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CITY OF LINCOLN CITY 
 

CITY COUNCIL  

WORK SESSION MEETING AGENDA 

 

MAY 14, 2024 5:00 PM 

 

5:00 PM - The City Council will hold a Work Session in the Council Chambers, 801 SW Highway 101 - 

3rd Floor, Lincoln City, OR 97367.  

 

The meeting location is accessible to persons with disabilities. A request for an interpreter 

for the hearing impaired, for a hearing-impaired device, or for other accommodations for 

persons with disabilities, should be made at least 48 hours in advance of the meeting. To 

request information in an alternate format or other assistance, please contact the City’s 

ADA Coordinator, Kevin Mattias, at 541-996-1013 or kmattias@lincolncity.org. Visit the ADA 

Accessibility | City of Lincoln City, OR webpage to view how the City continues to remain in 

compliance with Title II of the Americans with Disabilities Act regarding City programs, 

services, processes, and facilities.  

 

This meeting is a work session only and generally does not include public comment. 

 

1. CALL TO ORDER 

2. DISCUSSION ITEMS 

A. 44th to 47th Connector Roadway Project 

B. Wastewater Feasibility Study 

C. 17th Street Restroom Project 

3. MISCELLANEOUS 

4. ADJOURNMENT 

tel:5419961013
mailto:kmattias@lincolncity.org
https://www.lincolncity.org/residents/ada-accessibility
https://www.lincolncity.org/residents/ada-accessibility


Council Communication 
 

44th to 47th Connector Roadway Project 
 

Meeting Date: May 14, 2024 Primary Staff Contact:  Daphnee Legarza 

Department: City Council E-Mail:  DLegarza@lincolncity.org 

Secondary Dept:  Secondary Contacts:    

Approval: Daphnee Legarza Estimated Time:  30 minutes 

_____________________________________________________________________________________________ 

Project Description 

The project includes constructing a new road connecting NE Logan Road with NW 44th 

and NE 47th Streets. The project is identified in the City’s 2015 Transportation System 

Plan and it will provide greater transportation route choice for all modes, including 

improved emergency evacuation routes. The project is also identified in the Roads End / 

Villages at Cascade Head Urban Renewal Plan, which allows for the expenditure through 

a contract or Intergovernmental Agreement (IGA) between the City and Agency. 

 

Background 

On June 12, 2023 at a Joint Meeting of the City Council and Urban Renewal Agency, a 

design contract was awarded to Akana for Phase I design and engineering of the 44th - 

47th Street Connector Road. The Roads End/Villages at Cascade Head Urban Renewal 

Plan provided budget for the Phase I concept design of the project. Prior to bid award, 

and on behalf of the Agency, the City’s Public Works Department advertised and 

received four proposals. The proposals were reviewed by both the City Staff and 

Confederated Tribes of Siletz Indians and Akana was recommended for bid award.  

 

The design and construction services for the project is estimated by Akana at 

$518,000.00. The budget available at time of award was $100,000. Staff has negotiated 

with Akana to conduct preliminary engineering work to develop two concept plans for 

review, take the project through a public review, and select a concept plan for Phase 1 at 

a cost of $99,998.00. Phase 2 work would continue if further budget was approved. 

 

As the contract work progressed, two scenarios were explored: 1) a least-impact road 

placement to connect the two roads; and 2) a bridge concept.  The bridge concept was 

determined to be infeasible because the span distance (relatively short) would result in 

an extreme slope unsafe for a road (80’ elevation difference between each side of the 

road connection).  

 

Project Update 

In February, the Confederated Tribes of Siletz Indians moved to proceed with the design 
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work. Now that a design concept has been determined, Phase 2 can proceed. 

 

Financial Considerations: 

This project was funded from the Street Capital Fund transferred in FY23-24 from the 

Urban Renewal Agency’s Roads End / Villages at Cascade Head fund ($100,000 

budgeted; $99,988 transferred from Agency to City via IGA). Some funds remain from 

the Phase I contract. FY24-25 budgets have proposed funding ($359,557 in URA budget; 

$400,000 in City budget) for Phase 2 of the design and engineering work now that an 

alignment and design approach have been determined. If approved, once that work is 

complete the Agency will reimburse the City. Construction funding has yet to be 

determined. 

 

Attachment: 

Basis of Design Report December 20, 2023 

 

Attachments:   

Basis of Design Report_2023-12-20 (PDF) 
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NE 44th – 47th CONNECTOR 
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2.A.a

Packet Pg. 4



 

This page has intentionally been left blank.

2.A.a

Packet Pg. 5



 

 

 NE 44th – 47th Connector i 

 Akana Project Number 23-017 

 December 20, 2023 

TABLE OF CONTENTS 

1.0 INTRODUCTION ........................................................................................................................... 2 

2.0 BASE MAPPING AND EVALUATION OF EXISTING CONDITIONS ................................. 3 

3.0 DESIGN BASIS ................................................................................................................................ 4 

3.1 ROAD CLASSIFICATION ............................................................................................... 4 

3.2 HORIZONTAL AND VERTICAL ALIGNMENT ......................................................... 4 

3.3 CULVERT SIZING ............................................................................................................ 5 

3.4 ALTERNATIVE ANALYSIS ............................................................................................ 5 

4.0 COST ESTIMATES ......................................................................................................................... 7 

5.0 GEOTECHNICAL RECONNAISSANCE ................................................................................... 8 

6.0 CULTURAL RESOURCES INVESTIGATION ........................................................................... 9 

7.0 WETLAND INVESTIGATION ................................................................................................... 10 

8.0 PERMITTING ISSUES .................................................................................................................. 11 

 

APPENDICES 

 

A DRAWINGS 

B COST ESTIMATES 

C GEOTECHNICAL RECONNAISSANCE SUMMARY 

D WETLAND INVESTIGATION 

E CULTURAL RESOURCES INVESTIGATION REPORT 

 

FIGURES 

 

1 T-INTERSECTION ALTERNATIVE 

2 S-CURVE ALTERNATIVE 

2.A.a

Packet Pg. 6



 

 

 NE 44th – 47th Connector ii 

 Akana Project Number 23-017 

 December 20, 2023 

 

1.0 INTRODUCTION 

The NE 44th – 47th Connector Project plans a new road to extend NE 47th Street to the intersection 

of NW 44th Street and NW Logan, traversing a forested ravine owned by the Confederated Tribes 

of Siletz Indians (CTSI). This connector road has the potential to redirect traffic onto Logan Road 

which is currently routed to a congested section of Highway 101, to provide a new tsunami 

evacuation route, and to provide a direct road connection between CTSI’s Chinook Winds Casino 

and Hotel and the Chinook Winds Golf Resort, located approximately 0.75 miles to the east.  The 

proposed connector road would also provide pedestrian and bicycle connectivity to an underserved 

area of the city, in accordance with the city’s long term transportation plans. 

This project is funded by the City of Lincoln City Department of Urban Renewal & Economic 

Development. Lincoln City contracted with Akana on June 22, 2023, to provide professional design 

services in developing two conceptual design options to be considered by the City and CTSI.  

Akana has prepared and assessed two conceptual design options, estimated construction costs, and 

evaluated alternative methods of construction that might be used to connect the two roads. As part 

of this preliminary design effort, the potential wetland and cultural resource impacts on the project 

site have been investigated and a preliminary geotechnical reconnaissance of the site has been 

undertaken. The conceptual designs, cost estimates, geotechnical reconnaissance summary, cultural 

resources investigation report, and wetland investigation are shown in Appendix A, B, C, D, and E, 

respectively. 

The purpose of this Basis of Design Report is to document the commitments and requirements that 

will guide the design effort, providing the City of Lincoln City and CTSI with the technical 

information needed to assess the feasibility of the project and make informed decisions going 

forward. 
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2.0 BASE MAPPING AND EVALUATION OF EXISTING CONDITIONS 

Base mapping for the project was developed using information provided by the City, 

supplemented by field data collected as part of the wetland and cultural resources investigations, as 

well as utility verification measurements taken in the field during site visits.  

Property boundaries, easements, and initial utility locations were developed using information 

provided by the City of Lincoln City Geographic Information System (GIS). As-Built drawings 

showing the existing water, sanitary sewer and storm drainage improvements surrounding the 

project were provided by the City. This information was compared to the information shown in the 

GIS data and some revisions were made to the base map based on the as-builts. In some instances, 

contradictory information regarding the utility connections was discovered and a visit was made to 

the site to verify and measure the actual utility locations. However, the existing storm drainage in 

the area south of the CTSI’s Logan Road RV Park is inadequately represented by the City’s GIS 

data, as no as-built drawings of this area were provided to the City and extensive growth of 

blackberries on the site prevented observation of the full storm system in the field.  

Due to the heavy forest covering the site, a site topographic survey was not performed for the 

conceptual design. Existing ground contours for the site were developed using Light Detection and 

Ranging (LIDAR) data provided by the City. Heavy tree cover of the site can decrease the accuracy 

of the existing ground mapping, but based on our examination of the site, we found that the City 

LIDAR data produced a reasonably good representation of the site topography, more than 

sufficient for conceptual design. 

Data also shows that the proposed roadway will cross one main creek and two minor creeks that 

lead to an existing 24-inch culvert located on the southeastern part of the site. Wetland limits shown 

on the drawings are based the wetland field delineation, located using GPS data collectors.  

The LIDAR and GIS data, utility as-built drawings, and information collected in the field were 

combined to depict Akana’s best understanding of the existing conditions of the project using 

AutoCAD Civil 3D v2018. This mapping should be considered approximate and topographic 

surveying will be required for any design efforts undertaken in the future.  

We understand that the CTSI seeks to develop the tribally owned property south of the Logan Road 

RV Park. Based on available recorded information and our present understanding of the site, it 

appears that the development potential of this area will be constrained by the presence of existing 

underground utility pipes and easements in this area. Permanent structures are typically prohibited 

over existing utilities and easements. Akana suggests a closed-circuit television (CCTV) inspection 

be conducted to precisely trace the location of the existing storm and sanitary sewer mains and 

determine whether relocation of these mains may be required to maximize the areas available for 

development. 
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3.0 DESIGN BASIS 

3.1 ROAD CLASSIFICATION 

Based on the City’s 2015 Transportation Plan prepared by DKS Associates, the road classification 

for this project has already been assigned as a Medium-Use Collector. A collector is required to 

have a minimum of 12-foot travel lanes, 5–6-foot sidewalks, 5–6-foot bike lanes, and a minimum of 

55-foot ROW as cited in the City’s 2022 Public Works Design Standards.  

In order to meet the particular needs of this project, where significant fills are expected, and to 

decrease the width of the road prism in order to reduce the grading impacts on the tribally owned 

parcel, modifications to the City standard road section for this project were discussed and agreed 

upon for the conceptual design. Travel lanes were reduced to 11-feet as a traffic calming measure, 

landscaping strips and parking were eliminated, an 8’ sidewalk was placed on one side of the road 

and an 8’ bike lane on the other side of the road. Guardrails were shown for portions of the road 

where walls were proposed. 

Typical roadway sections are shown on Sheet 2 of Appendix A. 

3.2 HORIZONTAL AND VERTICAL ALIGNMENT 

Design speeds of 25 mph were used in the basis of this design. 

Horizontal alignments were designed in accordance with the City Design Standards, including the 

use of a 200-feet minimum horizontal radius for the roadway centerline and a 25-feet curb return 

radius for intersections with collector roads. 

Vertical alignments were designed in accordance with the 2022 City of Lincoln City Public Works 

Design Standards. The City Design Standards allow a maximum slope of 15 percent for lengths not 

exceeding 150-feet.  

Crest vertical curves were based on the stopping sight distance requirements of the American 

Association of State Highway and Transportation Officials (AASHTO) geometric design standards, 

based on a design speed of 25-mph. The minimum required rate of vertical curvature (K) for design 

is 12. Actual K values used for this conceptual design vary from 12.11 to 13.12. 

Sag vertical curves were based on the comfort design contained in the AASHTO geometric design 

standards. Site topographic constraints did not allow the use of vertical curves based on the 

stopping sight distance, which would be approximately twice as long. To meet stopping sight 

distance, illumination on the proposed road is required. The minimum K value for sag vertical 

curve based on comfort design speed is given by the formula  
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K = V2 / 46.5, where V is the design speed in mph. 

Using a 25-mph design speed, the required minimum K value is 13.44. Actual K values used for this 

conceptual design vary from 13.48 to 13.52. 

3.3 CULVERT SIZING 

The proposed connector road will cross three existing creeks. Akana used the StreamStats program, 

a spatial analytical tool published by the United States Geologic Survey, to delineate drainage areas, 

get basin characteristics and estimate the peak flows used for culvert sizing. 

A 24-inch culvert was selected to convey the 25-year peak flow of 15.5 cubic feet per second along 

the mainstream channel traversing the site. The proposed culvert sizing is consistent with the 

existing culvert located downstream of the proposed road crossing, which is also 24 inches.  

A side channel crosses the proposed road near its connection to NE 47th Street at the east end of the 

project. It appears that a 12-inch culvert will adequately convey the 25-year peak flow in this side 

channel. However, this culvert was upsized to 18 inches to reduce maintenance that may be 

required due to the accumulation of woody debris in this forested setting. 

During Akana’s site visit, an existing steel 18-inch culvert was discovered near the west end of the 

proposed roadway. Because the existing culvert ends within the interior of the proposed road, a 

new pipe is proposed to extend this storm sewer to the downstream toe of the roadway 

embankment. The culvert extension will utilize an 18-inch culvert in size to match the existing 

culvert dimension. 

3.4 ALTERNATIVE ANALYSIS 

Akana developed two horizontal alignment alternatives, a T-intersection, and an S-curve. T-

intersection alternative would continue the centerline alignment entering the RV park and move 

east that utilizes a transition of 200-feet radius concaving west and a 200-feet radius concaving east 

to match onto NE 47th Street. S-curve alternative would start on the intersection between NW 44th 

Street and NW Logan Road and proceed east while staying in parallel with the properties southern 

ROW. This alternative will then create an S-like shape composed of a 350-feet radius concaving 

west and transition to a 200-feet radius concaving east and match NE 47th centerline. T-intersection 

and S-curve horizontal alignments are shown in Figures 1 and 2. 
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FIGURE 1 

T-INTERSECTION ALTERNATIVE 

 

FIGURE 2 

S-CURVE ALTERNATIVE 
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Akana evaluated the feasibility of the T-intersection scenario and determined that this alternative 

was not feasible. To meet crest and sag vertical curve requirements, this alternative would require 

that construction extend well into the RV Park and beyond the intersection of NE 47th Street and 

NE Tide Avenue. Akana suggested this alternative be eliminated due to the impact on existing 

properties. On August 22, 2023, the two horizontal alignment alternatives were presented to the 

City and CTSI and it was agreed that the T-intersection alternative would be eliminated from 

further consideration.  

Akana also developed two grading alternatives to determine the potential area of impact on the 

site. Alternative 1 uses a conventional road prism with 2:1 side slopes to daylight, for both cut and 

fill conditions. Alternative 2 would incorporate a combination of 2:1 side slopes and retaining walls 

to reduce the grading disturbance on the heavily forested site. Retaining walls would be placed 

along the single long cut slope and at locations where fill slopes exceed 10-feet. Mechanically 

stabilized earth (MSE) walls are proposed along fill slopes, as this style of wall tends to be the 

lowest-cost wall option. However, Cornforth Consultants recommended installing cast-in-place 

walls for the cut condition in this geologic setting. Representative wall sections are shown on Sheet 

8 of Appendix A. With the elevation difference of the proposed connector road and the bottom of 

the slope, guardrails and terminals will be required for the safety of road users. Grading 

alternatives 1 and 2 are shown on Sheets 4 and 5 of Appendix A. The typical roadway sections on 

which the alternatives are based are shown on Sheet 2 of Appendix A. 

4.0 COST ESTIMATES 

Construction costs are currently in a period of rapid cost escalation resulting from the lingering 

effects of the COVID-19 pandemic, and associated supply chain and labor disruptions. Akana 

developed conceptual budget-level cost estimates for the two grading alternatives, shown in 

Appendix B.  

The costs for tree removal are not included in the cost estimates because the trees to be removed are 

large enough to have merchantable value and may be logged prior to construction, subject to the 

approval of CTSI.  

Akana is giving Stormwater Quantity and Quality Control Measures an allowance of $250,000 

because the specific method used to provide these controls has not been determined. This cost will 

affect both alternatives equally. 

The cost of wetland/habitat mitigation has not yet been determined, as the method to be used to 

mitigate wetland impacts has not been determined. Because Grading Alternative 2 will impact a 

smaller area of the delineated wetlands, it is expected that these mitigation costs will be lower. 
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5.0 GEOTECHNICAL RECONNAISSANCE   

Akana contracted with Cornforth Consulting to perform a literature review of publicly available 

information, review and conduct a geologic interpretation of the base map, visit the site to perform 

a geologic reconnaissance, and communicate the results of their review and reconnaissance. The 

site reconnaissance will be used to identify subsurface exploration locations needed, identify 

appropriate drilling equipment needed.  

The geotechnical reconnaissance was conducted on August 22, 2023. Evidence was found of historic 

landslides in the area. The risk of landslide is greatest on west-facing slopes. According to 

Cornforth Consulting, the proposed roadway appears to be feasible, however additional 

investigations should be undertaken if additional roadway design is to be undertaken. 

The geotechnical reconnaissance report is shown in Appendix C.  
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6.0 CULTURAL RESOURCES INVESTIGATION 

Akana contracted with Harris Environmental Group (Harris) to perform a Cultural Resources 

Survey. In compliance with Section 106 of the National Historic Preservation Act, a pedestrian 

survey and shovel testing was conducted. Harris prepared a report summarizing the results of the 

Cultural Resource Survey.  

Cultural Resources Survey was conducted on October 7, 2023, and dug 11 holes within the 

proposed alignment. No cultural or archeological artifacts were found. The cultural resources 

investigation report is shown in Appendix D. 
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7.0 WETLAND INVESTIGATION 

Akana contracted with Environmental Science & Assessment, LLC (ES&A) to perform a wetland 

delineation and mapping. ES&A conducted the background mapping review and field data 

collection on the wetland boundary and flagged wetlands within the proposed connector road 

alignment for inclusion in the base survey. ES&A mapped the wetland and data plot locations with 

GPS. Based on the results of the field mapping and data points, a wetland delineation report was 

prepared for concurrence by the City of Lincoln City and CTSI.  

Two wetlands were delineated. Wetland A is located near the western end of the proposed 

connector road and has an area of 2,232 square feet. Wetland B is located near the eastern end of the 

proposed connector road and has an area of 7,544 square feet.  

Wetlands were only delineated within areas of the site potentially impacted by the proposed 

connector road. Wetlands may be present on other portions of the site, but these areas would not be 

affected by the project. 

The wetland field investigation was conducted on October 12, 2023. The wetland investigation 

report is shown in Appendix E. 

2.A.a

Packet Pg. 15



 

 

 NE 44th – 47th Connector 11 

 Akana Project Number 23-017 

 December 20, 2023 

8.0 PERMITTING ISSUES 

As the project site is located on tribal property, it is not subject to city or state jurisdiction. Permits 

related to the site development will be reviewed and approved under Tribal and federal authority.  

That being said, the project team has agreed to conform with City of Lincoln City stormwater 

design standards and to design the roadway in general conformance with the city design standards. 

The wetland delineation is currently under review by the State of Oregon, Division of State Lands 

(DSL) for concurrence with our consultant’s findings. Although DSL does not have formal 

jurisdiction, the agency has a recognized and generally accepted level of technical competence. The 

US Army Corps of Engineers will have jurisdiction over the project for any future permitting. In 

our view, there was no risk associated with submittal to DSL, and it may add to the comfort level of 

the Corps of Engineers in their determination of jurisdiction and permitting. In the event the project 

is selected for further development, a permit issued by the Corps of Engineers will be required to 

address the wetland impacts and the manner in which these impacts will be mitigated. 

The cultural resources report is subject to the review and approval of the Tribal Historical 

Preservation Office (THPO) of the Confederated Tribes of Siletz Indians. Tribal approval of the 

report findings will be needed prior to any construction or land clearing activities.  

In the event the project is selected for further development, an environmental assessment (EA) of 

the project conforming to the requirements of the National Environmental Protection Act (NEPA) 

will be required. It is likely that approval of this EA will need to be obtained prior to any site 

clearing activities that will be needed to collect information required for the final design, including 

topographic survey and a final geotechnical investigation. 
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NOTES:

1. EXISTING FEATURES SHOWN ARE BASED ON GIS DATA

AND AS-BUILT DRAWINGS PROVIDED BY CITY OF

LINCOLN CITY AND SHOULD BE CONSIDERED

APPROXIMATE.

2. WETLAND LIMITS DEPICTED HERE WERE DELINEATED

IN THE FIELD BY ENVIRONMENTAL SCIENCE AND

ASSESSMENT, LLC.  WETLANDS WERE ONLY

DELINEATED WITHIN AREAS OF THE SITE LIKELY TO BE

IMPACTED BY THE PROPOSED CONNECTOR ROAD

CONSTRUCTION.  WETLANDS MAY BE PRESENT ON

OTHER PORTIONS OF THE SITE, BUT THESE AREAS

WOULD NOT BE AFFECTED BY THE PROJECT.

3. STORM DRAIN LINE SHOWN AS ASSUMED WAS NEEDED

TO ACCOUNT FOR FILL PLACED OVER THE NATURAL

DRAINAGE COURSE THAT PREVIOUSLY EXISTED IN

THIS LOCATION.  IT WAS DRAWN FROM PIPE ENDS

SHOWN ON AS-BUILT DRAWINGS AND EXTENDED TO

TOE OF FILL SLOPE.
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6
STA 1+00 TO STA 7+00

ROADWAY CROSS-SECTIONS
11/27/2023

RPK

EGR

EGR

SCALE: HORIZONTAL 1" = 20'  VERTICAL 1" = 10'
CROSS-SECTIONS

PROPOSED ROAD SURFACE

EXISTING GROUND

 2:1 SLOPE TO DAYLIGHT
(ALTERNATIVE 1), TYP.

 MSE WALL
(ALTERNATIVE 2), TYP.

NOTE:

MSE = MECHANICALLY STABAILIZED EARTH

CAST-IN-PLACE RETAINING
(ALTERNATIVE 2), TYP.

BACK-CUT BEHIND
RETAINING WALL
(ALTERNATIVE 2), TYP.
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7
STA 8+00 TO STA 11+50

ROADWAY CROSS-SECTIONS
11/27/2023

RPK

EGR

EGR

SCALE: HORIZONTAL 1" = 20'  VERTICAL 1" = 10'
CROSS-SECTIONS

PROPOSED ROAD SURFACE

EXISTING GROUND

 2:1 SLOPE TO DAYLIGHT
(ALTERNATIVE 1), TYP.

NOTE:

MSE = MECHANICALLY STABAILIZED EARTH

(NEAR STREAM CROSSING)

MSE WALL
(ALTERNATIVE 2),
TYP.

CAST-IN-PLACE RETAINING
(ALTERNATIVE 2), TYP.

BACK-CUT BEHIND
RETAINING WALL

(ALTERNATIVE 2), TYP.
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8

8WALL DETAILS
11/27/2023

RPK

EGR

EGR

SCALE: NTS
REPRESENTATIVE CAST-IN-PLACE RETAINING WALL

NOTES:
1. MSE WALLS TO BE USED ON ROADWAY EMBANKMENTS, STA. 2+75 TO STA. 6+35 AND STA.7+80

TO STA. 10+15 (RIGHT SIDE) AND STA. 9+25 TO STA. 10+15 (LEFT SIDE).
2. WALL SHOWN HERE IS AN ILLUSTATION OF CONCEPT,  FINAL DESIGN MAY VARY

SUBSTANTIALLY BASED ON COST AND TECHNICAL REQUIREMENTS

REBAR SCHEDULE

1 2 3 4 5 6

#8 @ 6" #6 @ 12" #6 @ 6" #6 @ 12" #6 @ 12" #6 @ 12"

WALL DIMENSIONS

H A B C D E

8' (MAX) 2'-0" 14" 3'-1" 18" 14"

12' (MAX) 2'-9" 14" 5'-4" 18" 14"

A B C

D

H

E

1

2

3

4

56

SCALE: NTS
REPRESENTATIVE MECHANICALLY STABILIZED EARTH (MSE) WALL

SOURCE:  BESTGRID-UAE.COM

Leveling Pad

NOTES:
1. CAST-IN-PLACE WALL TO BE USED ON CUT SLOPES, STA. 5+75 TO STA. 9+25

(LEFT SIDE)
2. WALL SHOWN HERE IS AN ILLUSTATION OF CONCEPT,  NOT A FINAL DESIGN
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Date: 10/3/2023

By: Titan Takahata, Paul Knox

Reviewer: Fares Kekhia

No. Item Qty Unit Unit Cost Total Cost

SCHEDULE A - GENERAL CONDITION

1 Mobilization (5%)  All Req'd LS $227,800 $227,800

2 Erosion Control  All Req'd LS $50,000 $50,000

3 Construction Survey Work  All Req'd LS $30,000 $30,000

SCHEDULE B - DEMOLITION

4 Clear and Grubbing             2.48 AC $45,000 $111,674

5 Sawcut Existing Pavement&Concrete 147            LF $10 $1,470

6 Tree Removal

7 Removal Of Existing Surfacing 404 SY $50 $20,211

8 Remove Existing Catch Basin 2                EA $1,100 $2,200

SCHEDULE C - EARTHWORK

9 1' Stripping 4,005         CY $50 $200,250

10 Excavation 6,832         CY $40 $273,278

11 Dispose of Excess Material, incl. Haul 6,832         CY $35 $239,118

12 Imported Fill 18,946       CY $50 $947,316

13 Embankment in Place 18,946       CY $30 $568,390

SCHEDULE D - STORMWATER CONSTRUCTION

16 24" Reinforced Concrete Pipe Culvert 129            LF $215 $27,675

17 18" Reinforced Concrete Pipe Culvert 342            LF $160 $54,710

18 12" Corrugated Polyethylene Pipe 650            LF $125 $81,250

19 Concrete Inlets, Type CG-2 8                EA $4,500 $36,000

20 Concrete Storm Sewer Manhole 7                EA $8,000 $56,000

21 Stormwater Quantity & Quality Control Measures $250,000

SCHEDULE E - ROADWAY CONSTRUCTION

21 Roadway Fabric 4,120         SY $10 $41,201

22 Base Rock (6") 1,084         TON $35 $37,923

23 Leveling Rock (2") 523            TON $35 $18,307

24 Level 2, 1/2" Asphalt Concrete Pavement Mixture 800            TON $175 $721,019

25 Standard Curb and Gutter 2,354         LF $65 $153,010

26 Concrete Sidewalk 9,460         SF $20 $189,200

27 Extra for new Curb Ramps, incl. Truncated Domes 2                EA $2,500 $5,000

28 Midwest Guardrail 693            LF $70 $48,481

29 Guardrail Terminal, Non-Flar 6                EA $4,400 $26,400

30 6' Fence 2,196         LF $55 $120,770

31 4" White Painted Stripes 1,180         LF $2 $2,360

32 Stop Bar and Crosswalk Thermoplastic 110            SF $10 $1,100

33 Streetlights 16              EA $15,000 $240,000

$4,782,200

$956,440

$5,738,640

Notes:

City of Lincoln City - NE 44th-47th Connector Design Services

Budget-Levet Cost Estimate

Alternative 1 - 2:1 Side Slopes

Total Constuction Cost

Not Included

Allowance

Contingency(20%)
Total Budget Cost

1. The cost estimates above have been prepared for guidance in project evaluation and implementation from the 

information available at the time of the estimate.  The final cost of the project will depend upon the actual labor and 

material costs, competitive market conditions, construction phasing, and other variable factors.  The estimate is based 

on material, equipment, and labor pricing as of October 2023.  However, the costs will fluctuate based on worldwide 

conditions, recent market shortages, and energy prices. 
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Date: 10/10/2023

By: Titan Takahata, Paul Knox

Reviewer: Fares Kekhia

No. Item Qty Unit Unit Cost Total Cost

SCHEDULE A - GENERAL CONDITION

1 Mobilization (5%)  All Req'd LS $260,200.00 $260,200.00

2 Erosion Control  All Req'd LS $50,000 $50,000

3 Construction Survey Work  All Req'd LS $30,000 $30,000

SCHEDULE B - DEMOLITION

4 Clear and Grubbing             1.24 AC $45,000 $55,888

5 Sawcut Existing Pavement & Concrete 147            LF $10 $1,470

6 Tree Removal

7 Removal Of Existing Surfacing 404 SY $50 $20,211

8 Remove Existing Catch Basin 2                 EA $1,100 $2,200

SCHEDULE C - EARTHWORK

9 1' Stripping 2,481         CY $50 $124,050

10 Excavation 5,110         CY $40 $204,400

11 Dispose of Excess Material, incl. Haul 5,110         CY $35 $178,850

12 Imported Fill 12,171       CY $50 $608,550

13 Embankment in Place 12,171       CY $30 $365,130

14 Retaining Wall, Cast-in-Place Concrete Semi-Grav Canti 3,275         SF $200 $655,000

15 Retaining Wall, MSE 12,613       SF $85 $1,072,105

SCHEDULE D - STORMWATER CONSTRUCTION

16 24" Reinforced Concrete Pipe Culvert 60               LF $215 $12,900

17 18" Reinforced Concrete Pipe Culvert 212            LF $160 $33,872

18 12" Corrugated Polyethylene Pipe 650            LF $125 $81,250

19 Concrete Inlets, Type CG-2 8                 EA $4,500 $36,000

20 Concrete Storm Sewer Manhole 7                 EA $8,000 $56,000

21 Stormwater Quantity & Quality Control Measures $250,000

SCHEDULE E - ROADWAY CONSTRUCTION

22 Roadway Fabric 4,120         SY $10 $41,201

23 Base Rock (6") 1,084         TON $35 $37,923

24 Leveling Rock (2") 523            TON $35 $18,307

25 Level 2, 1/2" Asphalt Concrete Pavement Mixture 800            TON $175 $721,019

26 Standard Curb and Gutter 2,354         LF $65 $153,010

27 Concrete Sidewalk 9,460         SF $20 $189,200

28 Extra for new Curb Ramps, incl. Truncated Domes 2                 EA $2,500 $5,000

29 Midwest Guardrail 693            LF $70 $48,481

30 Guardrail Terminal, Non-Flar 6                 EA $4,400 $26,400

31 6' Fence 2,196         LF $55 $120,770

32 4" White Painted Stripes 1,180         LF $2 $2,360

33 Stop Bar and Crosswalk Thermoplastic 110            SF $10 $1,100

34 Street Lights 16               EA $15,000 $240,000

$5,702,900

$1,140,580

$6,843,480

Notes:

City of Lincoln City - NE 44th-47th Connector Design Services

Budget-Levet Cost Estimate

Alternative 2 - With Retaining Walls

Total Budget Cost
Contingency(20%)

Total Constuction Cost

Not Included

Allowance

1. The cost estimates above have been prepared for guidance in project evaluation and implementation from the 

information available at the time of the estimate.  The final cost of the project will depend upon the actual labor and 

material costs, competitive market conditions, construction phasing, and other variable factors.  The estimate is based 

on material, equipment, and labor pricing as of October 2023.  However, the costs will fluctuate based on worldwide 

conditions, recent market shortages, and energy prices. 
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November 6, 2023 3177 

Paul Knox, PE 

Akana 

6400 SW Lake Road, Suite 270 

Portland, Oregon 97222 

Task 1 Geotechnical Engineering Services 
NW 44th Street to NE 47th Street Connector 
Lincoln City, Oregon 

Dear Mr. Knox, 

Per your request, we have completed Task 1 for the above-referenced project. This letter summarizes 

the results of our services. 

BACKGROUND 

A proposed new roadway connecting NW 44th Street to NE 47th Street in Lincoln City, Oregon, 

crosses a forested ravine that is regionally mapped as a high landslide hazard area. Task 1 of our 

geotechnical engineering services for this project included: 

• Perform a literature review of select publicly available information. 

• Review and conduct a geologic interpretation of City-provided lidar. 

• Perform a geologic reconnaissance to inform the future tasks. 

• Identify subsurface exploration locations and appropriate drilling equipment. 

REVIEW AND ASSESSMENT 

We reviewed geology maps, geologic hazard maps, ground morphology maps (lidar hill shade), and aerial 

photographs available on the following internet websites and an application. Image copies of the specific 

maps, reports and photographs are available upon request. 

• https://ngmdb.usgs.gov/mapview/ 

• https://gis.dogami.oregon.gov/maps/geologicmap/ 

• https://gis.dogami.oregon.gov/maps/slido/ 

• https://gis.dogami.oregon.gov/maps/lidarviewer/ 
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• Google Earth Pro 

At the time of our review, hill shade imagery, available from DOGAMI Lidar Viewer, based on lidar from 

2009, was used in our interpretation.  

• Watershed Sciences, 2009, Lidar Remote Sensing Data Collection: DOGAMI, Oregon North 

Coast Study Area, Delivery Area 9.  

RECONNAISSANCE 

A senior associate engineering geologist from our office completed a site reconnaissance on August 

22, 2023.  We offer the following summary of our field reconnaissance: 

Landform Assessment: 

• There is a “Ridge” of fill along the east side of the parking area (west of the connector from 47th 

Street) that contains siltstone and tuffaceous siltstone fragments, which suggests that in-place 

Nestucca Formation is near the ground surface in the graded parking area, and any sand from 

beach or wind is likely relatively thin.  

• Dense vegetation is hiding slope details such as incised drainage, local erosion, and sediment 

deposits. 

• The previously mapped landslide that is nearby north of the alignment is subdued and likely very 

old. 

Geology Assessment: 

• Anticipated subsurface conditions consist of surficial soil (likely windblown sand mixed with 

organics) overlying Quaternary terrace sand with gravel at bottom (est. 5-30 feet thick, based on 

nearby DWR-sourced well logs and nearby roadcuts), overlying Nestucca Formation siltstone 

and tuffaceous siltstone (mudstone). 

• The Nestucca Formation is tectonically tilted approx. 10 to 30 degrees to the west. This 

formation has potential for occurrence of landslides prior to and after burial by terrace sediments. 

• The Nestucca Formation is tectonically faulted in the region, but no faults are mapped at the 

specific site location; however, reasonable assumption is that it’s likely fractured, sheared, and 

weathered, to low strength. 

 

PRELIMINARY CONCLUSIONS 

Based on our document review and site reconnaissance, we offer the following preliminary 

conclusions regarding the proposed project. 
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• The west facing slopes appear to be Nestucca Formation mantled with sand (observed under 

fallen tree root bundle). Buried by the sand is likely paleo-landslide materials that should be 

included in subsurface investigation and evaluated for its potential impact to design.  

• East facing slopes appear to cut across the bedding and are steeper (local slopes approach 30 to 

40 degrees) and are likely mantled with sand soil.  

• Groundwater is anticipated to be shallow throughout the area. Surface water was flowing within 

all drainages and drainage swales, and seeps were observed within a south-facing slope of a broad 

ridge immediately north of the proposed extension of connected 47th Street. 

• Our document review and site reconnaissance did not identify geologic conditions that would 

preclude the proposed roadway extension, however, there is evidence of prior landsliding nearby 

along with high groundwater conditions that should be evaluated as part of the subsurface 

exploration program. 

• Approximate proposed subsurface exploration locations are shown on the attached figure.  Some 

clearing of large trees and access route construction may be necessary for a track mounted drill 

rig to access certain areas.   

CLOSING 

We appreciate the opportunity to assist Akana with this project.  If you have questions please call us 

at (503) 452-1100. 

Sincerely, 

CORNFORTH CONSULTANTS, INC. 

 

Charles M. Hammond, C.E.G. 

Senior Associate Geologist 

 

Greg A, Landau, P.E., G.E. 

Senior Associate Geotechnical Engineer 
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Conceptual Test Pit Location

Conceptual Boring Location

AND CONCEPTUAL EXPLORATION LOCATIONS
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44th-47th Road Connector, Lincoln City, Oregon – Wetland Delineation Report 
 
 

Environmental Science & Assessment, LLC  Page 1 
 

INTRODUCTION 
Environmental Science & Assessment, LLC (ES&A) conducted a wetland delineation for the 
City of Lincoln City and the Confederated Tribes of Siletz Indians (CTSI) for a proposed 44th-47th 
Connection Road in Lincoln City, Oregon, Lincoln County (Figure 1). The site is comprised of a 
portion of the southeastern areas of one tax lot, totaling 1.89-acres out of the 20.37-acre tax lot 
(TL#071102B 102) (Figure 2). The tax lot encompassing the project area is mapped on Lincoln 
County’s assessor map within the northwest ¼ of Section 02 Township 7 South, Range 11 West 
(TL# 071102B) (Figure 2) (WM).   
   
LANDSCAPE SETTING AND LAND USE 
 
The proposed road alignment study area is located within undeveloped forest habitat that 
continues north and west and southeast within the surrounding parcel. Logan Road RV Park is 
located to the west within the tax lot. To the east the project area is bordered by a residential 
subdivision and to the south by commercial development including a café, grocery store, dollar 
store, bank, and more. There is one of three water reservoirs located north of the project site at 
Roads End that holds 4.25 million gallons of supply water at 160 feet of elevation. 
 
Access to the site is from a road stub of NE 47th Street at the eastern tax lot boundary, and from 
the southwest corner of the tax lot at the intersection of Logan Road and NW 44th Street.  The 
southern end of the road alignment extends through an undeveloped open field (Figure 5).  
 
There are three plant communities onsite. Within the southwest of the tax lot there is a cleared 
and mowed open field adjacent to the intersection of NW Logan Road and NW 44th Street. The 
plant community within this area is comprised of a perimeter of shore pine (Pinus contorta), a 
minimal shrub stratum of invasive Himalayan blackberry (Rubus armeniacus) and invasive 
scotch broom (Cytisus scoparius), and a dominant herbaceous stratum of spikerush (Eleocharis 
macrostachya), tall false fescue (Schedonorus arundinaceus), velvet grass (Holcus lanatus), 
tansy ragwort (Senecio jacobaea), ox-eye daisy (Leucanthemum vulgare), hairy cats ear 
(Hypochaeris radicata), and English plantain (Plantago lanceolata).  
 
The majority of the site is comprised of a mixed forest with a canopy of red alder (Alnus rubra) 
and Sitka spruce (Picea sitchensis), with an understory of red elderberry (Sambucus racemosa), 
English holly (Ilex aquifolium), beaked hazelnut (Corylus cornuta), Himalayan blackberry (Rubus 
armeniacus), and saplings of red alder and Sitka spruce. The herbaceous stratum is comprised 
of common swordfern (Polystichum munitum), salal (Gaultheria shallon), and trailing blackberry 
(Rubus ursinus). 
Immediately adjacent to the onsite tributaries and wetlands the habitat is a riparian forest with a 
canopy of red alder, an understory of Himalayan blackberry, red-osier dogwood (Cornus 
sericea), and salmonberry (Rubuc spectabilis). The herbacrous stratum is comprised of 
common swordfern and slough sedge (Carex obnupta).  
 
Topography onsite was reviewed prior to the field investigation through DOGAMI LiDAR, with 
the proposed road alignment being divided by a ravine of a drainage that flows through the 
central area of the site tax lot, which then flows west and exits the site through the southwest 
corner. The lowest point onsite is within the southern area of the tax lot. USGS mapping shows 
a similar drainage pathway through the site and Lincoln City stormwater mapping indicates the 
downstream drainage outfalls to a storm pipe in the southeast corner of the project tax lot and is 
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piped southeast to a tributary south of State Highway 101 that eventually drains to Devil’s Lake 
(Appendix D).  
 
Soil survey mapping indicates two soil types onsite, both non-hydric. The eastern area of the 
site is mapped as Fendall-Winema silt loams, 15 to 35 percent slopes (Map unit 19E, Hydric 
rating = 0). The southwest and a tip of the northwest study area corner is mapped as Winema-
Fendall silt loams, 3 to 15 percent slopes (Map unit 64C, Hydric rating = 0).) (NRCS, Web Soil 
Survey, 2023).  
SITE ALTERATIONS 
Review of historic aerial photography available on Google Earth from the years 1994 to 2019 
shows that little has changed onsite. The majority of the site has remained undeveloped 
forested land with open field in the southwest corner. In the surrounding area of the vicinity of 
the project site, there have been some alterations and developments. the RV park Within the 
western area of the parcel was constructed in the early 2000s, and the eastern subdivision 
began development in 2005 with houses continually being added along the eastern tax lot 
border from 2012 to 2015. North of the site, forest contiguous with the parcel north of the road 
alignment was cleared between August 2011 and September 2012. (Google Earth Pro).  
 
PRECIPITATION DATA AND ANALYSIS     
Precipitation data and analysis collected for the field visit is used for Table 1. There was 0.00-
inches of observed precipitation on October 12th, 2023. There was 1.16-inches recorded in the 
two weeks prior to the October field visit. Water year-to-date (WYTD) was 0% of normal during 
the October visit, though this was due to the fact that the current water year to date has just 
begun (Table 1). Observed data for the field visit in Table 1 are from CoCORaHS station OTIS 2 
NE, OR about 4.46-miles to the northeast of the site. 
 
According to the WETS table for NWS station OTIS 2 NE, OR, observed precipitation in July 
2023 was lower than normal range, with August 2023 and September 2023 within normal range 
(Table 2).  
 

Table 1. Precipitation Data Prior to Field Observations  

Field Date 
Rainfall 
on Field 
Date 

Rainfall Two 
Weeks Prior to 
Field Date 

Observed Rainfall 
for the Water Year-
to- Date (WYTD) 

Percent Normal 
Water Year-to-
Date 

October 12th, 
2023 0.00 1.16 0.00* 0%* 

Source:  Natural Resource Conservation Service (NRCS) Agricultural Climate Information System (AgCIS) for Lincoln 
City County, WETS station: OTIS 2 NE, OR. 
*Water year recently started. 2022-2023 water year recorded 86% of normal. 

 

Table 2. Monthly Observed Precipitation Preceding 2023 field observations 

Prior Three 
Months 

1Avg. 
Precip. 

130% Chance Will Have 
Less                More 
Than                Than 
 

Observed  
Precip. 

Within Normal 
Range? 

July 2023 0.65 0.24 0.73 0.21 No, lower 
August 2023 1.24 0.39 1.48 0.45 Yes 
September 2023 3.39 1.92 4.13 2.91 Yes 
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Source:  Natural Resource Conservation Service (NRCS) Agricultural Climate Information System (AgCIS) for Lincoln 
City County, WETS station: OTIS 2 NE, OR. 1Average and exceedance values based on years 2000-2023 to 
represent normal. 
 
SITE SPECIFIC METHODOLOGY 
All boundaries of wetlands or waterways were determined using the methodology provided in 
the Regional Supplement to the Corps of Engineers Wetland Delineation Manual:  Western 
Mountains, Valleys, and Coast Region (USACE, 2010). Field data was collected in accordance 
with the Oregon Administrative Rules for Wetland Delineation Report Requirements and for 
Jurisdictional Determination for the Purpose of Regulating Fill and Removal within Waters of the 
State (OAR 141-90-0005-141-90-0055).   
 
Two levels of investigation for the wetland delineation included a review of existing information 
and an on-site investigation of the study area. Prior to conducting the on-site investigation, 
ES&A reviewed available data pertaining to the wetland delineation.   
 
Reviewed data included: 
 
• Aerial Photographs: 1994-2019 (Google Earth); 
• Natural Resource Conservation Service (NRCS) Soil Survey of Lincoln County Area, 

Oregon (Web Soil Survey, 2023); 
• Oregon Department of Geology and Mineral Industries (DOGAMI) Lidar Viewer; 
• City of Lincoln City Local Wetland Inventory (LWI) Map Lincoln County, OR area 

(SRI/Shaprio 1996);  
• U.S. Geological Survey (USGS) 1:24,000 Topographic Map (MetroMap, 2013). 
 
ES&A conducted the site evaluation on October 12th, 2023. Six (6) wetland delineation data 
plots were recorded while delineating the wetland boundary onsite. Wetland delineation 
methods used for test pits and establishing wetland boundaries onsite followed the methodology 
provided in the Corps of Engineers Wetlands Delineation Manual, Technical Report Y-87-1 
(1987 Manual) (Environmental Laboratory, 1987). The wetland boundaries and data plot 
locations were flagged and mapped with a handheld Trimble Geo 7x GPS and GNSS antenna 
in the field with accuracy of ±2-feet.   
 
WETLANDS  
Two unnamed tributaries with a confluence in the study area and wetlands along the banks 
were delineated onsite. Wetland A and B total 9,776 SF or 0.22-AC (Figure 6).  
 
Unnamed Tributary A  
The Unnamed Tributary A is classified as Riverine Flow Through (RFT) and Riverine Lower 
Perennial Streambed that is Seasonally flooded (R2SBC). This tributary begins approximately 
0.30 miles north of the project site and tax lot according to the Local Wetland Inventory (LWI) for 
Lincoln City, entering the tax lot from the northwest corner. The tributary flows south and 
confluences with Unnamed Tributary B within the project area. The channel is narrow in the 
northwest where it enters the site, and is incised approximately 1 foot, the channel topography 
widens and flattens into a basin where Wetland B is mapped, and this flattened channel basin 
continues offsite of the project area to the south. The average width of the stream observed 
during the field investigation is approximately 2.5 to 3 feet. The channel enters the project area 
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from the northwest and continues outside the project area to the southeast, where the channel 
curves and flows east, entering the southern project area from the northeast.  
 
The Unnamed Tributary has a drainage basin of 34.5 AC that extends northwest from the 
confluence of Tributaries A and B according to an USGS StreamStats Report. The flow duration 
statistics for this tributary records the channel having a small flow, with 95 percent of flow 
duration as 0.00933 cubic feet per second, and 5 percent of flow duration at 0.952 cubic feet per 
second. 
 
The plant community surrounding Unnamed Tributary A includes a canopy of Sitka spruce and 
red alder, with red elderberry, salmonberry, and Himalayan blackberry in the understory with an 
herbaceous stratum comprised of salal and swordfern with slough sedge along the banks where 
wetlands are present. Tributary A gets its hydrology from runoff, precipitation, and seeps and 
springs along the channel from groundwater discharge.  
 
Unnamed Tributary B 
The Unnamed Tributary B is classified as a Riverine Flow Through (RFT) and Riverine 
Intermittent Streambed that is Seasonally Flooded/Saturated (R4SBE). The tributary begins 
from a 20” culvert likely piped from a storm inlet and water quality facility 45 feet northeast of the 
tributary. The tributary flows southwest and confluences with Unnamed Tributary A 
approximately 170 feet after entering the project area tax lot. The tributary averages 3 feet in 
width but is narrow where the channel begins at the culvert. The channel is incised and there is 
no wetland along the southern bank until the tributary confluences with Tributary A.  
The unnamed tributary has a drainage basin of 22.5-AC according to the USGS StreamStats 
Report for this drainage. The flow duration statistics for Tributary B report a small flow, with 95 
percent of flow duration recorded at 0.00596 cubic feet per second, and 0.619 cubic feet per 
second during 5 percent of flow duration.  
 
The plant community surrounding Tributary B is a canopy of Sitka spruce, an understory of 
salmonberry, English holly, beaked hazelnut, and Himalayan blackberry with an herbaceous 
stratum of salal, slough sedge, and common swordfern. This tributary gets its hydrology from 
storm water flow from the off-site water quality facility pond, as well as seeps and springs from 
groundwater flow.  
 
From information received from project engineers, the 20’ storm outfall culvert mapped as an 
outlet for Tributaries A and B channels the flow into public utility storm drains which pipe the 
water flow to south of Highway 101, where it outlets in Devil’s Lake via a narrow drainage 
channel. 
 
Wetland A 
The wetland is a 2,232 SF (0.051 AC) Riverine flow through (RFT) and Palustrine Forested 
Broad leaved Deciduous seasonally flooded/saturated wetland (PFO1E) within the 
southwestern area of the project site. A short tributary flows east from an existing 20-inch 
culvert that discharges stormwater from the southwestern corner of the taxlot.  The secondary 
tributary channel hydrology expands where Wetland A is mapped, due to topographic changes 
and sediment deposition from the culvert. The tributary continues east through the study area 
within an incised channel approximately 2 feet with a width of 2 to 3 feet and continues to flow 
east within a narrow channel where it drains to a storm inlet (See current aerial mapping in 
Appendix D) in the southeast corner of the taxlot (Figure 6, 6a).   
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Wetland A extends eastward from the existing culvert to where the channel for Tributary A 
becomes incised and the banks steepen. Wetland criteria including hydrology, soils, and 
vegetation were met within the wetland (Appendix B, DP-3).  
 
The plant community for Wetland A has a canopy of red alder, an understory of Himalayan 
blackberry and salmonberry, and a herbaceous stratum of bracken fern (Pteridium aquilinum), 
common swordfern, and slough sedge.  
 
Wetland A hydrology includes surface saturation, hydrogen sulfide odor, and a high-water table. 
This hydrology is sourced from backflow of Unnamed Tributary A, precipitation, and sublateral 
groundwater flow.  
 
Wetland B 
The wetland is a 7,544 SF (0.173 AC) wetland classified as Riverine Flow Through (RFT) and 
Palustrine Forested Needle-leaved evergreen seasonally flooded/saturated (PFO4E). Wetland 
criteria including hydrology, soils, and vegetation were met within the wetland (Appendix B, DP-
4 & DP-5) and DP-6 documents the wetland does not extend along the southern bank of 
Unnamed Tributary B. This wetland closely follows the channel and inlets of Unnamed 
Tributaries A & B and continues offsite of the project area to the south.  
 
The plant community for Wetland B is comprised of a canopy of Sitka spruce and red alder, with 
an understory of salmonberry, red elderberry, and an herbaceous stratum of slough sedge and 
common swordfern.  
 
Wetland B gets its hydrology from bank overflow of Tributary A and B, precipitation, runoff 
residential subdivision to the east, and sublateral groundwater flow.  
 
DEVIATION FROM LWI OR NWI  
The National Wetland Inventory maps one wetland in the southeastern area of the project area 
tax lot that is classified as a Palustrine Emergent Persistent seasonally flooded wetland 
(PEM1C) and does not map any tributaries onsite. The Local Wetland Inventory (LWI) for the 
City of Lincoln City maps a thin wetland that follows closely to what was delineated onsite within 
the northern area of the project site, however within the southeastern area of the project site the 
wetland on the LWI does not correspond with what was delineated in-field (Figure 3).  
 
RESULTS AND CONCLUSIONS 
ES&A delineated two unnamed tributaries and two wetlands on-site (Table 3). 
 
Table 3. Waters/Wetlands Summary 

Feature Area 
(acres/square 
feet or length 
in feet) 

HGM Class Cowardin Class Notes 

Unnamed 
Tributary A 

NA RFT R2SBC  

Unnamed 
Tributary B 

NA RFT R4SBE  

Wetland A 2,232 SF RFT PFO1E  
Wetland B 7,544 SF RFT PFO4E  
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DISCLAIMER 
As required by the Administrative Rules for Wetland Delineation Report Requirements and for 
Jurisdictional Determination for the Purpose of Regulating Fill and Removal within Waters of the 
State the following statement is made:  
 
“This report documents the investigation, best professional judgment and conclusions of the 
investigator.  It is correct and complete to the best of my knowledge. It should be considered a 
Preliminary Jurisdictional Determination of wetlands and other waters and used at your own risk 
unless it has been reviewed and approved in writing by the Oregon Department of State Lands 
in accordance with OAR 141-090-0005 through 141-090-0055.” 
 
Wetlands are by definition transitional areas; wetland boundaries may change with time.  All 
wetland delineations performed for this study, as well as the conclusions drawn in this report, 
should be reviewed by the appropriate regulatory agencies prior to any detailed site planning or 
construction activities. ES&A, therefore, recommends that this wetlands study be verified with 
the appropriate regulatory agencies as soon as practical.  The results and conclusions of this 
report represent the authors' best professional judgment, based upon information provided by 
the project proponent in addition to that obtained during the course of this study. No other 
warranty, expressed or implied, is made by ES&A. 

2.A.a

Packet Pg. 43



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
APPENDIX A.  FIGURES 
 
 
 
 

2.A.a

Packet Pg. 44



Figure 1
Vicinity Map

44th - 47th Connector
Lincoln City, Oregon
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Source:  Metro Data Resource Center.  http://gis.oregonmetro.gov/metromap/
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Figure 2Tax Lot Map
NW 44th - NE 47th St. Connector

Lincoln City, Oregon

Source: www.ormap.net
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Figure 3aNational Wetland Inventory
NW 44th - NE 47th St. Connector

Lincoln City, Oregon
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Source: fws.gov/wetlands/data/Mapper.html
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Figure 3bLocal Wetland Inventory
NW 44th - NE 47th St. Connector

Lincoln City, Oregon

Environmental
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Source: Lincoln City LWI. SRI/Shaprio, Inc, 11/1996. Accessed: https://docs.dsl.state.or.us/PublicReview/0/doc/863310/Electronic.aspx
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NRCS Soil Survey Map
NW 44th - NE 47th St. Connector

Lincoln City Oregon

Figure 4

Source:  Web Soil Survey, County, Oregon available at:http://websoilsurvey.nrcs.usda.gov/app/.Lincoln

Mapped Soils:
19E - silt loams, 15 to 35 % slopes, Hydric Rating = 0Fendall-Winema
64C - silt loams, 3 to 15 % slopes, Hydric Rating = 0Winema-Fendall

N

Environmental
Science &

Assessment, LLC

0 200 400 ft

STUDY

AREA

2.A.a

Packet Pg. 49



Figure 5
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Imagery date: 07/24/2019Source: .  http://Google Earth Pro earth.google.com
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WETLAND DETERMINATION DATA FORM – Western Mountains, Valleys, and Coast Region

SUMMARY OF FINDINGS – Attach site map showing sampling point locations, transects, important features, etc.

Is the Sampled Area
within a Wetland?                   Yes                   No               

VEGETATION – Use scientific names of plants.
Dominance Test worksheet:

Prevalence Index worksheet:

Hydrophytic Vegetation Indicators: 

Hydrophytic 
Vegetation
Present?                 Yes                 No             

Lincoln City 44-47th Connector Lincoln City 10/12/23

Akana OR DP-1
Jack Dalton and Racine Robinson Sec 02, T7S, R11W

field none >5
A-Northwest Forests and Coasts 44.595911 -124.0974 NAD 83

(64C) Winema-Fendall silt loam, 3-15% slopes, Hydric rating = 0 N/A

30' diameter
2

2

0 100
30' diameter

0 0
2 4

32 96
7 20

0
5' diameter 0 0

Leucanthemum vulgare 5 FACU 41 120

Rubus spectabilis 2 FAC 2.93
Hypochaeris radicata T FACU
Plantago lanceolata T FACU
Fragaria vesca 2 FACU
Eleocharis sp 60 NL ✔

Schedonorus arundinaceus 20 x FAC
Senecio jacobea 5 NL
Holcus lanatus 10 x FAC

104

0
0

Eleocharis sp - Not listed - not used in dominance test. Species not common PNW species.
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SOIL
Profile Description:  (Describe to the depth needed to document the indicator or confirm the absence of indicators.)

Hydric Soil Indicators: (Applicable to all LRRs, unless otherwise noted.) Indicators for Problematic Hydric Soils3:

except MLRA 1

Restrictive Layer (if present):

Hydric Soil Present?     Yes           No           

HYDROLOGY
Wetland Hydrology Indicators:

except MLRA 1, 2,
MLRA 1, 2, 4A, and 4B 4A, and 4B

LRR A LRR A

Field Observations:

Wetland Hydrology Present?    Yes                 No             

10YR 2/2 100 Silt loam
11-14 10YR 2/2 98 7.5YR 3/4 2 C M Silt loam
14-18 10YR 5/8 88 10YR 3/6 2 C M Silt loam

10YR 3/2 10

✔

✔

✔

0-11

DP-1
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WETLAND DETERMINATION DATA FORM – Western Mountains, Valleys, and Coast Region

SUMMARY OF FINDINGS – Attach site map showing sampling point locations, transects, important features, etc.

Is the Sampled Area
within a Wetland?                   Yes                   No               

VEGETATION – Use scientific names of plants.
Dominance Test worksheet:

Prevalence Index worksheet:

Hydrophytic Vegetation Indicators: 

Hydrophytic 
Vegetation
Present?                 Yes                 No             

Lincoln City 44-47th Connector Lincoln City 10/12/23

Akana OR DP-2
Jack Dalton and Racine Robinson Sec 02, T7S, R11W

hillslope none 15
A-Northwest Forests and Coasts 44.595911 -124.0974 NAD 83

(19E) Fenall-Winema silt loams, 15-35% slopes, Hydric rating = 0 N/A

30' diameter
Picea sitchensis 80 x FAC 4
Alnus rubra 20 x FAC

7

100 57
30' diameter

Rubus spectabilis 15 x FAC
Sambucus racemosa 5 x FACU

30 30
0 0

115 345
76 304

20
5' diameter 0 0

Hedera helix 1 FACU 221 679

Carex obnupta 30 x OBL 3.07
Polystichum munitum 50 x FACU
Gaultheria shallon 20 x FACU

✔

101

0
0
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SOIL
Profile Description:  (Describe to the depth needed to document the indicator or confirm the absence of indicators.)

Hydric Soil Indicators: (Applicable to all LRRs, unless otherwise noted.) Indicators for Problematic Hydric Soils3:

except MLRA 1

Restrictive Layer (if present):

Hydric Soil Present?     Yes           No           

HYDROLOGY
Wetland Hydrology Indicators:

except MLRA 1, 2,
MLRA 1, 2, 4A, and 4B 4A, and 4B

LRR A LRR A

Field Observations:

Wetland Hydrology Present?    Yes                 No             

10YR 3/2 100 SCL
5-12 10YR 2/2 100 SCL
12 Root layer 

Large root layer
12

✔

✔

✔

0-5

DP-2
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WETLAND DETERMINATION DATA FORM – Western Mountains, Valleys, and Coast Region

SUMMARY OF FINDINGS – Attach site map showing sampling point locations, transects, important features, etc.

Is the Sampled Area
within a Wetland?                   Yes                   No               

VEGETATION – Use scientific names of plants.
Dominance Test worksheet:

Prevalence Index worksheet:

Hydrophytic Vegetation Indicators: 

Hydrophytic 
Vegetation
Present?                 Yes                 No             

Lincoln City 44-47th Connector Lincoln City 10/12/23

Akana OR DP-3
Jack Dalton and Racine Robinson Sec 02, T7S, R11W

toe of slope concave 13
A-Northwest Forests and Coasts 44.595911 -124.0974 NAD 83

(19E) Fenall-Winema silt loams, 15-35% slopes, Hydric rating = 0 N/A

30' diameter
Alnus rubra 80 x FAC 4

4

80 100
30' diameter

Rubus armeniacus 10 x FAC
Rubus spectabilis 20 x FAC

30
5' diameter

Pteridium aquilinum 5 FACU
Polystichum munitum 10 FACU
Carex obnupta 85 x OBL

✔

100

0
0
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SOIL
Profile Description:  (Describe to the depth needed to document the indicator or confirm the absence of indicators.)

Hydric Soil Indicators: (Applicable to all LRRs, unless otherwise noted.) Indicators for Problematic Hydric Soils3:

except MLRA 1

Restrictive Layer (if present):

Hydric Soil Present?     Yes           No           

HYDROLOGY
Wetland Hydrology Indicators:

except MLRA 1, 2,
MLRA 1, 2, 4A, and 4B 4A, and 4B

LRR A LRR A

Field Observations:

Wetland Hydrology Present?    Yes                 No             

10YR 2/1 100 CL Muck-green and shiny blk
14-20 N 2.5/blk 90 SGY 5/1 10 C M CL

✔

✔

✔

✔

✔ 9
✔ 1

0-14

DP-3
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WETLAND DETERMINATION DATA FORM – Western Mountains, Valleys, and Coast Region

SUMMARY OF FINDINGS – Attach site map showing sampling point locations, transects, important features, etc.

Is the Sampled Area
within a Wetland?                   Yes                   No               

VEGETATION – Use scientific names of plants.
Dominance Test worksheet:

Prevalence Index worksheet:

Hydrophytic Vegetation Indicators: 

Hydrophytic 
Vegetation
Present?                 Yes                 No             

Lincoln City 44-47th Connector Lincoln City 10/12/23

Akana OR DP-
Jack Dalton and Racine Robinson Sec 02, T7S, R11W

toe of slope concave 7
A-Northwest Forests and Coasts 44.595911 -124.0974 NAD 83

(19E) Fenall-Winema silt loams, 15-35% slopes, Hydric rating = 0 N/A

30' diameter
Picea sitchensis 10 x FAC 4
Alnus rubra 20 x FAC

4

30 100
30' diameter

Rubus spectabilis 35 x FAC
Sambucus racemosa T FACU

35
5' diameter

Polystichum munitum 2 FACU
Carex obnupta 90 x OBL

✔

92

0
0
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SOIL
Profile Description:  (Describe to the depth needed to document the indicator or confirm the absence of indicators.)

Hydric Soil Indicators: (Applicable to all LRRs, unless otherwise noted.) Indicators for Problematic Hydric Soils3:

except MLRA 1

Restrictive Layer (if present):

Hydric Soil Present?     Yes           No           

HYDROLOGY
Wetland Hydrology Indicators:

except MLRA 1, 2,
MLRA 1, 2, 4A, and 4B 4A, and 4B

LRR A LRR A

Field Observations:

Wetland Hydrology Present?    Yes                 No             

10YR 2/2 100 SCL
6-10 10YR 3/2 95 10YR 4/6 5 C M Sandy Loam

10-14 10YR 2/2 95 10YR 3/6 5 C M SCL

14-20 10YR 2/2 90 7.5YR 5/8 C M10 SCL

✔

✔

✔

✔

✔

✔ 16

0-6

DP-

Oxidized rhizopheres along living roots begins at 6". saturation likely to be present closer to surface later in year - BPJ.
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WETLAND DETERMINATION DATA FORM – Western Mountains, Valleys, and Coast Region

SUMMARY OF FINDINGS – Attach site map showing sampling point locations, transects, important features, etc.

Is the Sampled Area
within a Wetland?                   Yes                   No               

VEGETATION – Use scientific names of plants.
Dominance Test worksheet:

Prevalence Index worksheet:

Hydrophytic Vegetation Indicators: 

Hydrophytic 
Vegetation
Present?                 Yes                 No             

Lincoln City 44-47th Connector Lincoln City 10/12/23

Akana OR DP-5
Jack Dalton and Racine Robinson Sec 02, T7S, R11W

toe of slope concave 7
A-Northwest Forests and Coasts 44.595911 -124.0974 NAD 83

(19E) Fenall-Winema silt loams, 15-35% slopes, Hydric rating = 0 N/A

30' diameter
Alnus rubra 80 x FAC 3

5

80 60
30' diameter

Rubus spectabilis 20 x FAC
Sambucus racemosa 5 x FACU

25
5' diameter

Carex obnupta 50 x OBL
Polystichum munitum 30 x FACU

✔

80

0
20
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SOIL
Profile Description:  (Describe to the depth needed to document the indicator or confirm the absence of indicators.)

Hydric Soil Indicators: (Applicable to all LRRs, unless otherwise noted.) Indicators for Problematic Hydric Soils3:

except MLRA 1

Restrictive Layer (if present):

Hydric Soil Present?     Yes           No           

HYDROLOGY
Wetland Hydrology Indicators:

except MLRA 1, 2,
MLRA 1, 2, 4A, and 4B 4A, and 4B

LRR A LRR A

Field Observations:

Wetland Hydrology Present?    Yes                 No             

10YR 2/2 98 10YR 3/6 2 C M SCL
7-14 10YR 3/2 95 10YR 5/8 5 D M SCL

14-20 10YR 2/1 90 10YR 4/6 10 C M CL

✔

✔

✔

✔

✔ 18
✔ 14

0-7

DP-5

Oxidized rhizospheres along Living Roots at 6". Saturation likely to be present later in year. - BPJ.
Wetland boundary north of plot DP-5 - topo defined. Cover of salmonberry too dense to get additional upland data.
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WETLAND DETERMINATION DATA FORM – Western Mountains, Valleys, and Coast Region

SUMMARY OF FINDINGS – Attach site map showing sampling point locations, transects, important features, etc.

Is the Sampled Area
within a Wetland?                   Yes                   No               

VEGETATION – Use scientific names of plants.
Dominance Test worksheet:

Prevalence Index worksheet:

Hydrophytic Vegetation Indicators: 

Hydrophytic 
Vegetation
Present?                 Yes                 No             

Lincoln City 44-47th Connector Lincoln City 10/12/23

Akana OR DP-6
Jack Dalton and Racine Robinson Sec 02, T7S, R11W

hillslope 20
A-Northwest Forests and Coasts 44.595911 -124.0974 NAD 83

(19E) Fenall-Winema silt loams, 15-35% slopes, Hydric rating = 0 N/A

30' diameter
Alnus rubra 20 x FAC 3
Sambucus racemosa 30 x FACU

5

50 60
30' diameter

Sambucus racemosa 50 x FACU
Rubus spectabilis 20 x FAC

70
5' diameter

Carex obnupta 95 x OBL
Polystichum munitum 5 FACU

✔

100

0
0
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SOIL
Profile Description:  (Describe to the depth needed to document the indicator or confirm the absence of indicators.)

Hydric Soil Indicators: (Applicable to all LRRs, unless otherwise noted.) Indicators for Problematic Hydric Soils3:

except MLRA 1

Restrictive Layer (if present):

Hydric Soil Present?     Yes           No           

HYDROLOGY
Wetland Hydrology Indicators:

except MLRA 1, 2,
MLRA 1, 2, 4A, and 4B 4A, and 4B

LRR A LRR A

Field Observations:

Wetland Hydrology Present?    Yes                 No             

10YR 2/2 95 10YR 4/6 3 C M SCL

✔

✔

✔

0-20

DP-6
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APPENDIX C.  SITE PHOTOGRAPHS 
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Photo 1: View from southern tax loteast
boundary within southwestern area of
site, showing existing conditions of cleared
field.

Photo 2: View northeast of vegetation
transition from upland field to plant
community along the upland boundary of
Wetland A.

Photo 3: View south of existing conditions
and plant community of Wetland A within the
southwest of the project area.
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Photo 4: View north of mixed forest
community onsite.

Photo 5: View east of existing conditions at
Wetland B within the northeast of the
project area.

Photo 6: View northeast of off-site storm
water drainage pond that connects to the
existing drainage within Wetland B.
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APPENDIX D.  HISTORIC AERIAL IMAGES 
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Environmental
Science &

Assessment, LLC
Historic Aerial Images
I-5 & Butteville Road NE

Date: 05/05/1994

Source:

GoogleEarthPro

Date: 02/18/2001

Source:

GoogleEarthPro
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on site.
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Date 06/28/2005:

Source:

GoogleEarthPro

Date: 04/04/2007

Source:

GoogleEarthPro
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2023-09-12
2023-08-13

Antecedent Precipitation vs Normal Range based on NOAA's Daily Global Historical Climatology Network
Daily Total
30-Day Rolling Total
30-Year Normal Range

30 Days Ending 30th %ile  (in) 70th %ile  (in) Observed (in) Wetness Condition Condition Value Month Weight Product
2023-10-12 2.957874 6.73504 5.389764 Normal 2 3 6
2023-09-12 0.603937 2.119291 0.791339 Normal 2 2 4
2023-08-13 0.233858 1.01378 0.188976 Dry 1 1 1

Result Normal Conditions - 11

Coordinates 44.999753, -124.002706
Observation Date 2023-10-12

Elevation (ft) 66.058
Drought Index (PDSI) Moderate drought (2023-09)

WebWIMP H2O Balance Wet Season

Weather Station Name Coordinates Elevation (ft) Distance (mi) Elevation Weighted Days Normal Days Antecedent
OTIS 2 NE 45.0333, -123.9239 149.934 4.493 83.876 2.399 11273 78

LINCOLN CITY 0.7 NNW 44.982, -124.0142 96.129 5.659 53.805 2.851 2 0
LINCOLN CITY 1.0 SSW 44.9592, -124.0159 112.861 6.813 37.073 3.318 2 12

GLENEDEN BEACH 0.3 N 44.8849, -124.0345 50.853 11.592 99.081 6.365 8 0
CLOVERDALE 45.205, -123.8925 12.139 11.962 137.795 7.031 67 0
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Harris Environmental Group, Inc.     

CRI of the 44th–47th Connector Project, Draft Report                      ii 
 

Executive Summary 
 
Purpose of the Survey: To assess the potential impacts of the proposed 44th–47th Connector project 
on any significant cultural resources identified within, or immediately adjacent to, the area of 
potential effects (APE) defined for the project in compliance with Section 106 of the National 
Historic Preservation Act (NHPA). The main objective of the project is to construct a connector 
street between the western terminus of NE 47th Street, and the eastern terminus of NW 44th Street, 
within the City of Lincoln City.  

Summary of Findings: Harris Environmental has performed a literature review, and both surface 
(pedestrian) and sub-surface investigations within the 44th–47th Connector project area. The 
inventory consisted of a 100 percent pedestrian and shovel testing survey across the project area. 
The project was undertaken in September/October, 2023. The literature review revealed that there 
have been seven previous cultural resources surveys carried out in the vicinity, which have resulted 
in the recordation of two sites and one isolate. Harris Environmental therefore had low to moderate 
expectations of encountering archaeological deposits during the  

During the survey, Harris Environmental excavated a total of eleven (11) shovel test probes (STPs) 
within the project area. No cultural materials or deposits were observed. Harris Environmental 
recommends a finding of No Historic Properties Affected. No further work is recommended, 
however the project proponents should work under an Inadvertent Discovery Plan for the duration 
of the project, such as that found at the end of this report. 
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Harris Environmental Group, Inc.     

CRI of the 44th–47th Connector Project, Draft Report                      iv 
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CRI of the Cougar Creek Culvert Replacement Project, Draft Report                       5 

Project Description 

The City of Lincoln City proposes to extend NE 47th Street to the intersection of NW 44th Street 
and NW Logan Road. The project is being coordinated by Akana, who contracted with Harris 
Environmental Group (Harris Environmental) to perform a cultural resources survey of the area of 
potential effects (APE) defined for the project.  

The 44th – 47th Connector Project will require a permit from the U.S. Army Corps of Engineers 
(USACE). Any federal nexus triggers compliance with Section 106 of the National Historic 
Preservation Act (NHPA). Section 106 requires federal agencies to address any adverse effects of 
their projects on historic properties. The lead federal agency is responsible for initiating 
consultation with interested tribal governments pursuant to 36 CFR 800.2 (c)(2) and (3), 
determining the APE, and assessing impacts on any historic properties pursuant to 36 CFR Part 
800.5(a)(1), 800.11, and 800.6. The purpose of this study is to identify any historic properties, 
including both archaeological resources and standing structures, which may be adversely affected 
by the proposed project, in accordance with 36 CFR 800.4. 

The APE, hereafter referred to as the project area, for this project consists of the proposed corridor 
that connects the eastern terminus of NW 44th Street to the western terminus of NE 47th Street. It 
is entirely within the boundaries of Lincoln County Parcel # R229779, owned by the Confederated 
Tribes of Siletz Indians (Figure 2). This report details the results of the cultural resources 
investigation. The results of the background research, pedestrian and subsurface investigations are 
described below. 

Area of Potential Effect 

The area of potential effect, hereafter referred to as the project area, is in western, coastal Oregon, 
within the northern portion of Lincoln County. The project area consists of the proposed connector 
corridor (Figure 2). The corridor curves south from NE 47th Street at approximately 82 ft. above 
mean sea level (amsl). It descends a moderate to steep slope in its eastern portion to a lowest 
elevation of approximately 57 ft. amsl in the central portion. It then climbs the moderate slope of 
the western side to meet with the eastern terminus of NW 44th Street at approximately 128 ft. amsl. 
The corridor crosses a ravine landform that is largely characterized by wooded vegetation with a 
dense understory (Figures 2-6). In its western portion, the project area is characterized by a grassy 
slope with an eastern aspect (Figure 6). 
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Figure 1. Overview of the 44th – 47th connector project area, on a portion of the Lincoln City, 
OR USGS topo map. 
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Figure 2. Aerial photomap, overlaid with the project area and existing conditions. 
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Figure 3. Photograph of project area in the vicinity of STP 1, looking east at dense vegetation. 

 

Figure 4. Photograph of terrain and conditions in the vicinity of STP 4, looking northwest. 
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Figure 5. Photograph of slope of western side of project area, looking west. 

 

Figure 6. Photograph of the western portion of the project area, looking east/southeast. 
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Environmental Setting 

The project area is in the northern portion of Lincoln City, between the Pacific shoreline to the 
west and Devils Lake, to the east. Devils Lake is a 68‐acre coastal lake formed approximately 
14,000 years ago by uplifting of marine sediments and subsequent erosion (Devils Lake Water 
Improvement District 2011:7). The lake is fed by freshwater tributary streams flowing out of the 
Coast Range to the east and empties into the Pacific Ocean through the 120‐m (400‐ft) long D 
River. 

Beginning around 66 million years ago, offshore volcanic activity created islands which, bolstered 
by subsequent volcanic activity resulting in basaltic pillow formation along the coast, as well as 
the influx of the Columbia River Basalt flows from the east, were pushed by tectonic forces into 
the continental shelf (Orr and Orr 2012). The resulting uplift carried these volcanic formations and 
the overlying and adjacent marine shelf deposits well above sea level, creating the Coast Range. 
By approximately 30 million years ago, these tectonic and volcanic forces stabilized, and while 
some localized uplifting continued during the Pliocene and Pleistocene, the primary geological 
forces acting on the Coast Range since have been sea level change and erosion.  

The Project is on the north Oregon Coast at the transition between the Coast Range physiographic 
province and the Coastal Plain physiographic province. Moderate temperatures and heavy rainfall 
have resulted in the region’s dense forest vegetation and mature soils. The Coast Range varies 
between 48 and 96 km (30 and 60 mi) in width between the Willamette Valley to the east and the 
Coastal Plain to the west and is characterized by moderately high mountains and coastal headlands 
extending approximately 320 km (200 mi) north to south. Geologically, the Coastal Plain is an 
extension of the Coast Range and consists of marine terraces along rivers and streams. The 
shoreline transitions between rocky headlands and broad sandy beaches. Bays and marshes have 
formed where the mouths of rivers have drowned at sea level (Franklin and Dyrness 1988; Hotze 
et al 2018). 

Vegetation in vicinity of the project area consists of a forested environment. Sitka spruce (Picea 
sitchensis), shore pine (Pinus Contorta), western hemlock (Tsuga heterophylla), and western 
redcedar (Thuja plicata) are common within coastal plain forests.  The understory consists of 
Pacific rhododendron (Rhododendron macrophyllum), evergreen huckleberry (Vaccinium 
ovatum), and salal (Gaultheria shallon) (Franklin and Dyrness 1988).   

Soils within much of the project area is mapped as Fendall-Winema silt loam on 15-35 percent 
slopes. These soils developed from parent materials of colluvium and residuum and are found on 
hillslopes. In a typical profile, it consists of: 

• Ap - 0 to 8 inches: medial silt loam 
• A - 8 to 13 inches: silt loam 
• Bw1 - 13 to 17 inches: silty clay loam 
• Bw2 - 17 to 27 inches: paragravelly silty clay loam 
• BC - 27 to 34 inches: very paragravelly silty clay loam 
• 2Cr - 34 to 44 inches: weathered bedrock 
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The western portion of the project area, where the terrain is less steep, is mapped as Fendall-
Winema silt loam on 3 to 15 percent slopes. It is formed from parent material of colluvium derived 
from sedimentary rock. In a typical profile, it consists of: 

• H1 - 0 to 18 inches: silt loam 
• H2 - 18 to 25 inches: silty clay loam 
• H3 - 25 to 54 inches: silty clay loam 
• H4 - 54 to 64 inches: weathered bedrock (NRCS 2023). 

Background Research 

To establish a regional context for the project area, Harris Environmental carried out background 
research using many sources available from Oregon SHPO, the U.S. Forest Service, Harris 
Environmental’s library, and online. Resources used included Oregon Archaeological Site 
Inventory files and cultural resource survey reports, General Land Offices (GLO) survey maps, 
various county road and other maps, as well as scholarly publications and other research materials. 

Cultural Setting 

Precontact Overview 

As Toepel (1986) describes in the context of the Siuslaw National Forest, precontact sites, 
particularly excavated, stratified, and/or radiocarbon-dated sites, are notably few in the Oregon 
Coast Range and are typically limited to broad river valley bottoms and areas along the Pacific 
coast. Therefore, the following discussion of regional precontact archaeology draws primarily on 
archaeological data from coastal areas to the west and larger riverine systems north and south of 
the current project area. 

Burtchard (1991) writes that western Oregon was climatically suitable for large game between 
11,000 to 14,000 years before present (B.P.), and that humans were likely present in the area 
utilizing these resources. However, the coast and adjacent western flanks of the Coast Range are 
exposed to storms of the North Pacific and subject to a large degree of geological instability, 
leading to heavy erosion and shifting surfaces. In addition, large earthquakes and tsunamis that 
have struck the coast several times over the last millennia contributing to shifting stratigraphy and 
topographic flux. These natural forces lead both to the slow destruction of and catastrophic loss of 
archaeological sites (Erlandson and Moss 1999). Furthermore, until around 5,000 B.P., sea levels 
were consistently lower and it is assumed that peoples living on the coast and utilizing marine 
resources will have primarily left remnants in areas that have subsequently been inundated and are 
now located up to miles offshore. These factors have resulted in a dearth of Late Pleistocene and 
Early Holocene (approximately 14,000 – 7,500 B.P.) archaeological sites on the Oregon coast, to 
the extent that until relatively recently it was thought that coastal resources were not being 
exploited by native peoples until as late as 3,000 years B.P. A handful of older sites have since 
been discovered, but approximately 90% of recorded sites still date to within the last 1,500 years 
(Aikens et al. 2011). Evidence of human occupation on the southern Oregon Coast has now been 
reliably dated to 10,000 years B.P. at the Indian Sands shell midden site (35CU67) near Bandon, 
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approximately 85 miles (137 km) southwest of the current project area (Davis et al. 2002). The 
Tahkentich Landing site (35DO130) near Reedsport, approximately 48 miles (77 km) south-
southwest of the current project area, has been dated to 8,000 years B.P. (Kirkpatrick 2019). 
However, both sites, while reliably dated within well preserved stratigraphic contexts, and 
containing large midden deposits of shell and bone, lack a diversity of cultural materials needed 
to draw broad conclusions about the lives of their inhabitants.  

Apart from human coprolites discovered in south-central Oregon’s Paisley Cave site dated to over 
14,000 years B.P. (Gilbert et al. 2008), this earliest period of human occupation in western Oregon 
begins to reliably show archaeologically approximately 12,000 years ago with the discovery of a 
few isolated fluted projectile points scattered throughout the upper Willamette Valley (Aikens et 
al. 2011). These isolated fluted projectile point sites include the Lebanon Site, the Templeton Site, 
and the 1959 discovery of a waterworn fluted projectile along the Mohawk River in Lane County 
northeast of present-day Eugene (Minor and Pecor 1977). Similarly, a collector found two fluted 
points along the North Umpqua River, southeast of the current project area (Minor 1985). Peoples 
of this time are generally thought to have sustained relatively low, scattered populations of highly 
mobile hunter gatherers, travelling in small groups in pursuit primarily of larger game (Aikens et 
al. 2011).  

Beyond isolated projectile finds, radiocarbon-dated sites from this early period of human 
occupation in Oregon, before the eruption of Mount Mazama around 7,700 B.P., are few. The 
Marial Site (35CU84) along the Rogue River in southwest Oregon has been dated to nearly 9,000 
B.P. (Vincent 2013). This site contained hundreds of projectile points and was interpreted as a 
seasonal hunting camp occupied intermittently over 7,500 years. Another radiocarbon-dated site 
in western Oregon is Cascadia Cave, a stratified rockshelter site located next to the South Santiam 
River in the foothills of the Cascades, dating to as early as 7,900 B.P. (Pettigrew 1990). This 
rockshelter site, likely used on a seasonal basis by travelling hunter gatherers, produced a broad 
range of lithic debitage and stone tools, and contains notable rock art and petroglyphs.  

Archaeological evidence from the Middle Holocene (7,500 to 3,000 B.P.) includes food processing 
oven features and associated charred camas bulbs, and the increased appearance of other plant 
foods such as hazelnuts and acorns (Aikens et al. 2011). Permanent winter habitations in low lying 
areas become increasingly evident in the archaeological record during this time. Various lithic 
artifacts for hunting, plant food processing and animal product processing were observed on sites 
from this period, and especially after 6,000 B.P., projectile point styles generally transition from 
larger leaf and side notched points to broad necked notched points (Minor and Pecor 1977). Ground 
stone implements also appear in site assemblages at this time, as diets became increasingly 
diversified, and as suggested by an increasing number of sites being found close to rivers, fishing 
became an increasingly important element of subsistence. One such well-studied site from this 
period is the Narrows Site, (35DO153), located along the North Umpqua River, contains stratified 
layers of occupation reaching back approximately 6,000 years and containing numerous flaked 
stone tools, groundstone implements for processing plant foods, a house pit, and a fragment of a 
baked clay figurine (O’Neill 1987). Several such sites in the lowland valleys from this period also 
indicate a close relationship with not just rivers but also wetlands, perhaps related to diet including 
an increasing diversity of waterfowl, fish, and small mammals, with many smaller sites observed 
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in locations subject to seasonal flooding. However, it is hypothesized that larger winter settlements 
sat on higher ground above flood levels (Aikens et al. 2011).  

Sites observed dating to the Late Holocene (3,000 B.P to Euro-American Contact) often present 
evidence of continuous or near-continuous occupation from approximately 3,000 years ago to the 
contact period (Aikens et al. 2011). An increasingly residential and centralized pattern of lifeways 
is established throughout western Oregon as evidenced by the development of plank houses and 
the accumulation of debris from continuous residential use appearing in stratified subsurface site 
deposits. Increasingly specialized subsistence is reflected in the proliferation of specialized food 
storage and processing features like camas roasting pits, subterranean storage pits, and bedrock 
mortars, the abundance of specialized technology like net weights and sinkers and fish weirs, and 
the growing use of controlled burning. Small projectile points such as the Gunther barbed style 
appear in the archaeological record demarcating the arrival of the bow and arrow into the late 
precontact hunter’s toolkit. Numerous sites have been documented in the vicinity of Coos Bay 
from this period, and typical archaeological feature in the area include fish weirs, often found 
preserved below the ground surface in wet areas having dropped in elevation during seismic 
subsidence events, lithic scatters, and dense shell middens reflecting the increasingly strong 
reliance on marine resources (Minor and Nelson 2002). The Neptune site (35LA3), located on the 
coast south of Yachats, approximately 12.7 miles (20.4 km) due west of the current project area, 
is a stratified shell midden site which has been excavated in several episodes since 1973 and has 
yielded reliable radiocarbon dates spanning from 6,200 B.P. to 400 B.P. (Jenevein 2010). In 
addition to shell remnants and faunal remains (particularly of fish), the site has yielded a robust 
assemblage of lithic materials and fire cracked rock, and has yielded data illustrating relative shifts 
in diet and resource use in the Late Holocene.  

Ethnographic Overview 

The Project is within the traditional territory of the Salish‐speaking Tillamook who occupied the 
Pacific coastline between Tillamook Head and the Siletz River. The Salmon River and Siletz 
bands, the southernmost subgroups of the Tillamook, occupied the territory within which the 
Project is located (Seaburg and Miller 1990). Anthropologists divide the Tillamook into subgroups 
based on cultural, geographical, and linguistic traits. Each subgroup had independent villages and 
the people were connected through intermarriage and trade. The villages within a subgroup shared 
cultural traits and a similar language.    

The Tillamook occupied permanent villages typically located at the mouths of rivers and along 
bays (Sauter and Johnson 1974). The nearest village sites are recorded near the mouths of the 
Salmon and Siletz Rivers (Seaburg and Miller 1990). Houses consisted of rectangular post‐and‐
plank structures that were either semi‐subterranean or above ground. One or more hearths were 
built in the center, and ventilated through a smoke hole in the roof. Sleeping platforms and storage 
were located along the perimeter of the interior (Seaburg and Miller 1990). Houses were occupied 
by extended family groups. 

The Tillamook hunted and gathered a variety of resources for food, shelter, tools, basketry, and 
clothing. Fish made up a large proportion of their diet. Fish were caught using weirs, basket traps, 
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gill nets, hook and line, harpoons, and gaffs (Sauter and Johnson 1974). Salmon, sturgeon, smelt, 
trout, and steelhead were harvested from the ocean and freshwater streams. Shellfish were also an 
important component of Tillamook subsistence as indicated by large shell middens associated with 
village sites.   

Canoes were the primary mode of travel and were employed to access resources and surrounding 
villages (Jacobs 2003). Whales were opportunistically harvested on the occasion one washed up 
(Sauter and Johnson 1974). Although some seal and sea lions were apparently hunted, terrestrial 
hunting was focused along river valleys. Deer and elk provided large quantities of meat, hides for 
clothing, and bone, antler, and sinew for tools. Berries and other edible and medicinal plants were 
collected from Coast Range forests. 

Historic Background 

The first contact between native peoples and Euro-Americans in the coastal area, likely occurred 
sometime during 1693‐1694 when the Spanish galleon Santo Cresto de Burgos wrecked on the 
Nehalem Spit approximately 75 km (47 mi) north of the Project. While Native peoples and Euro-
American oral history suggests that survivors of the wreck and local native peoples interacted, the 
nature and duration of the relations remain unclear (Follett et al. 2018). Beginning in the late‐
1700s, European and Euro-American voyagers regularly explored the northern Oregon coastline 
by ship.  

The Lewis and Clark expedition was the first overland expedition, arriving at the Oregon Coast in 
1805, and overwintered at Fort Clatsop in the vicinity of Astoria. By the 1820s, fur trappers with 
the Hudson Bay Company were exploring the Oregon coastline. In 1849, Lieutenant Theodore 
Talbot dispatched from Fort Vancouver with a crew to explore the area and provided some of the 
first written accounts of the land and Native peoples in the Project’s vicinity (Castle et al. 1978). 
Such early events enabled more intensive and aggressive Euro-American exploration, resource 
extraction, and eventually settlement near the project area and throughout the northwest.   

In the 1850 coastal settlements and those to the east in the Willamette Valley, increased 
dramatically when the Donation Land Act passed. The Act provided one free square mile of land 
for married American citizens to settle in Oregon. Under the Act 7,347 settlers claimed 2.5 million 
acres of western Oregon including almost the entire Willamette Valley floor with complete 
disregard for indigenous people living in the area. This led to the explicit goal of seizing all native-
held land in the Willamette Valley and the establishment of reservations to keep Native American 
inhabitants “out-of-sight, out-of-mind” (Minor et al. 1980).  

Although successfully adapted to their own environments, between the late 1700s and mid‐1800s 
the populations of Native peoples throughout Oregon were ravaged by European–borne diseases 
and epidemics that traumatized tribal individuals, families, and communities and distressed their 
traditional cultural patterns and resilience. The diseases came by land and seas along with 
European and Euro-American sailors on Spanish ships in 1775. Sailors interacted with Indians at 
the Trinidad and Quinault rivers about 402 km (250 mi) and 257 km (160 mi) to the south and 
north of Lincoln City, respectively (Wilkinson 2010). 
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There were substantial conflicts between Euro-American and tribal peoples, which led in 1855, to 
more than 4,000 Native peoples from 20 different Tribes being resettled on the 1.1‐million‐acre 
Siletz or Coast Indian Reservation, which extended 125 miles along the Oregon Coast between 
Cape Lookout and Tahkenitch Outlet. Euro-American demand for land and resources along the 
Oregon Coast motivated the federal government to steadily reduce these Trust lands throughout 
the mid‐ to late‐1800s and into the early‐1900s (Beckham 1990).  

In 1887, the General Allotment Act was applied to the remaining Coast/Siletz Reservation, 
including the Project area, and was implemented in 1894. Tribal members received approximately 
80 acres each of allotment lands in north Lincoln County. A year later the reservation was opened 
for Euro-American settlement. “Forced fee” policies moved most allotment lands to Non‐Indian 
ownership by 1912. Restrictions against more than one 80‐acre parcel being held in Trust by Siletz 
members meant lands were deeded and then either lost to taxes or sold, or mortgaged/foreclosed.  
The alternative was for the Siletz Agency to sell inherited allotment lands, which was often the 
case.    

Euro-American development and homesteading was hampered by the steep, rocky, densely 
vegetated mountainous forest geography of the region, and a substantial amount of work was 
required to clear land as well as trails or roads to markets for agriculture. Lower lying areas on the 
coast and along creeks and rivers were more suitable for settlement and farming, and in such areas, 
homesteaders successfully raised sheep, and in coastal areas, dairying became profitable by the 
end of the 19th century. Logging, starting around settlements on the coast in the 19th century, and 
spreading rapidly into the interior with the arrival of logging railroads and better roads and vehicle 
technology in the early 20th century, was the primary industry in the vicinity of the project area.  

Early Euro-American inhabitants of Lincoln County fished for salmon in the Siletz and Salmon 
Rivers.  Small sawmills, canneries, and boat‐builders supported the fishing industry (Moe and 
Fowler 1993). During the 1800s, the primary route to Lincoln City was the Grand Ronde and Coast 
Wagon Road. This route was used by Native peoples at the Grand Ronde reservation and by early 
Euro-American settlers to reach the coast (Lewis 2018).  

In 1893, Lincoln County was established, splitting from Benton County. The first highways 
connecting north Lincoln County with surrounding areas spurred economic growth and expanded 
tourism. Highway 101, located to the south of the project area, was completed in the 1920s 
(Lincoln County Historical Society 2018). The Salmon River Highway was completed in 1930, 
providing a connection between the Willamette Valley and north Lincoln County (Lincoln County 
Historical Society 2018). The Salmon River Highway (now Highway 18) roughly follows the old 
Grand Ronde and Coast Wagon Road. Lincoln City, formerly Oceanlake, was incorporated in 
1945. Oceanlake, Delake, Nelscott, Taft, and Cutler City were consolidated as Lincoln City in 
1965 (Moe and Fowler 1993). 

Harris Environmental also reviewed General Land Office (GLO), historic United States 
Geological Survey (USGS) topographical maps, and historic aerial photos to determine the range 
of possible historic cultural resources within the project area. The 1872 GLO plat of the project 
area, shows the division of land in the vicinity of the project area, but no ownership is attributed 
(GLO 1872). The 1903 GLO plat shows Devil’s Lake in its current configuration, but no ownership 
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or land division in the vicinity of the project area, which is labeled “Surveyed by John W. Meldrum 
in 1872” (GLO 1903). The 1930 Metsker Atlas of Lincoln County shows the project area within 
land attributed to Fred Freeman (Metsker 1930).  

USGS topographic maps from 1941 onward show no development within the project area, which 
is depicted as a steep-sided canyon (USGS 1941, 1942, 1943, 1944, 1957, 1958, 1963, 1965, 1967, 
1973, 1984, 1985, 1995, 2014, 2017, 2020). Aerial photos from 1971 show little development in 
the vicinity of the project area, which is entirely comprised of wooded acreage. Northeast Logan 
Road, to the west, is shown in its current configuration, but none of the development along that 
road has occurred (historicaerials 1971). Development along the road increased throughout the 
1980s, and by the 1994 there has been increased roadway installation to the west and east, 
including roads that will comprise the residential development to the east. The shopping center to 
the south of the project area is shown on the 1994 photograph (historicaerials 1982, 1994). By 
2000, the RV park and parking area at the western terminus of the project area is shown in its 
current position, and there has been progress on the roads within the development to the east 
(historicaerials 2000). The development on the eastern edge of the project area is complete and 
resembles its current configuration by the 2009 aerial (historicaerials 2009) 

Previous Archaeology 

Consultation with the Oregon Archaeological Records Remote Access (OARRA) web portal 
operated by the State Historic Preservation Office (SHPO) revealed that there have been at least 
seven (7) previous cultural resources surveys conducted within one mile (1.6 km) of the current 
project area (Table 1).  

Table 1. Cultural Resources Surveys Previously Performed within One Mile of the Project Area 

Title Location (to project area) Reference 
Letter Report: Sewer Lines and Force Main, 

Lincoln City within Follansbee 1977 

Road's End, Lincoln County, Oregon A 
Preliminary Cultural Resource Assessment 0.05 miles (0.07 km) W Beckham 1975 

US101: Shell Midden Context Statement, 
Columbia River to the California Border, MP 0.0 

to MP 363.1, ADA-Accessible Ramps and 
Crossing Signal Pushbuttons Project 

0.09 miles (0.15 km) S Connolly et al. 
2019 

Archaeological Resource Identification for the 
State Parks Interpretive Project on the Oregon 

Coast 
0.67 miles (1.06 km) N/NW Minor 2017 

Archaeological Survey of the Proposed Siletz 
Tribe Lakeside Village Housing Project, Lincoln 

City, Lincoln County, Oregon 
0.72 miles (1.16 km) E James 2007 

Archaeological Survey of the Neachesna Village 
II Housing Development Project, Lincoln City, 

Oregon 
0.72 miles (1.16 km) E Hotze et al. 

2018 
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Title Location (to project area) Reference 
Exploratory Archaeological Survey of the U.S. 
Hwy 101 (West Devils Lake Road to Neotsu 

Drive) Sidewalk, Lincoln City, Oregon 
0.72 miles (1.16 km) E Connolly 2020 

 

According to OARRA, there are three (3) archaeological sites and isolates that have been recorded 
within one mile of the project area. The closest of these is an archaeological isolate located during 
the survey of the Neachesna Village II Housing Development. The isolate was recorded within 
that report as a suspension disk insulator manufactured in 1959 (Hotze et al. 2018). There is no 
isolate form associated with the isolate and it was not assigned a trinomial (OARRA 2023).  

Site number 35LN36, is located approximately 0.86 miles (1.39 km) to the west/southwest along 
the coastline. In 1975 the site was reported as “shell fragments visible in a bank” (Beckham 1975). 
There is no update for this form, and the ephemeral nature of its location, along with the 
development that has occurred since 1975 has likely resulted in its destruction. Site number 35LN3 
is a large site located south of LN36 along the Oregon Coast, approximately .85 miles (1.36 km) 
to the southwest of the project area. There is no site form for this site, but the OARRA web portal 
describes the site as “Burial ground on original SHPO map but believed to be located to east on 
Oar Street.; Crest of Wacoma Heights, tombstones, found in 1938” (OARRA 2023). As indicated, 
tombstones were observed in 1938 to the southeast of the site’s boundaries and included in the site 
number (OARRA 2023). 

Expectations 

The results of the background research indicate that the project area is within a parcel that has not 
been developed and that the landform is favorable to native occupation and/or use. There have 
been seven (7) previous surveys carried out in the vicinity, resulting in the identification of two 
sites and one isolate. All of the sites/isolates are located at a remove from the project area and are 
not visible from the 44th -47th connector APE. The sites are recorded as a result of oral history, or 
early (ca. 1975) archaeological work, and it is reasonable to conclude that they do not retain 
integrity. Therefore, Harris Environmental had low to moderate expectations of encountering 
archaeological deposits within the project area during the surface and subsurface investigations. 

Field Methodology 

Harris Environmental performed the cultural resources inventory of the 44th–47th Connector 
project area on October 7, 2023 (Figure 7). Archaeologist Jacob Jordan performed the inventory, 
which consisted of pedestrian survey of the project area and the excavation of eleven (11) shovel 
test probes (STPs). All work was overseen by Dana Holschuh, M.A, RPA. 

Pedestrian Survey  

For the cultural resource inventory, Harris Environmental performed a 100 percent pedestrian 
survey of the proposed connector corridor, where the ground will be disturbed during the proposed  
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Figure 7. Aerial photomap, overlaid with the approximate extent and orientation of the transects 
walked during the pedestrian survey. 
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project. All exposed soils were examined or cultural resources and signs of previous disturbances. 
Photographs were taken of the landforms within the project area (Figures 3-6). The pedestrian 
survey was also used to assess landforms for archaeological potential.  

Harris Environmental walked the entirety of the landforms that comprise the project area, (Figure 
7). All exposed soils were observed for cultural resources and signs of previous disturbances. 
Visibility within the project area was low, as most of the project area is moderately to densely 
vegetated and had leaf litter and other organic matter obscuring the ground surface. The western 
portion consisted of a grassy field, where visibility was slightly better, but still low (Figure 6). 

Subsurface Investigation 

Harris Environmental excavated a total of 11 STPs within the confines of the project area (Figure 
8). The probes were excavated to determine whether subsurface cultural deposits are present within 
the proposed connector corridor. The probes were placed at approximately 30-meter intervals 
across the length of the proposed corridor. All STPs measured 35 cm in diameter and excavated to 
between 5 and 100 cm below surface (Table 2).  

Excavation was done in approximately 10-cm levels, by hand using shovel and trowel. All material 
was passed through a 1/4-inch (6 mm) screen. Upon the completion, the soils were described and 
a GPS location was recorded for each probe. The holes were then immediately backfilled to return 
the landform to its original contour. The soils observed within each probe are given in Table 2, 
below. 

Table 2. Soils observed within STPs excavated during subsurface investigation. 
STP 

# 
Depth 
(cmbs) Soil Descriptions 

1 0-100 Dark brown to black loosely compacted, silt with sand, 2% small gravels  

2 0-48 Dark brown to black loosely compacted, silt with sand, 2% small gravels, large and small 
roots throughout 

3 0-100 Dark brown to black loosely compacted, silt with sand, less than 1 % small gravels, small 
roots throughout 

4 0-65 Dark brown to black loosely compacted, silt with sand, less than 1 % small gravels, small 
roots throughout 

5 0-30 Dark brown to black loosely compacted, silt with sand, less than 1 % small gravels, small 
roots throughout 

6 
0-68 Dark brown to black loosely compacted, silt with sand, less than 1% small gravels, small 

roots throughout  
68-75 Tan, decaying bedrock 

7 0-65 Dark brown to black loosely compacted, silt with sand, less than 1 % small gravels, small 
roots throughout 

8 
0-50 Dark brown to black loosely compacted, silt with sand, less than 1 % small gravels, small 

roots throughout  
50-62 Tan to yellow decaying bedrock 

9 
0-20 Dark reddish brown, highly compacted, silt with sand 
20-25 Tan to Yellow decaying bedrock 

10 0-21 Dark reddish-brown silt with sand, highly compacted, 1 % gravels 
11 0-5 Ended almost immediately after organics were removed, same sediment as STP 10 
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Figure 8. Aerial photomap overlaid with the location of the 11 STPs excavated during the 
subsurface investigation. 
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Figure 9. Soil profile observed in STP 9, at base of excavation. 

 

Figure 10. Soil profile observed within STP 10, at base of excavation. 
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Results and Recommendations 
 
Harris Environmental has performed a cultural resources inventory within the proposed 44th–47th 
Connector project area in the northern part of Lincoln City. This inventory consisted of a 100 
percent pedestrian survey and a subsurface investigation. 

Background research revealed that no previously identified sites or historic properties are located 
within the project area. During the pedestrian and subsurface investigations, Harris Environmental 
surveyed the entire project area, and excavated a total of 11 STPs. No cultural materials were 
observed during either the surface or subsurface investigations. Therefore, it is the 
recommendation of Harris Environmental Group that the proposed 44th–47th Connector project 
will have no effect on any historic properties, including archaeological sites, listed on, or 
eligible for listing on, the National Register of Historic Places. 

Archaeological survey and investigation are based on sampling for potential cultural resources to 
infer the potential for cultural resources within the entirety of the project area. Although the 
potential is very low, there remains a possibility that unidentified archeological materials/resources 
exist in the project area, especially subsurface materials, or features. Therefore, if any cultural, 
historic, paleontological materials/resources, or human remains are encountered during the project 
planning or proposed construction activities, the Oregon SHPO must be contacted immediately in 
accordance with legislation regarding the Protection of Historic Properties [CFR Part 800. 13(b)] 
and Inadvertent discoveries [43 CFR 10.4(b-d)]. 
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Council Communication 
 

Wastewater Feasibility Study 
 

Meeting Date: May 14, 2024 Primary Staff Contact:  Daphnee Legarza 

Department: City Council E-Mail:  DLegarza@lincolncity.org 

Secondary Dept:  Secondary Contacts:    

Approval: Daphnee Legarza Estimated Time:  30 minutes 

_____________________________________________________________________________________________ 

Background 

On June 30, 2020 the City received a new National Pollutant Discharge Elimination 

System (NPDES) Permit from the Department of Environmental Quality (DEQ). HBH 

Consulting Engineers was selected to prepare a report to evaluate the treatment facility 

for compliance with the new permit. This evaluation is required by the Compliance 

Schedule in Schedule C of the City’s NPDES Permit #101122 dated June 30, 2020. 

 

The report, titled “Wastewater Feasibility Study: Alternative Solutions for Reduction in 

Temperature, Cooper & Zinc” was completed October 2021.  

 

The recommended actions were for the City to move forward with relocating the current 

outfall to the Ocean. The City should begin the permitting process including a new 

mixing zone study and determine the most reasonable alignment for a transmission line.  

 

The City must have achieved full compliance with the final permit limits by December 1, 

2037 (13 and ½ years from now). 

 

The Wastewater Feasibility Study with attachments is attached to this communication.  

 

Attachments:   

Lincoln City Feasibility Study_optimized (PDF) 
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501 E First Street 

Newberg, Oregon 97132 

(503) 554-9553 - Fax (503) 537-9554 
 

Date: October 8, 2021 Project Number: 2019-019.03 
 

To: Stephanie Reid, Public Works Director 
City of Lincoln City 
PO Box 50 
Lincoln City, OR 97367 

From: Matthew Del Moro, PE & Andrey Chernishov, PE  
 

RE:   Wastewater Feasibility Study: Alternative Solutions for Reduction in Temperature, Copper, & Zinc 
 DEQ File No. 50677, NPDES Permit No. 101122 

The following is an evaluation of the wastewater treatment facility in the City of Lincoln City in Lincoln County.  
This evaluation is required by the Compliance Schedule in Schedule C of the National Pollutant Discharge 
Elimination System (NPDES) Permit #101122 dated June 30, 2020. 
 
The purpose of this evaluation is to assist the City of Lincoln City with guidance for making decisions needed to 
meet the requirements of the NPDES permit issued by the Oregon Department of Environmental Quality (DEQ). 
Specifically, this study is intended to evaluate alternatives to address new permit limits for Excess Thermal Load, 
Total Recoverable Copper, and Total Recoverable Zinc issues relating to changes to the City’s NPDES permit 
compliance schedule. 

Project Location 

 
Figure 1 – Project Location Map 

Legend 
       City of Lincoln City 
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Reference Documents 

The following documents are used in the composition of this study: 

• City of Lincoln City Wastewater Facilities Plan MWH/Richwine Environmental, 2004 

• Mixing Zone Study for the City of Lincoln City, OR, Kennedy/Jenks Consultants, 2016 

• NPDES Permit #101122 and attachments, Oregon DEQ, June 30, 2020 

Regulatory Requirements 

In 2003, EPA Region 10 issued the Guidance for Pacific Northwest State and Tribal Temperature Water Quality 
Standards. The Oregon Environmental Quality Commission created and adopted the current water temperature 
standard in 2003. The standards were established in order to protect, maintain, and restore coldwater salmonoid 
populations to healthy levels. The Oregon standard was revised and approved by EPA in February 2011. Oregon’s 
current Temperature Standard Rule is defined in OAR 340-041-0028. Section 12(b) for the implementation of 
temperature criteria defines an authorization for human use as insignificant additions of heat in waters exceeding 
the applicable temperature criteria as follows: 

A. Prior to the completion of the temperature TMDL or other cumulative effects analysis, no single NPDES 
point source that discharges into a temperature water quality limited water may cause the temperature 
of the water body to increase more than 0.3 degrees Celsius (0.5 Fahrenheit) above the applicable criteria 
after mixing with either twenty-five (25) percent of the stream flow, or the temperature mixing zone, 
whichever is more restrictive; or 

B. Following a temperature TMDL or other cumulative effects analysis, waste load and load allocations will 
restrict all NPDES point sources and nonpoint sources to a cumulative increase of no greater than 0.3 
degrees Celsius (0.5 Fahrenheit) above the applicable criteria after complete mixing in the water body, 
and at the point of maximum impact. 

C. Point sources must be in compliance with the additional missing zone requirements set out in OAR 340-
041-0053(2)(d). 

D. A point source in compliance with the temperature conditions of its NPDES permit is deemed in 
compliance with the applicable criteria. 

Kennedy Jenks completed a mixing zone study in 2016, which is included as Attachment 1.  

NPDES Permit 

Oregon Department of Environmental Quality issued a new NPDES Permit on June 30, 2020, with an effective date 
of August 1, 2020. The expiration of the permit is June 30, 2025.  The permit is included in Attachment 2.  
  

2.B.a

Packet Pg. 107



Lincoln City Wastewater Feasibility Study 
October 8, 2021 
Page 3 of 222 
 
 

Permit Limits 

Table 1 Shows the Schedule A permit waste discharge limits for the Effluent Outfall 001: 

Table 1 – NPDES Permit Limits for Outfall 001 (Table A1) 

Parameter  Units 
Average 
Monthly 

Average 
Weekly 

Daily 
Maximum 

BOD5 (May 1 – October 31) 

mg/L 10 15  

lbs/day 250 380 500 

% removal 85   

TSS (May 1 – October 31) 

mg/L 10 15  

lbs/day 250 380 500 

% removal 85   

BOD5 (November 1 – April 30) 

mg/L 20 30  

lbs/day 750 1100 1500 

% removal 85   

TSS (November 1 – April 30) 

mg/L 20 30  

lbs/day 750 1100 1500 

% removal 85   

pH  SU 
Instantaneous limit between a daily minimum of 6.2 and a daily 

maximum of 9.0 

Fecal Coliform 
(marine and estuarine shellfish 
growing waters) See note a. 

#/100 mL 

Interim limit = Must not exceed 126 organisms monthly geometric 
mean and no single sample shall exceed 406 organisms per 100 mL. 
Final limit = Must not exceed a monthly median of 56 organisms per 
100 mL, not more than 10% of the samples collected in a calendar 
month may exceed 172 organisms per 100 mL. 

Total Ammonia Nitrogen  mg/L 5.3  12.2 

Excess Thermal Load 
See note b. 

Million 
kcal/day 

Interim limit = 31 as a 7-day rolling average 
Final limit = 10.7 as a 7-day rolling average 

Total Recoverable Copper 
See note c. 

μg/L 1.8  3.1 

Total Recoverable Zinc 
See note d. 

μg/L 37.1  64.3 

Notes: 
a. The interim fecal coliform bacteria limit will become effective upon permit issuance. The final fecal coliform bacteria limit shall 
become effective after completion of the compliance schedule in SCHEDULE C. While under the interim limit, if a single sample 
exceeds 406 organisms per 100 mL, five consecutive re-samples may be taken at intervals between two and four hours beginning 28 
hours after the original sample was taken. If the log mean of the five re-samples is less than or equal to 126 organisms per 100 mL, a 
violation of the interim limit will not be triggered. 

b. The interim Excess Thermal Load Limit will become effective upon permit issuance. The final Excess Thermal Load limit will 

become effective after completion of the compliance schedule in Schedule C. 
c. The Total Recoverable Copper limit will become effective upon completion of the compliance schedule in Schedule C. 
d. The Total Recoverable Zinc limit will become effective upon completion of the compliance schedule in Schedule C. 

 
Mixing Zone:  The regulatory mixing zone for Outfall 001 is described as follows: 

The allowable mixing zone is that portion of Schooner Creek within a band extending out twenty (20) feet 
from the point of discharge and extending two hundred (200) feet upstream and downstream from the point 
of discharge. The Zone of Immediate Dilution (ZID) shall be defined as the portion of the allowable mixing 
zone that is within twenty (20) feet of the point of discharge. 
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Table 2 shows the Schedule A permit limits for Recycled Water Outfall 002: 

Table 2 – NPDES Permit Limits for Recycled Water Outfall 002 (Table A2) 

Class  
Level of Treatment 
(after disinfection unless otherwise specified)  

Beneficial Uses 

A 

Class A recycled water must be oxidized, filtered 
and disinfected. 
Before disinfection, unless otherwise approved in 
writing by DEQ, turbidity may not exceed: 
• An average of 2 NTUs within a 24-hour period. 
• 5 NTUs more than five percent of the time within 
a 24-hour period. 
• 10 NTUs at any time. 
 
After disinfection, total coliform may not exceed: 
• A median of 2.2 organisms per 100 mL based on 
daily sampling over the last 7 days that analyses 
have been completed. 
• 23 organisms per 100 mL in any single sample. 

Class A recycled water may be used for: 
• Classes B, C, and D, and nondisinfected uses. 
• Irrigation for any agricultural or horticultural use. 
• Landscape irrigation of parks, playgrounds, school 
yards, residential landscapes, or other landscapes 
accessible to the public. 
• Commercial car washing or fountains when the 
water is not intended for human consumption. 
• Water supply source for non-restricted recreational 
impoundments. 

B 

Class B recycled water must be oxidized and 
disinfected. Total coliform may not exceed: 
• A median of 2.2 organisms per 100 mL, based 
on the last 7 days that analyses have been 
completed. 
• 23 total coliform organisms per 100 mL in 
any single sample. 

Class B recycled water may be used for: 
• Class C and D, and nondisinfected uses. 
• Stand-alone fire suppression systems in 
commercial and residential building, non-residential 
toilet or urinal flushing, or floor drain trap priming. 
• Water supply source for restricted recreational 
impoundments. 

C 

Class C recycled water must be oxidized and 
disinfected. Total coliform may not exceed: 
• A median of 23 total coliform organisms per 100 
mL, based on results of the last 7 days that 
analyses have been completed. 
• 240 total coliform organisms per 100 mL in any 
two consecutive samples. 

Class C recycled water may be used for: 
• Class D and nondisinfected uses. 
• Irrigation of processed food crops; irrigation of 
orchards or vineyards if an irrigation method is used 
to apply recycled water directly to the soil. 
• Landscape irrigation of golf courses, cemeteries, 
highway medians, or industrial or business 
campuses. 
• Industrial, commercial, or construction uses limited 
to: industrial cooling, rock crushing, aggregate 
washing, mixing concrete, dust control, 
nonstructural firefighting using aircraft, street 
sweeping, or sanitary sewer flushing. 
 

D 

Class D recycled water must be oxidized and 
disinfected. E. coli may not exceed: 
• A 30-day geometric mean of 126 organisms per 
100 mL. 
• 406 organisms per 100 mL in any single sample. 

Class D recycled water may be used for: 
• Nondisinfected uses. 
• Irrigation of firewood, ornamental nursery stock, 
Christmas trees, sod, or pasture for animals. 

Non-
disinfected 

Nondisinfected recycled water must be oxidized. 

Nondisinfected water may be used for: 
Irrigation for growing commercial timber, fodder, 
fiber or seed crops not intended for human 
ingestion. 
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Table 3 shows the Schedule A permit limits for Biosolids.  

Table 3 – NPDES Permit Biosolids Limits (Table A3) 

Pollutant 
See note a. 

Ceiling concentrations 
(mg/kg) 

Pollutant concentrations 
(mg/kg) 

Cumulative pollutant 
loading rates (kg/ha) 

Arsenic 75 41 41 

Cadmium 85 39 39 

Copper 4300 1500 1500 

Lead 840 300 300 

Mercury 57 17 17 

Molybdenum 75 N/A N/A 

Nickel 420 420 420 

Selenium 100 100 100 

Zinc 7500 2800 2800 

Note: 
a. Biosolids pollutant limits are described in 40 CFR 503.13, which uses the terms ceiling concentrations, 
pollutant concentrations, and cumulative pollutant loading rates. 

 
The following also applies to biosolids: 

The permittee may land apply biosolids or provide biosolids for sale or distribution, subject to the following 
conditions: 

a. The permittee must manage biosolids in accordance with its DEQ-approved Biosolids Management Plan 
and Land Application Plan. 

b. The permittee must apply biosolids at or below the agronomic rates approved by DEQ in order to 
minimize potential groundwater degradation. 

c. The permittee must obtain written site authorization from DEQ for each land application site prior to land 
application (see Schedule D) and follow the site-specific management conditions in the DEQ-issued site 
authorization letter. 

d. Prior to application, the permittee must ensure that biosolids meet one of the pathogen reduction 
standards under 40 CFR 503.32 and one of the vector attraction reduction standards under 40 CFR 503.33. 

e. The permittee must not apply biosolids containing pollutants in excess of the ceiling concentrations 
shown in the table below. The permittee may apply biosolids containing pollutants in excess of the 
pollutant concentrations, but below the ceiling concentrations, however, the total quantity of biosolids 
applied cannot exceed the cumulative pollutant loading rates in the table above. 

NPDES Compliance Schedule 

Table 1-4 shows the Schedule C compliance schedule. 

Table 4 – NPDES Permit Fecal Coliform Compliance Schedule (Table C1) 

Complete By: Requirement: 
February 15, 2021 and 
annually thereafter 

Submit to DEQ a written Progress Report outlining the progress 
made towards achieving the final fecal coliform effluent limits. 

December 31, 2023 Submit a plan for coming into compliance with the fecal coliform 
final effluent limits to DEQ for approval. 

June 30, 2024 Secure financing for improvements to comply with the fecal 
coliform final effluent limits. 

December 31, 2024 Submit plans for improvements to comply with the fecal coliform 
final effluent limits. 

September 30, 2025 Complete improvements and meet the fecal coliform final effluent 
limits included in Schedule A. 
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Table 5 – NPDES Permit Total Recoverable Copper, Total Recoverable Zinc, and Excess Thermal Load 
Compliance Schedule (Table C2) 

Complete By: Requirement: 
February 15, 2021, and 
annually thereafter 

Submit to DEQ a written Progress Report outlining the progress 
made towards achieving the final effluent limits. 

December 31, 2028 

Complete a Facility Plan that selects options for improvements to 
the treatment facility to comply with the copper, zinc, and Excess 
Thermal Load final effluent limits and submit the Facility Plan to 
DEQ for review and approval. 

December 31, 2031 Evaluate and obtain financing for wastewater facility improvements 
recommended in the Facility Plan. 

December 31, 2032 Complete Preliminary Design Report and submit to DEQ for review 
and approval. 

December 31, 2033 Complete Final Design and submit to DEQ for review and approval. 

October 31, 2037 
Complete construction of wastewater facility improvements to 
comply with the copper, zinc, and Excess Thermal Load final 
effluent limits. 

December 1, 2037 
The permittee must achieve compliance with the final effluent limits 
and provide DEQ with written notice of compliance with the copper, 
zinc, and Excess Thermal Load final effluent limits in Schedule A. 

Existing WWTP 

The following is a brief description of the existing wastewater treatment plant (WWTP). Figure 2 details the 
Wastewater Treatment Plant site layout.  The wastewater system has the following components: 

Collection System: The collection system utilizes gravity feed sewer mains to collect residential, 
commercial, and industrial waste. This waste is delivered to trunk and interceptor lines before being 
delivered to pump stations. There are 30 pump stations making up 26 pump station basins within the City. 
One of the pump stations is privately owned and maintained and delivers waste from the Factory Outlet 
Stores. All flows from the collection system pass through the Nelscott, 48th & Jetty, or the Spyglass pump 
stations before being delivered to the Wastewater Treatment Plant (WWTP). The collection system is not 
analyzed in this study. 

WWTP Influent & Screening:  Flows from the collection system enters the treatment plant through a 24” 
influent pipe and passes through one of two bar screens. Screenings are collected below the screens in a 
dumpster and taken to the landfill for disposal. 

Grit Removal: Two 8’x8’ detritus tanks are used for grit collections. Collected grit is discharged to 
dumpsters for storage and eventual landfill disposal. 

SBR Basins: Influent flow is divided between four sequencing batch reactors (SBR) in parallel for solids 
separation. Solids removed are sent to the Aerobic Digestors while the effluent is moved to cloth media 
filters. 

Filtration Process: From the SBRs, wastewater is delivered through two AquaAerobics Cloth-Media Disk 
Filters in parallel. Each filter unit has twelve disks with an area of 53.8 square feet per disk. 

Disinfection: There are two separate horizontal open channels for UV disinfection each containing two UV 
banks. Fixed finger-type weirs are used for channel level control. 

Aerobic Digester: Waste Activated Sludge (WAS) from the SBR basins is delivered to two aerobic digesters 
operated in series. The digesters are 80 ft in diameter with a maximum capacity of 0.56 million gallons 
and a designed solids loading rate of 4,640 lbs VS/day (dry solids). 
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Facultative Lagoons: The City utilizes facultative lagoons to provide long term storage of aerobically 
digested biosolids. Lagoons are able to provide sufficient detention time to meet Class B biosolids 
requirements. 

Outfall:  Treated and disinfected effluent flows through a mostly 36-inch pipe to the outfall on the bank of 
Schooner Creek. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2 – Wastewater Treatment Plant Site 

Description of Existing System 

History: The treatment facility was constructed in 1982. In 2011 the City underwent renovations to the existing 
facility to convert the existing aeration basins to four sequencing batch reactors (SBRs) and the addition of two 
new cloth-media filters. Solids are sent to the digestors and lagoons for holding before removal and disposal. The 
updated NPDES permit details interim and final limits for excess thermal load as well as maximum limits for total 
recoverable copper and zinc. 

Permit Limits: As described in Table 1 of this report, the current effluent permit limits for the wastewater facility 
are as follows: 

1. Interim Excess Thermal Load Limit = 31 million kcal/day as a 7-day rolling average 
2. Final Excess Thermal Load Limit = 10.7 million kcal/day as a 7-day rolling average 
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3. Total Recoverable Copper Limit = 1.8 μg/L 
4. Total Recoverable Zinc Limit = 37.1 μg/L 

Current Excess Thermal Load, Copper, & Zinc Levels 

The City has been tracking daily excess thermal load (ETL) between 2015 and October 2020. Figure 3 plots the 
seven-day rolling average of excess thermal load over this period in relation to the interim and final limits. The 
values shown in Figure 3 are in units of million kcal/day. Total copper and zinc have been tracked intermittently 
beginning in 2017 and through 2020. With limited available data, it is difficult to make categorical statements of 
the wastewater effluent being discharged into Schooner Creek; however, it seems evident that the discharge 
greatly exceeds the permitted limits. Table 6 details recorded total recoverable copper and zinc. 

 
Figure 3 – Seven Day Rolling Average (January 2015 - October 2020) 
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Table 6 – Monthly Total Recoverable Copper & Zinc 

Month Total Copper 
(μg/L) 

Dissolved 
Copper 
(μg/L) 

Total Zinc 
(μg/L) 

Dissolved 
Zinc (μg/L) 

July-17 3.6 2.7 No Data No Data 
September-17 2.9 2.1 No Data No Data 

October-17 3 3.4 No Data No Data 
November-17 4.8 3.6 No Data No Data 
December-17 4.3 3.8 No Data No Data 
January-18 4.5 3 No Data No Data 
February-18 2.1 Non-Detect 42.9 42.2 

March-18 2.6 2.5 50.1 49.4 
April-18 3 3.1 43 40.8 
May-18 5 4.1 59.3 59.7 
June-18 No Data No Data No Data No Data 

July-18 4.9 3 66.4 65.8 
August-18 3.5 3.4 64.5 63.7 

September-18 6.3 5.2 76 76.5 
October-18 6.1 5.2 74.9 73.9 

November-18 2.5 2.6 67 68.3 
December-18 6.8 ND 69.9 73.7 
January-19 2.8 2.4 47.9 48.7 
February-19 4.2 2.5 47.4 46.1 

March-19 No Data No Data No Data No Data 

April-19 No Data No Data No Data No Data 

May-20 9.7 4.6 No Data No Data 
June-20 3.9 3.1 No Data No Data 
July-20 3.7 2.8 No Data No Data 

August-20* 2.5 1.9 38 No Data 
September-

20* 3.3 2.2 63 No Data 

October-20* 2.8 2.2 61 No Data 
November-20 4.6 2.7 49 No Data 
December-20 3.4 2.1 36 No Data 

* For August, September, and October of 2020, two samples for Total Copper were recorded. Both samples 

exceeded the permitted limit, though the sample recorded in Table 6 is the higher of the two samples. 

Table 6 shows the available total recoverable copper and zinc data between 2017 and 2020 as recorded by the 
City. 

The City rarely exceeds the interim excess thermal load limit. However, once the final limit becomes the new 
standard, the City will regularly be out of compliance between June and October. Over the study period the 
average yearly maximum excess thermal load was 28.7 million kcal/day as a seven-day rolling average and the 
single yearly maximum recorded excess thermal load was 33.61 million kcal/day. Using this data, for the final 
permit limits to be met, the average yearly maximum excess thermal load will need to be reduced by 18 million 
kcal/day and will need to have a single yearly maximum reduction of at least 22.91 million kcal/day. 
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Evaluation of Alternatives 

Without a more detailed study of the City’s wastewater users, as well as individual components of the WWTP, it is 
challenging to diagnose the largest thermal contributors. It is expected that one of the primary causes of future 
noncompliance will be discharge flow characteristics. It is believed during summer months the discharge from the 
WWTP outfall makes up a large percentage of the flow in Schooner Creek due to low summer creek flows. Under 
this scenario, wastewater discharge would have an outsized impact on stream temperature, making regulatory 
compliance difficult. 

Various methods were analyzed to determine impacts on cooling, as well as the reduction of total recoverable 
copper and zinc, and their effectiveness in meeting permit requirements. 

Methods to Reduce Thermal Loading 

The methods described herein provide cooling of the wastewater and would not contribute to the reduction of 
copper and zinc removal. The methods below would need to be paired with technology for copper and zinc 
removal listed in the following section of this study. 

Influent Cooling 

Often times, when municipalities have a large number of industrial users; these users can have an outsized impact 
on influent temperatures at the wastewater treatment plant. Without cooling measures in place at the WWTP, 
the influent temperatures are only likely to increase during treatment. Implementing cooling technology at the 
wastewater plant can be a costly capital project. Implementing this technology will be a cost burden to the overall 
community. Often times, it is more appropriate to require large industrial users to provide onsite cooling prior to 
discharge into the public collection system. 

To our knowledge, there are limited industrial users within the City, with the majority of the influent being 
contributed by residential and commercial users. Under these circumstances, influent cooling is unlikely to have 
much impact on the discharge temperature at the WWTP outfall. 

SBR Covers 

Solar input can be a large contributor to temperature increase at wastewater plants. Typically, this happens 
through extended detention times in primary and secondary clarifiers. Aluminum covers can be installed to 
prevent the introduction of solar input. With the upgrades to the WWTP starting in 2011, the City currently 
utilizes four SBRs in parallel that are not covered and exposed to sunlight. Each of these reactors are subject to 
solar input and thus would see a temperature reduction from covering the SBR basins. In order to determine the 
extents of temperature reduction, temperature gauges would need to be installed throughout the treatment 
process to determine where thermal contributions are the greatest and how they are influenced by external 
temperatures and weather patterns.  

Costs to install aluminum covers are 
anticipated to be in excess of $200,000 
per SBR for a total estimated cost of 
approximately $800,000. Given the 
disproportionate discharge of effluent 
into Schooner Creek during summer 
months, it is not anticipated that 
adding covers would bring the City’s 
excess thermal loading into permit 
compliance and additional cooling 
measures would be necessary.          Figure 4 – Example of Aluminum Cover 
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Summer Storage 

Another method of cooling would be to store summer wastewater effluent. Holding the wastewater over the 
summer for discharge in the fall and winter would allow more time for the stored water to equalize with the 
ambient air temperature. Between 2015 and 2020, the City recorded an average discharge volume of 185 million 
gallons per year that exceeded the future final permit limit for daily excess thermal loading. This would mean in 
order to accommodate the average discharge volume; the City would need approximately 1,650,000 square feet 
of lagoon space at a 15 ft average depth. Additional storage would need to be considered for peak flows and 
precipitation, which are not included in this estimate. The cost to construct the lagoon is estimated to be in excess 
of $4,000,000, with additional cost for piping, appurtenances, land acquisition, supplemental storage for design 
and precipitation. 

Mechanical Cooling 

Direct cooling options include utilizing chillers, heat exchangers, and cooling towers to reduce the temperature of 
wastewater effluent. A mechanical cooling system would be installed between the SBRs and the cloth-media disk 
filtration system. In principle, effluent from the SBRs is delivered to two heat exchangers. The waste passes 
through the heat exchanger which is filled with chilled water. The process of passing the warmer wastewater 
through the chilled water will cool the waste based on designed input conditions. 

 
Figure 5 – Sample Heat Exchange Process 

Cooled water from the chillers fills the interior of the heat exchanger. As the warm influent from the SBR passes 
through this chilled water, the temperatures inside the exchanger begin to equalize. This process causes a 
temperature reduction in the wastewater and an increase in cool water delivered from the chiller. After passing 
through the heat exchangers, the chilled wastewater effluent would be sent on to the City’s cloth-media disk 
filters before the filtered effluent is disinfected and discharged into Schooner Creek. The warmed water from the 
chiller is delivered back to the chillers and pumped to the cooling towers. The warmed water discharges in the top 
of the cooling tower and percolates through the tower. The hot saturated air then evaporates out the top of the 
tower. A diagram of the Aerefco cooling tower is shown in Figure 6 below. 
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Figure 6 – Cooling Tower Diagram 

Cooled air is delivered back to the chillers where it is once again pumped back into the heat exchangers, 
completing the closed loop system. Figure 7 shows a schematic of the Aerefco system that was used to generate 
an estimate for the mechanical cooling system. 

 

Figure 7 – Aerefco Direct Cooling System Schematic 

Using the maximum historic excess thermal loads and design flow from the study period, it is estimated that 
Lincoln City would need roughly 1,350-ton chillers. Three 675-ton chillers would be needed to provide redundancy 
to the system along with two Alfa Laval Stainless Steel heat exchanges and three Evapco Stainless Steel Cooling 
towers for the system. The total material costs are estimated at approximately $900,000, with an additional 
$2,000,000 for installation, and approximately $1,000,000 in piping, equipment, and facilities costs. Land 
acquisition and operating costs are not included in this estimate. When speaking with Aerefco, they noted it 
would be impossible to estimate operating costs without a more complete design of the system. Traditionally, 
operating costs for direct cooling systems are typically cost prohibitive. Aerefco noted an electrical design 
engineer would typically estimate the operating power requirements for the system. 

Methods to Reduce Total Recoverable Copper & Zinc 

Additional Filtration 

Cloth-Media Disk Filters can be used for the reduction in particulate effluent copper and zinc. The City is currently 
utilizing OptiFiber PES-13® cloth filtration media with a nominal rating of 10 microns. In speaking with Aqua-
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Aerobics, the City could look into upgrading the current cloth-media to OptiFiberPES-14 cloth filtration media, 
which has a nominal rating of 5 microns. Aqua-Aerobics anticipates this would have a marginal impact on reducing 
copper and zinc levels in the effluent and would not on its own meet the new permit limits. 

Membrane or sand filtration can alternatively be used for filtration of heavy metals in fluids. However, similar to 
cloth-media disk filters, they will primarily remove particulate metals. In reviewing copper and zinc sampling data 
as shown in Table 6 above, the majority of the City’s copper and zinc issues appear to not be in particulate form, 
but are dissolved, thus it would be unlikely to be filtered out by membrane or sand filtration. 

Ion Exchange 

Since the majority of the copper and zinc in the City’s is dissolved, to remove them from the effluent, it will first 
require bringing them out of solution. One method of achieving this is through ion exchange. Simply put, ion 
exchange is removing one ion from the solution and replacing it with another. In a wastewater application, the 
influent passes through a resin column and the target metals attach themselves to the resin in exchange for a 
similarly charged ion. 

According to the EPA Summary Report for the Control and Treatment Technology for the Metal Finishing Industry 
included in Attachment 3, the City can expect to budget approximately 2 gpm per cubic foot of resin. At a design 
capacity of 11 MGD, the City can expect to need approximately 3,800 CF of resin column. Industry budgetary 
estimates figure $1,000-2,000 per cubic foot of resin column. This provides a high-level planning estimate of 
$3,800,000-$7,600,000 for an ion exchange system. 

Chemical Precipitation 

Chemical precipitation involves the addition of coagulant to the wastewater in an attempt to precipitate heavy 
metals out of solution. Evoqua typically recommends the CoMag system to boost the performance of chemical 
flocculation. Floc removed from the systems would be delivered to solids handling at the existing wastewater 
plant. Evoqua used design flows of 11 MGD peak instantaneous flow (PIF) and 7 MGD average daily flow (ADF) to 
size a potential CoMag system. The system would use two to four flocculation tanks followed by one clarifier. A 
second clarifier could be utilized for redundancy. For a system of this size, Evoqua estimated a budgetary capital 
equipment cost on the order of $1.5-2.5 million. Installation of the equipment, tanks, and buildings would be 
approximately another $2-3 million, not including any potential land acquisition costs.  

 

Figure 8 – Evoqua CoMag System Overview 
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It should also be noted that the CoMag system typically produces removal rates of 15% for zinc and 25% removal 
for copper. With the current levels sampled, the City would need to have removal rates between 30-50% for zinc 
and 50-80% for copper. Prior to the investment in any chemical precipitation system, further jar testing and pilot 
studies would be required. 

Combined Methods of Compliance 

Ocean Outfall 

Alternative to making significant modifications to the WWTP would be the relocation of the City’s outfall. One of 
the primary reasons for noncompliance with permitted excess thermal load, copper, and zinc limits is the low flow 
in Schooner Creek during summer months. This causes the City’s discharge to have an outsized impact on stream 
characteristics. Creek flows during summer months are expected to continue declining in the future. One way to 
avoid these impacts is relocate the City’s outfall location to an area where the effluent will not have a 
disproportionate impact. An ocean outfall would increase the volume of receiving waters and thus decrease the 
impacts of the warmer discharge. DEQ has permitted a number of ocean outfalls along the Oregon Coast and 
stated it would be a possibility for the City of Lincoln City to construct one as well. 

Three different route alternatives were proposed as potential transmission mains: S Schooner Cr Rd, SE 51st St, 
and SE 54th Dr. Figures showing these potential alignments are included in Attachment 4. Table 7 below breaks 
down the characteristics of each option. 

Table 7 – Ocean Outfall Transmission Main Route Options 

Transmission 
Route Name Length Number of 

Pump Stations Planning Level Cost 

S Schooner Cr Rd 10,900 LF 2 $7,000,000 – $9,000,000 

SE 51st St 9,150 LF 1 $6,500,000 – $8,500,000 

SE 54th Dr 9,150 LF 1 $9,000,000 – $11,000,000 

The ocean outfall would likely be a 12” HDPE pipe bored just above the tertiary marine sedimentary bedrock layer 
in the Pacific Ocean. A geotechnical report would be needed to determine the depth of the bore. It is anticipated 
this would be approximately 40-60 ft below sea level. Approximately 1,500-2,000 ft west of the ocean surf break, 
a 10” vertical riser would extend above the ocean floor with diffuser checks at the point of effluent discharge. 

While the initial capital costs of the ocean outfall is high, the ongoing operational costs are limited to maintenance 
of the outfall and pump station(s). Over time, sediment may build up around the discharge point and can bury the 
diffuser checks, making it necessary for periodic extensions to the vertical riser pipe. 

In addition to the low maintenance costs, ocean outfalls address both excess thermal load and heavy metal issues 
and would eliminate the need to pair multiple technologies to address compliance issues. Most future effluent 
permit limit revisions/restrictions will most likely also be addressed by the ocean outfall. Permit costs to complete 
this work would likely be higher than all other options, except potentially bank shading. The figures included in 
Table 7 include construction, contingency, engineering, as well as legal and admin costs. 

Mixing Oceanwater or Groundwater 

An alternative to relocating the effluent outfall is to supplement the wastewater effluent with water. The three 
main sources to supplement mixture of the effluent are domestic water, groundwater, or oceanwater. To 
determine the amount of mixing water necessary to meet the new permit limits, excess thermal load as well as 
copper and zinc must be analyzed separately. 

2.B.a

Packet Pg. 119



Lincoln City Wastewater Feasibility Study 
October 8, 2021 
Page 15 of 222 
 
Mixing for Excess Thermal Load 

Daily excess thermal load data provided by the City was analyzed to determine the amount of water necessary to 
be added to bring the combined excess thermal loading below the final permit limit of 10.7 million kcal/day as a 
seven-day rolling average. To meet permit requirements, it is necessary to supplement daily discharge during the 
summer and early fall months, particularly from June through October. 

Between 2015 and 2020, when daily thermal load data was provided by the City, it was found the City would need 
to add approximately an additional 0.5 MGD on average at an average groundwater temperature of 12.2oC to 
reduce the daily excess thermal load into compliance with the final permit limit. The maximum daily addition 
noted was 1.75 million gallons. Since this maximum daily addition is based on only five years of data, the system 
should be designed to account for a minimum of 2.5 MGD. 

Mixing for Copper and Zinc 

It is necessary to design for the worst-case scenario in addressing copper and zinc. The average monthly copper 
levels recorded by the City was 4.3 μg/L and 56.3 μg/L for Zinc. This would require a 58% reduction in copper and 
a 34% reduction in zinc levels. The maximum recorded copper sample during the two-year sample period 
provided by the City was 9.7 μg/L, while the maximum recorded zinc sample during the same period was 37.1 
μg/L. Given this data, the City should be prepared to provide for at a minimum 82% reduction in copper levels and 
a 52% reduction in zinc levels. Between 2015-2020, the City recorded an average daily effluent flow of 2.05 MGD 
from the wastewater plant. 

To provide the necessary reduction in copper levels to meet the new permit limits, the City would need to be 
prepared to supply an additional 9 MGD or an additional 13.93 cfs. 

Sourcing Mixing Water 

If supplementing daily wastewater flows utilizing domestic water, the City would need to supply an additional 
design flow of 13.93 cfs (9 MGD) in domestic water to their daily wastewater flows. This would add an undue 
burden to the City’s water treatment facilities and distribution system and is not recommended. 

Pumping ocean water to the wastewater plant to supplement treated effluent is a possibility. The City would need 
to permit a new water right to pump water from the ocean, as well as construct a pump station and transmission 
main to deliver oceanwater to the WWTP. The City would need to construct a 6,300 GPM pump station and 
mixing basin to mix the flows prior to discharge into Schooner Creek. 

The final alternative would be to drill groundwater wells at the treatment plant to supply the supplemental flow 
to the wastewater effluent. There are no local groundwater wells in the area to determine the viability of utilizing 
groundwater as a supplemental water source. This is likely due to saltwater influence in the local groundwater. A 
geotechnical investigation would be necessary to determine the viability of utilizing wells as a supplemental water 
source.  

Concerns with this method surround the limited amount of data recorded by heavy metals. Any source water 
would need to be analyzed for preexisting copper and zinc, which may further contribute to the City’s heavy 
metals found in the wastewater. A more in-depth study is necessary to determine the relationship of seasonal 
flows and heavy metals as high copper levels during maximum recorded flows would be likely to greatly increase 
the amount of mixing water necessary. For example, the maximum recorded daily flow between 2015-2020 was 7 
MGD. Should a copper spike of 9.7 μg/L occur during this period of max flow, the amount of mixing water 
required to bring copper levels into compliance would jump to 24.4 MGD, requiring a 17,000 GPM pump station. 
Additionally, future permit changes could require more stringent copper and zinc levels requiring the City to 
continue increasing the amount of mixing required. While mixing may be feasible, there are far too many 
unknowns that must be addressed through further sampling and a geotechnical report to recommend this option. 
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The mixing water alternative is not recommended for bringing copper or zinc levels into compliance with the new 
permit limits. 

Alternative Methods of Compliance 

Bank Shading/Thermal Credits 

OAR 340-041-0028(12)(f) allows for, “thermal water quality trading in whole or in part to offset its temperature 
discharge, so long as the trade results in at least a net thermal loading decrease in anthropogenic warming of the 
water body and does not adversely affect a threatened or endangered species.” Recently many agencies are 
engaging with DEQ in trading credits to offset their impacts to the discharge waters. The agency works closely 
with DEQ to create models and identify areas along Schooner Creek that would benefit from bank shading. Bank 
shading reduces the temperature of the stream creating a more ideal habitat for native species to live and offsets 
the impacts of excess thermal loading at the wastewater plant’s point of discharge. Additionally, the planting of 
trees removes pollutants from the air and in general creates a more appealing environment for the public.  

In order for DEQ to approve bank shading or other methods of trading thermal credits, the City would need to 
show that any alternative method of compliance puts undue hardship on the City. While this is the ultimate goal 
of the study, it is not known at this time if DEQ will accept the use of thermal credits, nor to what extent work 
would be required. For these reasons, it is not possible to provide a cost estimate to proceed with this method of 
compliance. However, it should be noted that trading thermal credits only serves to bring the City into compliance 
with the final excess thermal load limit. The City would still need to make improvements to their treatment plant 
to address compliance issues surrounding total recoverable copper and zinc described above. 

Conclusions 

The source of the problem faced by the City is mixing large wastewater effluent flows with limited flows in 
Schooner Creek during the summer months. The small mixing zone creates compliance issues for copper and zinc, 
as well as future compliance issues with meeting the final permit limits for excess thermal load. Due to the 
limiting physical characteristics of Schooner Creek, this forces any improvements to the City’s wastewater plant to 
have high capital costs that require large amounts of space. Addressing the thermal loading of the effluent waste 
and heavy metals individually, would require a complete renovation of the City’s wastewater plant that was 
recently upgraded in 2011. Costs of improvements at the WWTP are estimated between $6-10 million with 
additional costs for land acquisition. Additionally, improvements at the wastewater plant will have high recurring 
operating and maintenance costs. 

The only feasible means of cooling discussed in this study is a direct cooling system or a new storage lagoon for 
summer storing. The estimated costs for the storage lagoon is approximately $4,000,000 just to construct the 
lagoon and would not include costs for land acquisition, piping, and pumping. The primary reason for not 
including costs for these items is due to the uncertainty in land available and if the lagoon would be able to be 
constructed on site or if wastewater would need to be pumped off site for summer storage. Costs for direct 
cooling are estimated at approximately $4,000,000 for equipment purchase and install. Additional costs may be 
needed for land acquisition with additional high operating and maintenance costs for this facility, which vary 
widely due to numerous variables. 

The primary means of copper and zinc reduction would be chemical precipitation. When speaking with Evoqua 
about a chemical precipitation system, they recommended the CoMag system. Estimated costs for the CoMag 
system are $3.5-$5.5 million with potential additional costs for piping, pumping, and land acquisition. However, 
Evoqua stated the traditional removal of copper and zinc using the CoMag system would likely not be sufficient to 
bring the City back into DEQ compliance. Evoqua stated further jar testing and studies would be required. 

Due to the unlikely feasibility of heavy metal (copper and zinc) removal using chemical precipitation, we cannot 
recommend the use of any technologies that separately address temperature and heavy metals. It is 
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recommended to utilize a combined approach to address both compliance issues (temperature & heavy metals) at 
the same time. 

The recommended alternative is to focus on the ocean outfall approach. While this approach has a high initial 
capital costs, ongoing operation and maintenance costs are limited, compared to all other alternatives. 
Additionally, the relocation of the City’s wastewater outfall to the Pacific Ocean means the City is unlikely to be 
subject to further WWTP modifications brought about by future changes to the City’s NPDES permit. Additionally, 
the ocean outfall is a known option to address both temperature and heavy metals issues without needing further 
studies to locate sufficient groundwater for mixing or the need to secure additional water rights. 

While mixing is recognized as a possible solution to both temperature and heavy metals, there are a large number 
of unknowns associated with this solution. The degree of unknowns surrounding water source availability and 
heavy metal data makes it impossible to accurately estimate capital or operating and maintenance costs 
associated with this option. For this reason, the mixing of groundwater or oceanwater cannot be the 
recommended option as part of this feasibility study. However, should the City seek alternatives to the ocean 
outfall, the mixing of groundwater is recognized as the primary alternative to the ocean outfall, pending further 
studies. Beyond mixing, the next best alternative is direct cooling pending further jar tests to determine the 
viability of chemical precipitation. 

Recommended Actions 

We recommend the City move forward with relocating the current outfall to the Pacific Ocean. Therefore, the City 
should begin the permitting process for this work immediately and begin working with a geotechnical and civil 
engineer to determine the most reasonable alignment for the transmission main.  

An ocean outfall will require extensive permitting that is likely to take years. It is recommended the City begin 
moving forward with a facilities plan, followed by permitting and preliminary design. Each of the three options for 
the ocean outfall will require new easements and potential land acquisition. The following steps are necessary to 
meet the compliance schedule listed in table 5 above and in Schedule C of the NPDES permit. 

1. Submit yearly written progress reports outlining the progress made towards achieving the final effluent 
limitations. 

2. December 31, 2028 – Complete a Facilities Plan that selects options for improvements to bring the City 
within compliance of the NPDES permit. The City should immediately begin securing funding for the 
recommended design and proceed with permitting and preliminary design. 

3. December 31, 2031 – Evaluate and obtain financing for improvements to wastewater facilities 
recommended in Facilities Plan. 

4. December 31, 2032 – Complete Preliminary Design Report and submit to DEQ for review and approval. 
5. December 31, 2033 – Complete Final Design and submit to DEQ for review and approval. 
6. October 31, 2037 – Complete construction of wastewater facility improvements to comply with the 

copper, zinc, and excess thermal load final effluent limits. 
7. December 1, 2037 – The City must have achieved full compliance with the final permit limits and provide 

written notification of compliance to DEQ. 

The City should immediately look to secure funding to complete further studies and facilities plan to further lay 
out options described in this feasibility study. The City should proceed with the facilities plan as soon as possible 
in order to meet the scheduled dates detailed above in this section. 
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If you have any questions or concerns regarding this evaluation, please feel free to contact us at mdelmoro@hbh-
consulting.com or achernishov@hbh-consulting.com or 503-554-9553.   
 
Sincerely,  
HBH Consulting Engineers, Inc. 
 
 
Matthew Del Moro, PE  Andrey Chernishov, PE 
Project Engineer  Principal Engineer 
 
 
Attachments: 
Attachment 1 – 2016 Mixing Zone Study 
Attachment 2 – City of Lincoln City - DEQ NPDES Permit #101122 
Attachment 3 – EPA Summary Report: Control and Treatment Technology 

for the Metal Finishing Industry: Ion Exchange 
Attachment 4 – Ocean Outfall Transmission Main Route Options 
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Executive Summary 

This report provides the results of a Level 2 mixing zone study for the discharge of treated 
effluent from the City Lincoln City wastewater treatment plant (WWTP) to Schooner Creek. The 
mixing study was conducted as a condition for renewal of the City’s National Pollutant 
Discharge Elimination System (NPDES) discharge permits. The WWTP outfall is located at 
approximate river mile (RM) 1.1 of Schooner Creek, on the south end of Lincoln City, Oregon.  

The Level 2 Mixing Study includes the requirement for environmental mapping of sensitive 
receptors (e.g., fish spawning habitat, drinking water withdrawal, or recreational swimming 
areas) in the vicinity of the discharge. The environmental mapping effort consisted of looking for 
water intakes, recreational uses, and protected species habitats; and did not find sensitive 
receptors or habitats that are likely to be affected in the mixing zone discharge area. Level 2 
Mixing do not require a dye study; however, Kennedy/Jenks did collect conductivity and 
temperature data to support model verification.  

Critical conditions for the mixing study occur when flow in Schooner Creek is lowest, typically 
near the end of summer/early fall. Schooner Creek in the vicinity of the outfall is also tidally 
influenced as a result of proximity to the Pacific Ocean. Kennedy/Jenks Consultants 
(Kennedy/Jenks) used a flow meter to measure receiving water current velocity, depth, and 
temperature over a one month period from September through October to capture a full tidal 
(lunar) cycle of tidal influence while the river is at the presumed low flow stage. These data were 
used to extrapolate receiving water critical low flow conditions. Record drawings and field 
measurements for the outfall and creek bed were used to generate outfall geometry used in the 
modeling. 

The discharge and receiving water data were used as inputs to the CORMIX mixing zone model 
which was used to estimated dilutions at the edge of the regulatory mixing zone for chronic and 
human health conditions. The CORMIX model was unable to fully predict plume characteristics 
for acute conditions because of the high effluent flow rate and low river velocity. Kennedy/Jenks 
made some adjustments to the model parameters and used dilution values closer than the 
regulatory mixing zones to make reasonable estimates of the dilutions. 

The dilution factors in Table ES-1 below are based on this modeling and were used to evaluate 
discharge conditions in the receiving water. 

Details of the environmental mapping and mixing study inputs, results, and sensitivity analysis 
are presented in this report. 
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Table ES-1 - Summary of Recommended Dilution Factors 

Condition Distance from Outfall Dilution Factor 
(centerline) 

Acute 20 foot radius 1.04* 

Chronic 20 foot from bank and 200 feet up and 
downstream of the discharge 3.5** 

Human Health 20 foot from bank and 200 feet up and 
downstream of the discharge 3.2** 

Notes: 
* Based on temperature measurements 
** Dilution where plume centerline crosses 20 foot width of regulatory mixing zone 

.
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Section 1: Introduction 

The City of Lincoln City, Oregon (City) discharges highly treated effluent to Schooner Creek via 
an outfall located near River Mile 1.1, near the south end of Lincoln City (Figure 1). The City 
discharges under an individual National Pollutant Discharge Elimination System (NPDES) 
permit (No.101122) issued in October 2003 and subsequently administratively extended. This 
study was prepared in support of renewal of the current permit and a copy  is provided in 
Appendix A.  

The Permit includes a designated mixing zone for the outfall: 

“The allowable mixing zone is that portion of Schooner Creek within a band 
extending out twenty (20) feet from the point of discharge and extending two 
hundred (200) feet upstream and downstream from the point of discharge. The Zone 
of Immediate Dilution (ZID) shall be defined as that portion of the allowable mixing 
zone that is within twenty (20) feet of the point of discharge.” 

The Oregon Department of Environmental Quality (DEQ) has requested that the City updates its 
previous mixing study to meet the Level 2 requirements described in DEQ’s Regulatory Mixing 
Zone Internal Management Directive, Part Two, Mixing Zone Studies (DEQ 2013). This report 
summarizes the data used as inputs to the mixing modeling and the resulting estimates of 
dilution within the mixing zone. A Level 2 Mixing Study requires the following: 

• Environmental Mapping to assess potential impacts of the mixing zone on sensitive 
species and habitats, and to human related beneficial uses (Section 2). 

• Collection of field and engineering record data about the outfall for use in the modeling 
(Section 3). 

• Collection of field data on the ambient receiving water conditions including velocity, 
temperature and channel geometry for model inputs (Section 4). 

• A summary of discharge flow and temperature characteristics for the model (Section 5). 

• A report of the modeling results, including an assessment of the model sensitivity to 
input parameters (Section 6). 
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Section 2: Environmental Mapping 

The Level 2 mixing study includes the requirement to conduct environmental mapping to identify 
potential sensitive receptors such as drinking water intakes, recreational use, shellfish beds, 
and fish spawning areas. Kennedy/Jenks Consultants (Kennedy/Jenks) reviewed published 
data from sources listed below and a biologist, Gregg Bryden, twice visited the area (during low 
and high tides) to assess habitat conditions. The outfall details and pictures of the vicinity of the 
outfall are shown on Figure 2.  

2.1 Environmental Setting 
Schooner Creek drains a relatively small watershed, draining approximately 9,650 acres 
between Devils Lake tributaries Rock Creek to the north, Salmon River tributary Bear Creek to 
the northeast, and Drift Creek and its tributaries to the south and east (Cutthroat Consulting 
2012). Ownership in the drainage basin is a mix of public and private ownership, consisting 
mostly of undeveloped forest land with some very low density housing present on private 
holdings. Schooner Creek flows to the north end of Siletz Bay near the opening of the Bay to the 
Pacific Ocean. The lower roughly two miles of Schooner Creek, including the area of the 
discharge, is tidally influenced and estuarine in nature. The banks of the Creek are deeply cut 
through tidal action and the bottom is generally soft silts and sandy, with nominal aquatic 
vegetation. While the watershed is small, the drainage is subject to heavy winter storms and 
strong tidal surge resulting in dynamic shifting bottom substrate and deposition of some large 
woody debris. 

Conductivity measurements, taken in connection with the mixing study, indicate that there is 
some salt intrusion resulting in a stratified freshwater layer on top of tidal salt water in the 
vicinity of the outfall during extreme high tides. During September 2016, the water level in the 
main channel of Schooner Creek varied from about 0.50 feet during low tide to about 4.75 feet 
during the highest tides. This tidal influence affects the habitat in the area of the discharge and 
produces poor mixing during low water level conditions.  The saltwater stratification does not 
directly influence the mixing characteristics of the discharge plume.  

The area surrounding the Creek in the discharge is generally flat with some trees and open wet 
meadows. Much of the north side of Schooner Creek in the outfall area is open space with trees 
and meadow; however, the area on the north side of the mouth of the creek is developed. The 
south side of Schooner Creek includes the wastewater treatment plant (WWTP) which appears 
to be built on a former meadow area and a remnant of the meadow is present to the east of the 
WWTP. The south bank of the river downstream of the discharge is generally steep forested 
land with a narrow river bank margin. The mouth of the Creek opens into shallow bay flats 
consisting of sandy silt and sands. Aerial photographs suggest that the River Channel extends 
into the bay and connects with the mouth of the Bay about 3,000 feet directly to the west.  

The Designated Beneficial Uses of the Mid Coast Basin ([Oregon Administrative Rule] OAR 
340-41-0220, Table 220A), for estuaries and marine waters, including the lower reach of 
Schooner Creek are as follows: 
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 Industrial Water Supply 
 Fish & Aquatic Life 
 Wildlife & Hunting 
 Fishing 
 Boating 
 Water Contact 
 Recreation 
 Aesthetic Quality, and 
 Commercial Navigation & Transportation  

2.2 Habitat and Special Status Species 
According to DEQ’s Division 41 Fish Use Designations Maps 220A and 340B, Schooner Creek 
is designated for salmon and trout rearing and migration; but the lower reach, including the area 
of the discharge, is not designated for salmon and steelhead spawning. This designation is 
consistent with the observed lack of appropriate spawning substrate (is mostly fine silts and 
sands and no apparent gravel beds) and the measured brackish water quality that is likely too 
saline at times, even for chum salmon spawning. Upper reaches of Schooner Creek do host 
salmonid spawning from 15 October through 15 May.  

Kennedy/Jenks requested a database search for rare, threatened, and endangered plants and 
animals from the Oregon Biodiversity Information Center (ORBIC) for the outfall vicinity. The 
following protected fish species are potentially present in Schooner Creek: 

 Pacific lamprey (Entosphenus tridentatus), a federal Species of Concern (SOC), and 
state Sensitive and Vulnerable (SV) 

 Chum salmon (Oncorhynchus keta pop. 4, Pacific Coast Evolutionary Significant Unit 
[ESU]), state Species of Concern (SC) 

 Coho salmon (Oncorhynchus kisutch, pop. 3, Oregon Coast ESU) 
 Steelhead (Oncorhynchus mykiss, pop. 30, Oregon Coast ESU, summer run), a federal 

SOC and state SV 
 Steelhead (Oncorhynchus mykiss, pop. 31, Oregon Coast ESU, winter run), a federal 

SOC and state SV 
 Chinook salmon (Oncorhynchus tshawytscha, pop. 27, Oregon Coast ESU, spring run), 

a state SC. 
 

The ORBIC database also indicated that the American bald eagle (Haliaeetus leucocephalus) 
has breeding sites within the Schooner Creek watershed; however, no bald eagle nesting or 
foraging activity was observed in the area during the site visits. The ORBIC database is not 
included with this report because of confidentiality requirements for release of this sensitive 
data. A copy of the ORBIC report is held in the Kennedy/Jenks project file.  
 
The river is likely habitat to numerous species of invertebrates, reptiles, and amphibians, is used 
by aquatic mammals (otter, beaver, nutria, etc.) and resident and migratory birds.  
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2.3 Recreational Use 
A public park is located at the mouth of the river about one mile downstream of the outfall. This 
park provides beach access to the public that includes direct contact, boating, fishing and 
shellfish harvesting.  

This reach of the river is used for fishing and kayaking, although access is limited. While 
freshwater clams and mussels may be present, their distribution and limited access makes it 
unlikely that significant shellfish harvesting occurs in the area. 

2.4 Water Uses 
Kennedy/Jenks reviewed Water Resource Department records for water rights and points of 
diversion (withdrawals) in the vicinity of the outfall (Figure 3). While there are some nearby uses 
of water for domestic, irrigation, livestock, and recreational uses, none of these is sourced from 
diversions from Schooner Creek. There is no known point of diversion for water within one mile 
of the discharge.  

2.5 Conclusion 
There does not appear to be any sensitive receptors in the immediate vicinity of the outfall that 
would be affected by the designated mixing zone. Special status fish species do pass through 
the area of the discharge however, the exposure time is minimal and likely reduced through 
avoidance behavior. Schooner Creek flows to an estuary that has many beneficial uses; 
however, these beneficial uses should be protected if water quality standards are met at the 
edges of the mixing zone.  
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Section 3: Outfall Location and Geometry 

The outfall is located on the left bank of the Schooner Creek near River mile 1.1 (Figure 1). The 
WWTP outfall geometry was gathered from record drawings of its construction by Straam 
Engineering, Inc. dated April 1979 and Kennedy/Jenks field visit on 30 August 2016. Outfall 
details and the relative location are shown in Figure 2.  

3.1 Outfall Geometry 
The outfall geometry is based on the record drawing of the outfall shown on Figure 2. The 
following parameters were used in the CORMIX 3 model. 

Table 3.1 - Outfall Geometry 

Parameter 
CORMIX 
Variable Value Unit 

Nearest Bank NB Left Left/Right 

Port Diameter D0  3 
 
ft 

Port Cross-sectional Area A0 7.06 ft2 

Depth at discharge HD 1.25a ft 

Average depth HA 1.53a ft 

Vertical angle of discharge THETA 0 deg 

Horizontal angle of discharge SIGMA 90 deg 
Notes/Abbreviations: 
(a) The depth of the outfall port and its distance from the bank varies depending on river stage. The appropriate 

dimensions were determined following the depth/flow study discussed in Section 3 below. 
deg = degree 
ft = feet 
ft2 = square feet 
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Section 4: Ambient Receiving Water Conditions 

The vicinity of the discharge is within a tidally influenced transition area where flow from a 
relatively small (approximately 11,500 square mile) watershed drains from freshwater stream to 
an estuary within Siletz Bay. There is no known permanent gauging station on Schooner Creek 
to provide historical flow data to estimate average low flow 10 year return period data. 
Therefore, Kennedy/Jenks collected ambient velocity, stage, and temperature data during the 
anticipated critical condition period (late summer to fall transition before the winter wet season 
begins) in 2017. The data collection period was timed to cover two extreme low tide events. 

Ambient receiving water conditions were estimated by measuring river velocity, depth, and 
temperature in the area of the outfall (about 50 feet downstream and 30 feet off the bank) using 
a STARFLOW ultrasonic flow meter. The meter was deployed for a period of 30 days from  
30 August through 29 September 2014. The meter recorded data every 15 minutes and the raw 
data is provided in Appendix B.  

4.1 River Velocity and Stage 
Using the measured stream velocity and depth data from the study, Kennedy/Jenks developed 
a stage height to flow relationship. We also estimated the stream velocity during critical 
conditions as defined in the internal management directive (IMD) for tidally influenced water 
bodies as described in Table 4.1.  

Table 4.1 – Estimated Receiving Velocity and Depth at Critical Conditions 

Water Quality Criteria Ambient Velocity for 
Marine/Estuarine Waters Ambient Diffuser Depth 

Aquatic Life, Acute 10th and 90th percentiles over tidal 
cycle = 0.14 ft/s and 0.617 ft/s 

Measured depth at MLLW = 0.60 ft 

Aquatic Life, Chronic 50th Percentile velocity over one 
tidal cycle = 0.33 ft/s 

Depth at MLLW = 0.60 ft 

Aquatic Life, Human 
Health 

50th Percentile velocity over one 
tidal cycle = 0.38 ft/s 

Depth at MLLW = 0.60 ft 

Notes/Abbreviations: 
ft/s = feet per second 
MLLW = Mean Low Low Water 

The Critical density profile under acute and chronic conditions is the profile that produces the 
lowest mixing. For Human Health, the critical profile is that which produces average mixing. See 
discussion of the non-effect of stratification in Section 6 below.  

4.2 Receiving Water Temperature 
The STARFLOW meter recorded receiving water temperature during the flow study and 
reported a minimum temperature of 51.8 degrees Fahrenheit (oF) and an average temperature 
of 59.8 oF. These data indicate a fairly wide range of temperatures during the discharge period, 
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including the early fall season low flow conditions. As a result, we modeled each critical 
condition at 51.8 and 60.6 to assess the sensitivity of the model to receiving temperature effects 
on plume buoyancy.  

4.3 Tidal Influence 
Schooner Creek is influenced by tidal cycles due to its discharge location within Siletz Bay. The 
tidal influence produces two tidal cycles within the creek, a common occurrence on the west 
coast. The average tidal cycle between the Mean Low water (MLW) and Mean High water 
(MHW) is six (6) hours.  

During high tides, the overall stream velocity slows considerably, but no change was observed 
in the velocity data collected by the STARFLOW meter. This condition is favorable as the 
effluent is never pushed upstream of the outfall. Even at the absolute minimum velocity, the 
drifting organism would travel 20 feet within 4.6 minutes, which reduces the immediate exposure 
aquatic life would experience within the creek.  

4.4 Stratification 
Kennedy/Jenks observed no indication of salt water intrusion (i.e., high conductivity 
measurements indicative of salt water) during low tide conditions on 30 August 2016. However, 
salt water intrusion and stratification was observed during high tide conditions on  
20 September 2016. At this time, the conductivity (a field measure of salinity) near the bottom of 
the channel was 38.6 milliSiemens per centimeter (mS/cm) corresponding to a salinity of about 
30 parts per thousand (ppt) which is close to seawater. The conductivity near the surface was 
8.1 mS/cm, corresponding to a salinity of approximately 4.5 ppt which is nearly freshwater. Field 
conditions made it difficult to accurately measure precise depth of the stratified layer transition 
from saltwater to freshwater, but the water column appears to be well stratified rather than 
having a gradual linear density pycnocline. As discussed in Section 6.3 below, the effects of 
stratification do not have a measurable influence on the discharge plume mixing characteristics 
because the warm effluent density difference buoyancy effects dominated over of the effects of 
salinity on water column density. 

4.5 Other Receiving Conditions 
Other receiving water parameters required for CORMIX modeling are summarized on Table 4.2 
below. The manning’s N value of 0.020 is for a smooth earthen channel with no weeds, as was 
observed in the field.  This is the low end of the range allowed in CORMIX. The wind speed was 
based on summary weather observations at Lincoln City for the fall season. 

City of Lincoln City WWTP Schooner Creek Discharge Mixing Study Report Page 4-2 
y:\projects\2016proj\1676017.00_lincoln_city_mixing_zone\09_reports-memos\mixing zone\mixingreport_29dec2016.doc 

2.B.a

Packet Pg. 137



 
Table 4.2 - Other Receiving Water Parameters 

Parameter CORMIX 
Variable Value Units 

Manning's n - 0.020 - 
Wind Velocity UW 4 to 11 mph 
Stratification Condition STRCND U -- 

Notes/Abbreviations: 
mph = miles per hour 
U = Unstratified, see discussion of sensitivity analysis in Section 6.3. 

The Manning’s number for the modeling is based on field observation of the bottom conditions 
(and probing with a staff gauge) in the vicinity of the outfall and corresponds to a clean and 
straight natural river with little stones and weeds. Manning’s number was increased to 0.03 to 
determine the sensitivity analysis in the model. Wind velocity was varied in the sensitivity 
analysis to assess impact of wind speed, but is assumed to be low to be conservative.  
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Section 5: Discharge Characteristics 

Critical condition discharge characteristics are defined in the IMD. These characteristics are 
used in the model to calculate the effluent flow and velocity at the point of discharge. The mixing 
study used Discharge Monitoring Reports (DMR) effluent flow and temperature data to 
characterize the discharge, which is summarized below. 

5.1 Effluent Flow and Temperature 
The discharge characteristics for each facility were combined to estimate the overall critical 
conditions for the modeling.  

5.1.1 Flow 
Flow statistics are for the period of discharge to the river only and are based on the last three 
years of Discharge Monitoring Data (Appendix B). The City operates with discharge flows 
greater than 85 percent (%) of their Dry Weather Design Flow (DWDF) during the dry season. 
Per the IMD, the effluent flow for the acute condition was calculated using the DWDR times a 
Peaking Factor (dry season). The resulting calculated effluent peak flow is 7 million gallons per 
day (MGD). However, based on the discharge data, the WWTP does not actually discharge 
flows of this magnitude. Hence, we modeled the acute effluent flow using the max summer flow 
of 3.55 MGD. These effluent flows are summarized on Table 5.1 below. 

Table 5.1 - Summary of Effluent Flow Data 

Criteria Effluent Condition Effluent Flow 
(MGD) 

Aquatic Life : Acute Max average daily flow1 3.55 
Aquatic Life : Chronic Dry Weather Design Flow Flow 3.0 

Human Health) Dry Weather Design Flow 3.0 
Note: 
1. Maximum summer WWTP effluent flow between May-2013 to July-2016. 

5.1.2 Temperature 
Effluent temperature data for the period of discharge were compiled from Discharge Monitoring 
Reports (Appendix B) for the last three years. The combined discharge temperature was 
calculated on a flow-weighted basis. The effluent temperature during the late summer period is 
warmer than the receiving water and, thus, has a strong effect on the mixing characteristics 
because the effluent is less dense than the receiving water and, therefore, exhibits buoyancy. 

The following effluent temperatures in Table 5.2 were used for the modeling. 
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Table 5.2 - Critical Effluent Temperatures 

Criteria Combined Temperature  
Acute (90th percentile of daily max)  73.4 oF 
Chronic (average daily) 69.8 oF 
Human Health (Annual average) 64.2 oF 

 
As part of the sensitivity analysis (see Section 3) the receiving water temperatures were varied 
over the expected range based on STARFLOW meter to assess the impact of the model results 
under the temperature (and therefore density) differences between the effluent and receiving 
water. 
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Section 6: Mixing Zone Modeling 

Kennedy/Jenks used CORMIX Version 4.1 G and the CORMIX 3 Buoyant Surface Discharges 
Port Discharge modeling mode (EPA 1996) to estimate effluent mixing under the acute, chronic, 
and human health critical conditions. The CORMIX model was chosen because it includes 
stratification, which occurs during high tide in estuaries near the Schooner Creek outfall.  

6.1 Discussion of Modeling Issues 
The CORMIX 3 model of open channel flow was applied to the mixing study because, under 
critical conditions, the effluent pipe is not fully submerged and, therefore, acts more like an open 
channel than a submerged single port diffuser. This approach is consistent with previous 
modeling efforts for the discharge (Wells and Annear, 2001) that found CORMIX 3 open 
channel modeling was most consistent with previous dye studies of the outfall (DEA 1994). 

6.2 Chronic and Human Health Conditions 
One change made to accommodate the modeling of chronic and human health conditions was 
using the average depth corresponding to the critical flow instead of the MLLW as 
recommended in the IMD. This change should not impact the results as there is no predicted 
bottom interaction with the discharge. The model was also compiled using various depths and 
the results indicate that the discharge depth did not affect the model results. The model 
predicted that the discharge plume, under critical conditions, impinged on the 20 foot regulatory 
mixing zone width in the horizontal direction within 20 feet downstream of the outfall, regardless 
of the ambient depth. Likely, buoyancy and the effluent velocity caused the effluent stream to 
rise to the surface of Schooner Creek and spread horizontally near the surface of the river.  

6.3 Acute Conditions 
In addition, receiving water velocity and depth under acute conditions could not be modeled 
because, during lowest tide periods lasting approximately four hours, there was very little 
measureable flow due to a sand bar upstream of the outfall that deflected the Creek flow away 
from the outfall.  

To address this issue and assess potential mixing of hyporheic flow in the streambed, , 
Kennedy/Jenks collected temperature data that can be used along with effluent flow data to 
estimate the acute mixing.  

The following temperature and flow measurements were made during a low tide condition on  
30 August 2016. Data for these measurements are included in the spreadsheets in Appendix B.  

• Effluent Flow (day’s average) (Qe) = 1.03 MGD = 1.91 cubic feet per second 

• Effluent Temperature (Te) = 21.6 degrees Celsius (oC) 

• Receiving water temperature upstream of the discharge (Tr)= 14.7 oC 
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• Receiving water temperature at edge of acute mixing zone,  

20 feet downstream (Tmz) = 21.3 oC 

The relationship for conservative temperature mixing: 

(Te*Qe + Tr*Qr)/(Qe+Qr) = Tmz  

Can be rearranged and solved for the receiving flow that is mixed with the effluent (Qr): 
Qr = (Te*Qe-Tmz*Qe)/(Tmz-Tr) 

For the parameters listed above, the amount of receiving water mixing with the effluent is 0.084 
cubic feet per second (CFS). 

This estimated mixing flow was used to estimate the dilution factor (DF) by the following 
relationship: 

DF = (Qr+Qe)/Qe 
DF = (0.084 +191)/191 = 1.04 

The field measurements were made during a typical low receiving flow condition. However the 
effluent flow is lower than the recommended flow in the IMD. However, the measured flow is 
more typical of the summer to fall transition period when receiving water flow is lowest and tidal 
influence is dominant and, therefore, can be considered representative of acute conditions.  

6.4 Modeling Results 
The results of the mixing modeling are summarized on Table 6.1 below and discharge plumes 
are depicted on Figures 4 and 5. The model predicted that the plume centerline reached 
regulatory mixing zone width (a 20 foot band from the point of discharge) within about 160 feet 
for the Chronic Condition and about 125 feet for the Human Health Condition downstream of the 
outfall. This is a result of the initial discharge velocity momentum being perpendicular to the 
relatively low stream velocity. To be conservative, the results from this point are also reported in 
Table 6.1 below.  

These dilution factors are based on a strict interpretation of the regulatory mixing zone assigned 
to the discharge being parallel with the stream bank.  

The model was unable to model the effluent plume under acute conditions. Kennedy/Jenks 
used flow and temperature data obtained on 30 August 2016 to estimate Schooner Creek’s 
dilution contribution to the effluent as discussed in Section 6.1 above.  
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Table 6.1 - Summary of Modeling Results 

Condition DF at 20-ft (width) 
DF when 

Centerline meets 
MZ 

DF at 200-ft MZ 
(length) 

Acute1 1.04 NA NA 

Chronic 1.8 3.5 4.1 

Human Health 1.9 3.2 3.9 
Note/Abbreviations:   
1. The acute condition was calculated and not modeled in Cormix. (Section 6.1) 
All chronic and human health dilutions are hydrodynamic centerline dilutions. 
DF = dilution factor 
MZ = mixing zone 
NA = not applicable 

6.5 Sensitivity Analysis 
The modeling included sensitivity analysis for receiving water temperatures described in Section 
4.2. The receiving temperature appears to make little difference in the modeling results as 
plume buoyancy remains the dominant mixing influence the near field. To be protective, the 
lowest mixing result for each temperature condition was used as the recommended dilution 
factor.  

The wind speed was varied in the model from the original 2 to 5 meters per second (m/s) (4.5 to 
11.2 mph) for the 59.9 oF modeling conditions. The results, included in Appendix C, were 
unchanged when the wind speed was reduced to the low range or even zero. This is as would 
be expected because the mixing modes related buoyance and surface spreading are dominant 
in the near field and are initially unaffected by surface turbulence.  

The model runs also included sensitivity analysis that modeled both high and low tides using 
stratified and uniform ambient parameters. The impact of the tides is described in Section 6.1. 
The results, included in Appendix C, were practically unchanged when whether the model was 
stratified or uniform. This is as would be expected due to the buoyancy of the plume resulting 
from the large temperature difference between the effluent and receiving water that is present 
under both stratified and un-stratified conditions. Kennedy/Jenks is recommending using the 
slightly lower dilution factors associated with the unstratified condition to be conservative, and to 
be consistent with lower freshwater water quality standards likely to be applied to the WWTP 
discharge. 

The sensitivity analysis summary is shown below in Table 6.2. 
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Table 6.2 – Sensitivity Analysis 

Parameter  Result  

Vary Wind Speed 
Increase in wind speed minimally increase DF , used lower 

conservative wind speed  
Reduce Schooner Creek Temperature Negligible Change 
Variance in the stratification depth Negligible Change 
Increase Manning's N to 0.025 Negligible Change 

 

6.6 Modeled Dilutions 
. The modeled dilution factors given in Table 6.2 below are the most reasonably conservative 
results Kennedy/Jenks was able to model. We believe mixing at the actual regulatory mixing 
zones is probably much better, but because of the conditions, cannot be numerically modeled 
with CORMIX or other mixing models.  

Acute conditions were modeled using temperature and flow data collected on 30 August 2016 
discussed in Section 6.2. 

Table 6.3 - Dilution Factors 

Condition Centerline Dilution Factor 
At Edge of Mixing Zone 

Acute 1.04 
Chronic 3.5 

Human Health 3.2 
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Council Communication 
 

17th Street Restroom Project 
 

Meeting Date: May 14, 2024 Primary Staff Contact:  Daphnee Legarza 

Department: City Council E-Mail:  DLegarza@lincolncity.org 

Secondary Dept:  Secondary Contacts:    

Approval: Daphnee Legarza Estimated Time:  30 minutes 

_____________________________________________________________________________________________ 

Background: 

On February 26, 2024, council awarded a Best Value Construction Contract to Creative 

Contractors for the NE 17th Street Public Restroom Rebuild Project. The contract 

documents, the basis of the bid, included concept plans. The concept plans were 

developed by the same architect who designed the Canyon Park Pump Station and 

Public Restroom Building. We tried to model the look of that building and incorporated 

the ease of maintenance features.  

 

After further considering the concept plan, including the layout and look, staff met with 

Creative Contracting and Bearing Architecture to revisit the concept plan and design 

something more suited for Oceanlake and reconsider layout options. This approach 

allowed staff to bring these three concepts to the Council and discuss the pros and cons 

of each. 

 

Attached are the three layout options and building material types that Bearing Architect 

developed. Creative Contractors have indicated there are no major cost impacts, rather 

cost reductions, from the original concept plan.   

 

Attachments:   

LC Toliet Building - intial pres (PDF) 
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17th Street Restrooms
Lincoln City

Material :
Glazed Block
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