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KS ASSOCIATES

Civil Engineers + Surveyors

February 18, 2019 i
260 Burns Road, Suite 100

Elyria, Ohio 44035

City of Mentor P 440 365 4730
8500 Civic Center Blvd. F 440 3654790
Mentor, OH 44060 www.ksassociates.com

Attn: Kenn Kaminski

RE: Mentor Coastal Habitat — Living Shorelines Project
KS Project #17304

Dear Mr. Kaminski:

Thank you for the opportunity to assist the City of Mentor with preliminary planning for the Mentor Marsh
Coastal Habitat project. Please accept this report documenting anticipated project requirements and
preliminary recommendations for design alternatives for nature-based shoreline stabilization at the
Mentor Lagoons Nature Preserve

Project Overview

The Mentor Lagoons Nature Preserve and
Marina includes approximately 450-acres of
and over 1.5 miles of Lake Erie shoreline.
The preserve is located along the shore of
Lake Erie’s central basin approximately 4
miles west of Fairport Harbor in Lake
County. The project study area includes
approximately 2,700 linear feet of Lake Erie
shore and extends from a point about 600
feet northeast of the existing revetment
protecting the Mentor Lagoons Marina to the
headland known as Sawyers Point.

The shoreline in the project study area is ; . S > .
rapidly eroding and is in need of Figure 1: Aerial photo of Mentor Marsh project area (Google Maps)
stabilization. The City of Mentor is

considering nature-based techniques to

stabilize the shore of the nature preserve. Nature-based shoreline management alternatives are typically
actions that enhance, restore, and maintain natural coastal processes, aquatic habitats, and ecological
functions that promote coastal and ecological resiliency. The wide variation of natural shorelines makes it
difficult to specifically define nature-based shoreline measures, instead the Ohio Department of Natural
Resources (ODNR) provides the following characteristics of nature-based shorelines.

Stabilize the shoreline and reduce erosion

Mimic natural shoreline habitat

Preserve the nearshore 1 to 3-foot water depth
Maintain or restore the natural land-water interface
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5. Incorporate native material
6. Increase opportunities for species diversity and productivity
7. Improve water quality
8. Maintain coastal processes

Nature-based shorelines typically include a variety of measures to meet the characteristics listed above.
The measures required for a stable shoreline are dependent on the forces contributing to erosion and
may vary from solid-vertical structures to beach nourishment or planting vegetation in low energy
environments.

Project Objective and Need

oo™ Lake Erle WIS Station 82061

. . . . . - . .".I:ﬂ_‘:‘._@ Long: -B1 .4AN:;|M:‘?:I‘L1= th: 18 m
The primary project objective is to stabilize the eroding ? ol o 9158 '
shoreline at the Mentor Lagoons Nature Preserve and Marina. N

This requires an understanding of the current site conditions
and the forces contributing to the erosion. The following data
was collected:

e Historical aerial photographs are beneficial in
determining the extent of previous erosion at the project
site. ODNR maintains georeferenced historical aerial
photos dating back to 1954 along the shore of Mentor
Lagoons Nature Preserve. Aerial Photos from 1954,
1968, 1973, 1980, 1986, 1989, 1993, 2003, 2004, 2006,
2011 and 2014 are included in Attachment B.

e The Ohio Department of Natural Resources maps ]

WIND SPEED {m/s) g
shoreline recession along Ohio’s Lake Erie Coast as PRk
part of the Coastal Erosion Area (CEA) regulatory
program. CEA maps from 2010 and 2018 are included

- N Lake Erie WIS Station 92061

in Attachment D. The maps track the recession of the S0 Lo o 41"'15‘5{}5_"’;‘5‘:2:.,’.20:: "
top of the bluff from high resolution aerial photos. Based WAVE ROSE
on the current 2018 maps, bluff recession ranged from N

0.0 feet near Sawyers Point up to 126.6 feet near the
west end of the project area during the time period from
2004 to 2015.

e Site observations were compiled from a site visit
performed by KS Associates on February 7, 2019 and
photos provided by the City of Mentor from February 20,
2018 and November 5, 2018.

e Lake Erie water levels required for the preliminary
design were obtained from the National Oceanic and
Atmospheric Administration for Lake Erie Gage
9062053 at Fairport Harbor. Preliminary design wave
heights were selected based on potential depth and S'fww*‘“f”a'j““i’ s
fetch limited wave conditions and a review of wind and
wave hindcast data from U.S. Army Corps of Engineers
(WIS Station 92061).

Figure 2: Wave and Wind Rose for WIS Station
92061
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Preliminary Design Concepts

Based on the preliminary review of site conditions, KS prepared conceptual designs utilizing nature-based
shoreline infrastructure to help prevent erosion and support habitat along the shore of the Mentor
Lagoons Nature Preserve. The overall project area includes approximately 3,300 linear feet from the east
end of the existing revetment protecting the Mentor Lagoons Marina to Sawyers Point.

The proposed alternatives include a combination of hardened shoreline stabilization techniques (such as
armor stone revetments) and softer measures (such as beach nourishment with sand prefill). The overall
approach is to limit the use of hardened structures to the areas with severe erosion or existing
infrastructure to protect. In this case, hardened structures would be limited to the western end of the
project area, the area where Woods Trail Road reaches the shore and Sawyers Points.

It should be noted that all of the alternatives will not be equally effective at stabilizing the shoreline and
reducing erosion. The shore of the project site is exposed to significant energy from wave action,
stormwater runoff, wind and ice forces. These forces have resulted in considerable erosion along the
shore of the project area. A structural alternative, such as an armor stone revetment, will be most
effective at stabilizing the shore. The purpose of the proposed project is to consider and develop
alternatives to hardening the shore that will provide some shore stabilization and erosion reduction.

For the purpose of developing preliminary design alternatives, the project area was divided into four
areas:

Figure 3: Project Areas
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The area of Severe Erosion at the western end of the project area.
The area where the Woods Trail Road reaches the shore.
Sawyers Point.

The stretches of sand beach between Areas A, B and C.

o0 wp

The following concepts are proposed for each project area:

) PREFILL —,

Figure 4: Conceptual Designs
Area A

KS understands that the City of Mentor intends to construct approximately 600 linear feet of additional
armor stone revetment as an extension to the existing Mentor Lagoons revetment constructed in 2016. If
this plan is executed, KS recommends installing additional structures to help transition from the revetment
to the adjacent beach area. Two alternatives are proposed for the transition.

Alternative A would require constructing a timber groin that would extend landward into the beach and
tow of the bluff. The groin could be constructed with any of the three techniques described for Area D.
The groin would help terminate the revetment into the bluff face in this area and would help prevent
flanking of the revetment if the adjacent beach continues to erode. In this case, KS recommends installing
additional armor stone to the east of the groin as toe protection for the groin. Based on the preliminary
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review of site conditions, the 2 to 4-ton armor stone supported by 4 to 6-ton toe stone would likely be
required.

Alternative B would terminate the
proposed new revetment with a sloped
armor stone return to prevent flanking.
This alternative would likely provide a
more permanent solution than the timber
cribbing but would require more
excavation into the existing bluff face and
would not likely extend as far south as a
timber groin could.

Alternative C includes the construction of
a nearshore detached breakwater instead
of the proposed 600 linear feet of armor
stone revetment. This alternative would
provide similar shoreline stabilization
benefit as the armor stone revetment but would leave a sand beach along the shore, more closely
mimicking the natural shoreline habitat and preserving shallow nearshore areas (landward of the
breakwaters). This alternative was identified during preliminary discussions with the ODNR Office of
Coastal Management regarding the west end of the project site. Detached breakwaters have been used
for shore stabilization with considerable success along the south shore of Lake Erie. The drawback of this
type of structure is the potential to impact littoral transport resulting in accretion of sand landward or
updrift of the structure and erosion downdrift. In this case, the risks are minimal due to the large shore
perpendicular structures at the entrance to Mentor Harbor, the armored shoreline to the west, and the
minimal sand resources in the area. This alternative would also allow for future beach nourishment
landward of the detached breakwater to reduce erosion along the shore to the east.

Figure 5: Area A Conditions (July 2018)

Conceptual drawings of the alternatives for Area A are included in Attachment E.
Area B
Three alternatives have been developed for the area where Woods Trail Road reaches the shoreline.

Alternative 1 provides the maximum
protection in the area where Woods Trail
Road reaches the shoreline. This alternative
would be required if the City plans to
construct any future improvements (such as
a lookout) at this location. Alternative 1
includes the construction of approximately
200 linear feet of armor stone revetment
and a 50-foot long timber groin near the
trail. The timber groin would be constructed
with one of the three alternatives provided
for Area D to provide short-term beach
stabilization along the shore immediate west

Figure 6: Area B Conditions (July 2018)
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of the structure. The armor stone revetment would provide long-term erosion protection in this area. If this
alternative is implemented, a small headland would likely gradually develop in this area (due to erosion of
the beach to the east and west).

Alternative 2 includes construction of an approximately 50-foot long timber groin with a reduced area of
armor stone protection to the east. The net direction of littoral current in the project area is from west to
east. Therefore, sand is expected to accumulate on the west side of groins, leaving the area east
(downdrift) of the groins more susceptible to erosion. An armor stone revetment would stabilize the shore
east of the groin and protect the area where Woods Trail Road reaches the shoreline.

Alternative 3 includes the construction of an approximately 50-foot long timber groin without additional
armor stone protection. This alternative would extend the stabilization proposed for Areas D through Area
B.

Conceptual drawings of the alternatives for Area B are included in Attachment E.
AreaC

Remnants of submerged stone groins are visible in the nearshore lakeward of Sawyers Point. The groins
are also visible in the historical aerial photos. The stone groins are likely the reason the point has been
stable as the beaches to the east and west have gradually eroded. The primary objective is to preserve
Sawyers Point without constructing structures that will substantially impact the shore to the east or west.
To minimize changes to nearshore processes, KS proposes leaving the remains of the existing groin
structures in place in each of the following alternatives.

Alternative 1 includes the construction of a new
approximately 50-foot long timber groin near
the existing tip of Sawyers Point. This groin
would be intended to supplement the existing
currently submerged groins at Sawyers Point
during periods of higher water levels.
Alternative 1 also includes the construction of a
limited area of armor stone revetment to
stabilize the point.

Alterative 2 is similar to Alternative 1 but

reduces the extent of the proposed armor stone
revetment to only include the area immediately :
downdrift of the new groin. Figure 7: Area D Conditions (July 2018)

Alternative 3 includes the construction of an

armor stone revetment to stabilize the shore at Sawyers Point (without the construction of any new
groins). This alternative would have minimal impacts to nearshore processes but would stabilize the point
to preserve the distinct beach cells that have formed to the east and west.

Conceptual drawings of the alternatives for Area C are included in Attachment E.
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AreaD

Area D includes approximately 2,400 linear
feet of shore both to the east and west of the
Woods Trail Road. This area is generally
fronted by a natural narrow beach that is
supplemented with sand bluff erosion as the
bluff gradually retreats. The primary objective
for this area is to stabilize the natural sand
beach. This can be accomplished by
increasing sand resources in the area (beach
nourishment) and adding structures to help
stabilize the beach (groins). A total of 18
groins are proposed along the shore of Area
D (7 to the west of Woods Trail Road and 11
to the east of Woods Trail Road). The Figure 8: Area D Typical Conditions (July 2018)

detailed design of the groins will require a

metocean analysis, selection of design conditions, sediment budget, analysis of littoral processes and
structural design. For the conceptual design, 50-foot long groins spaced at approximately 150 feet on
center were estimated. The conceptual design also includes an estimated 2 cubic yards of sand prefill per
linear foot of shore as beach nourishment.

Three alternatives were proposed for constructing the groins. As a pilot project for the development of
nature-based shoreline stabilization in Lake Erie’s Central Basin, KS recommends implementing each of
the alternatives so that the effectiveness and longevity of each can be studied. Several options are
available for planting vegetation on the timber groin structures by constructing plating pedicles or
installing coir logs anchored to the groins.

Conceptual drawings of the alternatives for Area D are included in Attachment E.
Alternative Comparisons

The following table summarizes the shore stabilization alternatives proposed and the extent to which the
technigues meet the defined characteristics of nature-based shorelines:

Alternative Characteristics of Nature Based Shorelines (defined above)
1 2 3 4 5 6 7 8

Armor Stone Revetment X X X

Detached Breakwater X X X

Timber/Stone Groin (Alt.1) X X X X X X

Vegetated Timber Crib Groin (Alt. 2) X X X X X X

Fallen Timber Groin (Alt. 3) X X X X X X

Beach Nourishment (Sand Pre-fill) X X X X X X

While stone naturally occurs along many areas of Lake Erie, armor stone is not considered a native
material along this stretch of shore. None of the proposed alternatives are anticipated to effect water
quality.
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Regulatory Considerations

The project will require authorization from the U.S. Army Corps of Engineers (USACE) pursuant to
Section 404 of the Clean Water Act and Section 10 of the Rivers and Harbors Act. Due to the complexity
of the project and the potential to impact nearshore processes, it is anticipated that the project will require
and Individual Permit from the USACE and an Individual Water Quality Certification (401 WQC) will also
be required from the Ohio Environmental Protection Agency (OEPA) pursuant to Section 401 of the Clean
Water Act. The USACE and OEPA applications will require coordination with the Ohio Historic
Preservation Office, U.S. Fish and Wildlife Service and ODNR Division of Wildlife. A Shore Structure
Permit (SSP), Submerged Lands Lease (SLL) and Federal Consistency Concurrence (FCC) will also be
required from the Ohio Department of Natural Resources pursuant to ORC Section 1506.

Permit requirements are anticipated to be similar for each of the proposed alternatives in Areas B, C and
D. The permit requirements may be different for Area A. The proposed armor stone revetment extension
can likely be authorized by the USACE under a Nationwide Permit. In this case, an individual 401 WQC
may not be required. Based on preliminary discussions, the armor stone revetment alternative may not be
the alternative preferred by ODNR for this area.

A matrix of permit considerations for each alternative is included below:

Alternative

USACE

OEPA

ODNR

Armor Stone Revetments

May be authorized
under a Nationwide
Permit 13 if
conditions are met.
(Sand prefill required)

Not required if
authorized under a
Nationwide Permit
13.

SSP Required,
SLL Required if
improvements
extend lakeward
of natural
shoreline,

FCC Required.

Detached Breakwaters

Individual Permit
Required

(Sand prefill required)
(Monitoring plan
required)

Individual Permit
Required

SSP Required,
SLL Required if
improvements
extend lakeward
of natural
shoreline,

FCC Required.

Timber Groins

Individual Permit
Required

(Sand prefill required)
(Monitoring plan
required)

Individual Permit
Required

SSP Required,
SLL Required if
improvements
extend lakeward
of natural
shoreline,

FCC Required.

Sand Prefill/Beach Nourishment

Required as a permit
condition.

Required as a
permit condition.

Required as a
permit condition.

It should be noted that a design that includes more than one of the alternative in the table above will likely

be complex enough to require individual permits from the USACE and OEPA. The permit requirements
will be similar for all three timber groin alternatives.
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Cost Comparison

Area A* Alternative 1 Alternative 2 Alternative 3

Armor Stone Revetment $25,000 $60,000 $0
Detached Breakwater $0 $0 $100,000
Timber Groin** $20,000 $0 $0
Sand Pre-Fill $55,000 $55,000 $75,000
Total $100,000 $105,000 $175,000

*Area A costs exclude the proposed 600 linear feet of armor stone revetment

**Timber groin costs are dependent on the groin construction alternative selected.

Area B Alternative 1 Alternative 2 Alternative 3

Armor Stone Revetment $200,000 $100,000 $0
Timber Groin $20,000 $20,000 $20,000
Sand Pre-Fill $18,000 $30,000 $18,000
Total $238,000 $150,000 $38,000

**Timber groin costs are dependent on the groin construction alternative selected.

Area C Alternative 1 Alternative 2 Alternative 3

Armor Stone Revetment $200,000 $100,000 $200,000
Timber Groin $20,000 $20,000 $0
Sand Pre-Fill $18,000 $32,000 $18,000
Total $238,000 $152,000 $218,000

**Timber groin costs are dependent on the groin construction alternative selected.

Area D Alternative 1 Alternative 2 Alternative 3

Timber Groins*** $450,000 $630,000 $270,000
Sand Pre-Fill $190,000 $190,000 $190,000
Total $640,000 $820,000 $460,000

*Assumes 75% of timber material must be imported to the site.

KS ASSOCIATES

The cost listed above do not include contractor mobilization or construction or improvement of haul roads
for material and equipment delivery.

Construction costs for the overall project are anticipated to range from about $850,000 to $1,600,000 (in
current costs, subject to increase over time). These costs will be dependent on potential phasing for the
project. The cost listed above also do not include professional services fees for site investigation, design,
permitting or construction administration. These costs should be anticipated to be about 20% of

construction costs.

While each alternative proposed is expected to provide some benefit, the recommendations should not be
considered equal in terms of shore stabilization and erosion protection. The recommendations generally
increase in cost with complexity and structural resilience in a wider range of water level and wave
conditions. The overall effectiveness of the recommended alternatives generally increases with cost.
Providing a range of alternatives provides the opportunity to review the potential construction costs and

decide on a strategy that both meets the project needs and anticipated construction budget.
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The Engineer’s opinions of probable Construction Cost are made on the basis of the engineer’s
experience and qualifications and represent the engineer’s best judgment as an experienced and
qualified professional generally familiar with the construction industry. However, because the engineer
has no control over the cost of labor, materials, equipment, or services furnished by others, or over
contractors’ methods of determining prices, or over competitive bidding or market conditions, the engineer
cannot and does not guarantee that proposals, bids, or actual Construction Cost will not vary from
opinions of probable construction cost prepared by the engineer.

Next Steps

The alternatives listed above are not exclusive. KS recommends a full alternatives analysis during the
detailed design of the shore stabilization measures for the shore of the Mentor Lagoons Nature Preserve.
Additional alternatives or combinations of alternatives should be considered. KS also recommends that
the City of Mentor consider developing and installing multiple alternatives so that the effectiveness and
resiliency of each can be tested for this pilot project.

If you have any questions or would like to pursue the recommendations listed above, please contact me
at 440-365-4730 ext. 395 or cencerm@ksassociates.com.

Sincerely,

KS ASSOCIATES, INC.

FAC G

Mark P. Cencer, P.E.
Director of Coastal Engineering

c: John Matricardi, P.E., KS Associates

R:\17000\17304\17304 Mentor Marsh Planning Memo 021519.docx

Attachments:

Attachment A: Scope of Services

Attachment B: ODNR Historical Aerial Photography
Attachment C: Site Photography, February 7, 2019
Attachment D: ODNR Coastal Erosion Area Maps
Attachment E: Conceptual Drawings
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Professional Services Fee
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cost of $10,000. mmmmﬂhmﬂhﬂum

Director of Coastal ineering $160/HR
EarﬂurMErﬁE.m.!r $180/HR
Coastal Engineer $100/HR
CAD Draftsman $ 96/HR
Ed Herdendorf (Consultant) $160/HR
Travel Expenses $0.545/Mils

We will bill monthly for services rendered.
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STANDARD CONDITIONS
Fee

ThatumlfnanhuﬂhauMthannﬁmh.bnsadmmanfSWm.md:haﬂnﬁb&&mad
without written approval of the Client. Mhﬁeammnﬂnhh«mmhﬂybﬂmhmdﬂhﬂm
that prevail at the time services are rendered. Hdmbumﬁemﬂbalnmhadmmﬂmmmﬂw.

Inpmuldingmmdurui:mmﬂllmhmmlnimmrmmwmmgmnf
care and skill ordinarily exercised by members of the same currently practicing under similar

Consequential Damages
Nmmmwmmmhmm.mhmmmmmwm.mumum
mmulmmmmmwm.wmﬂwdmmmmawmmw

Amummnmﬂrhmmhdwwmmm.ﬂsm
mbﬁwﬂnﬂnmﬂhnmmmmmﬂmwmhunmmmh
investigation of such a condition. n(f)mmﬁwuammwmmmummumm
Mdnmmnﬂﬂum.w{zmshnmmnh believe that such a condition exists, KS shall not be
Whmmﬁmmm«awmmﬁmmmwm.

Hazardous Materials/Moid

mmmmmhum, presence, handling, removal, disposal or exposure of persons to
humﬂnmmahrhhufwhmmwﬁngmﬂd. The Client shall inform KS of any potentially hazardous condition

prior to KS performing the services.
Indemnifications

The Client agrees, 1o the fullest extent permitted by law, to indemnify and hold KS and it

from and damage, losses or cost mw-mm

and all damages or claim arising out of thie Agreement, and oll causes,
to the amount of KS's actual fee charged to the client, or-another amount agreed upon in writing and signed by both
parties,

Termination of Services for Convenience
ﬂ:hAgmnummyhhnnhmhdmunwﬂMnnﬂubyhﬂhrﬂfwhmlmm. In the event of termination,
the Client shall pay KS for all mmd&mdhmnd-hdmmmﬂm,nurdmmubhm.wmh
termination expenses.

Termination of Services for Default

Thhﬁgtmuﬂmaybehnnlmhdupun 10 days written notice by either party should the other fail to perform their
obligations hereunder, InMWﬂniM.ﬂmMMmlﬁhuﬂWMhth

Standard Conditions Page 1 of 2



risk and without liability to KS and its subconsultants.
mmmmmmﬁmcmwmhudﬂmuuhhmm
under this agreament. mm-mmm“mdmmmudmmhmmm“
unhuthhMﬂhMmdhmm.mmhMmm
mmmnm&mmmmurmhnhchmmm The Client
wmnmﬂmuummmmm

Defects in Service

The Client shall promptly report to mwmquthmhmmmmﬂuwb
Impose a similar notification mmmmmmmwmwmmh-u
subcontracts at any level to contain a Iike agreement. Failure by the Client and the Client's contractors or
mmmmmmmmmmmwnm:mwmmeym
hmnnﬂhnﬂpmptnaﬂﬂmﬂmbunﬁvmmnmm“amm.

Construction Activities

KSuhailmtbam‘dbhhr{ﬂhmwmummwmmlmwﬁhmtﬂmm
given wmahﬂmhmhwmmWﬂmm (3) the means and methods of
anyone parforming any of the Work, (4) job-site safety.

Dispute Resolution

of the State of Ohio shall govern this Agreement.
No Third Beneficiaries
Nuﬂ'lhgmnlﬂnadhﬁis!qmumuﬂahaﬂmhnmnwmbmwnummﬂmhmwdnmim
party against either the Client or the Consultant. ﬂuthuuﬂmﬂ‘:wﬂmuﬂ«hln@mﬂmbﬂu
performed solely for the Client's benefit, and no other party or entity shall have any claim against the Consultant

Standard Conditions Accepted by the Client:

Authorized Signature Title Date
WiACaniracts\KS Standard Conditions\Signabls KS Standard Condiions 8-18-17.doc
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Attachment B: ODNR Historical Aerial Photography

Mentor Harbor E (1954)

Mentor Harbor W (1954)



Mentor Harbor E (1968)
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Mentor Harbor E (1973)




Mentor Harbor E (1980)

Mentor Harbor W (1980)




Mentor Harbor E (1986)




Mentor Harbor E (1989)
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Mentor Harbor W (1989)




Mentor Harbor E (1993)
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Mentor Harbor W (1993)




Mentor Harbor E (2003)




Mentor Harbor E (2004)

Mentor Harbor W (2004)




Mentor Harbor E (2006)

Mentor Harbor W (2006)




Mentor Harbor E (2011)

A -
Mentor Harbor W (2011)




Mentor Harbor E (2014)

A
Mentor Harbor W (2014)




Attachment C: Site Photography (February 7, 2019)

Photo 1: At Wood’s Trail Road looking east at the bluff

Photo 2: At Wood’s Trail Road looking west at the bluff



Photo 3: Between Wood’s Trail Road and the Marina looking west at the start of t

e revetment

Photo 4: Looking at the bluff to the east at Wood'’s Trail Road
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Photo 6: rom the east end looking west at Sawyer’s Point
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Frame: 351
Number of Profiles: 32
TRANS MEAS DIST
351-1 0.9
3512 0.0
351-3 0.3
351-4 2.4
351-5 0.0
351-6 1.8
351-7 0.0
351-8 1.5
351-9 9.9
351-10 1.7
351-11 0.0
351-12 0.0
351-13 0.1
351-14 0.0
351-15 0.6
351-16 42
351-17 0.0
351-18 0.1
351-19 0.0
351-20 0.0
351-21 0.3
351-22 4.7
351-23 0.3
351-24 0.0
351-25 32
351-26 0.0
351-27 3.0
351-28 0.0
351-29 2.5
351-30 1.1
351-31 1.2
351-32 0.0
FRAME: Frame number of aerial photograph
TRANS: Transect number

LAKE COUNTY

RECESS RATE ANTICIPATED DIST STATUS
0.1 53 NO CEA
0.0 2.5 NO CEA
0.0 1.6 NO CEA
0.2 2.4 NO CEA
0.0 2.1 NO CEA
0.1 2.1 NO CEA
0.0 33 NO CEA
0.1 6.7 NO CEA
0.7 9.8 NO CEA
0.1 6.6 NO CEA
0.0 2.5 NO CEA
0.0 0.3 NO CEA
0.0 0.2 NO CEA
0.0 1.0 NO CEA
0.0 2.6 NO CEA
0.3 3.8 NO CEA
0.0 2.2 NO CEA
0.0 0.7 NO CEA
0.0 0.1 NO CEA
0.0 0.9 NO CEA
0.0 2.6 NO CEA
0.3 4.1 NO CEA
0.0 3.1 NO CEA
0.0 2.5 NO CEA
0.2 3.2 NO CEA
0.0 3.1 NO CEA
0.2 3.4 NO CEA
0.0 2.9 NO CEA
0.2 33 NO CEA
0.1 2.7 NO CEA
0.1 1.9 NO CEA
0.0 1.0 NO CEA

RECESS RATE: Recession rate (feet per year) between 1990 and 2004
ANTICPATED DIST:  Recession (feet) anticipated during the next 30 years

MEAS DIST: Recession distance (feet) between 1990 and 2004

Wednesday, November 17, 2010

STATUS:

Indicates presence or absence of Coastal Erosion Area

Page 1 of 1
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Final 2018 CEA Map Data Sheet

Frame: 351 LAKE COUNTY
Number of Profiles: 32

TRANS MEAS DIST RECESS RATE ANTICIPATED DIST STATUS
351-1 0.0 0.0 0.0 NO CEA
351-2 0.0 0.0 0.0 NO CEA
351-3 0.0 0.0 0.0 NO CEA
351-4 0.0 0.0 0.0 NO CEA
351-5 0.0 0.0 0.0 NO CEA
351-6 0.0 0.0 2.7 NO CEA
351-7 0.0 0.0 8.1 NO CEA
351-8 12.9 1.2 13.6 NO CEA
351-9 0.0 0.0 8.1 NO CEA

351-10 0.0 0.0 2.7 NO CEA

351-11 0.0 0.0 0.0 NO CEA

351-12 0.0 0.0 0.0 NO CEA

351-13 0.0 0.0 0.0 NO CEA

351-14 0.0 0.0 0.0 NO CEA

351-15 0.0 0.0 0.0 NO CEA

351-16 0.0 0.0 0.0 NO CEA

351-17 0.0 0.0 0.0 NO CEA

351-18 0.0 0.0 0.0 NO CEA

351-19 0.0 0.0 0.0 NO CEA

351-20 0.0 0.0 0.0 NO CEA

351-21 0.0 0.0 0.0 NO CEA

351-22 0.0 0.0 0.0 NO CEA

351-23 0.0 0.0 0.0 NO CEA

351-24 0.0 0.0 0.0 NO CEA

351-25 0.0 0.0 0.0 NO CEA

351-26 0.0 0.0 0.0 NO CEA

351-27 0.0 0.0 0.0 NO CEA

351-28 0.1 0.0 0.0 NO CEA

351-29 0.0 0.0 0.0 NO CEA

351-30 0.0 0.0 1.1 NO CEA

351-31 0.0 0.0 4.8 NO CEA

351-32 5.0 0.5 12.7 NO CEA
FRAME: Frame number of aerial photograph RECESS RATE: Recession rate (feet per year) between 2004 and 2015
TRANS: Transect number ANTICPATED DIST* Recession (feet) anticipated during the next 30 years
MEAS DIST: Recession distance (feet) between 2004 and 2015 STATUS: Indicates presence or absence of Coastal Erosion Area

* Due to averaging, may not equal RECESS RATE times 30
Rev. 19007 lofl



252-5

‘0192 s juiod Jey) Je Sjel uoissaoal

ay) ‘aull UoIsSeval 0GBL SY) UBY) Snjes) Juaieyip

© SIOJUOW BUI| UOISSSdal $00Z SY) SI9Ym Sejedlpul

) ‘Uumoys S| ssos MojleA B i ‘sgeoldde aiayp\,
sjossuel|

V3D JO Jus)xd piempueT]

,8Ul7 UoIsse08y (£002) eseg ++ +
8UIT UOISS929Y 0661

uoljeue|dxg

352-6

352-7
252-8
252-9
352-10
352-11

-dew sy} Jo Ajjiqeljes Jo ‘ssausjeidwon ‘Aoeinooe auyj Joy Ajijiqisuodsal Jo Ayjigel| [ebs) Aue swnsse
Jou ‘peldwy Jo sseidxe ‘Ajuesem Aue oxew ‘SI0JBUOIQNS IO ‘SIOJOBJU0D ‘seekojdwe JiBy}
10 Aue Jou ‘Joaiay) UOISIAIP AUB JOU S82IN0SeY [eJNjEN JO juswiledaq olyO 8y} JayyeN sdew ese
UoISOI® [e}seod Buisn UBYM SUOIONJSUl 8} O} Jjel 8ses|d v00Z |dy Jaye epew suoleoyipow

aulploys Jo sabueyo moys jou seop dew siy] ‘dew aseq olydeiBojoydoyuo ‘leubip 00z
e uo pafesod s UOREW.IOJUI BYL "OPOD SARRASIUILPY OIYO BY} JO €1-9-L0G | Ubnotul 01-9-10G1
uoI}09S Ul paulep SE SEaJe UOISOJa [e}SE0d JO NOILYOIIHILNIAI TVNI4 2y} sjussaidas dew siy|

SdVIN V3V NOISOd3 TVLSVOD 1TVNIL




Frame: 352
Number of Profiles: 34
TRANS MEAS DIST
352-1 0.0
352-2 0.0
352-3 1.5
352-4 0.0
352-5 0.0
352-6 0.0
352-7 1.3
352-8 2.3
352-9 0.0
352-10 2.4
352-11 7.8
352-12 1.0
352-13 6.1
352-14 1.0
352-15 7.9
352-16 0.0
352-17 0.0
352-18 1.3
352-19 2.4
352-20 0.0
352-21 0.0
352-22 2.3
352-23 6.2
352-24 7.4
352-25 13.8
352-26 24.0
352-27 29.2
352-28 22.5
352-29 0.0
352-30 0.0
352-31 0.0
352-32 0.0
352-33 0.0
352-34 0.0
FRAME: Frame number of aerial photograph
TRANS: Transect number

LAKE COUNTY

RECESS RATE ANTICIPATED DIST STATUS
0.0 1.0 NO CEA
0.0 0.9 NO CEA
0.1 1.2 NO CEA
0.0 0.7 NO CEA
0.0 0.5 NO CEA
0.0 1.0 NO CEA
0.1 2.2 NO CEA
0.2 3.0 NO CEA
0.0 3.9 NO CEA
0.2 6.4 NO CEA
0.6 9.2 NO CEA
0.1 8.3 NO CEA
0.4 8.6 NO CEA
0.1 7.9 NO CEA
0.6 8.0 NO CEA
0.0 43 NO CEA
0.0 2.3 NO CEA
0.1 2.2 NO CEA
0.2 2.6 NO CEA
0.0 1.8 NO CEA
0.0 2.6 NO CEA
0.2 6.2 NO CEA
0.4 12.2 CEA
0.5 20.3 CEA
1.0 32.7 CEA
1.7 46.0 CEA
2.1 493 CEA
1.6 36.9 CEA
0.0 15.9 CEA
0.0 3.7 NO CEA
0.0 0.0 NO CEA
0.0 0.0 NO CEA
0.0 0.0 NO CEA
0.0 0.0 NO CEA

RECESS RATE: Recession rate (feet per year) between 1990 and 2004
ANTICPATED DIST:  Recession (feet) anticipated during the next 30 years

MEAS DIST: Recession distance (feet) between 1990 and 2004

Wednesday, November 17, 2010

STATUS:

Indicates presence or absence of Coastal Erosion Area

Page 1 of 1
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Frame: 352 LAKE COUNTY
Number of Profiles: 34
TRANS MEAS DIST RECESS RATE ANTICIPATED DIST
352-1 5.0 0.5 12.7
352-2 7.8 0.7 22.6
352-3 12.0 1.1 36.8
352-4 17.5 1.6 52.4
352-5 34.3 3.1 64.0
352-6 15.3 1.4 63.3
352-7 23.4 2.1 67.4
352-8 35.1 32 66.7
352-9 19.1 1.7 49.7
352-10 0.0 0.0 28.3
352-11 12.5 1.1 22.7
352-12 5.0 0.5 23.5
352-13 11.2 1.0 34.2
352-14 15.7 1.4 52.4
352-15 32.5 3.0 80.2
352-16 35.1 32 103.8
352-17 55.8 5.1 121.1
352-18 47.9 4.4 127.3
352-19 52.5 4.8 147.4
352-20 76.3 6.9 182.8
352-21 76.7 7.0 218.5
352-22 85.7 7.8 255.2
352-23 126.6 11.5 273.0
352-24 101.6 9.2 230.2
352-25 29.3 2.7 154.3
352-26 35.8 33 119.5
352-27 50.1 4.6 124.0
352-28 50.9 4.6 130.4
352-29 50.9 4.6 119.3
352-30 28.0 2.5 91.4
352-31 27.2 2.5 63.3
352-32 10.3 0.9 33.8
352-33 0.0 0.0 12.2
352-34 0.0 0.0 2.2
FRAME: Frame number of aerial photograph RECESS RATE:
TRANS: Transect number ANTICPATED DIST*
MEAS DIST: Recession distance (feet) between 2004 and 2015 STATUS:

Final 2018 CEA Map Data Sheet

* Due to averaging, may not equal RECESS RATE times 30

Rev. 19007

STATUS

NO CEA
CEA
CEA
CEA
CEA
CEA
CEA
CEA
CEA
CEA
CEA
CEA
CEA
CEA
CEA
CEA
CEA
CEA
CEA
CEA
CEA
CEA
CEA
CEA
CEA
CEA
CEA
CEA
CEA
CEA
CEA
CEA

NO CEA

NO CEA

Recession rate (feet per year) between 2004 and 2015

Recession (feet) anticipated during the next 30 years

Indicates presence or absence of Coastal Erosion Area

lofl



090v¥ OIHO "JOLNIW
3IAIYA HOgHVH S9€8

ALNNOD VT

1V118vH Tv1SVYOO 4OLN3N

133HS F1LIL

"Q3LON 3SMYIHLO SSTINN )

@3LYD07 G314 NI38 AVH SILLMLA FOVAUNS FTAISIN Z 50 ok ossa Suva sHom O 10

'NOILYAVOX3 OL ¥ORd SNNOH 8% ISV31 1Y 9.2-29€-008"}

$9£2-29€-008—1 LV (SdN0) FOAM3S NOLLOLONd S3LMLN 2 2
OIHO LOVLNOD ‘ANVA AVA SNOILYDO1 TVNLOV 'S3IONZoy  AJIA¥HS

ANV S3INYJNOD ALIILN A8 G3AIAOY¥d SONINMYN a3l UOHIOJ0I] S g\

ONV SQH0J3d WOX3 NMOHS 3d¥ S3LMLLN ANNO¥OHIANN 't D §liire}

aLva YEZYL 'ON '93¥ OHO "F'd ‘¥IONIO 'd NuVA

SIANILYNEILTVY NOILONYLSNOD NIOHO

! M SJ1YIO0SEY SY
0647 G98 OFF 4~ ———

OELY G9€ O7Y d
SEOFY HO ‘BnAia
00T 8HNg 'peoy suing 092

wody

QU] §81212088Y SN

HLVd

INVN OMO

%8 oH
We NMvag

REVISIONS

ilva

am1 00 ANLYa

G861 Q191 1334 2695

OYAVA 'V NIFTHLVY ® ' AIAVA

090v¥ OIHO “YOLN3IW ‘QVOM SANVIAY3H Gi/8
090%% OIHO “YOLNIW ‘A VAYNOYOD 0££S

8N10 LHOVA HO8GY¥VH YOLN3W

SYINMO_ALY3dO¥d INIIVIav | A8

SIAILYNYILTY INIOd SHIAMYS
SIAILYNEILTV TIVHL
SIAILYNYILTVY ANI LSIM

NVd 31IS

2 133HS I1LIL

ON L33HS J1LIL ONIMYHd

N ™0 o

3TvOS ON ‘QVND YOLNIN SOSN ‘dVIN ALINIDIA

- L |1||1..1. ¥

N

=y
o
e

o

W Ewmaind
v s |
g e

dLIs 1049rodd

o i

|
v

Per——— )
£ e P

e oy

3&;

%

—

090%¥ OIHO "HOLN3IN

JAIdAd dOddVH G9¢8 1V
1V1I9VH TV1SVOD JdOLNdN

NOILONYLSNOD d04 1ON
SONIMVHA TVNLd3dONOD




S861 0791 1334 2'69S = OM1 00 “WnLva [ woosaeosses M SILYIDOSSY SH SRS ORI e
090%F OIHD ‘HOLNIN ‘0Y0H SONVIOVIH SiZ8 _ OBLY GOE OFY J ~—— ALNNOD 3491

QUAVA ¥ NITTHLVA ® T QAVa | —— e
090¥+ OO "¥OLNGN ‘JAQ VOYNOH0D 085S [ ‘ 001 s “proy suing 092 1V1I8vH TVLSVOD dOLNIW
A0 LHIVA HOBHVH HOLNGN |~ — | “3u] *saleI2085Y SY MNYld 3115
I

Z
5
o
L
=
v

SCALE IN FEET

CONCEPTUAL DRAWINGS
NOT FOR CONSTRUCTION




. I - 090FF OIHO "HOLNIW
851 (I 1334 2'695 = N1 0'0 “ANLVO - oasager M SILYIDOSSY SH INMHA HOTIVH S9E8
090v¥ OIHO 40NN ‘OYOH SONYIQV3H S1/8 . - OBLYSIEOVY 1 ——y ANAGD A1 S
OUAVA 'V NITTHLVH # T QAVD b e 9:‘201: 9:‘«; 9::" ; g3
030vF OIHO ‘HOLNGN ‘3AHG VAVNOHOD 0£5C 2 M | T auns ‘peon swng 052 LVLIAVH TVLSVOD JOLNIW T g =
A0 LHOVA HOBYYH HOLNIN — ]| v 8 3] *sae10ssy Sy SIAILYNYIALTY QNI 1S3 &
SHINWAO AL83d08d INZOVrQY | A8 3Iva i

100

WEST END ALTERNATIVE 2
Q
SCALE IM FEET

100

WEST END ALTERNATIVE 3

100

WEST END ALTERNATIVE 1
0
SCALE IN FEET

100

100

SCALE IN FEET

100

CONCEPTUAL DRAWINGS
NOT FOR CONSTRUCTION




050t OIHO "HOLNIW
IAEA YOFYYH S9E8

ALNNOD 34v1
LVLIaVH TVLSVOD dOLNIW
SINILYNYILTY QVOY TIVYL SQ00M

- SILWIDOSSY SH

DBLY S9E OFY 4

OEL¥ S9E OVY d
SEOFF HO 'BUAI3

001 ayng ‘peoy swing 09z

‘U] 'SHBIN0SEY §Y

REMISIONS

Hivd

v

alva

00l

LS

NLYa

G861 0791 1334 Z'695 = QW1 00
090+¥ OIHD "YOLM3W ‘O¥0Y¥ SANVIOV3IH S1L8

OQUAVA 'V NITTHLYA % T QAVQ

090 OHO "4OLN3W ‘3ARQ VOVNONOD O£ES

8N LHOYA #084YH HOLNIW

SH3INMO_ALY3d0dd LN3OVrQY

NOILONHLSNOD HO4 LON

o SONIMYHA TVNLdIONOD
— " —
ool 0 oot

L JALLYNYILTY avOd TIVYdL Sa0O0M\




050t OIHO "HOLNIW
IAEA YOFYYH S9E8

ALNNOD 34v1
LVLIaVH TVLSVOD dOLNIW
SIALLYNYILIY LNIOd SHIAMNYS

- SILWIDOSSY SH

DBLY S9E OFY 4

QELY G9E OVY d
SEOFF HO 'BUAI3

001 ayng ‘peoy swing 09z

‘U] 'SHBIN0SEY §Y

REMISIONS

Havd

v

alva

LS

NLYa

G861 0791 1334 Z'695 = QW1 00
090+¥ OIHD "YOLM3W ‘O¥0Y¥ SANVIOV3IH S1L8

OQUAVA 'V NITTHLYA % T QAVQ

090 OHO "4OLN3W ‘3ARQ VOVNONOD O£ES

8N LHOYA #084YH HOLNIW

SH3INMO_ALY3d0dd LN3OVrQY

1334 NI WS

NOILONHLSNOD {04 LON
A SONIMYHA TVNLd3ONOD

0ol 0 oot

€ JAILYNYILTY LNIOd SdIAK\YS

L

C AALLYNYILTY

LNIOd §

AIAKYS

ool o ool

L JALLYNYILTY LNIOd SdIAXYS




G861 191 1334 2695 = QM1 0°0 :WNLYQ N e WoosEe W 5TIVIDOSEY S 0392";‘70‘1'3&53{535;“

v g Hvd 06L7 98 OFY 4~ m—— ALNNOD V1 w ool .
o e o il ——mx|  ShEE N
0907% OHO "YOLNAN 3AI VAYNOHOO 0£€G 2 Rewe | 1 sang 'peoy swing 092 1V1IgVH TV1SsVOD JOLN3IN Bo g =

*;f;;?l 15‘9*‘11*& Bi%zi‘”l‘N:Ol':zw S “a v 9] ‘501012085 §Y SIAILYNYILTY NOILO3S NIOHD &
M oVray v avae
LT
[
<C
A
(@)
@)
Z W
= L
1 N
- v
= < <C
L Ll >
e [qV]
Oz wie
= =
ksl <
= Z
}: YN vryYy rY Y1 ) %
3 [
NEH NN < =
w
O E Z| 2
=1 z
NS @) u
b i i - E
[ 3 @
LANA_RNA_NA N 9
o
O
&
< M
) 2|2
o |l
e
Lol
m
=
}7
Lol
5 ) L
— [ [
W < ;
e
< L O &)
- O %)
i ﬁ — O — Ll O
L Z w0 SE I Z w0 °
Ry L = o < W o™
mn Z Do < = Ve
m @) > <C = o X T =
= = L > o L] 0% > k=
= 0 o 05 m Lol <
- — = o é
= =
o7 < - == L
~— Ll — |— L—J
& 2 [ — w
OQ 6 ° z K < 5 z
| ] 5 2 — Z y
S o M3 oevececoce o M3
FOXCrO] i eeeevees: 2
] Oc Oc Oc | O
3 o 3 o
iggleqplagy! i E
0L 0L 8 2 =
<‘ ; e o
|_

CONCEPTUAL DRAWINGS

NOT FOR CONSTRUCTION




