmental Scienoe Associates
Humiter White

A REPORT'S COMCLUSIONS ARE PRELIMIMARY

'E'u:cu-nﬂusim:.mrlh:i:ntdhymucmmﬁ:ﬂ'ﬂrcpﬂﬂmpreﬁmﬁuy,hﬂc;mihqmﬂhﬂhm&mﬂm

assumphion that condifions revealed thoough selechive exploratory sampling are mdicative of acdhal condibons
throughout a sife. Actual subsurface conditions can be discerned only during earthwork; therefore, you should
retaim your consuliant bo obzerve acthual condibions and bo provide conclusions. Omnly the consultant who

prepared the report is fully familiar with fhe background nformation needed to determine whether or not the
teport’s recomumendations based on those concusions are valid and whether or not e contrachor iz abidmg by
liahility for the adequacy of the report’s recommendations if anobher party is retained to obserse consmcbion

THE COMNIULTANT'S REPORT IS SLBIECT TO MISINTERPRETATICHM.

Ensl'IFF:r-u-'hlms anﬁmurﬂbmuﬂ:trdmppmiﬂﬂmh drrdﬂpﬂ:titplauh:scd nnm.'i_-:irll::l.-l:lrd::l:i.mn-f.:
g:n'hduﬁ.ca]imﬁ:-mmmhlupuﬂ. Tn-th awodd ﬂ:E.erhlems, fhe comsultant should be retained to work
BORIMG LOGE ANDSOR MONTORIMG WELL DATA SHOULD MNOT BE SEFARATED FROM THE
REPORT.

Final boring logs developed by the consultant are based wpon interpretation of feld logs (assembled by site
Pﬂsml],ﬁddhcb:ﬁnlﬁ,m&l:huﬂhry:ndfﬂruﬁu evaluahon of Geld 5.I:u:||:lh5;|.1:||.|:'|. daka. D11.I'_rEr|.:1'I:H:||:Lt'|:g

any crcumstances, be redrawn for inclusion in archatectural or other design dramrngs, because drafters may
commmit errors or omissions in the ransfer process.
Tnﬂuhﬂdﬁﬂdhﬂghgmmm&ﬁgwﬂmﬁnﬁprﬁﬁmcmmmﬂdhgmmﬂ?
ancﬂsisPrnﬂidcdﬂnlytuEu:epﬁpmpmdfmym,fmﬂmuld:dﬁsﬂcmhm&h:q:mfsﬁmihﬁm
umghﬂimhrmsmtmnfﬂu@ﬂzpmfmw}m&tmﬂmwmmﬁﬂ
developing constrochon cost estimates was not one of the specific purposes for which it was prepared. While a
mﬁrhrm:rg:hﬂpuﬂlhmhdg:hﬂm;r@uﬂprqmdhrmpﬂf,&zmhmw
discuss the report with your consultant and perform the additional or alternative work believed necessary o
impression that simply disclaiming responsibility for the acouracy of ;ubsarface information always insulates
construction problems and the adversarial atbhbodes that aggravate them to a disproporfionate scale.

READ RESPCMSIBILITY CLAUSES CLOSELY.
Because geotechnical/environmental enpinesring is based extensively on judgment and opindon, it is far less exact
thamn other desipn discpiines. This situation has resulied in wholly uowamanted claims being lodged against
consulianis. T|:|'I'|-|-_'I.1:| Pnerml'th:i_':PrnElr.m, consuttant=s hawe d-rvdnpn:l.:.mhﬂ of clanses for use In their
-nm:l'l:r;l...-h,rcpnrls, mﬂnﬂiﬂdmmmh-ﬁﬂcsﬂpmﬂu]ﬂydmﬁmmim@ﬂmy%dd@rﬂh
transfer the consultant’s liaklibes to other parties; rather, they are defimibve dauses that id=nibify where the
consuliant’s responsibilibies begimn and end. Their use helps all parhes mvolved recognize thenr mdividual
rstm'.hiLi.l:ics.'l:nclt:kE :FPr-aPnl:l:l:.:l.ch.m Some of fhese dt&n.hudmsﬁmhkﬂy hq:Peuinym:::Pnrt,
and you are encouraged to read them closely. Your consultant will be pleazed to give foll and frank answers bo
Four g ons.

The preceding paagraphs are based on informaton provided by the Geoprofessional Business Assodation

ihttpefiwww.peoprofessional.orp)
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Appendix H.

Sitka Sedge Tidal Wetland
Restoration Hydraulic
Analysis Memorandum
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memorandum
daie Apnl 30, 2024
to Christer LeBrecgue — Tillamook Esmaries Parinership
froim Humter White, P'E. and Elizabeth Schale, PE.

subjact Sitka Sedge Tidal Wetland — Hydranlic Analysis Memorandam

1.0 Introduction and Overview

Crepon Parks and Beceation Depariment (0FPIY) is considening a seres of improvemsnts and modifications to
the mfrasimeciune at Sitka Sedge State Mafral Area (555NA) to resiore tidal hydmology, squatic organism
passage. and habitat conditions in the ares known as Beltz Marsh. In 2017-2019, OPED contracted with
consultanis to perform a range of site assessments, develop prelimimary restoration and mirastmociure
improvement alternatives, and condoct preliminary hydmologic analysis fo select a preliminary preferred
alternative mchiding 8 dike breach to reconnect Beliz Marsh to Sand Lake coupled with a setback dike mear the
soath end of Beltz Marsh to maintzin fioed protection for the adjacent commumity of Tiemra Diel Mar and
Sandlake Foad (PG, 2019). At the conclusion of the 2019 smdy. ESA and PGG recommended additonal site
assessment detniled hydmodynamic medeling, snd design analysis to advance the desipn concepts towarnd
mplementation

In 20322, TEP, in parmership with OFFD, coniracted ESA for the Sitks Sedge Tidal Wetland Bestoration
Alternatives Analysis and Preliminsry Desizn project. The coment project phase utilizes 20 hydrodynamic
modeling to perform 8 more detailed hydraulic analysis of the proposed design elements. a3 well 2= further
developing the details of concepmal desizn elements, to refine the preferred altemative and advance the prefermed
alternative to a preliminary 30%-level design

The purpose of this memorandom is to summarize the ydrelogic and hydraulic analyses conducted o support for
the 5itka Sedge Tidal Wetland project. Primary goals of the Sitka Sedge Tidal Wetland project are to:
# Peconnect Beliz Marsh to fidal and estuarine processes i the adjacent Sand Lake Extoary,

¢ Improve fish paszape conditions intp Beltz Marsh and the three creeks (Feneke Beltz, and Mo Mame East
Marsh) to address imnting faciors preventing recovery of ESA-Isted Oregon Coast cobo salmon and
benafit other native fish species,



Eitka Sedge Tidal WeSand — Hydrmulc Analsls. Mernorandum

e (Cause no negative mmpacts to neizhboning properties in Tiemra Diel Mar (TDA) and, to the extent feasible,
improve TDM s flood profection, stormwater manamement, and resilience to climate change and sea-level
mse,

o Mainisin or improve recreationgl access to the Sitks Sedpe State Matural Area trail network.

MhMiodeling was performed to evalnate in-depth design alternatives. The methodology for development of the
bydmologic and hydranlic medels is defailed within as well as analysis of model resulis and design aliematives.

At the cutset of the project phase, ESA worked with TEP and Envitonmental Protection Agency (EPA) to

develop a Modeling Cruality Assurance Flan (QAPF). ESA conducied the hydranlic modeling and analysis in
accordance with the QAPP. Minor deviations from the QAPP are described at the end of this memorandom

2.0 Existing Conditions

Site Overview and Topography

In 2014, OFFD scquired property north of Pacific City, inchiding and adjacent to portions of S5and Lake Esmary.
The property established as Sitka Sedge State Hatural Area (555MA) consisis of approximately 87 acres of
marsh including approxamately 42 acres of tdal marsh, sand, and mwdfiats and approxmately 12 scres of estuary
altered by the half-mile long Baliz Dike which muns esst/west across the property.) Tierra Del Mar {TDM) is a
residential commmumity located mmomedistely souwth of Beliz Marsh (Figure 1). Felative to smmounding areas, TDM
is flat, with elevations ransing from around 18 to 23 fest MAVDEE TDM ic tmangnlar in shape, narrowing to the
sguih  The project area 1s smmounded by the Pacific Ocean and sssociated foredune to the west, additonal
vegetated dunes and Beltz Marsh to the north, and forested bedrock hills to the ezst A marshy swale referred to
&s Mo Name Creek or “East Marsh™ ocours between TDD and the bedrock hills to the east (PGG, 2019

555NA inchades a parking lot and frailbesd located adjacent to Sandlake Foad mmedistely north of the Rencke
Creek area. The trailhead provides recrestonal access t0 8 network of hiking mails and beach access via the Bele
Drike Trail simated on top of the earthen leves that separates Beltz March from Sand Lake.

Prior o diking, Beltz Marsh was formerty a shallow embayment fully conmected to the Sand Tske Esmary via
tidal chemnels snd moodflate. Topopraphic medifications ncluding consooction of the Beltz dike ditching i the
marsh consimction of Sandlake Foad, quarmy actvites, and development of the Tiema Del Mar commmumity
comtinte to affect site lydrolesy (PG, 20197,

Figure 1 includes gn serial photo of the project ares identifying the key site features. Figure 3 depicts an
ammiotated site opography map derived fom OPED DEM (various dates). Eey site feamres inchide the Beltz
Drike, box culvert and tide gate, remmant fidal channel and ditch network, pomary beaver dam in the marsh
Sandlake Foad prisn, Tiemra Del Mar commmmity ditches east marsh complex, sand dunes fo the west of the
marsh Areas within the marsh having elevatdons below 5.0 ft WAVDEE remain imindated maost of the dme whils
areas with elevations above B0 ft WAVDEE are rarely mmdated The low pomt in Sandlake Fioad has an
elevation of approximately 11,6 fi WAVDER. Fesidential aress within Tierra Dhel Mar {TDM) heve ground
elevations ranging from 14.0 to 220 ft, or higher The TDM disch and culvert netwrork flows north and discharges
mmin the marsh shove the direct influence of the cde (PGG, 2019



Eitka Sedge Tidal WeSand — Hydrmulc Analsls. Mernorandum

FEMA Flood Insurance Fate Maps from the Tillamoeok Counry Flood Insurance Study show the 100-year
flopdplain elevation in Belz March and the Sandlake BdEast Marsh coszing of 11.8° MAVDES (Figure 4). This
floed elevation imondstes the low point in Sandlske Bd and the low-lying portions of tano private properties
within TDM. Fignre 5 pronides a summary reference of elevations of key site feamres and water levels in the
project area.

Surface Water Hydrology Characterization

Tides

Tides are the primary driver of surface water level flurmations in Beliz Marsh. Tidal flucteations in the Pacific
Oicean are ransmitted to the marsh via the challow Sand Lake Esmary and communicated through the existing
box culvert and tde gate. The tide zate has deteriorated over time and appears o be completely missing im 2023,
bat the undersized box cubvert restricts flow mto the marsh and mmtes the tidal sipns] resulting in 2 redwction in
peak tidal water lavels,

Pacific Ocean tides are influenced by both asoonomical {sun & moon) snd meteonological factors (stommes).
Storms and other large-scale atmospheric phenomenon, such a= El Nifio, tend to elevate the tides above prediced
levels durmp the winter season. These same storm events are also responsible for delivering heavy ram to the ares
that frequenily comesponds with high tide evenis. Measuremenis of orean tides n the immediate vicmity of Sand
Lake Esmoary are mot available. Long-term measurements at South Beach in Mewport, OF, and Gamibaldi, OF
{(within Tillamook Bay), provide representative ocean tides offishore of Sand Lake Estuary. As ocean tides enter
the S5and Lake Esmary they are affecied by the shallow nsture of the estoary, constantly changing sand bed forms
near the mounth of Sand Lake and a complex tidal chamnel network, resulting m & sifmation where waater levels m
the esmary near the Beltz Marsh never fully recede to match low tides in the adjacent ocean. Draily low tides are
severely muted and mever f3ll below elevation 5.3 & NAVDEE, while ocean tides regularly fall to 0.0 & NAVDEE
or lower.

Flucmations behind the dike in Beltz Marsh are primanily controlled by the interaction of tdes in Sand Lake with
the box culvert and dde gate, and secondarily by inflow from cyeeks and local drainages. Measurements show that
unvder exisiing conditons, the missing tide gate and wndersized box colvert allows a muted tdal flux to fll the
marzh on rising tdes. Water passec through the box culvert and water levels behind the dike rise more slowly and
lag behind those in Sand Lake due to the limited fow through the strucmre. Tides in Sand Lake peak and begin to
fall before the marsh completely fills and as water levels equbibrate on the ebb tide the fow reverses and water
slowly drains back into Sand Lake unti] the mininmom low water elevation of ~5.3 fi MAVDES is reached Im 3017
when the tide gate was stll partially imtact, high tide elevations behind the dike were approximately 1.9 foet lower
than Sand Lake as showm in Figare 6. In 2023, since the fide gate is completely missing, high tide water levels
behind the dike are approsimately 1.4 feet lower than Sand Lake and approximately 0.5 fest higher than m 23017,
as shown in Figure T.

In the absence of significant freshaater mpat, low tides behind the dike tend to be similsr to those in Sand Take
Tt are shightly elevated (a few inches) and of longer duration as the marsh slowly drains. Freshwater inputs from
cresks and local drainages that armve on 8 nsing fide aoommmlate within the marsh and conimbute to elevated
water levels behingd the dike. Following heavy rainfall events, it can take mmitiple ddsl cycles for accumulated
freshwater to e discharped through the existing box culvert. The leaky/missing tide gate is no longer fonctionsl
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thonzh the size of the box culvert ftcelf imits flux throngh the dike and thereby canses lower water levels than in
Sand Lake at hizh tide, and higher water levels than in Sand Lake at low tide and following intence rainfall
EVELTS.

Existing tidal flncmations in the south end of the marsh are forther impeded by the existing beaver dam that
impounds water in the ditches and wetlands near Sandlake Boad. Water levels remain relatively constant in time
at sbout elevation 8.0 fi WAVDHEE during the wet sezson :nd drop dowm to elevaton 7.0 ft during summer loar
flow period. The beaver dam is approximately 3.0 ft high based on obhservations by ESA staff in Febreary 2018.
Figure 8 depicis typical water level flurmations m the project vicmity during the summer (no rainfall}, and
Figure ® depicts rypical water level conditions in the winter during and after a storm event (PG, 2019).

Freshwater Inputs

Frequent and miense rainfall is common slong the Oregon coast, and in the vicnity of the project site. hean
ammmal ramdall is sbout 80 mches per year, with a 2-year peak 4-hour rainfall intensity of sbout 3 mches (IT5G5,
2018). Other rainfall reconds are available at Tillameok smd Cloverdale, OF. Periods of intense rainfall
correspond to both elevated water levels i Beltz Marsh and photoeraphs of fleoding provided by the T
commmmity from 2016-2017 (pers. com}. Given the size of Beliz Marzh direct rainfall in the marsh may
contribate mesningful surface water inflow durng hizh-mtensity storm events.

Beliz Creek (0.5 square mile drainage) and Bencke Cresk (0.0 square mile drainage) are the primary freshwater
sgrces that discharge intoe Belrz Marsh under existing conditions. Meither of the creeks hac been zaged and fewr
sireamflow measurements ate available to descrbe the response of the creek drainages to minfall events.

Therefore, the aurent umderstanding of creek hydrology relies on limited observations, comparisoms with neasby
gaped steams {Tuccs Creek)), and scaling to approximate discharge fom Beltz and Reneke Creseks (PGG, 20157,

Feneke Creek flows west toward Sandlske Fosd where it encounters 3 blocked colvert and then diveris
sonthwest along Sandlake Foad The creek then flows into a partially blocked 38-f long, 2-fi diameter, cuhvert
that passes beneath Sandlske Foad mio Beliz Marsh The colvert invert elevations are low enongzh to be subject o
fdal fuctuations in the marsh during extreme high tides sand ESA observed what appeared to be salmaonid fish in
the pool immediately dewnsiream of the colvert. Upon enfering the rparian ares west of Sandlake Foad, the
creek channe]l meanders througzh wetlands and then bifimcstes into multiple smalber braided channels that
separately diccharpe into the marsh Signs of erosion and road overtopping indicate that the exizting colvert is
undarsized and does not pass all creek flows beneath the moad. Historic photos and ground observations indicate
that Reneke Creek was formerly ronted through the blocked oulvert and then to the north alonz what is comently a
dry swale (PG, 2019

Beltz Creek armives af Sandlake Foad at a hizher elevation than Feneke Creek and passes boneath Sandiske Fuoad
through zm angled 80-f long, approximately 3-fi diameter, cobvert. The downstresm end of the colvert is perched
about 2.5 fi aborre the adjacent creek channel and well above the influence of the tide. The creek chanme] then
flows through the former rock guamy and splits mio at least two smaller channels before entenng the marsh and
disch network.

The primary dramape ditch from TDM (idenfified as the East Ditch or Sandlake Foad Diich) flows north through
a series of small colverts that parallel Sandlake Foad. The finsl culvert beneath Foma Ave consists of a 40-foot
lonz 11-inch diameter comugated smooth intenor wall HDPE pipe with an ooflet mvert elevation of 11.8 fi
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MNAVDEER, The dicch continues north and connects with other ditch netarorks apsiream of the existing beaver dam
within the marsh. Flows through the ditch along Sandlske Foad are limited by the capacity of the colverts and
condition of the ditch A secondary drainage swale within TDM (identified as the Morth Ditch in Figure 3) mns
parallel to the dune line and flows nertheast through TDM, including beneath roads and soucmres, before tuming
in a0 east-northesst direction north of Boms Ave,

Surface water ponding is 3 commmom problem in TDM as evidenced by photographs providad by property owners
b OFRD. ESA reviewed these photos and LiDAR. topography snd found that much of this ponding can be
attmbuted m part to topographic depresswons that lack positive dramape. Swch ponding hikely 15 exscerbated when
the s0il becomes samrated with gronndwater following beavy mins. Fignre 10 flustrates ESA"s concepal
understanding of frequently ponded areas based on a review of topographic depressions that commelate well with
site photographs following infense rainfall events Ponding depths may vary from a few mches to more than one
fioot, depending on local topographic condifions (PG, 2019). During the current project phase, TDM s drainage
system was analyzed in more detail fo identify specific defciencies and potential mprovrements, a5 described
Sectwon 5.2

Fmnally, dramsge from the East Marsh locsted on the east side of Sandlake Foad and acoss from TDM, flows
inio the south end of Beltz Marsh via a 2-fi dismeter colvert beneath Sandlake Foad The East Marsh watershed
is approximately 202 acres or (.37 square miles. Limited messurements in this marsh by OPED m 2018 indicate
that water levels in the mmediate vicmity of Sandlake Foad are conirolled by the backwater created by the
beaver dam in Beltz Marsh Ground levels and surface water levels in the East Marsh confimie to rise to the
soth, likely impounded by relic beaver dams and/or emergent vegetation. Obsarvations by ORPD in spring of
2018 mdicated water ponded appromimately 1 f above the ground surface thronghowt this marsh with desper
water closes to the Sandlake Foad calvert (PGG, 2019).

Gromndwater dizcharge and vpwelling likely also contrilbate surface water inputs to the march. partionlarly during
the wef season. However, PG indicated that proundwater discharge flows are likely guite small compared to
peak mnoff flows during extremes storm events (PG, 2019

Hydrologic Characterization Summary

# The Beliz dike tide gate no longer fonctions properly and allows water to flow into the marsh when water
lewels are higher in Sand Lake 50ll water levels at high tide are lower on the inside of the dike under
exicting conditions duwe to imited fiux sllowed in and oot of the exicting hox cubeart.

# The existing box colverttide gate is undersized to efficientty drain scoummulated frechwater within the
marsh following intense rainfall events and thos it cwrently takes multpls low tde cycles for water
lewels m Beltz Marsh to equilibrate with Sand Lake.

# The existing beaver dam af the south end of Beltz Marsh impounds water and creates a backwater area
that canses water to pond along both sides of Sandlake Foad and within the East WMarsh.

# Feneke Creek’s porthern culvert 5 complefely blocked by gravel, and the southern cohvert 15 undersized
for passing pesk seam flows. This constmiction moederates Renske Creek flows through the culvert at
moderate flows and causes overtopping of the roadway during pesk streamdlow events.



Eitka Sedge Tidal WeSand — Hydrmulc Analsls. Mernorandum

# The Beltz Cresk molvert is perched above the downstmeam channel and is well above the mfluence of the
tide.

# The upland drainsge network in TDD has linvited capability to drain TDAM following mtense rainfall
events due to a combinatvon of local topographic depressions with a lack of positive drainage, absence of
& drainaze network along residential roads, and himited capaaiy of the colveris along Sandlake Foad to
ransmit flows.

# The East Marsh is affected by the backwater of the beaver dam in Beltz Marsh and is subject to tidal
flucnations during exireme high tides and storm events. Ponded water has been observed in the East
Marsh wall above the mfloence of the backwater from Beliz Marsh

# Fignre 11 shows and describes the major bydrailic contrel features affecting surface water movement
mto, out of and within Beltz Marzh, inchiding the Beltz Thke, colvert and tide gate, and the main beaver
dam in the marsh’s interior.

# Figare 5 summanzes elevations of key site features and water levels

o  Gromdwater hydrolegy characterization and alternatives modeling are covered in detail m the Sotea
Sedge State Natural Area Hydrologic Analysiv Final Report (PGG, 2019) Groundwater modeling of a
dike breach scenario without 3 sethack dike predicied msignificant changes in shallow groundwater
elevations beneath TDAM during average condifions and slightly redwced sroundwater elevations durmg
large stomm events.

3.0 Hydrologic and Hydraulic Analysis

T evalnate the site’s existing condifion and mform and evalosie aliemative desien concepiz, ESA developed and
utilized a twro-dimensional (20 HEC-FAS hydranlic model. 20 bydramlic models use a depth-averaged approach
io represent flow patterns in the borizontal plane, producing maps of depth and velocity across the sioulated
landzcape HEC-FAS T was used for this project to reprasent the complex, mmiti-directional flows within Sand
Lake, Beltz March floed-prone areas, and bocal mfrastmeciure.

A series of hydoelomic scensrios were developed fior the site to calibrate the mode] and analyze desizn
alternatives. Flooding iz a concem for TDM and as such, project performance onder food conditions was a
prionty to analyze. Steamflow impuis for the TDM draimape aress were developed ntilizimg the Santa Barbara
Urhan Hydrograph Method Streamflowr inputs for creek watersheds were developed utilizing TISGES StreamSiats,
verified by a watershed scaling of the nesrest gaged stresm comparable to the project creek, The 21 hydraulic
madel requires topeeraphy, hydrolegy, and rouphness a5 imputs for the model, which are represented within the
model mesh. Altermative design concepis were assessed with mode] depth water level, and velocty oatpats.

Hydrologic Inputs for 2D Model
There are five hydrobogic inputs into the Sitka Sedze marsh:

1. Eenske Creek Waterzhed
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Beltz Creek Watershed

3. East Marsh Watershed

4. Tiema Del Mar stormmrater subbasin 1 (Sandlake Fd Diich Subbasin

5. Tiema Del Mar stormmwater subbasin 2 (TDM Mombwest Ditch Sabbasing

Fenske Creek Heltz Creek, and East Marsh watersheds do not have flow zzges. A nearby gaged watershed,
Tucca Creek watershed, was nsed to develop mflow bydrographs for these sources. The ydrographs for each
watershed were scaled from the Tucca Creek hydrograph using watershed draimage area. (5G5S, 2023)

Tietra Del Bar is a residenfial comnmwity south of the marsh Tts Iandcover 5 developed and consists maimby of
simzle-famaly homes, commercial businesses, and roads. A total mflow hydrograph fiom this area was developed
based on divect rainfall and 3 totsl surface area of 190,000 square meters. Famfall data was Gltered with
backward-facing 2-day average fo sinmlate the delay betwesn instantaneons and eveniual rainfall, The draimage
ared was then delmested into two subbasine. each draining into the marsh through & small cobvert. An inflow
hydrograph was scaled from the total bydregraph for each subbasin based on subbasin area. Inflow bydrographs
for the Febmoary 2017 winter storm nsed in calibration are shown in Figare 12

Two large statistical storm events were alzo developed as pdrologic scensmios: the 100-year and 5{-year evenis.
The 100-year and 50-year inflow hydrographs for Fenske, Beliz and East Marsh watersheds were scaled from
10{-year and 50-year hydrographs of Tucca Creek. The 100-year and 50-year hydrographs of Tucca Creek were
developed by nsing a floed fequency snaltysis o find pesk flows, following the procedures of Bulletin 17B.
(Interagency Advisory Committes on Water Diata 198X} The Febmary 3017 Twcca Creek hydrograph was scaled
io pesk at the 100-year snd 50-vear peak flows, and the Rencske Beltz and East Marsh watershed bydropraphs
wene sciled from that based on drainape ares.

The 100-vear and 50-vear inflow hypdrozraphs for the Tierra Diel Mar subbasin: were developed nsing the Santa
Bartra Uthan Hydrograph methed and sphiong in its 24-hour bydreeraph info the Febreary 2007 hydropraph.
Inflow bydrographs for the 100-year and >0-yvear events are shown m Figures 13 and 14, respectively.

2D Hydraulic Model Development

Topography and Model Terrain Development
Topeeraphy for the bydranlic model was generated from the following sources n order of priority:

1. 5WLS 1 foot This surface was developed following a survey conducted on January 27, 2023, to support
the project. It inchides small areas around culvert soocures. This survey also surveyed the culvert
mztertals, shapes, sand invert elevations. (SWLS, 2023}

2. PhoDAFR This DEM is & combination of 3 photogrammetrically denved model and TiDAR data with
msmusl sdjustments. The serial photopraphy uwsed in the phofogrammetnicslly denved model was taken
on September 18, 2015, The LiDAR is dated to 2009, hMamnal adjustments were made in somes areas of
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dense vepetation. However, the PhoDAR mcludes some artificially elevated artfacts outside of the
vegetafion zone adjusments. (OFRED, 2017

Additional terrain edits were performed in HEC-FAS o enforce low groond in channels as well a5 high ground
ebevations along roadways, the Beliz Dike, and alternafive setback dikes.

Model Boundary Conditions

HEC-FAS requires flow as imput &t the upsiream model boumdanes and river stage at the downstream boumdary.
Sreamflow estimates were developed as demiled in sectipn 3.1, The downstream boundary of the medel is
located m Sand Lake approccimeately 2 0 feet downstresm of Beltz Dike  This dowmstresm boundary condition
is tidal The fides dats need was water level dain measured outside of the Beltz Dike Febmuary 1-13, 2017. This
data i= appropriate for wse for all thres hydrologic scenarios (Calibraton, 100-year, and 50-vear) bacanse of the
high tides (110 ft NAVD and 11.3 & NAVD) incloded in the dataset that are concurrent with the hydrozraph
pesk. Tidal water level dats uwsed is shown in Figure 15

Model Layout

The full modsl extent alomz with bydrologic mflow and boundary conditions locatiions, are shown in Fignre 16
For 2D by drantic models, the model domain is divided into 3 mesh composed of cells. In HEC-FASL the water
surface elevation is calculated at each model cell, and velocity is calculated at the faces betwresn cells. As smch
cell size and cell face orientation are important to consider o accurately represent flow patterns within channels
and the floodplain Bresk lines were added to the mesh to ensure that roads, berms, Beltz Dike_ channels, and
swales were properly capmred within the model mech Additionally, the nyesh resolution was ascigned to 20 fit
inside the Beliz Dike to appropriately capture flows within channels and across the floodplain. Existng culvert
streciores within the model domsin were included nsing cobvert matenials, shapes, snd mvert elevations as
surveyed by Statewide Land Surveying, Inc. (SWLS, 2023)

Roughness

HEC-FAS requires an estimation of the ronghness of the landscape as characterized by the parameter Manning's
n. For the 7D hydranlic model, the Mational Land Cover Diatabase (WLCD) 2019 Land Cover was nsed (Table 1).
(MRBRLC, 2021)

TasLe 1. Rowotmess CateoorEs anp Finar Mesena’s ¥ VaLues
Type Blanning's n

Open Water 0.035
Barren Land Rock-Sand-Clay 003
Evergreen Forest 015
Developed, Open Space 0.035
woody wetlands 007
Developed, Low Intensity 008
Grassland-Herbaceous 004
Developed, Medium intensity 0.1z

Shrub-5crub 0.05
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Mixed Forest 01z

Dedduous Forest a1
Emergent Herbaceous Wetlands 0.045

Developed, High Intensity 0.15
Pasture-Hay 0.045

Model Calibration

Muodel calibration requires on-site data to be compared against modeled outputs. Water levels are not regularly
monifored in Sitka Sedge State Matural Area. Therefore, water level logpers were installed to record site data
inside and outside of the Beltz Dike at the existing culvert. Water level was recorded from Movember 2006 to
Fume 2017 and agzin from Tamuary 2023 to March 2023, Duoring these peripds. a representative winber storm thar
cansed flooding ecomred between Febmary 1-13, 2017, This storm event was nsed to calibrate the existimg
conditions 20 model.

4.0 Alternatives Analysis

Alternatives Development

ESA developed a senies of design slternatives for restoring tidal connectivity 2nd fish passage betereen Sand Lake
and Beltz Marsh while mainfsining or improving drainage and flood protechion for Tiemra Diel Mar and Samdlake
Foad snd maintainmg recreational acoess to the trail network at 555HA.

Hydraulic analysis of the desizn alternatives and variations focwsed on the following key project elements and
comsideraiions:

Dike Breach -

s the size, location and mumber of dike breaches through Baliz Dhike

®  how different dike breach sizing or full dike removal would affect water levels, velodties, shear simesses,
and circulation patterns m Beltz Marsh and Tierra Diel Diar

Setback Dhike -
e the optinmm locaton of 2 sethack dike for flood protection and stormm drainage function balancing storzge
capacity with wetland impacis
# potential stormowater drainape improvenyenis in TDW that would reduce flooding experienced by
residenis or improve the fmctionality of a sethack dike
TDM Stormwater Drainage System Assessment

In order to understand how the S5TW project will affect the fimction of TDM s stororarater drainzge system
specifically how a sefback dike in a given location would perform. or bow high tide levels could affect TDW s
dramage, it is imporiant to chamactenze the stomwater dreinagze network and facilites within TOM and the East
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Mharsh watershed  Miost of the land in TDRS sits above maxirom tidal or food Levels of Sand Take but the flat
terrain and depressional areas within TDM held water during storm events due to a lack of positive drainagze
pathrays for water to escape. While the ditch along Sandlake Foad and an existing swale at the northwest end of
TON have some shility 1o comvey water downstream o Beltz Marsh mamy areas, partoularly in the western half
of TDM, have no drainage conmection fo these comveyance feamres. Furthermore, culbverts and ditches along
Landlake Foad have Imited comveyance capacity and repularly clog with sediment and debris. These conditions
lead to resl drainage problems and exacerbate residents” perception of foeding n TDA and their concern that
recommection of Beltz Marsh could make these conditions worse. While reconnection of Beltz Marsh could
mflnence droinage and flooding conditons in the lower porfion of the TDM draimage system, muach of the
flocding expenenced in TDM further away from the marsh is unrelated to conditions in the marsh and would not
be affected by the proposed restoration actions.

This assescmeant of TDM s drainage system is aimed =t

defining dramnage patierns within TDM and estimating stormrwater mooff rates and vohmmes that
contmibute to the East harch and Baliz Barch for mcoorporation into the 20 HEC-FAS modeling,

o identifying the deficiencies within the system that canse or conmribote to flooding and ponding of water
within TT,

o  differentiating betwesn Aooding cased by stormwater drainage issues and flooding that could be
mfloenced by restoration actions at 555MA, and

# 1dentifymmg potential dramage improvements m TDM that could allevate floeding condibons expemenced
by residents or improve the functonslity of the proposed setback dike system.

ESA used a combination of LiIDAR and survey data, site reconnsizsance and imterviews with TDM residents, and
winter-time storm observations and water level data to define dramage patterns:/flow routing, sub-catchment
areas, stormwater discharge points/connections fo S5TW, and system deficiencies that could be improved.
Fiznres 17T and 18 show an overview of the existimgz TDWM Dramage System with aerial photo and LIDAR
backsrounds, respectively.

ESA s full azsseccment of TDM s drainage system identified deficiencies, and potential improvements are
described in detail in a separaie memorandum, Tierra Ded Mar Stormwater Drainage System Assessment by
ESA May 21

TDM Drainage System Interaction with Setback Dike

Duming large storm events, munoff from TDM and the East Marsh watershed would drain mio the storaze basin
behind the sethack dike Dmmng high tides when the water level in Sand Lake and the recomnected portion of
Beliz Marsh is elevated, the setback dike’s dde gate would be closed | snd nmoff would accunmlate to fll the
storage basin and cawse levels behind the dike would rse. When the tide recedes, or the inbpard wates level
exceeds the ontboard water lavel, the tide gate would open and allow the storage basin to drain out

For analysis of the sethack dike alternanves described in Section 5.4, it is important to understand the mnodf and
sireamflow coninbutions that enter the south end of Baliz Marsh m the area that wonld be opsiream of each

10
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potential sathack dike alternative aliznment. Depending on the choesen location for the sethack dike and potential
re-pouting of stormrwater, some of the nmoff conld be ronted to Sow ocotside of the setback dike and therefore mot
oorapy storage volmme behind the sethack dike.

ESA identified three separate drainage basins within TDM inchoding:

o Eagt MarshMo Mame Creek watershed — approcimately 202 acres (0,315 square miles) including
poriions of TDM that e east of Sandlake Foad and the forested hillslopes east of TDM

o Sandiske Foad Ditch subbasin — approscimatedy 30 acres incloding most of the residential area of TDR
that lies west of Sandlake Foad These areas genemally drain toward the Sandlake Foad ditch where water
is comveyed through a series of cubverts at each side strest imtersaction.

# TDM Morthwest Ditch subbasin — approximately 12 acres including a smaller portion of the TDW
residential arsa simated betarsan the Pacific Ocean foredune and a wopographic rise that separates this
ared from the Sandlake Foad Dhitch subbasm to the east This area drams northward through swales that
heave een paritally blocked by mbll development, becoming a channel that flows through oulverts at
Jasmoime Ave Pollock Ave, and Boms Ave and toward Beltz Marsh.

A setback dike located near the existing beaver dam would be downsiream of all TDM and East Marsh mmoff
contritntion points, and all mnoff and soeamflow fom these areas would drain mio the marsh upstream of the
dike. Therefore, a setback dike in this location would need fo inchide sufficient storage volume o confain all
mmoif fiom TDM and the Esst Marsh subbasin

It could be possible o orient a new sethack dike aligmment such that the TDM Morthwrest Thitch would drain
directly imto Beltz Marsh downsiresm or outside of the setback dike. Furthermore, 1t could be possible to mbercept
flows from the TOM Morthwest Difch subbasim snd reroute these flows to a new outfall on the beach These
aciions could reduce the amount of monoff dreining mto the storage basin upstream of the proposed setback dike
and conld reduce the amount of storaze capacity needed. These modifications were considered and analyzed asz
described in Section 5.4.3. However, the TDA Morthwest Dditch subbasin contributes three times less nonoff to
Beltz Marsh than the Sandiske Road Ditch subbasin, and the Esxst MMarsh watershed is five times larger than both
subrasing combined. Hydranlic modeling determined that re-routing flows from the Morthwest Ditch subbasin to
the outside of the setback dike would not substantially influence the perfonmance of a sethack dike or required
storage volome. Caphoring mmodT within the TDA Morthwest Ditch Subbasin and the west end of Aunstin Ave,
and rercuting flows t0 2 new outfall om the beach conld improve localized feoding in the subbasin by previding
a more efficient way to drain water out of thece flat depressionsl areas.

Dike Breach

Size, Location, and Number of Dike Breaches

Durmg the 2019 hydrolegic smdy, ESA estimated the minimom dike breach dimensions that would allow for full
equilibration of tidal water levels between Sand Lake snd Beltz Marsh based on a combinston of Tidal Chenmel
Dresign Guidelines (FPWA 1905, hydraulic geometry (Williames, 2002), and analysis of nearby reference tidal
chanmels. Using the parameters of conmbuting marsh surface area and tidal ponsm volome (the potential volome

1
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of water contained within the march bemreen mean kigher high water and mean lower low water damm
elevations), ESA estimated the dike breach tidal channe] shoold have a mininmwm bottom width of 17 feet, with 2
top widith {at the top of the dike breach) of approximaiely 80 feet. However, a larger dike breach opening may be
beneficial for:

®  Testonng more ngtural circnlaton patterns and sediment fransport/accreion processes,
» reducing water velocifies through the dike breach to reduce erosion and fanlitate fish passage and

® reducing chear siress oo the banks of the dike breach channel to minimize potential fior erosion at
potential pedesirian bridge abuiments.

Full removal of the earthen leves known as Beliz Dike would restore tidal connectivity closest to the conditons
that would heve existed prier to the constucton of Beliz Dhke allowing for unconstraimed flow of tdal water
across the march surface. However, if the dike were folly removed, the Beltz Dike Trail which provides access
from the trailhead to the rest of the S55MA trail nefwork wonld be severed. An aliermate trail connection conld be
provided by constmuciing a beardwalk scross the marsh or by establishing 8 new frail stound the perimeter of
Beltz Marsh and acress the south end of the march. These opticns for maintaining recreationsl access are
discussed berein TDM residents have also raised concemns about remonvmg the fll dike.

Mumber of Dike Breaches

ESA considered whether it would e beneficial fo constmect nmltiple dike breaches, or iff it wounld be better to
forus om 3 single dike breach. Multpls breaches could provide additiomal fish passage pathways between Sand
Lake snd Beltz Marsh. However, incloding mmltiple breaches would have several disadvantapes including:

o requirng sdditional pedesimian bridzes or culverts to maintzin trail access,

o splifting tidal flow and tidsl prism vohmme between multiple breaches/inlets, rather than foemmsing Hdal
prism volome through a single breach to help maintain the channel width and depth in the fohoe,

s educing prediciability due to splitiing of flow through multple bresches that could evolve/enlarge over
time and canse damage to bridges or culverts. For example, if one large breach and one small breach
were constucted, It is possible that the larger breach could be blocked by sediment or other means,
cansing the smaller breach to enlarge and undermine bridze abutments. All breaches and sssociated
access infrastrocture would need to be sized to handle a1l flow in case it became the preferential flow
path.

Additionally, namral tdal channel netarorks in similar settings along the Oregon Coast typically exhibit a fractal
dendritc planform resembling a tree tmack that branches into many smaller channels. Figare 19 shows an
example of a dendritic tidal channel network where multiple small first-order channels combine to create & 2™
order channel 2™ order channels combine to create a 3™ order channel. and 3™ order channels combine to create 3
4" grder channel, all funneling tidal flows to a single inlet’outlet point (Hoghes, 2012). This dendritic channel
petwork planform can be observed in the northeastemn portion of the Sand Lake Estuary (Figare 200, and in mamny
other lecations along the Cregon Coast and low-gradient marshes across the world.

12
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For these reasons, we recommend forusing on constmcting 2 single dike breach that is generously sized large
encugh fior floed comveyance capacity, fish passage, and to accomommedate some channe] adjusoment in the fumre.

Location of Dike Breach

To determnine the ideal location for a dike breach, ESA anslyzed historical aerial photos along with current-day
aeridl photos and onsite observations of existing flow paths and relict channel features. In the obdest available
historical aetial photo from 1939 showmn m Figare 21 (University of Oregon Libramies, 2020), two large channels
appesr near the midpoint of Beltz Dike. and it appears that the dramaze stactare was alse near this locaton at the
fime. In the historical aenal, as well as recent senal photos (Figare XX}, it appears that these large central
channels upsiream of the dike penerally align with the largest chammsl features downsiream of the dike in Sand
Lake. This central area appears to be the most logical location to constuct 2 new dike breach channsl to restore
historical flow patterns and connect the prominent channel feafures observed upstream and downstream of the
dike.

Two other potential locations wene considered for a dike breach A breach could be excavated near the current
locatom of the existing concrete box culvert and tde gate, near the eastern end of the dike. Howrever, while the
existing culvert drains out inbo Sand Lake and inte dosmstream channel forme, the upsream channel network

and downsweam of the culverr. The upstream scour may be partally cased by the location of the oubrert relatve
io the upsteam channe] which causes watar from Beltz Marsh to fimne] imto this ares and fonm a large eddy.
Allowing for muore fidal exchange m this location could continme causing etosion of the adjacent banks and dike
embankment. At the west end of Beltz Dhike, a dike breach could be excavated to conmect the northwrestern lobe of
Beliz Marsh to a small fidal subbasin observed outside of the dike. The 1939 aenial does not show any evidence of
& historical channel conmection in this location, and the small tidal mobbasin ebserved today appears to have
formed within the bomew ditch excavated oniside of the dike.

These four potential dike breach locations considered are identified m Figare 23.

We recommend locating 8 new single dike breach near the midpoint of Beltz Dike to restore connectvity betareen
the large channel fesiures vasible in historical and cwrent senal photos inboard and oufboard of Beltz Dike.

Sizing a Dike Breach
ESA utilized the 2T model fo analyze dike breach and removal altematives inchiding:

»  1)-Foot Breach - A single dike breach with a 40-foot botiom width and 100-foot top widih

®  T00-Foot Breach — A single dike breach with a 200-foot top width allowing for a wider marshplain
bench throngh the opemng

#  Full Dhke Femoval — Full removal of the entire Beltz Dike lowered to match the existing adjacent marsh
plain elevations with a breach channel

Factors for evaluating the performance, benefis, and dissdvaniages of each dike breach or removal option
mclndgda:
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o (Chinge: or differences im water levels in Beltz Marsh or behind = sethack dike

# Circulation patierns of water moving between S5and ILske and Beltz Marsh scross the marshplan and
within chamnels

# Velocities and shear siresses through the dike breach openings, scoss the marsh and within chaonels to
inform Hch passage, erosion potential and sedimentaton'accretion responses

Water Levels

Becanse the 100-foot breach is larze enough to allow for foll equilibration of water levels inside the marsh the
madel showed no difference in water levels generated inside the marsh under the dike breach scensmios compared
o the foll dike removal alternative The mode] also showed neghigthle differences in water levels behing the
setback dike betwean the dike breach or full dike removal alternatives. Figare 24 shows a companson of
madebed water levels behind & sethack dike under 3 100-foot dike breach or full dike remowval compared to the
extsting dike configuration and water levels in Sand Lake.

Circulation Patterns

While there was no discernable difference m water levels modeled under the dike breach and foll dike removal
scenanos, there are differences in the cironlation patiemns of how waier mowes in, out, and across the marsh
surface.

Under the dike breach scenstios, water moving between Sand Lake and Beltz Marsh is fimmeled to and
concenirated throozh the dike bresch opening. Low velocities are present on the marshplain with relatively
higher velocities in the concenirated flows within the channels, With foll dike remorwval, tidal fhox is distriboed
mare evenly across the marsh and mierface betwesn 5and Lake and the marsh partounlarhy st higher water levels.
Druring lower water levels under the fioll dike removal alternarive, water is sill generally fimneled into the
chanme] and the proposed dike breach location, concenirating, flows with higher velooties observed in the
channals.

1H-fioot dike breach compared to foll diks remowval — tidal crcolstion dorins high tide drain oot Fipare 15
shows a companson of water circulation pattemns and fow directions under the 10)-foot dike breach and full dike
removal alternatives during drain oat while water levels are stll high (sbove &' NAVDEE). Figare 2§ shows the
same Ccomparison after water levels have fallen below 9° MAVDEE and Sows are concenirated in channels mder
both conditions.

Under the 100-foot dike breach condition. an eddy is visible in Figmre 15 juost inside of the marsh near the dike
reach This eddy was not observed in modeling under the 200-foot dike breach condition. An eddy has potential
io canse erosion on the banks of the dike breach if shear siresses are high enongh to erode the sedls and could
TEqire SOOI CoUniermessures such as armornng with mp rap or other means,

Velocity/Shear Stress

The 10{-foot breach results in water velocities throngh the breach that are less than I feet par second (ft'sec) for
most of the time (ODFW™s threshold for fish passage peak velocities in fishway ranspost channels). Short-
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duration peak velocities of approximately 3 ft'sec ooour during pesk drain oot during the 100-year storm scenario.
Figure 17 shows modaled water velocities throngh the 1 00-foot breach throughout the 100-year storm hydreloegic
soenario compared to the 2 fi'sec fish passage vebocity threshold. During the moments of peak welodty, the peak
shear siwess through the dike breach reaches appromimately .19 pounds per square fioot (Th'sf), which has the
potential 1o erode medivm to coarse gravels and may require lizht anmoring to prevent eresion in the vicimity of
poteniial bridge abutments. Figure 18 shows a 20 model output of peak shear sivess thronzh the 10H-foot dike
breach compared to a twhle for limiting chear stress for nniform poncohesive sediments (Fischenich 20117

The 200-feot dike breach would result m even lower velocites through the dike breach opening with peak
velpcities across the breach at approximeately 1 fi'sec. Slighthy hizher velocities ocour in didal channels near the
breach Figmre 19 shows a comparison of pesk velodty through 100-foot and 2 0-foot dike breaches during the
10{0-year storm hydrologic scensno. The lower pesk velocties and shear siresses throngh a 200-foof dike breach
wonld likely not require any armoring to protect potential bridge abutments. For comparison, the nearby Whalen
Island road bridge has an opsiveam coninbuting marsh area of 180 acres, more than twice that of the Beliz Marsh
The Whalen Island Bridze has an 80-foot span and chanmel openmg, tat the velocities and shear sivesses through
that bridge section require extensive np rap armoring and deep sheet pile walls o protect the brdge sboments a5
sean in Figmre 3.

It is unclear how these differences in circulation pattems and velocity dismibotions wonld influence sedimentation
of accretion withim Baltz Biarsh. Coce the marsh is folly reconnected #o tidal flows, accretion rates may be more
dependant on sediment supply within the water than peak tide cipmmlation patterns. The remaining porions of the
dike afier breaching would act as berms which can slow water on the marshplain and increase sedimentation by
reducing windwave erpsion. The remmant dike may act 35 8 “wave bresk berm” and setve this fonction. However,
areas where water is funneled back into channels and through the dike breach would likely experience moTe
erosion than deposition.

Setback Dike

Following the 2019 hydrologic stdy, stakehalder coordmation and subsequent technical advisory committes
mestings, OPRLD selecied a preferred alternstive concept that incnded bresching the outer Beliz Dike while
constmcting a new sefback dike closer o TDM to maintzin or improve flood protection for the adjacent
commmmnity and Sandlake Foad. This altemative provided the compromise that best met all the diverse goals of
the project (OFRD, HI200

At this time & setback dike was conceived to be located spproximately at or near the locstion of the existing
primary beaver dam approximately 700 feet north of the TDBRL/S55MA boundary. In 2019, ESA performed a
preliminary feasibility assessment to determine if 2 setback dike located near the beaver dam could have
sufficient storage volnme upsweam of the setback dike to contzin stormwater nanoff from 2 100-yesr storm event
without resulting m higher peak water levels than under existing conditons (Figare 313

The comrent project phase aims to refine the location of 3 potenial sefback dike to provide sufficient stonmwates

mmoff siorage capaciiy while minimizmg weiland impacis and maximizng the area of marsh that conld be
recomnected to the Sand Lake esnesry.

15
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Optimizing Location/Alignment of Setback Dike

Constmcting 3 new setback dike across the south end of Beliz Marsh will result in wetland impacts inchuding
wetland H1l within the foptprint of the setback dike as well as limiting the area of marsh that can be reconnected
o foll tidsl interaction with S5and Lake The fiorther south that a setback dike can be located, the smaller the dike’s
foeotprint would be and the smaller the portion of wetland remaining disconnected from Sand Lake wiould be,
However, shifting the sethack dike southward would ziso reduce the potential storage volume availabls to contaim
stomawater munoff from TDM during high fides when a npew tide gate wonld be closed. Figare 32 shows a
concepimal cross section of a setback dike that would be applied at 5itka Sedze, with 3 minimom . loog-term top
elevation of 15" WAVDEE to maintzin sapproximataly 3 feet of Secboard over the maxinmm observed water levels
at the site. Figare 33 shows 3 concepioal plan of potential setback dike locations relative to TDM, Sandlake
Foad, and the chaonels/ditches that wonld conmribute mneff to the ares behingd 3 sethack dike.

In an effort to minimrize weiland mmpacts snd mammmize estary restoration, while protecing upstream
infrastucire and private property, ESA developed a series of four sethack dike aliznment alternatives for

o Altermative 1 — located at or near the existing primary beaver dam and approximatedy 700 feat north of
TDM (similar fo the preliminary setback dike location evalaated in 2019). This altermative would provide
the preatest potential storage volome to confain stormwater mmoff from TDOM. ITf this storage volmme was
determined to be insufficient sdditional sethack dike altermative locations further north wouald be
considered

o  Altermative ! — located appromimately 300 feet south of the existing primary beaver dam and 300 feat
north of TDM. This alternative wonld reduce mnoff storage volmme and wetland impacts.

*  Alternative 3 — lorated at the southemn park boundary and configured to sllow the TDM Morthwnest Ditch
to flow directly to the marsh outzide of the setback dike thereby not contmibuting mnoff to the sethack
dike’s upsream storage basin This alternative would sisnificantly reduce wetland ingpacts and mumaod
storage volume but wounld route 3 portion of TDM's mmoff outside of the setback dike, possibly reducing
the necessary storage capacity.

s Altermative 4a — located alonz Sandlske Foad and Foma Avemme raising these roadways t0 & mininmm
elevation of 15° HAVDEE to function as the setbark dike with 3 new oulvert and Gde gate at the Sendlake
Pd East Marsh crossing. Under this scenario, the WW Ditch and Sandlake Bd Dioch wonld flow directly
to the marsh while the Eact Marsh and sdiacent TDM properiies would be protected from the ghest
tides, and the East Marsh wonld fonciton as the munoff storage basin. This option would nearly eliminate

o  Altermative db — similar to 4a but writhout 3 new tide zate at the Sandlake BdEast Marsh crossing. This
alternative would allow full pesk tide levels at the south end of Beltz Bdarsh and in the East harsh bt ot
retain any stonmwater mnoff upsiream of the elevated embankment. This alternative would essentially be
8 nom-setback dike alternaive while raising Sandlake Foad and Foma Ave above cmrent and expected
firture peak water levels: This alternative could maintain roadway access during the highest expected
water levels baf would expose portions of the lowest-lying private properiies im TDM to increased
frequency of tidal iInmdation
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All setback dike alternatives zosoume the setback dike would have a 12-foot span box culvert fitted with a tide gate
controdled by a muted tidal regulator (MTE) system, and the MTE would be s2t to stay open untl upstrearn water
levels excesded 8.0° WAVDEER. All alternatives also assume that the colvert at the Sandlske Bd/Esst Marsh
crossing is replaced with a 12-foot span box culvert so that the water lavels belind the sethack dike freely
propagate upsiream nto the east marsh.

Figure 14 shows the approcimate kcatons of Setback Dike Alternatives 1 through 4 as describad above.

Hydraulic Performance of Setback Dike Alternatives

Using the X0 HEC-FAS Model semp discussed in Sectdon 4, ESA evalusted the performance of each sethack
dike alternative under 2 range of bydrologic conditions. For the purposes of understanding how each setback dike
alternaimee would affect water levels at the south end of the marsh/'norih end of Tierra Dhal Mar, this analysis
fornsed on modeling combmations of high tides and large stomm events, including:

= High tides manzing from average hiph fide levels of 7-8" HMAVDEE, to frequenfly ocommng peak ligh
tides of 10" MAVDEE, o maxinmim obsarved high tides or King Tides reaching approximately 127
NAVIDEER.

o Smeam flows ranging from wintertime hasze flow conditions to peak stream flows and stonmeater manoff
coninbutons under frequently ooowmng 2-year storm events and peak stream flows and stormmrster
nmoff during a0 exireme 10H-year stonm event.

This finll range of potentizl winfertime conditons were combined into a single 14-day hydrolegic scenanio that
mclwdes:

o 3 days of fypical wintertime conditions with base flow from the Eact Marsh and no nonod from the TDR
subbasing combined with average tide conditions,

¢ 5 days of 2 "Hrst storm” that mochades 2-year peak stream flows and stormwater mmoff rates, combined
with high tides reaching 10° MAVIDIES, and

o i days of & “secomd storm” that inchides 100-year peak ciream flows and stormwater mnoff rates,
combined with King Tides reaching 12" HAVDESR.

This lomzer-duration bydrologic scenario is intended 1o allow for a single altermative model i o capmre 2 wide
range of anficipated wintertime conditions snd provide a realistic o conservative starting point for the exireme
tide/shom event (with water alresdy in the system). Water level plots showm in the following sections may
miclude the fiall 14-day hydrologic scenario or focus in on one of the thres periods described shove (typical
wintertime conditions, first storm2-year stonm, and 100-year stomm).

Modeled Water Levels Inside Beltz Dike:

As a baseline for umderstanding the water levels that would ocour ouiside of the setback dike nnder a dike breach
scenario, ESA used the 7D model o compare water levels inside Baltz Dike (north end of Beliz Marsh) after dike

breaching to exicing conditions. Confirming conchisions made during the 2018 hydrologic sdy, the 2T mode]
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resuits show that afier dike breaching, water levels in Beltz Marsh would match the water levels occumng m
Sand Lake During typical wintertime conditions, dike breaching would allow for higher, shont-durstion peak
waier levels that are higher than water levels under existing conditions. However, under existing conditioms, the
existing undersized b calvert prevents efficient drain out of water and leads to higher water levels that mke
several tide cycles to drain out. Dhuring multi-day stonm events, stormorarater scoumutates behind Beltz Dike
creaiing higher water levels with each swooessive high tide event. During the simmlated extreme storm event of
10{-year sream floas, 10-year siormwater munoff, and king tides, the existing condition results in the highest
peak water level, and it takes more than five days for water levels in Beltz Marsh o drain oat to pre-storm lewvals,
These modelad water level condifions imside Beliz Marsh under the 10{-year storm scenano are shown in Figare
35 The 2019 bydrologic smdy conchded that these prolonzed elevated water levels would conmibute more to
elevated groundwater levels than the short-duration peak tide levels that would occur nnder a dike breach
elternative (PEGE, 200070,

If no setback dike were constructed, these modeled peak tides umder the dike breach soenstio would ocour at the
soguih end of the marsh'north end of TDM. However, due to the presence of the existing beaver dam_ water levels
at the south end of the march wonld never fall below spproximately 8" HAVDEE.

ESA niilized the 20 model to simmlste water levels at the sonth end of Beliz Marsh (at the north end of TDM)
under each setback dike alternative compared to exdsting conditions. Fipare 36 shows predicted water levels at
the scuth end of the march during the 1{0{0-year stomm hydrologic scenario. Fipnre 3T zooms in on resulis from the
“first storm” (2-year Sowrs with 10" tdes), and Fignre 38 zooms in on the 100-year storm event (100-yvear flows
with Eing Tides). As previously described, the existing conditions result in the highest peak water level and slow
drain out of waier leading o prolonged elevated water levels.

Setfback Dhike Alternative 1 has the largest upstream storage capacity of all sethack dike alremanves and resalts in
lowrer water levels than existing conditions during almost all potnts in the 14-day simolation period . Alternative 1
resulis in hipher peak water levels than existing conditions doring the first twoe high tides of the 2-year sform
event, but these peaks are 3.5 and 8 9" HAVDES respectively which would not be problemaiic. In addition to
lowrer peak water levels, Altermative 1 also provides rapid drain owt after the peak of high tde.

Sethack Dike Alternative I similarly provides raped drain out afier the pesk of high tides. However, the reduced
storage capacily compared o Alternative 1 results in hizher peak water levels than existing conditions doring all
high tides within the 2-year storm and only marginslly reduces the peak water levels durning the 10{-year storm

event

Becamse Alternative 2 would geoerslly be an improvement over existing conditions during large storm events bat
would not be as effective as Altermarive 1, ESA tested a vaniation of rerouting flows from the TDM Northmmest
Dritch to a new owtfall on the beach This modification would reduce the amount of stomwarer nmoff entering the
storage basin behind the sethack dike and may result in lower water levels behind Sefivack Dike Alternative 2.
However, model results showr that this modifcation would kave a neglizible effect on water levels behingd the
setback dike becanse the relative proportion of oo from the TDM MNorthwest Dhitch subbasin is very small
compared to the Sandlake Foad Ditch subbasin (both of which are dwarfed by the seamflow conimbation of Mo
Mame Cresk /Eact Marsh watershed). These mode] results are shiowm in Fizare 38, While this medification would
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not moprove the performance of a sethack dike, rerputing flows from the Morthwest Ditch subbasin woonld s6ll be
beneficial for relieving localized ponding in depressional areas within the sobbasin mch as at Anstin Ave, Pier
Ave, and Jasmime Ave.

Setback Dhke Alternative 3 also provides rapid drain ont, ot becanse of the ounimal storage capacity behind the
setback dike, peak water levels are only margmally lower than unrestramed water levels i Sand Lake.

Setback Dike Alternative 4, which raises Sandlske Boad and Foma Ave to fimction as the setback dike for areas
upsiream, would have no mflvence on water levels at the south end of Beltz Marsh. Under this aliermative, peak
water levels at the south end of the marsh would match water levels in Sand Lake. Becaise thic sltemative is
coupled with dike breaching. this configuration wonld also provide rapid drain oat after the peak of high tide snd
would also be an improvement compared fo existing condifions during 3 100-year stomm eveni with Eing Tides.

Modeled Water Levels in the East Marsh/Upstream of Sandiake Road:

ESA also evahliated modaled water levels upsteamn of Sandlake Foad in the Esst March under all sefback dike
alternaiives. Becanse Tillamook Coumty Public Werks and other stakeholders are planning to replace the existing
culvert m this lecation, all modeled alternatives assume this culvert is upsized o 3 12-foot span box cubvest. This
culvert upsizing senerally resalts in simalar water levels upstream of Sandlake Fd a5 are predicted dovwmstream of
Sandlake Fd for all setback dike altematives. Figore 40 shows modeled water levels m the East Marsh for all
setback dike altermnatives compared to exdsting conditions during the 2-year storm with 107 tides. Fignre 41 shows
madeled water levels in the East Marsh during the 100-year stom with Eing Tides.

Setback Dike Alternatives 4a and 4o (with and without a tude gate, respectively) result m similar water lewvels
within the East Marsh due fo the minimal storape capacity available within the Esst harsh

5.0 Deviations from QAPP

At the outset of the project phase, ESA worked with TEP snd Envirommental Protection Agency (EPA) to
develop a Modeling Cheality Assurance Plan (QAPPF). ESA conducted the hydranlic modeling and snalysis in
gccordance with the QAPP. Minor deviations from the QAPP are described here. These deviations have not
affected the selection of the prefermed altermative described in the 30% Basis of Desizn Feport.

In the next project phase, ESA and subconsultant tesm members will advance and refine the desien of the
preferred altemative elements based on an uprommg geotechmical imestigaiion. Danng the final desipn phase,
ESA will conduct addifional hydraubic modeling of the final confiruration to decoment anticipated hydraulic
performance for stakeholder commumication and permitting. Deviatons from the QAPP during the altemanves
amalysis phase will be reconsidered for mmplementation in the next stage of hydranlic modeline.

5.1 — Field Data Collection

Water Level Monitoring

As planned, TEP and ESA conducted additicnal water level monitonng within the project area m 202272023
However, 2D moddeling largaly relied on hydrobegic data from 201 7-2019 for several reasons. Calibration of
exizting conditions 20 HEC-BAS model was conducied before new water lewvel monitoring data was available.
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Additonally, thers were no sipnificant ramfall storm events that comcided with King Tide events during the
2032-2023 monitoring pericd, so ntilizing the newer water level data would not have provided any better
stomn/tide evenis to evaluate storm and exireme fide conditions.

202272023 weater level monitoring data was zsed to evaluate how forther deterioration of the existing fide gate has
gffected water bevels m Beltz Marsh. In 2017 the tide zate was missmg ope or more boards, allowing water to
flow into the marsh during high tide resulting in peak water levels approximately 1.4 higher than the owthoand
peak water level in Sand Lake, as shown in Figore 7. In 20222023, the tide gate boards are completely missing
allowing more water m and resulfing in inboand pesk water levels spprocomately 1.9° hgher than oofboard water
levels. Therefore, the further deterioration of the tde gate has resulted in pesk tidal water levels in Bele hMarsh
gpproximately .5" higher in 223 tham in 20E7.

20222023 weater level monitoring also included s water level logger located closer to the mouth of Sand Take.
Duming low tides, water levels at this “esimary channel” location fell to approsxmately 3.0° MAVDES {more than 2
feet lower than water levels immediately outside of Belitz Dike bt stll severs] feet higher than low tide water
levals in the Ocesn. This data confirmed our understanding that the bed featares in Sand T ake retain water and
prevent full tdal dram out of Sand Lake but provided evidence that this effect decreases closer to the month at the
Pacific Ocean

Topographic and Bathymetric Data

As plapned, ESA generated 3 modaling terrain surface incorporating the PhoDAR surface and the SWILES 2023
survey data. Drone survey data was taken and developed in 2022, as detailed in the QAPP. Howewver, the model
calibration process demonsmated the PhoD AR data better represented the site conditions, with the exceprion of
the Beliz Dike ESA modified the PhoDAR-based model terrain to enforce the top of the Beltz Dike_ as
confirmed in the drone sumney.

Although identified m the QAPE, ESA did not collect 2 significant amomnt of additional zround survey
measurements for the purposes of iIncorporating vegetation-bias adjustreents implemented in OPED's FhoDAR
dataset or bathymery data. In the model calibration process, ESA effectively modified the Sand Lake and Beltz
harsh chamme] bathymetry in the vicinity of the dike yielding water levels inside the dike within 0.5 feet of
monitored levels, by buming in channels with 8 bottom elevation of 3 fest (MAVDEER). Bathymetric adjostments
in the southem portion of Beltz Marsh were not necessary becznse the existing beaver dam consistently maimtaing
a ponded water level of 8 feet Vegetation adjustment was not necessary becanse great care had alresdy been
taken during the previous bydrologic stady to adjust the PhoD AR femain model for vegetation condifions.

Calibration yields water levels within 0.5 of monitored water levels at peak flood levels, demonstrating
representation of marsh waber levels sufficient for 30% design effort. Additonally, modaled wiater lewels are the
same or higher than monitored water levels, showing shightly higher peaks (up to 0.5") and slightly slower
drainage fillowing floed peaks, as shown in Figure 42, This shows the modaling is slizhtly conservative under
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5.2 — Hydrologic Scenarios

Smeamflow hydrographs for each of the contriboting stresmeswatersheds (Feneke Creek, Beltz Creek, and East
Mharch watershed) were developed using 3 watershed scaling approach based on a nearby gaged stmeam (Tucca
Creek)). Using an aciusl siresmflow hydrozraph fiom Tooca Creek corresponding o the Tamary 2017 stonm evend
used for exsting conditions model calibmaton, the proportional ratio of watershed area (conimbatng
waershed Tucca Creek watershed) was applied to generate streamflowr hydrographs for each of the contibuting
waiersheds To develop sireamflow hydrographs for the exirems stormy'flood mode] scenaros, these hydrographs
wene again scaled up by a factor that wioald result in Tucca Creek's pesk streamflow reaching the level expected
for 3 2-year, 50-vear, and 10{-year recurence interval event The resulting pesk stream flows for Fenske Cresk
and Beliz Creeks were compared to UTSGEE Steamstats peak flow estimates for these cresks. Dhring model sefop
and upon & detailed review of previous sireamflow hydrograph development methodolopy, streamflow
hydrographs based on a watershed scaling approach were deemed sufficient for calibrating the exising condifons
2D model and for companng the bydranlic perfformance of the proposed design altermatives. Additionally, the
Tucca Creek watershed has a higher 24-hour rainfall depih than the project site according to available isophovial
maps (NOAA 2001). Therefore, the scaled hydrographs from Tocors Creek are likely conservative. HEC-HMS
was oot msed to develop streamflow bydropraphs a5 descnbed i the (JAPP.

The QAPP also noted that ESA may use the ‘rain-on-grid’ festure in HEC-RAS to apply precipitation data
directly omio the model terrain mesh o generate stormwater mnoff However, this method was not uiilized duoe fo
increased model mm tSmes and insmbility caused by amempéing this method As plapmed and described m the
QAPP, storm event stormwater rumoff rates from the Tiera Del Mar drainage basins were developed nsing Santa
Barhara Unit Hydrograph (SEUH) methaod.

Additionsl hydrologic snalysis and hydraulic modeling will be conducted in subsequent desizn stages to forther
refine the design of the setback dike and its drainape stactures. We will consider developing additional
hydrologic mput data using HEC-HMS or rain-on-grid method at that time.

The GAPP identified additiomal hydrologic scenanos mocluding summeriime penods for water quality
conshderations and fivmre climate-change scenanios. This phase of project work focnsed on identifying a prefemed
project alternative. Typical winter tides, high tides and extreme flood events were the basis for this effort. Furither
desipn stages may mchode additional hydrologic analysis and modeling to consider water quality and climate
changs.

9.3 — Develop and Calibrate 2D Existing Conditions Model

Az detsiled in the QAPP, water levels were monitored in 2022-2023. The monitoring time did not inclede any
extreme high tides or flood events. Therefore, the 2022-20235 data was deemed not suitsble for calibration of the
model’s exireme flood scensnios. The modal was calibrated to previonsly collected water Fevel data and fims-
stamped site photos of problamatic floeding within the project anea
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5.4 — Proposed Conditions Modeling of Alternatives

ESA modeled the proposed aiternstives featores incloding the dike breach size, npumber, and location; and
potential sathack dike locations. Proposed restoration of historic ddal chanmels, filling near drainazes, and
poteniial improvements o TDM's stormrwater system were gvalusted qualitatvely (18, they were nod
incorporated in the Alternatives model peomeiries). These feamres are still being considered for inchosion in the
design While it is believed that adding simacsity and complesdity to the site’s channe] network, completing this
earthwork would canse impacts to exsting hgh-gquality vegetation and disfurbance to the marsh sedls. Addifional
sife reconnaicsance and coordinstion will be neaded to determine if the key stakeholders believe the impacts
would be worth the improvements. If proposed for inchision in the final desipn. the updated 20 hydraulic model
will be modifed to include these channe] modifications to determine how these changes would affect site
hydranlics and drainage/fieod control performance in areas south of the sethack dike.
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2023 Water Level Data
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Typical Water Level Fluctuations in Beltz Marsh During the Dry Season
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Figure 10
Areas of Surface-water Ponding in Teema Del Mar
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Hydraudic Control Features Affecing Surface-water Mowvement
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Figure 16
2D Model Extents, Downstream Boundary, and Hydrologic Inputs
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Tierra Del Mar Drainage System Analysis - Aerial Photo
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1939 Aerial Photo of Beltz Dike and Large Tidal Channe! Planforms
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Figure 22
2022 Aerial Photo of Beltz Dike, Existing Culvert, and Historical Flow Path
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Figure 23
Four Potential Dike Breach Locations Considered
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Comparson of Modebed Water Behind a Setback Dike Under Dike Breach and Full Dike Remowval

EEnka Eadgs Tidal Wetiand
Fectoration Hydmols Bodsling Bemo

ESA




Figure 25
Comparson of Circulaiion Patterns Under Dike Breach Vs, Full Dike Removal [High Water)
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Figure 26
Comparison of Circulation Patterns Under Dike Breach Vs, Full Dike Removal {Low Water)
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FEAK VELOCITY DURING 100-YR STORM BUN (MAX TIDE SWING)
Feak velocity ~ 3ft'sec (short duration peak, majority of time is lzss than 2 ft'sec: fish

passage velociy threshold)
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Figure 27
Water Vielocity Through a 100-Foot Dike Breach Duning the 100-Year Hydrologic Scenano
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Figure 28
Peak Shear Siress Throwgh 100-Foot Dike Breach Compared to Stability Thresholds of Sediments
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FEAK VELOCITY DURING 100-YR STORM RUN (MAX TIDE SWING)

100-Foat Breach © Peak velocity = 3ftisec (shorl duration peak, majority of
time is less than 2 ft'sec: fish passage velocity threshold)

200-Fool Breach: Peak velocily ~ 1Usec (slightly higher velocities in sile's
internal tidal chawnets)
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Figure 23
Comparson of Peak Velocity Through 10-Foot and 200-Foot Dike Breaches
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Figure 30
Whalen Island Bridge

Elitica Badge Tidal Weiiand Rectorailon
Hydraullo Modefing Mema




14 Mtz This [Bgune shows

13 ; dlom, o are-lo-

11.6" - Low Point In Sand Laks ROS ——— during 100-year sustained paak ymmm
~40 act of storage before rd Noods mlmﬁzlinﬂmﬂlﬁ The secdack e ol B
, SUCH 3 SUSTANed
(Mo, b= J':gl; Dk e bt iy rwcnhesd
nor been observed, and does

nor appsaar io be Likaly 10 ocew) o b sonth drad o the

Siage (Fost, NAVDEE)

EISE mnr
15:-IL:|:H!HHIH|BM Lﬁhﬁ'ﬁvﬂrﬁ
[while tide gafes are chosad) e g v
during S0-year atom “ﬁlﬁwm
B it perchtiliai
b1 Eli ] i (-1 T @0

K foibeels fisr cudlisenal
Storage Volume | Acre-feat) o

Sl R e B -E N BT A DAl D) N S T BT S Dy (]

Figure 31
Preliminary Feasibility Analysis of a Setback Dike from 209 Study
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Figure 33
Concept Plan for Optimizing Location of Setback Dike
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Figure 34
Setbhack Dike Alternative Approximate Locations
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Figure 33
Modeled Water Levels Inside Beliz Marsh During 100-Year Storm Scenario wnder Dike Breach and
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Figure 36
Modeled Water Levels at South End of Beltz Marsh During 100-Year Storm Scenanio (Full Duration)
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Figure 37
Modeled Water Levels at South End of Beltz Marsh - 2-Year Flows and 10 Tides (First Storm)
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Figure 38

Modeled Water Levels at South End of Beltz Marsh - 10-Year Flows and King Tides
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Model Results Testing Effect of Rerouting F e
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Figure 40
Modeled Water Levels in East Marsh - 2-Year Flows and 10° Tides (First Stormj)
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Figure 41

Modeled Water Levels in East Marsh - 100-Year Flows and King Tides
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from Humter White, P.E., Alaina Floor, P.E., and Elizabeth Schalo, PE.

subject DERAFT Reneke Creek Culvert Replacement — Hydranhic and Geomorphic Analysis
Memorandom

1.0 Introduction and Overview

The purpose of this memorandom is fo summanze the bydoologic, bydranlic, and peomorphic analyses conducted
in support for the Eeneke Creek Culvert Feplacement project. Analysis and modeling were performed o inform
the appropriate Type, Size and Location (TS&L) for the culvert replacemsnt where Fenske Creek crosces
Sandlake Fioad This memn describes the methodolozy for development of the bydrologic snd hydrsulic meodals,
resulis of the hydranlic and peomorphic analysis, and recommendstions for the culvert replacement and
assprigted chamme] restoration npsiream of Sandlake Foad

This project is located within the Sitka Sedze State Matoral Ares (S5MA) st the crossing of Feneke Cresk and
Sandlake Fioad mn Tillamook County. Feneke Creek has become a high prionity colvert replacement fior TCEW
due to frequent overtopping that oooars at the oossing. The 1-sqoare mile watershed includes forested hills in its
upper watershed and a low gradient alhavial fan with 3 narmow fiparian cormidor o its lower watershed whess it
reaches Sandlake Foad Downstream of Sandlake Fosd, Beneke Cresk flows through a dense and complex
riparisn zone before connectng with Beltz Mdarsh behind the Beliz Dike. Along with other contmbuting drainage
to Beltz BMarsh, incloding Belte Cresk. Mo Name Creek/East Marsh and monoff from Tierra Del Mar, water draing
through the Beltz Dike cubrert to Sand Lake and nltamately to the Pacific Ccean

This Hydranlic and Geomorphic Anabysis Meme provides a basis for selecting the proposed steam/road crossing
location for improvement, inclading:

o analysis of Benske Cresk’s curment and historical alipnments

s manipulations to the creek channel and somounding areas

® cmrent geomorphic snd habitai condifions in the Fenske Creek ares upstream and downstream of
Sandiake Foad,
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o hydrsulic anabysis and modeling of exising and proposed altemative conditions in Feneke Creek o
infomm fich passage desizn stream channe] dimensions and streambed characternistics, and safe passage of
peak flows through a new crossing stuctore, and

s coordination with Orepon Depariment of Fish and Wildlife (ODFW) fo gain consensus on the proposed
stream'Toad crossmmE lecation and associated chanmel mmprosrements.

Baszed on the analysis described herem, we recommend locatimg the new Beneke Creek crossing simuciure at the
existing low point in Sandlake Foad spprocimately 800 feet sonth of the Sitka Sedes State Matral Area
railbead drovewsy kecation. This recommendaton, along with preliminary chanme] dimensions and modeled 100-
year water surface elevations expecied at the crossing were conveyed fo sttactoral and roadway enginesrs at
Dravid Evans Associates (DEA), mforming thelr roadway and stmuchure aliernaiives amalysis described m Type,
Sixe, and Location Memorandum — Reneke Creek Bridge at Sandiake Eoad (DEA, 2i24).

Additional coordination and stream restoration design will be required to refine the associated chanme]
modifications inchoding realipning Feneke Cresk upsteam of the roadway. Analysic of the potential chanmel]
alipnments, coordinstion with ODEFW, and proposed siream improvements are descnbed m this memorandom for
further coordinatdon and desizn.

2.0 Reneke Creek Historical Alignment Analysis and Changes
Over Time

The corrent aliznment of Feneke Creek is showm in Figare 1. Cnce Beneke Creek emerges from the forested
hillzide, the creek generally flows from eact to west through a namew riparian comidor towards Sandlake Boad
At Sandlske Boad, the creek makes a sharp 90 degree torm to the sonth where 1t fiows through an enlarged
roadside drainage ditch towarnds the low point oo Sandlake Foad. At this low pomt, the creek again makes a 00
degree turm back to the west to flow through 8 24-inch dismeter oulvert beweath the road and winds its way
towrards the Beltr Marsh in a complex system of multithreaded chamnels and wetlands. This forested wetland ares
in the lower reach of Fenske Creek contains notsble beaver activity and juvenile fish nse.

The alipmment of Reneke Creek from its headwaters to Sand Lake has changed over ime, likely resulting from
geomorphic processes associated with allmnal fans, 2= well as anthropogenic manipulations made n Cconjuncboen
with apricoliural land development and dreimage modifications sround Sandlske Boad and Beliz Dike. Alhivial
fans typically form where flow emerges from a confined channel and is free o spread out across 2 broad area. As
with Beneke Creek this commonty ooour where 2 siream emerges from a steep mountainons area carrying 3 high
bedload of sediment and enters 3 low zradient ares, such as a valley floor, where the stream loses enerpy and
deposits sediment causing the channel to migrate across 2 broad area emanating from point of ransition in 2 fan
pattern. Ower time, the chamnels within the slluvial fan may be filled in by deposited sediment. cansing the smeam
flows to occupy new chanmel locations, which can result in & complex system of side chammels and disinbatary
flow paths. Based on apalysis of LIDAFR elevation data, it appesrs that Feneke Creek may have historically
flowed throngh many lecations across the broad alhuial fan wowards Sand Lake However, over the last century,
Feneke Creek has progressively been chammelized and constrained to the location where its main chamme] is
located mday. Figure ! inclndes 3 schematic representation of a fypical allweial fan (Fignre 2a), LiDAF.
elevation data revesling an alluvisl fan formation in the Benske Creek area (Figure b}, and existing and
potential historical aligonments of Feneke Creek across the albovial fan (Figmre 2c).
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Fizure 3 shows 3 compansen of historical aerial photos of the BEenske Creek area, highlighting the progressive
maodification and simplification of Feneke Creek and its nparian zona.

Figure 3 shows the stmeam conditions in 1930 incheded dense forest vegetation upstream of Sandlske Foad,
dense vegeiation mmmediztaly downsiream of Sandiake Foad, and nmliiple simaous chammels flowing ont to
comnect with Belitz Marsh (yellow owval). These small channels sppear to be tidal chamnels bt likely also camed
Feneke Creek flows to the marsh. In this less altered condition, the forested areas upsream and dowmsiream of
the roadway Likely inchaded complex stheam habitat and mmltithreaded channels that commonly develop m
alluvial fans throngh a repeated process of gravel deposits fllng chanmels and cansing the oeek to realizn and
carve new channels. This complex stream system was likely eliminated and simplified throngh land cleanng and
grading to develop the open pastures obsarved in the subsequent aerial photos shown n Figares b and 3c.

By 1053 (Figure 3b), the small sinnoos channels in the lower Feneke Creek area had besn filled apparently for
pasture production. Beneke Creek wias rerounied around the east side of Beltz Marsh in 3 linear mammade chanmel
to flow through & calvert at the eastern end of Beliz Dike. The manmade diversion channsl of Feneke Creek 1s
iraced in & bloe dached line. In prior discussions with stakeholders, some have snggested that thiz diversion
chanme] was Feneke Cresk’s oniginal channel and should be restored. However, the aenal photo companson does
not support this asserfion, and others report that this manmade channel required sipmificant mainfensnce over me
and ultimately failed due to blockages and gravel deposition. This channel/sarale fiorm is stll present today, along
with the culvert that comreved Fenske Creek through the Beltz Dike into spother inear chamnel towards Sand
Lake Upsoeam of Sandlake Boad the forested area along and south of Benske Creek was still intect in 1953 |
is umclear from the serial photos but based on topoesraphy and common patterns oheerved in alluvial fans, ivis
likely that this forested area mchoded multple actve and rehict side chanme]s that wounld kave conveyed Fenske
Creek rypical and food flows towards the topographic low pomt where Feneke Creek ourmently crosses Sandlake
Fuoad.

By 1977 (Figure 3c), the forested vegefation upsiream of Sandlake Foad had been extencively cleared for
agriculmral use, except for a namow riparian comidor along Feneke Creek and a small trisngle-shaped forested
weiland in the low-lying area on the southeast side of Sandlake Foad. It is hikely that the land clesning south of
Fenske Creek alop included prading and re-shaping of the land sorface fior pastre development and may have
eliminated any of the side channals that would bave carmiad high flows down to the low point. BFecent
recomnaissance within the remmant forested wetland avea revealed at least four distimct flow paths
(chanmels/swales) that historically and comrently convey some Benske Creek flows towards the calvert crpssing at
the Sandlske Foad low point.

By 1977, Feneke Creek had been constricted into a single-thread chanmel upstream of Sandiake Foad, aossing
the read at the locstion of the “blecked culvert” identified in Figure 1. This colvert remaine in place today.
However, the culvert has been completely filled with deposited pravels, rendering it nonfimcthionsl and directing
gll of Renske Creek's flow towards the active cubvert at the Sandlake Foad bow point. It is unclesr when the
blocked culvert was buoried i gravels. However, a review of Google Streetview imagery from 201 3 shows that at
this time, the “blocked culvert’ may sill have besn actve, but a porion of Reneke Creek flows bypassed the
culvert inlet and flowed southwrard in the roadside ditch that carries the fioll flow of Fenske Creek today. These
fndings support the theory that some portion of Reneke Creek flows have always flowed down to the topographic
low point where Reneke Creek crosses Sandlske Foad today. A 2-foot dismefer concrete culvert pipe simated at
the low point in Sandlake Bd comveys flows beneath the roadway and out towards Beltz Marsh (SWLES, 2023). In
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recent years, this undersized culvert has expenenced blockages and roadway overtopping that kas damaped the
Teadway embankment requiring repairs and frequent maintenance by Tillameok County Public Wiorks creas.

3.0 Reneke Creek Current Conditions

Fenske Creek’s current conditions (Figare 1) within the project area have been shaped by geomorphic processes
asspcizted with allweial fans, hostorical channelization, land development for pasture produchon, and constmction
of Sandlake Foad including the cubverts and drainage ditches. Conditions upsoeam of Sandlake Foad are
dramatically different than the conditions observed dowmstream of the roadway.

Upstream of Sandlske Foad, Feneke Cresk emerges from the forested hillzlope area and winds through 5 narmomr
riparian comdor until i reaches the blocked oubvert. This portion of the channel is & gravel bed system that begins
with a slope of up to 15% in the forested hillslope, transitions fo approxmmately 3. 7% throogh the valley, and
gently flattens to approsimately 2.3% when reaching the inactive culvert boried in gravels. Feneks Creek has an
aciive channel width ranging from 12 to 18 feet Though the creek appears to be channelized with some berms
along the channe] there are a momber of becahons where high flows overtop the banks sand can flow sowthward
arross the pasure area towards the remnant forested wetland and to the low point of Sandlake Boad. These
sonthwrard flow paths that sctivate during hiph flows are described in more detsil in Secition §.2 (Fizare 11}

At the blocked colvert, Beneke Creek redirects southmrest, following the rosdside ditch uwneil it reachiss & natural
low point where it crosses Sandlake Foad throweh a 24-inch diameter concrete culvert. The road-adjacent portion
of Rencke Creek comsists of sn enlarped dramage ditch with a slope ranging from 1.3 to 3% The ditch is lined
with soeambed cobbles and gravels carmied in by Fenske Cresek, some pool-riffle strecture has started to develop
within the soaight chanmel. The roadside embankment has been erpded and repaired by County crews, along with
some ditch enlargpement to provide additonal capacity and reduce damage to the embankrment. There is mimnimal
vegetation able to provide shade or cover and the water is exposed to direct sunlizht adjacent to the roadway. The
remnant forested wetland is located ditectly east of the rosdside ditch, but the ditch is incised soch that once
waier is m the ditch if ramely overtops the banks to access the adjacent floodplan wetlsmd.

Dwownsmeam of Sandlake Road Feneke Creck enters high-quality wetland habitat with dense ree and shrob
cancpy providing full shade over the siream. In this area, Feneke Creek has several side chanmels and braided
flow paths influenced by gravel and sediment deposition, flat gradient and hydraulic ronghness due to the dense
vegetation. Besver actvity, mohoding many small dams and chennel blockages cause further braidng of the
channe] that appesrs to join Beltz March in multiple locations. A large amount of juvenile salmonids have been
obrserved in these chanmels during mmltipls site visits.

The remnant forested wetland upstream of Sandlake Foad exhibits many of the same characteristics of this hizh-
qaality wetland habitat downsiream of the roadway, mchiding multiple flow paths, dense tees, shrobs, and
herbaceous native vegefation. Modeling shiows that high flows likely shll pass through this repmant forested
wetland area bt this has nof been observed to date by the decign team However, even during summer tms
observations, the relict flow paths have saturated so1ls and 8 small amount of water in multiple locations observed
slowly fowing towards the low point.
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Downsiream of the blocked colvert, some channel/swale forme are present, imcluding the manmade channe] that
once routed flows around the east end of Beltz Thike. However, thess channels are shallow and overgromm with
vegetation, and appesr to hawve been flled with sediment hikaly when the culvert was blocked.

4.0 Reneke Creek Hydrologic and Hydraulic Analysis

To mform fish paszage design, stream channe] dirensions and sireambed charactensics, and safe passage of
peak flows through 3 new Crossing stuchare, 3 fwo-dimensional (200 HEC-EAS hydraulic model was wtilized
2D hydranlic models nse a depth-averaged approach to represent flow patterns in the borizontal plane produocing
maps of depth and velocity across the simmlated lsndscape. HEC-FAS 21 was nsed for this project to represent
the complex, muolti-directional flows between the Beneke Creek. its floodplzin and local infrastruciore. ESA is
currently working on the Sitks Sedge Tidal Wetland (55TW) restoration project under separate contract with
Tillamook Esmaries Parmership, which is focused on modifications to the Beltz Dike to resiore fish passage and
conneCtvity to Baltz Marsh. ESA wtilized its working 20 HEC-FAS model of the S5TW project, adding detail as
needed to evaloate the colvert replacement at Beneke Cresk. This memorandom focuses oo the portion of the
madel relevant to Benske Creek.

The 21 hydraulic moede] requires topography, bydrology, and roughness as inputs for the model, that are
represented withm the model mesh. Stresmflow mputs for the HEC-BAS 7D model were developed nihzing
USGES SreambStats, verified by a watershed scaling of the nearest gaged stream comparable to the project cresk.
ESA evalnated the existimp conditions model fo estimate water depths and velocties, and identify overbank fow
patterns under 8 range of fow condifions. Proposed conditions modelmys was used to estmate flow depths,
velocites, shear siresses mnder chanmel realizmment scenarios, snd analyze conditions snd 8 pew ToSSME
strcture located at the low point in Sandlske Foad.

4.1 Hydrologic Analysis

The 100-year storm event was used o evaluate safe passage of peak flows through 3 new rossimg stucmre. The
Feneke Creek watershed does not have flow gapes. A nearby zaged watershed, Tucca Creek watershed, was used
to develop the inflowr hydrograph. The 100-year inflow hydrograph for the Reneke watershed was scaled from the

1037 bydroeraph of Tucca Cresk. The 100-year hydrozraph of Tocca Creek was developed by using 3 flood
frequency anslysis to fmd peak flows, following the procedures of Bulletin 178 (Interagency Advisory
Comrnittes on Water Diata 1982). The Febmary 2017 Tucca Cresk hydrograph was scaled to peak at the 100-year

flow, and the Feneke watershed hydrograph was generated by scaling the Tuck Creek hydrograph proportionalty
by draimape area (U545 2023), Figure 4 shows the 10-year inflow hydrograph for Peneke Creek and has a peak

How of approscimately 275 cfs.

4.2 Hydraulic Modeling

4.2.1 Topography
Topography for the hydranlic model was generated from the following sources m order of priority.
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INTRCDUCTION

Location
The project is located on Sandlake Road, mile post 8.9, in Clowerdale, Tillamook County, Cregon.

Project Purpose and Need

Sandlake Road serves as the primary north-south road west of US 101. Located just north of Tierra Del
Mar, this portion of Sandlake Road i in a sag vertical curve and is regularly overtopped during heawy
storms. Tillamook County intends to raise the roadway elevation of Sandlake Road to prevent
overtopping and presenyse access for coastal communities and visitors, To achieve this, it is necessary to
increase the hydrauhc capacity of the Reneke Creek crossing to carmy this additional flow under the
roadway instead of over it. This will be achieved by the installation of a new bridge ower Reneke Creek
and the raising of sandlake Road as necessary to limit future flopd events. The new structure will be
designed to provide a hydraulic opening capable of accommodating high flow events.

Existing Conditions

The existing rosdway is a narrow, two-lane road with an approximate -2.5% longitudinagl shope [south to
morth] into the sag curve. The roadway consists of two 11" travel lanes with no shoulders. Utilitses near
the site incdlude overhead power and telecommunication lines as well as buried telecommunication
lines. Both the overhead and buried utilities are on the east side of Sandlake Road. The exsting culvert is
effectively flat, with a small scour pool forming at the outflow. Existing vegetation within the project
limits consists of grass, small trees [Conifers, Alders, Maples), backbarry bushes, and other native
plants. There are driveways to the north of the creek crossing that provide access to the Sitka Sedge
Matural Area to the west and farmland to the east. There is also a private driveway just south of Beltz
Creek that is expected to be outside the project Emits.

ADT [2020): 795
ADT [2040); 1273
% Trucks {2020); 15%

PROJECT DESIGN ELEMENTS

Design Standards

The bridge and road will be desipned to the following codes and standards:

AASHTO LRFD Bridge Design Specifications (Sth Ed, 2020)

ABSHTO Guide Specifications for LAFD Seismic Bridge Design (3rd Ed, 2023)

A Policy on Geometric Design of Highways and Streets, AASHTO [Green Book) (6™ Ed, 2011)
DDOT Highway Design Manual (HDM]) (2023)

ODOT Contract Plans Development Guide (2016)

T5&L Memorandum Page 4 of 10
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Construction Staging
Three options were considered for staging on Sandlake Rd. Option 1 is a full dosure with detour. Opton
2 15 a temporary detour bridge. Option 3 is staged construction of the new bridge.

Ciption 1 - Full Closure with Detour:

Closing the road completely would allow a contractor to stage materials and equipment on the roadway.
This option provides maximum flexibility for the contractor to complete their work and will provide
corres pondingly low costs. Unfortunately, there is no nearby detowr for this section of Sandlake Road.
The only available detowr route is along US 101, a detour of approximately 20 miles. A detour of this
length will result in substantial impacts on nearby communities, and could result in major delays or even
safety risks if US 101 were to become blocked during construction of this project. Due primarily to
substantial detour length and the role Sandlake Road plays as a main north-south connector, this Opton
is not recommended.

Advantoges Disadvantages
Low cost | Lengthy detowr
Simplifies construction | Mo viable route if US 101 s blocked

Oiption 2 - Temporary Detour Bridge:

A temporary detour bridge would prevent a long detour and allow the contractor to stage more
materials and eqguipment on the roadway, with the added complication of needing to provide the detour
road. This option would provide greater flexibility to the contractor and, depending on the width of the
detour structure [one or two lanes) imited impacts to traffic. Howewer, with the marsh to the west and
Reneke ditch to the east of Sandlake Road, this option would be difficult to build withowt substantial
environmental impacts. The soft soils on the marsh side of the road also present challenges for
constructhon and both sides of the road have many trees near the bridge location adding further
complications. Because the road is being raised substantially, this detour would also Bkely have to be
very long (up to 1000 feet], to avoid interfering with construction. For these reasons this option is also
likely to be more costly and s not recommended.

Advantages Disadvantages
Limits disruption to public | High cost
simplifies construction of new bridge | Diffioult to construct detour

Crption 3 - Staged Construction:

The expected bridge superstruciure width and type are adaptable to staped construction. The final
width of 28" could provide a stage one structure width of 16°. This option removes the nead for a detour
route, saving travel time, or a detour bridge, likely lowering construction cost. Staged construction
brings other challenges not present in the other options. The contractor will be more Bmited in their
staging of materials and equipment and traffic will be reduced to a single lane through the construction

T5&L Memorandum Page 5 of 10
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site. The increase in roadway height could make staging difficult as the roadway height on the first half
of the staged construction will be about two feet higher than the existing roadway. it might be
necessary to do some temporary widening and paving to provide adeqguate room to accommaodate
construction and traffic simultanecusly. These impacts can be mitigated somewhat by constructing the
new piles and cap under short-duration temporary closures before the superstructure is installed.
Despite these challenges, staged construction is the recommended option as it is fikely to cost less than
a detour road and does not have the substantial environmental impacts of filling in the tidal marsh or
cresk.

Advantoges Disadvantages
ko full dlosure | Longer project time
Lower cost than a detour road | No contractor staging on site
Fewer environmental impacts | Single lane of traffic through the site
Possible need for tem porary widening

Bridpe Alternatives Assessment

Based on previous discussions with the County, the preferred bridge type has been established as a
precast concrete slab bridge on pile supported foundations. Steel girders, while comparable in cost, are
disadvantageous in this location due to proximity to the ocean and the salt air. Long-term maintenance
costs would be higher than for a precast concrete structure. The need for a cast in place deck on top of
steel girders would also ncreaze construction time. Pile abutments are a desirable choice for this
location given the soft, sandy soils that are not conducive to spread footings. Piles can be driven down
into firmer substrates and can also potentially be driven behind the existing culvert, reducing the
duration of construction stages. For the bridge length there are multiple options. Option one woubd
provide the minimum opening required to comply with permitting reguirements {1.5 times the active
channel width of 28.5 feet plus the abutment thickness for a span length of 46 feet]. This minimum
length would produce the lowest cost for the bridge slabs but will require longer wingwalls to conform
to existing grade. A notably longer span length [such as 56 feet] would provide additional hydrawlic
capacity and could be constructed essentially at grade. However, due to the relatively flat roadway
through the area, and the already substantial increase in span length to provide the adequate opening
for the actie channel, the savings due to the reduction in wingwall length does not outweigh the
EnCrease in superstrecture cost for swch a substantial span length increase. A more modest span length
of 49 feet will provide a balance between the superstructure cost of a longer and the length of
wingwalls needed to conform to existing grade.

& prefabricatad prestressed concrete slab bridze is an excellent option for this location due to the
decreased maintenance cost, faster construction, and construction staging options. While this location
does not yet have a dedicated geotechnical report, 3 boring was done as part of a potential 2015 culvert
replacement project at the Reneke Creek crossing. This borimg indicated that the soil conditions are wvery
soft for at least the first 13 feet below grade. This information combined with the need to raise the
existing roadway profile means that a spread footing option would need to be very deep to have
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adequate bearing. This could result in the need to have cofferdams and pumping to be able to excavate
to the reguired depth due to the water table.

The proposed length of the bridze would reduce the needed length of the wingwalls as the differance
between finish grade at the face of the abutment and the shoulder slopes 5 minimal. i is lkely that the
wingwalls can be kept to approximatealy five to seven feat in lengthe This length showld be sufficient to
protect the bridge abutments from erosion due to poatential high flows in the ditches. Wingwalls will also
be placed parafiel to the road to minimize both the project footprint and the amount of work that needs
to be done in the ditches.

Bridge Recommendations
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Fig. 1 — Plan wiew of Proposad Bridge

Superstructure

The new bridge will replace the existing culvert on Sandlake Road at the Reneke Creek Crossing. The
bridge will be a 49'-0" long bridge (CL Bent to CL Bent). This length allows for shorter abutments and
wingwalls. This will reduce the overall project footprint and simplify construction. The proposed bridge
length will also be sufficient to provide an adeguate hydraulic opening for high flow events and a
chanmnel sufficient for fish passage. The new bridge will be 2B'-0" wide. Approach slabs will be placed at
each end of the bridze to provide a smooth transition from the bridge deck to the roadway. The cross
saction will consist of two 10°-6" lanes, 3°-3" shoulders with thrie-beam raifing on side mounted steel
posts on each side of the bridge. & 2" asphalt concrete wearing surface will be used on the bridpe deck.
additionally, an asphalt concrete wearing surface will be used on the approach =labs per standard
Drawing BR165. The bridee will be placed to match the raised roadway profile.
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Substructure

The bridge substructure will consist of a pile cap abutment supported by driven pipe-piles. The pikes will
b= driven to the depth specified by the geotechnical engineer to achieve the design beanng capacities.
Cast-in-place wing walls will be placed to prevent erocsion of the roadway prism.

Ciost
The bridee construction costs for the recommended alternative are estimated to be 5650,000. These do
not include contingency, construction engineering, mobilization, or inflation.

Roadway Height Alternatives Assessment

T assess the cost of roadway raising relative to the reduction in flood risk, two minimuom roadway
elevations were considered: 17 or 18 feet. Based on hydraulic modeling of the bridze opening, both
minimum elevations will alleviate the roadway overtopping isswes and reduce road closures.
17-foot Roadway Elevation

EX TG AL

Fig. 2 — 17" Elevotion Roodway Reconstruction Extents

An imcrease in the minimum roadway elevation to 17 feet will require reconstruction of 515 feet of
roadway; 284 feet to the north of Reneke Creek and 231 feet to the south. This alternative keeps the
project construction footprint about 250 feet to the south of the sitka Sedge State Park entrance. This
alternatiee will provide approximately 1.5 feet of freeboard over Reneke Cresk duning the 100-year
flood event. The mitial estimate for this work is 5189 000 This does not incude contingency,
construction engineering, mobilization, or inflation.
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Advantoges Disadvantages
smaller fill guantities | Reduced freeboard
Lower overall cost | Less room for gravel deposition

Lower capacity for potential sea rise

18-foot Roadway Elevation

Fig. 3 — 18" Elevation Roodway Reconstruchion Extents

An increase in minemum readway elevation to 18 feet will reguire a roadway reconstruction of 780 fest;
375 feet to the north of Reneke Creek and 405 feet fo the south. This alternative keeps the project
construction footprint about 175 feet to the south of the Sitka Sedge state Park entrance. This
alternative will provide approxcimately 2 5 feet of freeboard over Reneke Cresk dunng the 100-year
flood event. The initial estimate for this work is $275,000. This does not inciede contingency,
construction engineering, mobifization, or inflation ..

Advantages Disadvantages
additional 1-foot of freeboard | 250 feet of additional roadway reconstruction
Maore room for gravel deposition | Extends shoulder closer to Reneke Creek ditch

More hydraulic capacity | Higher owerall cost
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Proposed Roadway Elevation
Given that the stream has a history of gravel deposition events and the relatively low increase in cost to

go from a roadway elevation of 17 to 18°, the 18" roadway elevation is the preferred alternative. This
will provide additional freeboard resulting in a better ability to pass flows and debris in the event that

the channel aggrades at the structure.
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1. S5WLS 1 foot This surface was developed following a survey conducted Tapuary 27, 2023 to suppost the
S5TW restoration project. It incindes 1 small ares within the Fenske Creek watershed aroond its southern
calvert. This survey also smveyed the culveri material, shape, and imvert elevations (5WLS, 2023).

2. PhoDAFR. This DEM 1= 8 combination of 8 photoprammetrically-derived model and LiDAR. dats with
manmal sdiustments. The aprial photopraphy wsed in the phofogrammetncalby-denved mode] was taken
on September 1§, 20135, The LiDAR is dated to 2009, Mammal adjustments were made in some areas of
dense vegetation. However, the PhoDAR mrclwdes some artificially elevated artifacis outside of the
vegetation zone adjustments (OFRD, 2017T).

Addihonal terram edits were performed in HEC-BAS fo enforce low sroond i chanmels as well a5 hiph pround
elevations along roadways and Beliz Thike.

4.2.72 Boundary Conditions

HEC-FAS requires flow as imput at the apstream model boumdanies and river stage at the dowmnstream boumdary.
Feneke Creek at and upstream of Sandlake Foad is fluvially-dominated. Smeamflow estimates for Reneke Creek
wene developed nsing scaled flows from a nearby watershed as detailed m section 4.1. The downsiream boundary
af the model is located in Sand Lake approximately 2,000 feat downstream of Beltz Dike, consistent with the
S5TW restoration project 20 HEC-BLAS model. This downstresm boumdary condition is fidal. The tides data used
was water level data messured owitside of the Beltz Dike Febmuary 1-13, 2017. This data is sppropriste for nse
during the 10-year event scenano becsuse of the high tdes (119 £t MAVD and 11.3 i HAVD) inchoded in the
dataset that are conomrent with the bydrograph pesk . Tidal water level data used = shown in Figare 5.

Fizure 6 shows the tidal datum for the South Beach tidal gage. The South Beach NOAA tide smtion reports a
Mean Higher High Water (MEEW) of 7.57 ft NAVD and a maximum observed tide of 11.6° NAVD (NOAA
2023). Daily high tides are generally below the 0.6 f imvert elevation of the active cubvert at Reneke
Creek/Sandlake Foad, but extreme tides and high water levels in Beltz Marsh do interact with the crossing and
Reneke Creek channel to some degree (SWLS, 2003},

4.2.3 Model Layout

As noted in secton 4.0, ESA utilized its working 20 HEC-FAS model of the S5TW project, adding detail as
needed to evaluate the culvert replacement at Feneke Creek. The full model layout was developed for the S5TW
projpect, then was revised for 2 more detailed analysis of Rencke Creek and its colvert replacement. Figare 7
shows the full model extent with the Beneke Creek area circled This portion of the modal was extended upsoeam
to better capture Beneke Creek inflows upstream of the troader, allovial fondplain

For XD by dranlic models, the mode] domain is divided inmto 3 mesh composed of cells (Figure T). In HEC-FAS,
the water surfsce alevaton is caloulated at each model cell and velocty is calculated at the faces betwreen cells.
As such, cell size and cell face orientation are Important fo consider o scourately represent flow patierns within
channels and the flopdplain. Breaklines were added to the mesh to ensure that roads, berms, Beltz Dike, channels,
and swales weare properly capmred within the mode]l mesh Additionally, the mash resolution was assigned o 20
ft mithin the Eeneke watershed to appropriately capture flows within channel and acoss the floodplain.
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4.2.4 Roughness

HEC-EAS requires an estimation of the ronghness of the landscape as characterized by the parameter Manning's
p. For the 7T hydranlic model, the National Land Cover Database {HLCD) 2019 Land Cover was nsed (Table 1)

(MRLC, 2021)

Table 1. Roughness catemories and final Manning's i valoes

Type | Manning's n

Open Water 0.035

Barren Land Riock-Samd-Clay . 0.03
Evergresn Forest 0.15
Developed, Open Space 0035
Woody Wetlands Y7
Developed, Low Intensity = p.08
zrassland-Herbaceous . .04
Developed, Medium Intensity 0.12
Shrub-Scrub .05

mMixed Forest | na2
Deciduous Forest - (i |
Emergent Herbaceous Wetlands 05
Developed, High Intensity 0.15
Pasture-Hay . 00d5

5.0 ODFW Coordination and Conclusions

ESA met with ODFW at the project site on Jane 28 2023 to review siream and habitat conditions upsream and
downstream of Sandiake Foad at carrent and previous channel locations. Proposed siream configurations snd
their associsted benefit for fish passage and resring habitat was discussed, alomg with prelimimary opdrantic
maodeling results to indicate feasility and sustainability of proposed crossing locations.

ODFW agreed with ERA"s recommendation to place the proposed crossing simchare at the southemn end of the
site. DOFW observed this southem location has a natoral low spot for FEeneke Creek 1o cross Sandlake Foad.
ODFW also ohserved the existing channels and their rearing habitat in the southern end of the site. ODFW
expresced concerm m losing that guality exicting habitat if the proposed crossing was placed in the northern
portion of the site and the stream was relocated through only the northern portion.

ODFW provided more extencive nofes regarding chamme] alisnment. ODFW identified the oorment alignment of
Fenske Creek mmning adjacent to Sandlake Foad as non-viable due to ifs pegative impacts on fish habitat and
provided feedback on rero viable alipnments based on the =site visit and hydraolic anaby=is resolis.
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Figure § shows siream profiles identified by ESA based on low points in the topography. ODFW noted that a
stream chamnel realisnment following stream profile P1 in Figare 8§ may have the lowest risk of increased
erosion, but wonld require extensive chanme] constructbon and riparan restoration efforts fo construct.
Additionally, that aligament would have to have viable ecological uplift. Fignre # shows the draft desizn channel
alipnment “DesignChan] ™ proposed by ESA based on hydraulic modeling. ODFW noted that this alismment
maximizes the nse of the existing ripanan vegetation and in-streamn habitat However, ODFW also expressed
ConCern over possible ergsion at bends, noting that it would be necessary to demonsirate that erosion wonld be
minirmal and would not require fumre hank stabilization. The proposed sireamroad crossing location and
potential associsted siream improvements are discussed m preater detail belowr.

6.0 Proposed Stream/Road Crossing Location, Freeboard
Analysis, and Potential Associated Stream Improvements

As described in Secton 3.0, one exising stream/road crpssing for Feneke Cresk is a amall. Blocked culvert oo the
northern portion of the site. This existing crossing is non-finctional as the cubvert has been filled in by gravels
and is undersized to pass pesk flows. Feneke Creek redirects scmthwest through the roadside ditch to a low pomt
and smother existing culvert at the southern end of the site (active oabvert). This active existing crossing location
is the namaral low point within the Renseke Creek area and the low point in Sandlake Fead Even prior to the
northem culvert becoming blocked, overbank fiows from Fenske Creek would have flowed to this low point to
crass Sandlake Fd.

This sputhern existimg crossing lecaton (Figare 8, Profile P1) was identified as a viable stream realizgnment
asspcizted with locating the new oossing sttuctore af the low point n Sandlake Bd Owverbank flows from mamy
locavoms along Renske Creek eventually drain fo this low point. Hydranhc modeling desoribed below
demomsoates that 100-year peak fAoers could be passed through 3 pew crossing strecre, and freeboard could be
achieved bry maising the road at the existimp sag curve without Impactung the Sitka Sedge enfrance driveway. Upon
consideration of existing guality habitat in the southern end of the site and coordination with ODFW (Section
5.0, the southern crossing location was selected as the proposed stream/toad cossing location. Boilding the new
Crossing structore in this location would also replace the problematic culvert and portion of the road that overtops
during hizh water. If 8 differant location were chosen for the new crossimg structare, it would likely sl be
necessary to replace this culvert and repair and/or raise the roadway at another ime.

Two additional potential crossing locations were identified and considered (Figmre 8, Profiles P2 and P3). These
poteniial ossing locations are north of the site and would redirect Reneke Creek to flow around Beliz Marsh,
comnecting with Sand Take on the outhoard side of Beltz Dike. Profile P3 was evaluated as a possible historical
alipnment on the far northemn edge of the allovial fan that would connect to sn existing culvert crossing fo the
north. Profile F2 would mm siraight through the center of the allwqial fan planform These two alignments wera
dismisced for several ressons inclnding private property impacts, scale of realisnment and associated ripanan
mmprovements that would be needed, the relafive elevation of the channel and roadway m the location of P2, and
the level of moadway and infrastrachore mipacts that would be needed to provide capacity and fresboard.

6.1 Proposed Stream/Road Crossing Design and Freeboard Analysis

Cregon Depariment of Transportation (0D T) provides design requirements for coossing stmchores for design
recurence interval {stonm event) and clearance (freeboard). The standard decign event for cubverts and bridgzes is
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the 50-year storm event. However, ODOT notes that desizns shonld be analyzed for the base flood (100-year
stom event). ODOT also requires the 100-year storm event be used for facilities m FEMA flopdplains. (OTHOT,
2014 Although Sandlake Road is not located within the FEMA floodplam, the 100-year storm event is nsed for
the design criteria for the proposed coossing a5 3 conservatve desizgn approach

ODOT alzo provides requirements for clearance under bndge simctures. Clearance, also knowm a5 freeboard, 1s
“the vertical distance berween the design fieod water surface and the bottom of the bridge <l=b, box or beam ™
ODOT also motes, “The normal minimum clearance is 1.0 foot above the design flood elevation or 3 feet if doft
or debrms is a concern. . If practical. 1 foot of clearance above the 100-year flood is provaded. ™ (ODEOT, 2014
Washington Department of Transportation (W5DOT) provides more stringent freeboard requirements of up 1o 3
feet above the 100-year storm event. {W5DHOT, 2023) For a conservative desipn approach, ESA rec ommends the
proposed crossing provide 3 feet of freeboard above the 100-vear water surface elevaton, with & mmmmnm of 1
foot of freeboard Hydraulic modeling resnlts of the draft desizn channe] aliznment (Figare ) at the proposed
crossing bocstion resulis in & 100-year water surface elevation of 13.0 feet

A preliminary bridee cross section located at the low point in Sandlake Road showing the estmated 100-year
waier surisce, the exdsting roadway profle, and a proposed rosdway profile are shown m Figore 10. This
prelimmnary bridee cross section assmmes 8 bruidge deck and roadway depth of 2.5 feet, requiring am 18° HAVIDES
roadeeay elevation to provide three feat of freebpand under the 100-vear flow. Thiz crossing location, channel
opening dimensions, and peak water sorface elevation was provided to DEA for the roadway and struchoral
enFineeTing aliernatives snalysis descmibed in DEA s Type, Sige, and Locarion — Sendlake Road Bridge ai
Reneke Creek (DEA, 20240,

ESA considered locating the new crossing stmocture st the northemn existing blocked calvert location. However,
the chanme] imvert in this lecation is jost two feet below the roadway elevation near the top of the bunied culvert.
Even with a full channsl width of comveyance, the 1{0-year modeled water surface elevation would overtop the
current road elevation. The roadway would need to be raiced to provide freeboand inside a new crossing struchars,
and raising the road in this locaton would likely impact the adjacent drivewsys at 55MNA Figare 11 shows 3
potential bndge cross secton at the location of the existing blocked calvert. The channed in this location
experiences gravel deposition and channel agpradation and may continme to reqoire maimensnce. Furthemmorne,
overbank floas from areas upstream of the road crossing would =tll Sow dowmn to the low point, and 2 separate
culvert and roadway Improvemrent project may still be needed at the road’s low poimt.

6.2 Potential Creek Realignment Options

The proposed stream'toad crossing lecation at the low point n Sandiske Poad kas an exisiing stream ali pnment
that directs Feneke Cresk in a roadside ditch to the topographic low point (Figure 8, Profile EX). This curment
stream alizmment is not preferred due fo erpsion of the Sandlake Foad embankment and ifs poor habitat and water
quality. Potential realipnment options were identified and assessed nsing topographic assessment, opdraulic
anatysis, fisld observation, and coordination with ODFW fish biologists. The goals in realisning Reneke Cresk m
the vicnity of Sandlske Boad inchade:

o Moving the coeek sway from the roadway embankment and out of the roadside ditch The straight ditch
channea] has caused erosion on the embankment requiring channel widening and repairs. The ditch is
exposed to divect sun with Litfle fo o shade provided by the roadside vegetafion
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® FBealipmng the creek o cross the roadweay more efficiently thromzh a pew crossing stocture. The current
right angle where the existing ditch meets the oulvert is hydraulically inefficient and prone fo erosion.
Within the remmant forested weiland area, there is an exisiing channe] form aligned perpendicular fo the
roadway, as well a3 multiple other fowr paths thar drein o the oolvert and low point.

# Improwviog habitat conditions mclwding mstream habitst complexity md ripanan vegeiation for fish and
other species. Extend the hirh-gquality habitat obsarved dommsiream of the roadway to the upsream side
of the road, taking advantage of relict channels, swales, and dense native vegetation. Consider broader
weiland habitat restoration and reforesiation on the land south of Fenske Cresk’s corrent aliznment,

#  More frequently achvating relict channels within the remnant forested weiland area that appear to be a
part of Reneke Creek’s historical alluvial fan It may be possible or prefermrable to reroute Feneke Creck
gwray from the roadside ditch to conmect to cne of the existing cheamnel flow paths rather than excavating
8 new Channel through the forested wetland With fibore gravel depositions and potential beaver activity,
1t's likely that Fenske Creek could shift main flows info aoy cme of these chamnels, or eocupy mulaple
channalc in a braided or anastomosing system similar to the channels downsiream of the roadway,

Within the loarer ares closest to the proposed replacement crossing stacmre, it wonld be beneficial for habitat
conditons to ronte Fenske Creek through the remnant forested wetland. On-the-pronnd observation within the
forested wetland revealed several existing flow paths n the form of swales or remnant channels. A fopographic
aszessment nsing LiDAF elevation data was conducted to analyze potential channe] aligmments leading into the
proposed streamroad crossing. Fignre 12 shows multiple potential chanme] alipmments following existing bow
points in the termaim. Lower Aliznment 1 (Figare 12 is approximately 50 feet from Sandlske Foad This may not
provide adequate buffer distance from the roadway embankment. Lower Alipoments 2-42 woald all provade a
good buffer in moving the channel away fiom the roadway, and selection hkely depends on the proposed upper
channel realipnoment

Potentizl upper chammel aliznments vere identified and assessed using hydranlic analyzic, Water levels,
velpcities, and flows were snalyzed to mnderstand where and when the Soodplam sciivates dunmg 3 flood event.
Fizure 13a shows the Seodplain activates approximately midway between Sandlske Foad snd the ree line
upsiream of the cleared pasture. Fignres 13b and 13« show floodplain activanon ooours when Feneke Creek
excesds about T0-100 cfs of conveyance. This comesponds to spproximately a 2-year flood event

Potentis] channel realiznment af or downstream of existing floodplain acioration mamiains existing naimral flow
patberns, retains part of the existing nipansn cormdor, and Emits the extent of constuchon compared to a
realiznment starting further upstream . Two potential upper chanme] alipmments at or downsiream of the floedplam
aciivation were assessed. Fipare 14 shows upper chamme] ahigmments A snd B. Aligmment B diverges from
Feneke Creek's existing alipnment sooner and follows the floodplain scivation area. Alipnment A maintsins
more of Feneke’s Creek exicting aliznment and confiopes Reneke Creek southarestward following its namral
bend. Aliznment A mclndss more of the existing Renske Creen riparian habitat than Alpnment B. Alirnment 4
also resulis in a longer Feneke Creek, providing more potential habifat area than Alipnent B.

Combining the lower snd upper channel realipnment assessments resulis in s prelomimary draft desipn channel
alignment a5 shown in Figure 9. Fenske Creek stresm realisnment dommstream (west) of Sandiske Foad was
considered and determined to be unnecessary due to the existing high-quality habitst and developing chanme]
complexity at the imterface of Beneke Cresk and Beliz March

10
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The detmils of chamme] realisnment will be reviewed and discossed with stakeholders including OFED and
TCEW. Beportedly, additional sediment deposition ecowred during a flood event in December 2023 that may be
initiating & chame] avulsion. Addifonsl field observation of recent changes may influsnce the decision on a new
channe] alirmment. Such sediment deposits are likely o confimme ocouming i the fumre and will nead to be
considered in design. In subsequent discossions with OPRED and ODFW it may be worth considering a

realipnment starting further upsiream than the path shown in Figure 9, or at least consider lowermg the south
bank of Feneke Creek in some locations to allow more frequent foodplain activation and to favor fomre nanoral
channel realipnment further away from the roadside ditch area.

6.3 Potential Associated Stream Improvements

Along with general realirnment of Fenske Cresk away from the readside ditch, additional stream habitar
improvements snd chanme] moedifications should be considered, inchuding:

o channel] Glling and bank stabilization at the point of diversion to prevent the chanme] fiom retuming to the
roadside dibch, as noted by ODFW (section 5.0).

# lowerng the bank or berms along the south side of Beneke Creek to allow for more frequent fAoodplain
actvation info the pasiure area io the south

# wetland habitat and vegeiation restoration n the area along the realignment which could be considersd
restoration of the foresied conditions that exdsted m this area as shown m the 1953 aeral photo.

# Extending the complex and ligh-quality habatar comditions observed dowmstream of Sandlake road
through the crossing and upstream of the roadway, incnding allowing or mitiating beaver acthvity or
beaver dsm analogmes.

7.0 Conclusions and Next Steps
ESA proposed the crossing location and channel realisnment considerations described herein. Mewxt steps inclwde:

o Coondination with TCPW to confirm the proposed crossing lecation,

e direct DEA to proceed with roadway and bridge stmcture preliminary design,

s coordination with OFED to confirm channe] realipnment and refine sssociated stream improwvements, and

o advance design concept to 30% Design for Stream | Foadway, and Stachore incloding 30% Plans and
T5&L Fepaort.

1
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Figure 1
Feneke Creek Site Overvicw



- Fan (Ferentinou, et 2, 2011)
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Figure 4
Reneke Creek Infiow Hydrograph, 100-year Storm Event







Datums for 9435180, South Beach, OR
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i00-vear Flow Fenshe Creek at Sandliake Aoad Low Point Crossing
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Proposed Bridge Cross Section — Modeied 100-Year Flow
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100-Year Flow Reneke Creek/Sandlake Boad at Blocked Culeert
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Floodpiain activates
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