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Environmental Assessment

For HUD-funded Proposals

(HUD recommended format per 24 CFR 58.36, revised 1/99)

Project Identification: Crescent City Harbor District

Inner Boat Basin Rehabilitation Project
Preparers: Ernest W. Perry, Planner Crescent City Harbor District
Wilma Madden, Administrative Assistant Crescent City Harbor District

Ward Stover, Stover Engineering

Responsible Entity;  County of Del Norte

EXHIBIT NO. 6

APPLICATION NO.
Month/Year:  July 2010 1-10-035

CRESCENT CITY HARBOR
DISTRICT

ENVIRONMENTAL
ASSESSMENT (1 of 68)




1.0 ENVIRONMENTAL ASSESSMENT

Responsible Entity (24 CFR 58.2(a)7)): County of Del Norte

Certifying Officer [24 CFR 58.2(2)(2)]: Jay Sarina, County Administrative Officer,
Project Name: Inner Boat Basin Reconstruction

Project Location: Crescent City Harbor Inner Boat Basin

Estimated total project cost: $20,000,000.

Grant Recipient [24 CFR 58.2{a)(5)): Crescent City Harbor District

Recipient Address: 101 Citizens Dock Road, Crescent City, CA 95531
Project Representative: Richard Young, CEO-Harbormaster

Telephone Number: 707-464-6174

CONDITIONS OF PROJECT APPROVAL.:
Air Quality and Water Quality

1. A Storm Water Pollution Prevention Plan, Erosion Control Plan, a Hazardous Materials
Management/Spill Response Plan, and related BMPs will be required of the contractor or
contractors to reduce, to the maximum extent possible, the volume, velocity, and pollutant
load of storm water and dry weather flows from leaving the project site during construction
and from the staging area during construction activity.

2. At all times during construction activities, contractor or contractors shall minimize the area
disturbed by excavation, grading, or earth moving (if any) to prevent excessive amounts of
dust. During periods of high winds (i.e. wind speed sufficient to cause fugitive dust to impact
adjacent properties) contractor shall cover or treat exposed soils areas and active portions
of the construction site to prevent fugitive dust.
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Throughout construction, contractor shall sweep adjacent paved areas sufficient to keep any
visible soil material and/or sand from the construction activities from accumulating on the
adjacent paved areas.

All trucks hauling graded or excavated material offsite, if any, shall be required to cover their
loads as required by the California Vehicle Code Sec. 23114, with special attention to
preventing spills onto public streets, roads, or highways.

The contractor or contractors shall ensure that all construction equipment is maintained and
tuned to meet applicable EPA and CARB emission requirements for the duration of the
construction activities.

All materials placed in the water of the inner boat basin, such as pilings, grouting, pilings,
and fioats shall be nontoxic,

All debris, materials, damaged and destroyed items, sediment, and other materials removed
from the inner boat basin shall be disposed of at an approved disposal site.

Biological Resources

1.

All construction activities in the water of the inner boat basin shall be conducted only
hetween July 1 through October 15 of each work year.

Area C on the Gedik maps will be temporarily fenced to between the project area and the
sensitive area to prevent trampling, vehicle activity, stockpiling activities, or other
construction activities. installation of the temporary fence will be monitored by a biological
monitor.

Flood Damage Prevention

1.

The project shall comply with the (FEMA approved) Flood Damage Prevention Ordinance,
specifically section Chapter 21.45.

Noise

1.

Contractor or contractors shall minimize the number of vehicles and equipment operating on
site at the same time.

Construction equipment shalt be properly muffled and shrouded to minimize noise levels
and maintained to prevent contamination of soil or water from external grease and oil or
from leaking hydraulic fluid, fuel, oil, or grease.

Hours of construction activity shall be limited to the hours of 7:00 a.m. to 7:00 p.m. on
weekdays and on Saturdays and 8:00 am to 5:00 pm on Sundays. Work on state holidays
is not allowed without prior approval of the Harbor.

All debris, materials, damaged and destroyed items, sediment, and other materials removed
from the inner boat basin shall be disposed of at an approved disposal site.

Cultural Resources

1.

It is the policy of the County of Del Norte that, should any archaeological resources be found
during the project construction, construction activities shall be halted at the site until an
evaluation of the find is made either by a qualified archaeologist or a representative of a
local Rancheria or Rancherias. If human remains are encountered during earth-disturbing
activities for the project, all work in the adjacent area shall stop immediately and the Del
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Norte County Coroner’s office shall be notified. If the remains are determined to be Native
American in origin, the Native American Heritage Commission shall be notified and will
identify the Most Likely Descendent, who will be consulted for recommendations for
treatment of the discovered remains.

FINDING: [58.40(g})
(Xl Finding of No Significant Impact

(The project will not resuit in a significant impact on the quality of the human
environment)

[ ] Finding of Significant Impact

(The project may significantly affect the quality of the human environment)

Preparer Signature: Date:

Title/Agency: Ernest Perry, Planner
Crescent City Harbor District

Certifying Officer Signature: Date:

Title/ Agency: Jay Sarina, County Administrative Officer
County of Del Norte



2.0 STATEMENT OF PURPOSE AND NEED FOR THE PROPOSAL (40 CFR 1508.9(b}))

21 Background

Crescent City is located in the most northwest part of California, approximately 20 miles south of
the border with the State of Oregon. Commercial and limited sport fishing boats operate out of
the Crescent City harbor. The Crescent City Harbor District is a political subdivision of the State
of California, organized and validated under the California Harbors and Navigation code as an
independent special district. The Harbor District is empowered by its authorizing statutes in the
California Harbors and Navigation code, section 6000 et seq. The District has a county-wide
elected five member Board of Commissioners elected by the residents within the boundaries of
the district. The Harbor District has broad powers to own, operate, control or develop harbor
works and to provide ownership, operation, maintenance, and management of public use areas
{marinas, piers, restrooms, boat launch facilities, parking, moorings, etc) as well as commercial,
recreational, and industrial activities within the harbor.

2.2 Disaster Event

On November 15, 2006, an 8.3 magnitude earthquake occurred in the Kuril Islands of Japan
that generated a tsunami that hit the Japanese coast and generated tsunami warnings for the
west coast of the United States. The tsunami generated reached the Hawaiian and California
coasts. A tsunami with a series of waves that measured up to six feet in height every 20
minutes for a period of 8 hours engulfed the harbor at Crescent City causing extensive damage
to the docks and berthing system of the inner boat basin. The tsunami event created excessive
side forces on all of the docks within the inner boat basin causing the concrete docks to flex
beyond their structural limits resulting in cracking of the concrete and breaking of the whaler
boards that hold the sections of the docks together. The resultant damage totals approximately
$20 million to the inner boat basin dock, pilings, floats, and utility infrastructure {(electrical,
potable water, and fire protection) serving the moored boats in the harbor. Approximately
37,000 square feet of the 57,100 sq. fi. floating docks were damaged beyond repair with the
remaining 20,000 square feet severely damaged and still being used. All 161 pilings were
damaged, resulting in the loss of structural integrity of the overall berthing system of the inner
boat basin. The tsunami event energy waves also deposited approximately 7,800 cubic yards
(CY) of additional silt within the inner boat basin and displaced an estimated 8,056 cubic yards
of rock slope protection at various locations within the inner boat basin.

The damage from the tsunami was limited to the inner boat basin and its facilities. As the
tsunami damage was localized, a federal disaster was not declared, but rather a state disaster
only. This resulted in the Office of Emergency Services (OES) being the main funding agency
for the repairs, rather than a secondary match to a federal declaration. OES will fund 75% of
allowable costs, with a 25% local match required for the remainder of the project. A state
Community Development Block Grant (CDBG} is providing funding to meet the local match
requirements for OES so that the repair to the inner boat basin can be accomplished.




3.0 DESCRIPTION OF THE PROPOSAL (24 CFR 58.32, 40 CFR 1508.25)

3.1 Project Area

The project area includes the area of the inner boat basin and the immediate area adjacent to
the inner boat basin consisting of the rock slope protected inner walls. The project area also
includes a staging area located on an existing paved area adjacent to the inner boat basin.
Access and construction activities will utilize existing roadways and/or other paved or previously
disturbed areas other than the actual work within the inner boat basin marina as described in
Section 2.2.

The project area is located within the urban area of the City of Crescent City, California, within
Del Norte County and approximately 400 feet west of Highway 101 in Township 16 North, range
1 West, Section 28. Refer to Figure 1 (page 52) and Figure 2 (page 53) and Photo 1 (page 54).

3.2 Proposed Project

The proposed project will restore the inner boat basin to its pre-disaster capacity and function.
Since the proposed project is essentially a rebuild of the marina within the confines of the inner
boat basin, the Harbor District conducted an examination of dock reconfigurations within the
inner boat basin marina in order to maximize the potential to accommodate a range of boat
sizes that varies from summer to winter. Summer tends to see more pleasure craft in the
harbor as the summer climate is more conducive to recreational use and visits by transient
vessels. The winter months tend to have very rough seas and inclement weather factors that
discourage visitor and recreational use of boats in the area. The winter months are also the
peak months for the commercial fishing catch which tends to draw commercial fishing boats to
the harbor from other areas.

Ten layouts were considered and analyzed. Section 4 of this document inciudes a discussion of
the alternatives considered. The Harbor Commission reviewed all ten options during a public
meeting of the Commission at their February 18, 2010 regular meeting. The Commission chose
Option 8 as the preferred alternative. Option 8 mimics the pre-disaster layout and also provides
adequate distribution of all sizes of slips sufficient to meet current needs and provides flexibility
to accommodate additional boats in all categories including 30 foot boats if needed in the future.
Attached Figure 3 (page 55) is a copy of the proposed project (Option 8).

The preferred alternative will restore the damaged inner boat basin to pre-disaster capacity and
service levels as well as reduce the likelihood of damage from future tsunami events. The
preferred alternative includes the installation of a wave attenuator as part of the replacement of
“H" dock and installation of socketed piles. The capacity of the restored inner boat basin would
be approximately the same as pre-disaster capacity. As a result of the State declared disaster,
the following are elements of to the rehabilitation and restoration of the inner boat basin:

3.21 Dredge and Disposal of Tsunami Generated Silt Material

As aresult of the tsunami event, 7,424 CY of dredge materials will be removed from the inner
boat basin. The Army Corps of Engineers has determined that the inner boat basin will require
a total removal of approximately 27,000 cubic yards of dredging to bring it back to the original
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recommended depth of minus 12 feet below the mean lower low water (MLLW) level. These
same bathymetric surveys showed that 7,800 CY of silt was deposited within the inner boat
basin between February of 2006 and July of 2007. The yearly average of fill since 1972 has
been 562 CY, with monthly average silt fill being 47 CY. Adjusting for the date of the subject
tsunami and the date that the 2006 survey was completed (8 months or 376 CY) would mean
that 7,424 CY of total accumulated silt can be attributed to the tsunami. The Harbor District is
responsible for removal of the remaining dredging (19,576 CY) through its regular maintenance
and will fund this cost through other sources.

Disposal of the 7,424 CY of dredged material will be into the existing on-shore dredge material
ponds of the District. The OES funding has authorized removal of the same amount from the
dredge ponds as the amount authorized for dredging (7,424 CY) with trucking to an approved
disposal site. The disposal of the previously dredged material {(primarily sand and other
sediments) will be at the previous County landfill site and will contribute to the closure plan for
those previous landiill activities.

The accumulated excessive sand fill generated by the tsunami can be observed at low tide in
the immediate vicinity of the entrance channel within the inner beat basin. This excessive sand
created a sand shoal which restricts maneuvering of commercial fishing vessels coming in and
out of the inner boat basin. An island is formed in this area within the inner boat basin during
low tides. See Photos 2, 3, and 4 {pages 56-58).

3.2.2 Replace Rock Slope Protection Replacement

At the time of inspection by OES of the tsunami damage to the inner boat basin, it was
estimated that as much as 8,506 CY of rock slope protection (RSP) within the interior perimeter
of the inner boat basin was displaced by the tsunami. Since the Harbor District could not
provide specific records prior to the tsunami event to demonstrate that all of the displaced rock
slope protection was a resuit of the tsunami, there was no baseline for OES to determine the
lost material that could be attributed to the tsunami, OES concluded “(i)t is reasonable to
assume that material was lost, but not necessarily the entire 8,506 CY __.it is now estimated that
50% of the 8,506 SF (sic), or approximately 4,253 CY would be contributed to the tsunami and
eligible for funding.” The district will be financially responsible for replacing any rock slope
protection in excess of the 4,253 CY approved for funding by OES. The District will continue to
attempt to establish the baseline sought by OES in order to adjust the financial contribution by
OES to this project element.

There are two revetment areas within the inner boat basin requiring extensive repair. These two
areas are located in the southeast corner of the inner boat basin. These two areas are
approximately 45 feet in length and 150 feet in length. In these two instances, the damaged
areas are readily visible as most of the RSP is missing and the fabric is crumpled and exposed.
There are also approximately eight other spot repairs where the fabric is exposed but most of
the RSP still remains. The damaged RSP areas will require the replacement of the geo-fabric
and placement of one- and two-ton revetment materials (rock). The various spot repairs may
only require placement of revetment depending upon the condition of the fabric. Any removed
and/or remaining RSP will be replaced on the revetment area to match the existing slope. The
RSP repairs will be conducted within the footprint of the existing revetment materials, with the
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new materials being placed at approximately the same slope as that of the existing adjacent
materials and within the excavated areas extending back away from the inner boat basin such
that no further encroachment into the water would occur. The locations of the rock slope
protection replacement areas are identified on Figure 4 (page 59).

3.2.3 Remove and Replace Pilings

Prior to the tsunami event, there were approximately 161 piles within the inner boat basin. The
existing damaged piles are steel piles and are either 12 inches or 14 inches in diameter and
vary in depth into the floor of the inner boat basin but are about 8 feet in depth. During an on-
site inspection by the Harbor’'s consulting engineer (Stover Engineering) with the CalEMA
Technical Assistance Program Section and the Area Coordinator, OES determined that all of
the pilings in the inner boat basin would have to be replaced. This decision was based on the
intensity and height of the waves that caused the docks to pound against the piles, breaking
them locse from their footings.

The hydraulic forces require the creation of concrete filled sockets in the underlying soft rock to
develop sufficient resistance to overturning. The preferred method of installation of the piles will
be to place a steel casing through the silt on the bottom of the inner boat basin and drive the
steel casing approximately six inches into the rock under the slit. The casing wili be oversized
for the pile to be installed. For example a 30 inch casing would be used to for a 24 inch
concrete pile. After removal of the overburden within the steel casing, a "drill" would be used to
create a round hole into the rock and at the required depth (20 to 40 feet dependent upon
location) to ensure that the rock could adequately support the estimated pile load. The spoils
would be contained in the steel casing and removed to the barge being used to install the new
piers. The spoils would be properly disposed. The steel casing will also mitigate sound
attenuation into the water during the installation. Then following the boring, the next steps will
be to lower the new pile (concrete in most cases with steel in some limited locations) into the
hole and grout the annulus between the casing and the pile. Two barges are required; a derrick
barge to install the casing, place the pile and grout the socket, and a drill barge to drill the
socket. This method has been successfully used on San Clemente Island on a project for the
US Navy. Concrete piles have become a more cost effective means of replacement, as steel
piles have become expensive.

An alternate method could be used that would consist of driving the piles with an impact
vibratory hammer. A vibratory hammer will not be able to install the piles in rock to the required
embedment. Vibratory hammers are most useful in sand, or sandy clay, which allow the soil to
be displaced during vibration. The steel piles may be driven directiy into rock, but the concrete
piles would use a H-pile as a stinger at the tip of the pile. The rock bottom of the inner boat
basin, therefore, makes underwater boring as described above the preferred method of pile
installation.



Based on a review of the 30% plans for the preferred alternative, a breakdown of the increase in
piles is as follows:

e  Work Dock +3

» A Dock +2

s B Dock no change

e C Dock +7

o D Dock no change

s E Dock +8

¢ F Dock +12

» G Dock +12

e HDock +36 (wave attenuator)
Total +80

The increased number of pilings to H Dock is due to the fact that H Dock will function as the
wave attenuator. H Dock was destroyed during the tsunami with docks G, F, and E, |ocated
directly behind Dock H, also being destroyed or substantially damaged, proportionately
reflecting the increased number of piles in each of those docks. Velocities both during the
November 2006 tsunami, the February 2010 tsunami, and in the tsunami model, are greater
around the H Dock area than the B and A dock areas. Therefore, wave forces are greater on the
floats and piles on H Dock, G Dock, F Dock, and E Dock. These wave forces diminish as the
velocity field reduces in a clockwise swirling pattern throughout the rest of the inner boat basin.
This explains why there are more piles and larger floats on E, F, G and H docks.

Pile sizes and fioats on A, B, C and D Docks are more influenced by the size of the boat. Bigger
boats catch more wind and have more mass. The width of a float is sized to resist sideways
bending loads. The greater the side load or spacing of piles requires a wider float. The walkway
floats are generally wider (8 feet) than they were previously (6 feet) because the forces of the
velocity wave, or boat loads using current design standards for marinas, created stresses too high
to put back 6-foot floats,

3.24 Remove and Replace Docks

The docks will be replaced in total. All new docks will meet current standards but be
approximately the same square footage as the previously existing docks. A total of 1,035
individual docks that total 57,100 square feet will be removed and replaced. All removed docks
will be disposed at a properly permitted disposal site. Due to the extensive damage to 133 of
the previous docks, they were removed immediately after the tsunami event. Other docks have
been removed on an individual, as needed basis. These docks and the remaining docks are
lifted from the water surface and placed in a storage yard of the harbor. Disposal of the
damaged docks will be through the Del Norte Solid Waste Authority or other approved disposal
method. The District has been in contact with the Solid Waste Authority and a method and
process for disposal has been tentatively set by trucking the damaged docks to the Solid Waste
Authority and on to the contracted disposal site of the Authority.




The new prefabricated docks will be trucked from the manufacturer to the staging site located
adjacent to the inner boat basin and located within the existing paved parking lot and harbor
storage yard. Once the pilings are set, the new docks will be lowered onto the water and
connected together to the previously set pilings.

3.2.5 Wave Attenuator

The area of the most significant damage from the tsunami is the area lying in the southwest
area of the inner boat basin. Dock "H" is gone in total, one-third of dock "G" is gone, and
approximately one-half of dock “F" is no longer present. A tsunami study for the Inner boat
basin rehabilitation project has been prepared by Ben C. Gerwick, Inc, a consulting engineering
firm in Oakland, California. The study determined that “{r)egions of high velocity magnitude
develop peak velocities of up to 29 fps (feet per second) in the access channel and at the
entrance to the inner boat basin.” The report also stated that “(a) pronounced clockwise
circutation develops in the marina as a result of the tsunami surges.” This water movement was
physically observed during the February 27, 2010 tsunami generated by the 8.8 earthquake in
Chile when the tsunami reached the inner boat basin with repeated surges of water.

As part of the assignment to Gerwick Inc., they aiso looked at ways to mitigate the impacts of a
tsunami within the inner boat basin. Gerwick looked at two methods of wave attenuation for the
"H" dock area. They concluded that “(t}he addition of a solid wall in place of a floating structure
at Dock H, with the intent to reduce the peak velocity magnitude in its vicinity, is not effective.
The wall does little but displace the high velocities to another region of the marina, exposing
other initially sheltered floating structures to strong currents. A more open layout with shallower
floats, capable of vertical motion to ride out the tsunami waves allow currents to vent
underneath. This open design offers a more tsunami-resistant solutiocn and allows the
movement of water and animals through the wave attenuator.

As part of a Coastal review and permitting, measures to reduce future impacts of the same
magnitude are usually required to be examined as part of the consideration to issue a permit.
This project will require a coastal development permit and, therefore, within the preferred
alternative a wave attenuator is being included as a measure to address the need to ensure that
future similar events will lessen the exposure of publicly owned facilities, and any privately
owned vessels within the harbor at the time, of any similar tsunami,

3.26 Install Four ADA/ABA Gangways

The Americans with Disabilities Act and the Architectural Barriers Act requires that at least one
gangway per pier comply with these acts; none of the existing gangways are in compliance.
The level of repair to the inner boat basin triggers compliance with these two acts and,
therefore, the District will need to install as a part of this project four ADA/ABA compliant
gangways. Due to the slopes involved, the compliant gangways will require installation of a
concrete headwall support for each gangway ramp. Each of the four headwalls will measure 65
ft. by 3 ft. (max.) and will require excavation for the footing within the existing parking lot where
the rock slope protection and the parking lot adjoin. Best Management Practices (BMP) will
apply within each headwall site during construction in order to prevent any sediment generation
into the waters of the inner boat basin. The locations of the ADA modified ramps are identified
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in Figure 5 (page 60) and the preliminary design is illustrated on Figure 6 (page 61). The
gangway abutment for each access will be supported by four piles installed in a similar manner
as the float piles.

3.2.7 Replace Dock Utilities

Removal of the existing docks and their existing utilities requires the replacement docks to also
provide dock utilities. The dock utilities that are required include electrical switches, distribution
units, pedestals, conduit, wire and a potable water system. The reinstalled new service will

have to meet current codes and therefore will be an upgrade over the prior service connections.

3.2.8 Installation of a Fire Protection System

Presently, there is no fire protection system on the floats. Fire Hydrants do exist in the vicinity,
but no fire suppression system is available on the docks. The Department of Boating and
Waterways and local fire codes now require fire protection on new or replacement facilities,
including installation of new docks. The fire protection system will basically consist of
approximately 5,000 lineal feet of 4 inch pipe providing water to 15 hose reel stations. The fire
protection system will be subject te inspection by the local fire chief.

3.3 Project Construction Phases

After completicn of the environmental review process and securing of the applicable approvals
from the permitting agencies {Army Corps of Engineers, North Coast Regional Water Quality
Control Board, Califernia Coastal Commission), the Harboer District will take action on the final
plans and specifications. Once the plans and specifications have been approved, the
construction contract bidding process will be initiated. Once the contractor is selected, the
construction will begin. The functionality of the inner boat basin must be maintained during the
reconstruction process. Therefore, the west side of the inner boat basin will be reconstructed
while the existing docks in the east half are used by the fishing fleet and recreational boaters. In
addition, it is expected that work below the water level will be restricted to July 1* to October
15" (3.5 months). These two factors result in the project taking place over a two year time span
with the east side of the inner boat basin being reconstructed the second year.
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4.0 EXISTING CONDITIONS AND TRENDS (24 CFR 58.40(a)))

4.1 Land Use

Current Land Use Designations and Zoning for the project site is Harbor Dependent
Commercial. This designation provides areas for commercial and industriai activities that
require immediate access to harbor waters or need to be placed adjacent to harbor waters. The
principal permitted uses include boat basins, berthing floats, breakwater devices and piers,
maintenance dredging and dredge spoils disposal, public facilities, parking lots, and other
marine oriented uses. The land use plan for the harbor includes the inner boat basin as a key
element. The land use plan has been certified as a Local Coastal Plan by the California Coastal
Commission.

The surrounding lands are also designated and zoned for commercial and industrial (fish
process and boat repair for example} activities within the harbor. Commercial uses include, but
are not limited to, motels, restaurants, vehicle services, surf shop, antique shops, art sales, and
marine supplies. There are no known residences within the project area or the surrounding
area. A manager’s unit for a recreational vehicle park is approximately 1,000 feet south of the
inner boat basin. Bay Studio, a privately operated business, manufactures and sells pottery
made on site. The Bay Studic shop includes a residence on the second floor and is
approximately 1,000 feet northwest of the inner boat basin. An antique shop, located 900 feet
northwest of the project site, may include a residence upstairs. All three of these residences are
located within commercially zoned land and have other existing commercial activities adjacent
to them.

4.2 Trends

The City of Crescent City and the County of Del Norte area has been in transition from a natural
resources based economy to a service sector economy. There is little diversity in the economic
makeup of the community and this deficiency makes the local economy prone to sharp
downturns during economic cycles. Currently, the California Employment Development
Department estimates the March 2010 unemployment rate for Del Norte County at 14%. Based
on the most recent 2000 Census data, the County has a poverty rate of twenty point two percent
(20.2%) and Crescent City has a poverty rate of thirty-four point six percent (34.6%)

Restoring the inner beat basin will allow the use of the boat basin for the commerciai fishing
fleet which will maintain an established economic sector for the area and preserve existing jobs
currently occupied by local residents. The inner boat basin also provides opportunities for
transient vessels to dock here and general opportunities for present and future visitor usage.
The Harbor District has goals to diversify their income stream by the expansion of recreational
facilities, destination amenities, and other improvements that will focus on the activities of the
inner boat basin and the rest of the harbor area.
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4.3 Environmental Setting and Biotic Resources
4.3.1 Source Documents

There are three documents that have been utilized, in addition to other sources, for this
environmental assessment. The decuments are: Final Biological Assessment for NMFS, Inner
Basin Sea Wall Repair Project-Crescent City Harbor District, FEMA-1628-DR-CA, PW #1387,
April 2007 (Appendix A), and the Biological Report for Crescent City Harbor District Master
Plan, prepared by Gedik BioLOGICAL Associates, August 2005 (Appendix B). Also utilized was
the Final Mitigated Negative Declaration, Crescent City Harbor District Harber Master Pian,
SCH#2005112008, December 2005, The Inner Basin Sea Wall Project included the outer sea
wall of the inner boat basin and included in its examination the area one half mile surrounding
the sea wall which included the inner boat basin and exceeds the project area of the inner boat
basin restoration. The sea wall project is similar to the inner boat basin restoration in that it
involves activities both within and above the water line. The sea wall prgject involves
construction activities on the harbor bay side of the sea wall (breakwater); however, the inner
boat basin restoration project does not include any activity on the bay side of the breakwater
with all activity being within or immediately adjacent to the inner boat basin. The report
prepared by Gedik BioLOGICAL (Gedik) includes habitat assessments and floristically
appropriate surveys for special-status species conducted by Tamara Gedik for the entire harbor
area. The Mitigated Negative Declaration also includes information relative to the Gedik study
and other general sources for the entire harbor area.

4.3.2 Vegetation

The project area is located in a developed harbor that contains little or no vegetation. Most of
the habitat in the harbor area is rather nominal and degraded due to the predominance of paved
areas and existing surrounding uses (Gedik 2005). The project area consists of an extensive
paved parking lot, previously disturbed and currently used storage yard, and the inner boat
basin marina. The little vegetation that is present within the area surrounding the project area is
dominated by non-native weedy species. The Gedik report identified the following exotic
species in the general area of the harbor; wild oats (Avena fatua), sea rocket (Cakile maritime),
hairy cat's-ear (Hypochaeris radicata), perennial ryegrass (Lolium perenne), hottentot fig
{Carpobrotus edulis), and white sweetclover (Melifotus alba). Native dune grass (Leymus
mollis} was also identified by Gedik as occurring sporadically. The actual project site includes
the water area of the inner boat basin, the rock slope walls of the inner boat basin, and the
parking area and storage yard adjacent to the inner boat basin {staging area and footings for
headwalls for ADA ramps).

The report by Ms. Gedik identified two areas as wetlands that lie within the harbor area. The
Gedik report identifies the site of the two wetlands as shown on Exhibit 1 (from Figure 2-b in the
Master Plan — refer to page 62). One of the two wetlands is approximately 6,000 square feet
(.13 ac.) and consists primarily of a significantly disturbed willow thicket. This willow thicket is
approximately 400 feet from the project site and 200 feet from the staging area.

The Gedik report also identified a strip along the beach strand as a wetland. This determination
was based primarily on the tidal influence of the area (marine intertidal unconsolidated shore

13



regularly flooded). The identified beach strand is located on the relatively unaltered shoreline
east of the project area, adjacent to a portion of the northwesterly wall of the existing
breakwater. At this location, identified as Area C on Exhibit 1 (page 62) and shown enlarged in
Exhibit 2 (page 63), the sandy beach touches the breakwater and, therefore, the Gedik report
mapped wetland. However, no activity is proposed as a part of this project that would require
any project encroachment onto the sandy beach or below the existing breakwater. Project
activity will be on the inner boat basin side of the breakwater which would place the construction
activity approximately 50 feet to 75 feet from the westerly tip of the beach strand, but still
physically separated from the beach strand by the existing breakwater wall.

One area of potential Wolf's Evening Primrose habitat, identified in the Gedik report, exists
within the harbor area. The subject site is approximately 40 feet in diameter and is located 200
feet northwest of the project area and 200 feet westerly of the staging area. Wolf's Evening
Primrose is not listed by the State of California or the Federal Government as a protected
species. However, it is a California Native Plant Society (CNPS) list 1B species and plants on
this list can be considered pursuant to Section 15370 of the California Environmental Quality Act
(CEQA) which requires the project to consider avoiding or mitigating impacts where possible.
Additionally, it should be noted that there is the existence of hybrids of Wolf's Evening Primrose
in the general area and within the Harbor Area itself. In this instance the site is sufficiently
beyond the activity area of the project and the habitat site is located beyond any area where any
project activity could be expected. This sensitive area will be temporarily fenced between the
project area and the sensitive area to prevent trampling, vehicle activity, stockpiling activities, or
other construction activities. Installation of the temporary fence will be monitored by a biological
monitor.

A second CNPS listed plant species identified in the Gedik study is the Beach Pea, The Beach
Pea js a CNPS list 2 species which means that it is considered rare or endangered by CNPS in
California, but is more common elsewhere, Beach pea is low-growing perennial that spreads by
rhizomes on open sandy beaches and grass covered foredunes with the mapped habitat area
lying more than 1,000 feet northwesterly of the project site and the staging area. There is no
activity related to this project that would potentially impact the Beach Pea habitat site.

4.3.3 Listed Species

The Final Biological Assessment for the Inner Basin Sea Wall Repair Project (FEMA-1628-DR-
CA, PW #1387 Appendix A), included obtaining a list of species that are listed as endangered,
threatened, or proposed for listing as endangered or threatened under the Endangered Species
Act (ESA) that may occur in the action area of the sea wall project which included the area of
the inner boat basin project. The following sources were used:

¢ The California Department of Fish and Game {(CDFG) Natural Diversity Database (CNDDB)
records within the following six USGS 7.5-minute quadrangles that include the action area
of the sea wall project and vicinity: Crescent City, Sisters Rocks, Childs Hill, Hiouchi, Smith
River, and High Divide, California (CDFG 2006}

s A species list for Del Norte County from the Arcata Field Office USFWS website (USFWS
2006)
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Two listed fish species, four listed sea turtles, and five listed marine mammal species were
identified from these sources as having potential to occur in the vicinity of the seawall project
and are listed in Appendix A, Table A-1 of the Final Biclogical Assessment. Bridget Canty of
Nationwide Infrastructure Support Technical Assistance Consultants (NISTAC), FEMA's
consultant, conducted a site reconnaissance survey of the seawall action area on September
25, 2006 to ascertain the potential presence of these species. Qualitative assessments of each
habitat were used to determine whether each of the species identified in Appendix A, Table 1-A
of the seawall BA was likely to occur. NISTAC also reviewed available literature to identify the
habitat requirements and distribution of the species included in Table 1-A. FEMA consulted with
USFWS for threatened, endangered, and proposed species.

As aresult, FEMA determined that the action area of the seawall project provides suitable
habitat to support two federally listed species regulated by NMFS under the ESA:

» Southern Oregon/Northern California Coasts (SONCC) coho salmon (Oncorhynchus
kisutch)
» Steller sea lion (Eunetopias jubatus)

4.3.4 Southern Oregon/Northern California Coasts Coho Salmon ESU

The seawall project and the inner beat basin project occur within the Smith River Hydrologic
Unit for this evolutionary significant unit (ESU). The Smith River enters the Pacific Ocean
approximately 13 miles north of both project areas. The Smith River historically provided habitat
for coho. The Smith River continues to provide important rearing habitat for juvenile salmonids.
The Smith River Hydreologic Sub-area (HSA) overlaps with the action area for both the seawall
project and the inner boat basin project and includes Elk Creek, a stream which does not flow
into the Smith River but flows directly into the Pacific Ocean within the ocuter limits of the
Crescent City harbor. The mouth of Elk Creek is approximately .3 of a mile north of the seawall
and inner boat basin projects.

Critical habitat was designated for the ESU on May 5, 1999 (64 Fed. Reg. 2409-24062). Critical
habitat for the SONCC cohg salmon ESU encompasses accessible reaches between the
Mattole River in Humboldt County, California and the Elk River in Oregen approximately 80
miles north of Crescent City. Critical habitat for this ESU includes all “waterways, substrate, and
adjacent riparian zones below longstanding, naturally impassable barriers (i.e., natural
waterfalls in existence for at least several hundred years”. The nearest designated critical
habitat for the SONCC ccho salmon is located at the confluence of Elk Creek and the Pacific
Ocean within the outer harbor.

4.3.5 Steller Sea Lion

On November 26, 1990, the Steller sea lion was listed as threatened under ESA of 1973 (55
Fed. Reg. 49,204). In 1897, the species was split into two separate Distinct Population
Segments (DPS’s) at 144° W Longitude (Cape Suckling, just east of Prince William Sound,
Alaska) on the basis of demographic and genetic dissimilarities; the status of the western DPS
(west of 144° longitude) was changed to endangered, and the status of the eastern DPS (east
of 144° longitude) was left unchanged (Bickham et al. 1996; Loughlin 1997) (62 Fed. Reg.
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30,772, 30,773). Hence, the Steller sea lions, which use habitat in California, continue to be
classified as threatened under the ESA. The Steller sea lion is also protected under the Marine
Mammal Protection Act,

The Steller sea lion is the largest of the eared seals, which includes sea lions and fur seals.
This species occurs along the rim of the northern Pacific Ocean (Pitcher and Calkins 1981,
Gisiner 1985). Steller sea lions occurring near Crescent City are part of the eastern DPS (62
Fed. Reg. 30,772-30,773), which extends from southeastern Alaska to northern California.

Steller sea lions are not known to migrate, but they do disperse widely outside of the breeding
season with males typically dispersing away from their breeding rookeries (NMFS 1992),

Steller sea lions occupy breeding territories (or rookeries) from late May through early July, with
females arriving about three days before the pup is born (Pitcher and Calkins 1981, Gisiner
1985). Rookeries occur in a wide variety of areas, but most locations have specific
characteristics including slightly sloped topography, protection from the wind, and isolation from
humans and other mammalian predators. Females generally exhibit site fidelity, and rookery
locations change little from year to year (Pitcher and Calkins 1981, Gisiner 1985).

Haulout sites are locations used by breeding, non-breeding, and subadult sea lions during the
non-breeding season, and are generally associated with jetties. offshore rocks and islands,
logbooms, marina docks, and navigation buoys (Pitcher and Calkins 1982, Gisiner 1985).

Many researchers have described behavioral reactions of marine mammals to human presence,
boats, and aircraft {Richardson et al. 1995). Although most of the data are anecdotal, they
provide useful information about situations in which some species react strongly, react weakly,
or inconsistently, or do not react at all. No specific data on received sound levels are available
for most of these incidents (Richardson et al. 1895). Steller sea lions on haulouts exhibit
variable reactions to aircraft (Calkins 1979). Approaching aircraft usually frighten some or all
animals into the water, Juveniles and pregnant females are more likely to enter the water than
are territorial males and females with small pups. Sea lions in the water tolerate close and
frequent approaches by vessels, and sometimes congregate around fishing vessels
(Richardson et al. 1995). Sea lions hauled out on land are more responsive (Peterson and
Bartholomew 1967), but rarely react unless a boat approaches within 100 to 200 meters (m)
(Bowles and Stewart 1880). Apparently, visual cues are also involved.

Steller sea lions are found along the coast from Monterey Bay north and are known to breed at
Afo Nuevo Island, the Farallon Islands, and St. George Reef (NMFS 1997). The nearest
documented occurrence of the Steller Sea Lion is approximately 4 mi northwest of the action
area on rocks associated with the St. George Reef (CDFG 2006), particularly the St. George
Lighthouse (NOAA fisheries 2005b). In 1927, the population at St. George Reef was estimated
at 1,500 individuals (NMFS 1992). More recent counts from 1990 to 1995, ranged from 400 to
700 animals, with just over 100 pups born per year (ODFW unpubl. Data cited in NMFS 1997).

Critical habitat has been designated for Steller sea lions (58 Fed. Reg. 45,269-45,285).
Rookeries and haulouts are designated as critical habitat in Alaska, whereas in California, major
rookeries and associated air and aquatic zones are designated as critical habitat. There are
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three Steller sea lion rookeries located in California, all three of which are designated as critical
habitat. The nearest of these is located at Sugarloaf Island/Cape Mendocino, which is
approximately 150 miles south of the action area. This haulout site and the associated 3,000 ft.
vertical (above sea ievel) air zone and the aquatic zone that extends 3,000 ft. seaward from the
base of the site, represents the nearest designated critical habitat for this species. There is no
critical habitat for the Steller sea lion within the action area or the surrounding vicinity.

4.3.6 Potential Adverse Impacts
4.3.6.1 Southern Oregon/Northern California Coasts Coho Salmon ESU

SONCC coho salmon are documented to occur in Eik Creek (CDFG 2004), which flows into the
Pacific Ocean near the action area. Potential adverse effects to coho are discussed in this
section.

4.3.6.1. 1 Take and Disturbance

Coho could potentially be Killed, injured, or temporarily displaced during placement of rock,
especially rock placed at or below mean higher high water (MHHW). Typically, to protect
anadromous fish species, construction would take place during the in-water work period of June
15 through October 15 when both juveniles and adults are unlikely to be present (Dan Free
pers. Comm. December 22, 2006). However, because of the potential effects to Steller sea
lions, this in-water work window would be reduced to July 1 through October 15, Therefore, the
potential for mortality, injury, or displacement of coho salmon would be significantly decreased
or avoided. '

4.3.6.1.2 Water Quality — Erosion, sedimentation, turbidity

Potential effects to coho salmon from unintentional introduction of sediment into the water and
increased turbidity caused by construction activities could affect feeding rates and growth,
increase mortality, cause behavioral avoidance, and reduce macroinvertebrate prey
populations. Temporary beneficial effects could include reduced predation by piscivorous fish
and birds and enhanced cover for fish. Avoidance and minimization measures (Section 4.2}
would be used to contain erosion or sediment associated with construction and in-water work
would be restricted to July 1 through October 15, Therefore, effects to coho from erosion,
sedimentation, or increased turbidity are anticipated to be insignificant and discountable.

4.3.6.1.3 Water Quality — Petrochemical spills

Potential effects to coho salmon from unintentional introduction of petrochemicals associated
with construction equipment could injure or kill coho and/or their macroinvertebrate prey
populations. Avoidance and minimization measures (Section 4.2) would be used to minimize
the potential for petrochemical spills and in-water work would be restricted to July 1 through
October 15 when both juveniles and adults are unlikely to be present. Therefore, potential
effects to coho from petrochemical spills would be significantly decreased or avoided.

17



4.3.6.1.4 Critical Habitat

No effects are anticipated to fundamental habitat elements for SONCC coho salmon as the
effects of the proposed action would be localized and, due to the use of avoidance and
minimization measures, would not be expected to travel to the estuarine habitat at the mouth of
Elk Creek to the north of the action area; therefore, no effects are anticipated to designated
critical habitat for this ESU.

4.3.6.1.5 Summary of Potential Adverse Effects to the Coho Salmon

The proposed action may affect the SONCC coho salmon ESU, but will have no effect on critical
habitat for this ESU. Implementation of avoidance and minimization measures is recommended
in this document to protect their habitat.

4.3.6.2 Steller Sea Lion

Sea lions regularly occur in Crescent City Harbor, however, most of these are believed to be
northern sea lions and the nearest documented occurrence of the federally listed Steller sea lion
is approximately 4 miles northwest of the action area. Potential adverse effects to the Steller
sea lions are discussed in this section.

4.3.6.2.1 Noise

Potential effects to Steller sea lions from construction-related noise could disturb and/or
temporarily displace Steller sea lions. However, this effect would be temporary and would only
occur if Steller sea lions were present during construction, which is unlikely. Construction would
be limited to the July 1 through October 15 in-water work period to protect anadromous fish and
Steller sea lions. Steller sea lions are known to breed from late May to early July. Therefore, to
reduce any effects to Steller sea lions from noise, the in-water work period would be from July 1
through October 15, making the noise impacts insignificant and discountable.

4.3.6.2.2 Water Quality — Erosion, sedimentation, turbidity

Potential effects to Steller sea lions from unintentional introduction of sediment into the water
and increased turbidity caused by construction activities could affect feeding opportunities by
temporarily reducing aquatic prey populations. Avoidance and minimization measures (Section
4.2) would be used to contain erasion or sediment associated with construction and in-water
work would be restricted to July 1 through October 15. Therefore, effects to Steller sea lions
from erosion, sedimentation, or increased turbidity are anticipated to be insignificant and
discountable.

4.3.6.2.3 Water Quality — Petrochemical spills

Potential effects to Steller sea lions from unintentional introduction of petrochemicals associated
with construction equipment could injure or kill Steller sea lions or their aquatic prey populations.
However, this effect would only occur if Steller sea lions were present within close proximity to
the action area and if a spill were to occur. Avoidance and minimization measures (Section 4.2)
would be used to minimize the potential for petrochemical spills and in-water work would be
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restricted to July 1 through October 15, Therefore, effects to Steller sea lions from
petrochemical spills are anticipated to be insignificant and discountable.

4.3.6.24 Critical Habitat

There is no designated critical habitat for the Steller sea lion within 150 miles of the action area.
Therefore, no effects are anticipated to this species from the proposed action.

4.3.6.2.5 Summary of Potential Adverse Effects to the Steller Sea Lion

The proposed action is not likely to adversely affect the Steller sea lion and will have no effect
on designated critical habitat for this species. Implementation of avoidance and minimization
measures is recommended in this document to protect their habitat.
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5.0 Statutory Checklist (24 CFR 58.5)

For each listed statute, executive arder or regulation, record the determinations made. Note
reviews and consultations completed as well as any applicable permits or approvals obtained.
Attach evidence that all required actions have been taken. Record any conditions or mitigation
measures required. Then, make a determination of compliance or consistency.

Factors

Determinations and Compliance Documentation

Historic Preservation
[36 CFR 800]

A review of the list of Califernia Historical Resources for Del Norte County
did not identify any historical resources within the project area. There are
no residential structures or other structures on the project site other than
the two existing concrete block public restrooms.

On May 7, 2010, the Harbor District contacted, by letter, Vicky Bates,
Coordinator of the North Coastal Information Center (NCIC) of the
California Historical Resources Information System at the Yurok Tribe
which is the designated SHPO contact for Del Norte County. In her
response dated June 28, 2010, Ms. Bates staled that a complete records
search was conducted for the project area, including review of previous
studies conducted in the vicinity of the project, review of any previously
recorded site records (archaeological and historic), review of historic maps,
and review of applicable histeric and ethnographic documents. Based
upon this review, the NCIC predicts there is a low probability of finding
sites or other evidence of human cultural activity in the project area.

On May 11, 2010, the Harbor contacted the Elk Valley Rancheria and
requested a review of the project by the Rancheria. The Elk Valley
Ranchena responded on June 10, 2010. Their response concluded by
stating that "(a)s the project does not involve disturbance of known cultural
sites, the Tribe proposes a finding of no adverse affect and has no
objections to the Inner Boat Basin Rehabilitation Project.

See item 5.1.1 of the EA Statutory Checklist Compliance Information.
Verification letter from NCIC (SHPO} dated June 28, 2010 from Vicky
Bates, Coordinator, and verification letter dated June 10, 2010 from
Dale Miller, Chairman of the Elk Valley Rancheria.

Floodplain Management
[24 CFR 55, Executive Order 11988]

The Cemmunity Development Depantment of the County of Del Norte. the
depariment responsible for implementing the (FEMA approved) Flood
Damage Prevention Ordinance, has stated that by complying with the
applicable sections of Chapter 21.45, the inner boat basin rehabilitation
project of the Harbor will be in comply with the County Flood Damage
Prevention Ordinance,

See item 5.1.2 of the EA Statutory Checklist Compliance Information.
Verification letter dated Mar 19, 2010, from Mr. Randy Hooper, Planner
in the Building and Planning Division of Del Norte County Community
Development Department

Wetlands Protection
[Executive Order 11980]

The only potential for wetland to be affected is the area identified by Gedik
as being wetland in Area C on her maps. This site is shown in Exhibit 2
{page 63) which is from page 37 of her report. This area is outside of the
project area but within 100 feet of the boat basin, although separated from
the basin, The sensitive area will be temporarily fenced between the
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project area and the sensitive area to prevent trampling, vehicle activity,
stockpiling activilies, or other construction activities. Installation of the
temporary fence will be monitored by a biological monitor.

Project activities within the "wetlands” as mapped by Gedik will not take
place. Project activities will be more than 200 feet from the nearest on-
land wetland (willow thicket), The actual work done within the inner boat
basin will be in the waters of the Pacific Ocean that enter and occupy the
boat basin. Potential effects from the unintentional introduction of
sediment into the water of the inner boat basin will be minimized by
avoidance and minimization measures to contain erosion or sediment
associated with construction through Best Management Practices (BMPs),
Furthemmore, in-water work would be restricted to July 1 through October
15, the lowest rainfall months of the year.

See item 5.1.3 of the EA Statutory Checklist Compliance Information
and see Section 3.0 Description of the Proposal.

Coastal Zone Management
Act [Sections 307(c).(d))

The project area is located within the boundaries of the California Coastal
Zone in an area where the California Coastal Commission retains permit
jurigdiclion. A Coastal Development Permit (CDP) will be filed with the
California Coastal Commission. Conditions of issuance of the CDP will be
included in the project bid precess and/or inspection process.

See item 5.1.4 of the EA Statutory Checklist Compliance Information.
Verified by James R. Baskin, Coastal Planner, California Coastal
Commission North Coast District Office via email on May 25, 2010.

Sole Source Aquifers
[40 CFR 149]

There are no sole source aquifers designated in Del Norte County,
Therefore, lhe project is not located within an area designated by the EPA
as being supported by a sole source aquifer.

Verified through download of Designated Sole Source Aquifers in
EPA Region IX| """~ « fc 777 Seeitem 5.1.5 of the EA
Statutory Chect ist Com} iance inl srmation.

Endangered Species Act
[50 CFR 402]

Coho could potentially be kilted, injured, or temporarily displaced during
placement of rock, especially rock placed at or befow mean higher high
water (MHHW). Typically, to protect anadromous fish species,
canstruction would take place during the in-water work pericd of June 15
through October 15 when both juveniles and adults are unlikely to be
present, However, because of the potential effects to Steller sea lions, this
in-water work window would be reduced to July 1 through October 15.
Therefore, the potential for mortality, injury, or displacement of coho
salmon would be significantly decreased or avoided,

Potential effects 1o coho salmon from unintentional introduction of sediment
into the water and increased turbidity caused by construction activities
could affect feeding rates and growth, increase mortality, cause behavioral
avoidance, and reduce macroinvertebrate prey populations. Temporary
beneficial effects could include reduced predation by piscivorous fish and
birds and enhanced cover for fish. Avoidance and minimization measures
would be used to contain erosion or sediment associated wilh construction
and in-water work would be resfricted to July 1 through October 15,
Therefore, effects to coho from erosion, sedimentation, or increased
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turbidity are anticipated to be insignificant and discountable.

Potential effects to coho salmon from unintentional intreduction of
petrochemicals associated with construction equipment could injure or kill
coho and/or their macroinvertebrate prey populations. Avoidance and
minimization measures would be used to minimize the potential for
petrochemical spills and in-water work would be restricted to July 1 through
October 15 when both juveniles and adults are unlikely to be present.
Therefore, potential effects to coho from petrochemical spills would be
significantly decreased or avoided.

No effects are anticipated 1o fundamental habitat elements for SONCC
coho salmon as the effects of the proposed action would be localized and,
due to the use of avoidance and minimization measures, would not be
expected to travel to the estuarine habitat at the mouth of Elk Creek to the
north of the project area; therefore, no effects are anticipated to designated
critical habitat for this ESU,

Potential effects to Steller sea lions from construction-related noise could
disturb and/or temporarily displace Steller sea lions. However, this effect
would be temporary and would only occur if Steller sea lions were present
during construction, which is unlikely, Construction would be limited to the
July 1 through October 15 in-waler work period to protect anadromous fish
and Steller sea lions. Steller sea lions are known to breed from late May to
early July. Therefore, {o reduce any effects to Steller sea lions from noise,
the in-water work period would be from July 1 through October 15, making
the noise impacts insignificant and discountable.

Potential effects to Steller sea lions from unintentional introduction of
sediment into the water and increased turbidity caused by construction
activities could affect feeding opportunities by temporarily reducing aquatic
prey populations. Avoidance and minimization measures would be used to
contain erosion or sediment associated with construction and in-water work
would be restricted to July 1 through October 15. Therefore, effects to
Steller sea lions from erosion, sedimentation, or increased turbidity are
anticipated to be insignificant and discountable.

Potential effects 1o Steller sea lions from unintentional introduction of
petrochemicals associated with construction equipment could injure or kill
Steller sea lions or their aquatic prey populations. However, this effect
would only occur if Steller sea lions were present within close proximily to
the project area and if a spill were to occur. Avoidance and minimization
measures {Section 4.2) would be used to minimize the potential for
petrochemical spills and in-water work would be restricted 1o July 1 through
October 15. Therefore, effects to Steller sea lions from petrochemical
spills are anticipated to be insignificant and discountable,

A Slorm Water Pollution Prevention Plan, Erasion Control Plan, a
Hazardous Materials Management/Spill Response Plan, and related BMPs
will be required of the contracior ar contractors for the project.
Implementation of this mitigation would reduce potential impacts to less
than significant.

There is no designaled critical habitat for the Steller sea lion within 150
miles of the prcject area. Therefore, no effects are anticipated to this
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species from the proposed action.

See section 4.3 Environmental Setting and Biotic Resources and
section 4.6 Mitigation Measures Recommended.

Wild and Scenic Rivers Act
[Sections 7 (b}, (c)]

The project area has no hydrological connection to the Smith River.
Therefore no Wild and Scenic Rivers will be adversely affected.

Verified throcugh download of National Witd & Scenic Rivers Map

5. i , review of the Crescent City, Calif. and
Sister Rocks Quadrangle 7.5 min. quadrangle maps published by
USGS and review of Flood Insurance Rate Maps (panel numbers
0050E, 0205E, 0210E, 2015E, 0218E, 0220E, and 0331E} for Del Norte
County prepared by the Federal Emergency Management Agency.

Air Quality [Clean Air Act, Sections
176 (¢) and (d), and 40 CFR 6, 51, 93]

Short-term construction emissions may include fugitive dust and other
particulate matter as well as exhaust emissions generated by the
equipment being used to remove and install the replacement facilities
(floats, pilings, ramps, rock slope prolection) and the removal of the excess
sand at the boat basin entrance. Given the nature of the project in that it is
primarily an activity upon water and the on-land aclivity is confined to
existing paved area, fugitive dust should not be a significant problem.
However, in order to address any polential regardless of the level of
significance, to reduce potential impacts upon air quality, standard
construction BMPs for dust control and emission control practices during
the construction pericd will be implemented, including implementation of an
effective Storm Water Pollution Plan (SWPP).

Vehicle emissions will be mitigated by requiring that the contractor shall
ensure that all construction equipment is maintained and tuned to meet
applicable EPA and Califomia Air Resources Board (CARB) emission
requirements.

See item 5.1.6 of the EA Statutory Checklist Compliance Information
and section 4.6 Mitigation Measures Recommended.

Farmland Protection Policy
Act [7 cFrR 658

The project area is not designated for prime farmland, and the project area
does not qualify as farmland under the criteria of the County LCP; the
nearest mapped prime agricultural land lies some 8,500 feet from the
harbor Inner Boat Basin project site. No parcels within or in proximity to
the project area are under Williamson Act contract. The soils in the project
area are not one of the soils identified as having prime agricultural
qualities. There is no known historical use of the project area for traditional
agricullural activities. The inner boat basin rehabilitation project will not
contribute to the unnecessary and irreversible conversion of farmland to
nonagricultural uses.

See item 5.1.7 of the EA Statutory Checklist Compliance Information.
Verification letter dated May 3, 2010, from Ms. Heidi Kunstal, Deputy
Director of Building and Planning, County of Del Norte..
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Environmental Justice
|Executive Crder 12898)

The proposed project is a restoration project within an existing
commercially and light industrial developed area. There are no residences
within the project area. Current Land Use Designations and Zoning for the
project site is Harbor Dependent Commercial. The principal permitied
uses include boat basins, berthing floats, breakwater devices and piers,
maintenance dredging and dredge spoils disposal, public facilities, parking
lots, and other marine oriented uses. Social and economic impacts
resulting from the proposed project are expected to be generally beneficial
to the surrounding community, the City of Crescent City, and the County of
Del Norte,

See item 5.1.8 of the EA Statutory Checklist Compliance Information.
Verification letter dated May 3, 2010, from Ms. Heidi Kunstal, Deputy
Director of Building and Planning, County of Del Norte

HUD Environmental Standards Determinations and Compliance Documentation

Noise Abatement and
Control (24 cFrR 51 B)

The project will temporarily increase noise levels during construction due to
normal noises attributable to construction activities and construction
equipment,.

Construction noise can he controlled by limiting construction activity to the
least noise sensitive daytime hours; specifically the hours from 7:00 a.m. to
7:00 p.m, on weekdays and on Saturdays and 8:00 am to 5:00 pm on
Sundays. Construction equipment shall be properly muffled and shrouded
to minimize noise levels. Implementation of this or similar mitigation would
reduce any potential generated noise impacls to less than significant.

See item 5.1.9 of the EA Statutory Checklist Compliance Information.

Toxic or Hazardous
Substances and

Radioactive Materials
[HUD Notice 79-33)

The project area is substantially removed from sites where hazardous,
toxic, or radicactive substances are used or may be present. There
presently are no listed EPA superfund sites in Del Norte County although a
closed and delisted superfund site does exist approximately three miles
northwest of the inner boat basin.

The fuel underground tanks of Renner Petroleum are located outside of the
project area and will not be disturbed by the proposed project. Therefore,
the scope of work of the proposed project does not impact nor is affected
by the Renner underground storage tanks and fuel dispensing system.

The Harbor District has three waste oil disposal tanks located within the
project area. Each of these tanks are approximately 500 gallons in size
and are concrete underground storage vaults with an interior tank. The
waste oil is removed from the tanks on a monthly basis or more frequently,
if needed. The tanks have a locked cover and the oil can only be removed
by the recycler of the waste oil. While these tanks are in the project area,
they will not be disturbed. The collection of waste oil from the commercial
fishing fleet in these tanks is a critical element in maintaining the water
qualily of the inner boat basin.
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See item 5.1.10 of the EA Statutory Checklist Compliance Information.
Verification letter dated May 7, 2010, from Ms. Heidi Kunstal, Deputy
Director of Building and Planning, County of Del Norte and
verification letter dated May 25, 2010, from Steve Wakefield, Fire Chief
of Crescent Fire Protection District and Fire Chief for the City of
Crescent City.

Siting of HUD-Assisted The proposed project does not involve construction of a building,
conversion of a building or property to a residential, institutional,
recreational (other than boating), commercial (other than commercial
fishing), or industrial use. The proposed project is not a rehabilitation
project that would result in an increased number of residential densities,
the conversion of a type of use of a building to habitation, or making a
vacant building habitable, The proposed project does not involve any land
acquisition.

Projects near Hazardous
Operations [24 CFR 51 C]

The project site and project area were walked on May 12, 2010, with Paul
McAndrews, Facilities Manager for the Harbor District. The area was
visually inspected for any above-ground storage of any substances of
explosive or fire-prone nature. There were no above ground, stationary
storage tanks holding substances of explosive or fire prone nature near or
visible from the project site. There are no known facilities handling,
processing or manufacturing substances of a fire prone nature or an
explosive nature within the project area.

Verified in the field on May 12, 2010, with Paul McAndrews, Facilities
Manager for the Harbor District,

Airport Clear Zones and The project is not within an FAA-designated civilian airport Runway Clear
Accident Potential Zones Zone (RCZ), or within a military airfield Clear Zone (CZ) or Accident
Potential Zone (APZ).

|24 CFR 51 D}
See item 5.1.12 of the EA Statutory Checklist Compliance Information.
Verification letter dated May 14, 2010 from James Bernard, Airport
Director, Del Norte County Regional Airport.

5.1 Statutory Checklist Compliance Information

51.1 Historic Preservation

A review of an aerial photo from 1948 shows the harbor in its initial stages of what is present

now. The harbor area in the 1948 photo identifies the presently developed area of the harbor
as coastal sandy beach with some coastal dunes. This coastal dune complex is indicative of
the original undisturbed area of the harbor.

The project area consists of the marina area of the inner boat basin, a previously excavated
area of the shoreline, and the parking lot immediately adjacent to the inner boat basin. The
parking lot consists of a paved asphalt concrete surface built on the excavated sand from the
inner boat basin. A review of the list of California Historical Resources for Del Norte County did
not identify any historical resources within the project area. There are no residential structures
or other structures on the project site other than the two existing concrete block public
restrooms.
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On May 7, 2010, the Harbor District contacted, by letter, Vicky Bates, Coordinator of the North
Coast Information Center (NCIC) which is the designated SHPO contact for Del Norte and
Humboldt Counties. The NCIC is a function of the Yurok Tribe in Klamath, California. On May
11, 2010, the Harbor also contacted the Elk Valley Rancheria (closest in proximity to the Harbor
area) and requested a review of the project by the Rancheria.

The Elk Valley Rancheria responded on June 10, 2010, Their response concluded by stating
that “(a)s the project does not involve disturbance of known cultural sites, the Tribe proposes a
finding of no adverse affect and has no objections to the Inner Boat Basin Rehabilitation Project.

The response from Ms. Bates, dated June 28, 2010, stated that a complete records search was
conducted for the project area, including review of previous studies conducted in the vicinity of
the project, review of any previously recorded site records (archaeological and historic), review
of historic maps, and review of applicable historic and ethnographic documents. Based upon
this review, the NCIC predicts there is a low probability of finding sites or other evidence of
human cultural activity in the project area.

5.1.2 Floodplain Management

The applicable Flood Insurance Rate Map (FIRM) for the area that includes the inner boat basin
is map number 06015C331E (panel 331 of 675 Del Norte County) effective September 26,
2008. The subject map identifies the inner boat basin as a Zone V. coastal flood zone with
velocity hazard (wave action); no base flood elevations determined. Del Norte County uses a
Flood Damage Prevention Ordinance, Chapter 21,45 of Del Norte County Code, which is also
part of the certified Local Coastal Plan (LCP) for the Coastal Zone. Section 21.45.020 of the
Flood Damage Prevention ordinance defines "coastal high hazard area’ as the area subject to
high velocity waters, including coastal and tidal inundation or tsunamis and defines a V zone as
a “special flood hazard area {(SFHA)". Marinas are not specifically addressed in Chapter 21.45;
however, the ordinance does provide specific sections that do apply.

Section 21.45.050 identifies standards that apply within special flood hazard area. Section
21.45.050 A (1) provides that all new construction and substantial improvements shall be
anchored to prevent floatation, collapse or lateral movement of the structure resulting from
hydrodynamic and hydrostatic loads, including the effects of buoyancy. Item 2 of the same
section requires that the improvements shall be constructed with materials and utility equipment
resistant to flood damage. And, these improvements shall be constructed using methods and
practices that minimize flood damage.

Section 21.45.050 3(b) (ii) (iii) addresses nonresidential construction of unoccupied structures
within the flood area if the construction has structural components capable of resisting
hydrostatic and hydrodynamic loads and effects of buoyancy, and is certified by a registered
professicnal engineer or architect that the standards of this subsection are satisfied.

Section 21.45.050 F Coastal High Hazard Area provides in subsection 1 that piles or column
foundations and structure attached thereto is anchored to resist floatation, collapse, and lateral
movement due to the effects of wind and water loads acting simultaneously on all building
components, While this section implies a traditional structure, it repeats the desire that piers,
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such as those to be replaced in the inner boat basin, be capable of withstanding the water loads
of an event and be based on water loading values associated with “...the base flood.”

The inner boat basin restoration project is utilizing CDBG funds in part to acquire the actual
docks and possibly piers to be placed in the boat basin. This requires the project to comply with
the flood plain management standards of HUD as required under Executive Order 11988,
Floodplain Management, and employs the principals of the Unified National Program for
Floodplain Management. Under these requirements the inner boat basin is a non-critical action
located in a coastal high hazard area and is also a “functionally dependent use” within the flood
zone. The term functionally dependent use “...means a land use that must necessarily be
conducted in close proximity to water (e.g.. a dam, marina, port facility, water front park, and
many types of bridges).” Section 55.11 allows functionally dependent uses within a coastal high
hazard area; however, the project “...shall consider feasible technological alternatives, hazard
reduction methods, and related mitigation costs and environmental impacts.”

There is not a lot of source information to address marinas and the impacts of tsunamis have on
marinas. This District has hands on experience with tsunamis and has obkserved more than one
damaging event. Guidance for implementing flood hazards in marinas is provided in a
document on the Army Corps website that was prepared on hurricanes. The document,
Hurricane Preparedness Guidelines for Marinas, contains procedures agreed acceptable by the
U.S. Federal Emergency Management Agency. Although these guidelines are for hurricanes,
the document addresses storm surge with potential surges of 10 to 20 feet above normal high
tides. The life expectancy for marina facilities (such as docks and floats) is 50 years. The
subject document acceptable to FEMA provides that the recommended design period for
hurricanes (wind and tidal surge with tidal surge being similar to a tsunami event) is normaltly 50
years (2% probability, in any given year) and no less than 25 years (4% probability in any given
year).

The Harbor at Crescent City has experienced numerous tsunami events, with the most recent taking
ptace as a result of the Chilean earthquake on February 27, 2010. The presence of the Mendocino
Escarpment off shore tends to direct wave energy from a tsunami toward Crescent City and the
region around the California/Oregon Stateline. The escarpment reflects some of the wave energy
carried by a tsunami to the coastline north of Cape Mendocino. This makes the harbor at Crescent
City vulnerable to tsunami events. The impacts of tsunami's on the harbor vary with the magnitude of
the tsunami wave, location of the wave source, and other factors such as whether the high tide
coincides with the psak wave. There have been at least four documented tsunami events that have
caused significant damage to the harbor within the last 60 years. These tsunami's are:

Year Wave Height Damage Reported

1952 6.8 ft. boats sunk and 60 ton buoys moved

1960 10.7 ft. boats sunk, docks damaged, streets flooded

1964 24 ft.* 29 city blocks damaged, 21 hoats sunk, 11 fatalities
2006 5.8 ft damaged inner boat basin (current rebuild)
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*The tide gauge was damaged during the 1964 tsunami and therefore the wave height maximum is
an estimate based on observation.

The 2006 tsunami generated strong hydrodynamic effects that were observed during the tsunami.
Local observation described the event as water leaving the harbor and returning in surges, "...like
being downstream of a large rapid”. The tsunami generated very strong flows at the entrance to the
inner boat basin which then travelled in a clockwise circulation within the basin, These currents were
the main cause of the damage within the basin. The Harbor Master observed the currents to be
severe like a river flow. |t was observed that sea lions were unable to swim against the currents,
which confirms the currents were in excess of 10 knots (11.5 mph}. Flow velocities were estimated to
be 13.8 mph. The February 2010 tsunami had similar physical characteristics.

The Harbor District's engineer, Stover Engineering, had a tsunami study prepared for the inner boat
basin (Crescent City Harbor Rehabilitation Tsunami Study, May 2010). This study (Gerwick Tsunami
Study) is being used by Stover Engineering and Ben C. Gerwick, Inc. to design the replacement
improvements of the inner boat basin. Secondly, the tsunami study aiso provides an analysis of
feasible technological alternatives that would significantly minimize future damage caused by future
similar tsunamis. The docks, pilings, and wave attenuator along with other improvements included in
the preferred alternative all contribute to complying with the requirements discussed above.

5.1.3 Wetlands Protection

A Biological Report for Crescent City Harbor District Master Plan, prepared by Gedik
BioLOGICAL Assaciates, August 2005 (Appendix B) identified two areas as wetlands that lie
within the harbor area. The Gedik report identifies the site of the two wetlands as shown on
Exhibit 1 (page 62 - taken from Figure 2-b of the RRM Master Plan}. One of the two wetlands is
approximately 6,000 square feet (.13 ac.) and consists primarily of a significantly disturbed
willow thicket. This willow thicket is approximately 400 feet from the project site and 200 feet
from the staging area.

The Gedik report also identified a strip along the beach strand as a wetland. This determination
was based primarily on the tidal influence of the area (marine intertidal unconsolidated shore
regularly flooded). The identified beach strand is located on the relatively undisturbed shoreline
east of the action and project areas, adjacent to a portion of the northwesterly wall of the
existing breakwater. At this location the sandy beach touches the breakwater and, therefore,
the Gedik report mapped wetland; however, no activity is proposed as a part of this project that
would require any activity on the sandy beach or below the existing breakwater. Project activity
(such as removal and/or installation of pilings) could take place on top of the breakwater which
would technically place the activity within approximately 50 feet of a 100 feet portion of the
mapped beach strand.

The only potential for wetland and sensitive plans to be affected are those identified by Gedik as
being in Area C on her maps. This site is shown in Exhibit 2 (page 63) which is from page 37 of
her report. This area is outside of the project area but within 100 feet of the boat basin although
separated from the basin. The sensitive area will be temporarily fenced off between the project

area and the sensitive area to prevent trampling, vehicle activity, stockpiling activities, or other
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construction activities. Installation of the temporary fence will be monitored by a biological
monitor.

Project activities within the “wetlands” as mapped by Gedik will not take place. Project activities
will be more than 200 feet from the nearest on-land wetland (willow thicket). The actual work
done within the inner boat basin will be in the waters of the Pacific Ocean that enter and occupy
the boat basin. Potential effects from the unintentional introduction of sediment into the water of
the inner beoat basin can be minimized by avoidance and minimization measures to contain
erosion or sediment associated with construction through Best Management Practices (BMPs).
Furthermore, in-water work would be restricted to July 1 through October 15, the lowest rainfall
months of the vear.

51.4 Coastal Zone Management Act

The project area is located within the boundaries of the California Coastal Zone. The California
Coastal Commission retains permit jurisdiction for activities within the immediate shoreline
including tidelands, submerged lands, and public trust lands). The proposed project involves all
three of these elements. The proposed project centers on the ability of the harbor to continue to
provide and maintain its function as a safe harbor for the boating public and the commercial
fishing industry consistent with the state-wide goals and policies of the Coastal Act of California.
Public access will be limited only during construction periods and only to those portions where
access would be inconsistent with public safety. Public access will be improved by the
placement of ADA compliant access ramps to the floats (docks) within the inner boat basin.
Measures will be included in the proposed project to protect Coastal resources including but not
limited to the marine environment and water quality.

A Coastal Development Permit (CDP) will be filed with the California Coastal Commission.
Conditions of issuance of the CDP will be included in the project bid process and/or inspection
process, including conformance with requirements and mitigation measures from the North
Coast Water Quality Control Board, US Army Corps of Engineers, and the US Fish and Wildiife
Service with respect to the protection of water quality and the marine environment.

5.1.5 Sole Source Aquifers

The Safe Drinking Water Act gives the EPA the authority to designate an aquifer as a sole
source of drinking water for a specified area. Such a designation means the EPA is obligated to
review all federally funded projects in the area in order to determine the project’s potential for
contamination of the aquifer. A sole source aquifer supplies at least 50% of the drinking water
consumed in the area overlying the aquifer.

There are no sole source aquifers designated in Del Norte County. Therefore, the project is not
located within an area designated by the EPA as being supported by a sole source aquifer.

Verified through download of Designated Sole Source Aquifers in EPA Region IX
h A Lt T
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5.1.6 Air Quality

The project area is located in the North Coast Air Basin, which consists of Del Norte, Humboldt,
Mendocino, and Trinity Counties and the northern portion of Sonoma County. The
physiographic features that give shape to this Air Basin are the Coast Range mountains to the
east and the Pacific Ocean to the west. Inthe project area, dominant winds exhibit a seasonal
pattern. In the summer months, strong north to northwesterly winds are common; during the
winter months, storms increase the occurrence of days with winds from a southerly direction.
Offshore and onshore flows are common along the coast and are associated with pressure
systems in the area, Onshore flows tend to bring foggy cool weather to the coast, while the
offshore flows often bring exceptionally warm and sunny days.

The criteria pollutants of greatest concerns for the proposed project are inhalable particulate
matter (PM10) and fine particulate matter (PM2.5). Particulate matter in Del Norte County is
almost completely the result of the “Miscellaneous Process” category which includes controlled
burning for forest management and unpaved road dust. Ozone and carbon monoxide are of
less concern in Del Norte County, due to its rural nature. In Del Norte County, only 7% of the
total CO (carbon monoxide) comes from on-road motor vehicles. The majority of CO emissions
in Del Norte County are from “Miscellaneous Processes” {61% of the total), with an additional
30% coming from wildfires. The primary “Miscellaneous Processes’ component is controlled
burning for forest management.

In response to being classified as a nonattainment area for California Ambient Air Quality
Standards for PM10, the North Coast Unified Air Quality Management District (NCUAQMD)
published a Particulate Matter Attainment Plan in 1995. The Plan noted that the Air Basin is not
heavily industrialized, with the majority of the industry related to timber. Even though the Air
Basin is in nonattainment because PM10 is a regional pollutant, the PM10 maonitors in Crescent
City have not documented any exceedance of the State PM10 standard.

Short-term construction emissions may include fugitive dust and other particulate matter as well
as exhaust emissions generated by the equipment being used to remove and install the
replacement facilities (floats, pilings, ramps, rock slope protection) and the removai of the
excess sand at the boat basin entrance. Given the nature of the project in that it is primarily an
activity upon water and the on land activity is confined to existing paved area, fugitive dust
should not be a significant problem. However, in order to address any potential regardless of
the level of significance, and to reduce potential impacts upon air quality, standard construction
BMPs for dust control and emission control practices during the construction period will be
implemented, including implementation of an effective Storm Water Pollution Plan (SWPP).

Vehicle emissions will be mitigated by requiring that the contractor shall ensure that all
construction equipment is maintained and tuned to meet applicable EPA and California Air
Resources Board (CARB) emission requirements.

51.7 Farmland Protection Policy Act

The waterfront area of the Harbor in general is influenced by its proximity to the local marine
environment. A review of an aerial photo from 1948 shows the harbor in its initial stages of wha
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is present now, The harbor area in the 1948 photc identifies the presently developed area of
the harbor as coastal sandy beach with some ccastal dunes. This coastal dune complex is
indicative of the original undisturbed area of the harbor, Nearly all of the study area has been
altered from its natural condition, beginning with maritime operations in the 1800s. Much of the
area has been covered with hard surfaces, leaving only a few small areas covered with ruderal
vegetation that approximate the original pre-development sand dune condition.

The project area is not designated for prime farmland, and the project area does not qualify as
farmland under the criteria of the County LCP; the nearest mapped prime agricultural land lies
some 8,500 feet from the harbor Inner Boat Basin project site. No parcels within or in proximity
to the project area are under Williamson Act contract, The soils in the project area are not one
of the soils identified as having prime agricultural qualities. There is no known histarical use of
the project area for traditional agricultural activities. The inner boat basin rehabilitation project
will not contribute to the unnecessary and irreversible conversion of farmland to nonagricultural
uses.

Verification letter dated May 3, 2010, from Ms. Heidi Kunstal, Deputy Director of Building and
Planning, County of Del Norte.

5.1.8 Environmental Justice

Social and economic impacts resulting from the proposed project are expected to be generally
beneficial to the surrounding community, the City of Crescent City, and the County of Del Norte.
Restoring the inner boat basin will allow the use of the boat basin for the commercial fishing
fleet which will maintain an established economic sector for the area and preserve existing jobs
currently occupied by local residents. The inner boat basin also provides opportunities for
transient vessels to dock here and general opportunities for present and future visitor usage.
The Harbor District has goals to diversify their income stream by the expansion of recreational
facilities, destination amenities, and other improvements that will focus on the activities of the
inner boat basin and the rest of the harbor area.

The proposed project is a restoration project within an existing commercially and light industrial
developed area. There are no residences within the project area. Current Land Use
Designations and Zoning for the project site is Harbor Dependent Commercial. This designation
is to provide areas for commercial and industrial activities which require immediate access to
harbor waters or to be placed adjacent to harbor waters. The principal permitted uses include
beat basins, berthing floats, breakwater devices and piers, maintenance dredging and dredge
spoils disposal, public facilities, parking lots, and other marine criented uses. The land use plan
for the harbor includes the inner boat basin as a key element. The land use plan has been
certified as a Local Coastal Plan by the California Coastal Commission.,

51.9 Noise Abatement and Control

In order to facilitate the creation of suitable living environments, the US Department of Housing
and Urban Development (HUD) has developed criteria for exterior noise standards for new
housing construction assisted or supported by HUD. The proposed project is the restoration of
an existing commercial and recreational boat basin in a commercial and industrial designated
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area. Therefore, the proposed project does not involve the development of noise sensitive
uses.

Activities associated with the removal of the damaged facilities and replacement of facilities
within the inner boat basin and replacement of those facilities would intermittently and
temporarily increase the ambient noise levels due to the use of equipment. There are no
residences in the immediate vicinity and only two residences are known to exist in proximity
(900 feet or more away) to the project site. These two residences are located on the second
floor of a commercial operation, surrounded by other commercial activities within a commercially
zoned area of the City of Crescent City.

Construction noise can be controlled by limiting construction activity to the least noise sensitive
daytime hours; specifically the hours from 7:00 a.m. to 7:00 p.m. on weekdays and on
Saturdays, and 8:00 am te 5:00 pm on Sundays. Construction equipment shall be properly
muffled and shrouded to minimize noise levels. Implementation of this or similar mitigation
would reduce any potential generated noise impacts to less than significant.

5.1.10 Toxic or Hazardous Substances and Radioactive Materials

The proposed project does not involve development for human habitation and the project does
not create human occupancy of an enclosed space. The proposed inner boat basin restoration
will replace piers and floats (docks) upon the water within the boat basin. The project also
involves replacement of rock slope protection at damaged spots along the perimeter of the boat
basin. The CDBG funds will be used to purchase the floats and possibly the piers.

The previous use of the project site consisted of undeveloped open coastal sand dunes and the
active shoreline of the natural harbor, The inner boat basin was constructed by removing the
naturally occurring sand from the shoreline sufficient to create the boat basin. The sand
removed from the shoreline was used on-site as fill for the construction of the parking lot;
capping the area with asphalt concrete. The immediately surrounding area is relatively
undeveloped with ruderal grasses and some dune grasses along the shoreline. There is no
evidence of contamination on or near the project site. Approximately 400+ feet from the project
site is a non-pressurized fuel storage tank. The tank is part of the fueling system for the boats
in the harbor. The system is operated by Renner Petroleum and the systern has the proper
permits in place for its operation. The actual fueling area is located approximately 500 feet from
the project site.

The project area is substantially removed from sites where hazardous, toxic, or radioactive
substances are used or may be present. Qluery results from the EPA Data Warehouse
(EnviroFacts) did not reveal any on-site hazardous, toxic, or radicactive sites. There presently
are no listed EPA superfund sites in Del Norte County, although a closed and delisted super
fund site does exist approximately three miles northwest of the inner boat basin.

An underground storage tank for fuels for the commercial fishing fleet is located off-site and

approximately 400 feet from the nearest point of the project area. Exhibit 3 (page 64) identifies
the location of the underground storage tank. The fuel system, including the underground tank,
is owned and cperated by Renner Petroleum of Crescent City. The underground tanks consist
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of three tanks; one 8,000 galion double walled tank containing unieaded gasoline, and two
12,000 gallon double walled tanks for diesel fuel. The tanks are properly permitted (State ID
Numbers 08-000-012100-000001, 000002, and 000004). The subject tanks are inspected
annually with the most recent testing taking place on March 4, 2010. The underground tanks of
Renner Petroleum are located outside of the project area and will not be disturbed by the
proposed project. Therefore, the scope of work of the proposed project does not impact or is
affected by the Renner underground storage tanks and fuel dispensing system.

The Harbor District has three waste oil disposal tanks |ocated within the project area. Exhibit 3
(page 64) identifies the location of the three waste tanks. Each of these tanks are
approximately 500 gallons in size and are concrete underground storage vaults with interior
tanks. Currently, two of the three tanks are being used. The waste oil is removed from the
tanks on a monthly basis or more frequently if needed. The tanks have a locked cover and the
oil can only be removed by the recycler of the waste cil. While these tanks are in the project
area, they will not be disturbed. The collection of waste oil from the commercial fishing fleet in
these tanks is a critical element in maintaining the water quality of the inner boat basin.

Verification letter dated May 7, 2010, from Ms. Heidi Kunstal, Deputy Director of Building and
Planning, County of Del Norte. Also, verification letter dated May 25, 2010, from Steve
Wakefield, Fire Chief of Crescent Fire Protection District and Fire Chief for the City of Crescent
City.

5.1.11 Airport Clear Zones and Accident Potential Zones

There are no military airfields located within Del Norte County, The nearest civil airport is
McNamara Field (CEC) operated by the Border Coast Regional Airport Authority. The airport is
a commercial service and general aviation airport located in Crescent City, California. The
airport serves not only the City of Crescent City and the surrounding communities located within
Del Norte County (Gasquet, Smith River, Fort Dick and Klamath), but also serves communities
in the Curry County area of Southern Oregon, including Brookings-Harbor and Gold Beach.

United Express Airlines provides the commercial passenger service with daily flights to San
Francisco and Sacramento, California. The airport is ILS-equipped and is operational 24 hours
a day/7 days a week. Airline travel services and gate personnel, as well as Transportation
Security Administration personnel, are available in the terminal building during commercial air
service operation hours. General Aviation/Fixed Base Operator services are available 24/7.

The distance from the inner boat basin project to the nearest runway at McNamara Field (CEC)
is 15,000 feet or 2.85 miles. Therefore, the inner boat basin project is not within an FAA-
designated civilian airport Runway Clear Zone (RCZ), or within a military airfield Clear Zone
(CZ) or Accident Potential Zone (APZ).

Verification letter dated May 14, 2010, from James Bernard, Director of Border Coast Airport
Authority (CEC).
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6.0 ENVIRONMENTAL ASSESSMENT CHECKLIST Statutory Checklist [Environmental
Review Guide HUD CPD 782, 24 CFR 58.40; Ref. 40 CFR 1508.8 &1508.27]

Evaluate the significance of the effects of the proposal on the character, features and resources of the project
area. Enter relevant base data and verifiable source documentation to support the finding. Then enter the
appropriate impact code from the following list to make a finding of impact. Impact Codes: {1} - No impact
anticipated:; (2) - Potentially beneficial; (3) - Potentially adverse; (4) - Requires mitigation; {5) - Requires project
modification. Note names, dates of contact, telephone numbers and page references. Attach additional
materials as needed.

Land Development Code Source or Documentation
Conformance with 1 | The projectis in confermance with the County of Del Norte Land Use Plan
Comprehensive Plans and Zoning and Zoning Ordinances.

The project site is zoned as Harbor Dependent Commercial and has the
same land use designation both permitting beat basins, berthing floats,
breakwater devices, and piers; key elements to this project.

See item #10 of the EA Statutory Checklist Compliance information.
Verification letter dated May 3, 2010, from Ms, Heidi Kunstal Deputy
Director of Building and Planning for County of Del Norte.

Compalibility and Urkan Impact 2 | The project is a rehabilitation of an existing inner boat basin (marina) that
has been in existence since 1972. The land use plan for the harbor
includes the inner boat basin as a key element. The proposed projectis
within an existing commercially and light industrial developed area. There
are no residences within the project area. Current Land Use Designations
and Zoning for the project site is Harbor Dependent Commercial.

See item #10 of the EA Statutory Checklist Compliance information.
Verification letter dated May 3, 2010, from Ms. Heidi Kunstal Deputy
Director of Building and Planning for County of Del Norte,

Slope 1 | The site is relatively flat (less than 3%) and is paved. The average
elevation of the project area ranges from sea level for the inner boat basin
to approximately 16 feet for the flat parking area. The inner wall of the boat
kasin has rock slope protection (RSP) placed alang its entire length. Siope
will have little to no impact on the proposed project site.

Verification letter, dated June 29, 2010, from Ward L. Stover,
Principal, Stover Engineering.

Erosion 2 | The inner wall of the boat basin has been damaged and some areas do not
have sufficient RSP allowing some erosion to occur. The proposed repairs
to the RSP will stabilize the inner wall of the boat basin thereby reducing
any erosion presently taking place. Standard BMPs will be reguired as part
of the construction contract.

Verification letter, dated June 29, 2010, from Ward L. Stover,
Principal, Stover Engineering.
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Soil Suitability

The harbor area in a 1948 aerial photo identifies the presently developed
area of the harbor as a coastal sandy beach with some coastal dunes.
The coastal dune complex is indicative of the original undisturbed area of
the harbor. A geolechnical investigation was conducted by Treadwell &
Rollo. A preliminary seismic evaluation was submitted tc the design team
indicating that the soil is suitable for the project as proposed in the 30%
draft plans. Using piles and spread footings and other appropriate
foundation design will be required for the proposed ADA accessible
ramps/gangways.

A final geotechnical report will be prepared at the time final design is
completed.

Verification letter, dated June 29, 2010, from Ward L. Stover,
Principal, Stover Engineering.

Hazards and Nuisances including
Site Safety

The proposed project is a non-residential structure. Section 21.45.050 A.3
of Del Norte County Code, states that a project may be |located below the
base flood elevation provided any structures placed below that level shall
permit the equalization of hydrostatic flood forces. The proposed project
does not involve enclosed siructures below the base flood elevation.
Proposed construction will conform with Section 21.45.05A. A tsunami
study was prepared that identified a design load for a 50 year wave. The
pile foundation will be anchored to resist floatation, collapse, and lateral
movement due to the effects of wind and water loads

The Community Development Department of the County of De] Norte, the
department responsible for implementing the (FEMA approved) Flood
Damage Prevention Ordinance has stated that by complying with the
applicable sections of Chapter 21.45, the inner beat basin rehabilitation
project of the Harbor will be in compliance with the County Flood Damage
Prevention Crdinance.

Seeitem 5.1.2 of the EA Statutory Checklist Compliance Information.
Verification letter dated Mar 19, 2010, from Mr. Randy Hooper, Planner
in the Building and Planning Division of County of Del Norte.

Verification letter, dated June 29, 2010, from Ward L. Stover,
Principal, Stover Engineering.

Energy Consumption

The proposed project does not invoive development for human habitation
and the project does net create human occupancy of an enclosed space,
Therefore Title 24 reguirements do not apply to this project.

Construction equipment and hauling of materials to and from the project
site may result in a potential short-term increase in fuel consumption. This
increase can be mitigated by requiring that the contractor shall ensure that
all construction equipment is maintained and tuned to meet applicable EPA
and Califomnia Air Resources Board (CARB) emission requirements.

See item 5.1.6 of the EA Statutory Checklist Compliance Information
and section 4.6 Mitigation Measures Recommended
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Noise - Contribution to
Community Noise Levels

The project will temporarily increase noise levels during construction due to
normal noises attributable to construction activities and construction
equipment.

Construction noise can be controlled by limiting construction activity to the
least noise sensitive daytime hours; specifically the hours from 7:00 a.m. to
7.00 p.m. on weekdays and cn Saturdays and 8:00 am to 5:00 pm on
Sundays. Construction equipment shall be properly muflied and shrouded
to minimize noise levels. Implementation of this or similar mitigation would
reduce any potential generated noise impacts to less than significant.

See item 5.1.9 of the EA Statutory Checklist Compliance information.

Air Quality

Effects of Ambient Air Quality on
Project and Contribution to
Community Pollution Levels

The project area is located in the North Coast Air Basin, which consisis of
Del Norte, Humboldt, Mendocino, and Trinity Counties, and the northern
portion of Sonoma County. The air basin is classified as a nonattainment
area for California Ambient Air Quality Standards for PM10. Even though
the Air Basin is in nonattainment because PM10 is a regional pollutant, the
PM10 monitors in Crescent City have not documented any exceedance of
the State PM10 standard.

Short-term construction emissions may included fugitive dust and other
pariculate matter as well as exhaust emissions generated by the
equipment being used to remove and install the replacement facilities and
operation of the dredge during the removal of the excess sand at the boat
basin enfrance, Given the nature of the project in that it is primarily an
activity upon water and the on-fand activity is confined to existing paved
area, fugitive dust should not be a significant problem. However, in order
to address any potential, regardless of the level of significance, and to
reduce potential impacts upon air quality, standard construction BMPs for
dust control and emission control practices during the construction period
will be implemented, including implementation of an effective Storm Water
Pollution Plan (SWPP)

Vehicle emissions will be mitigated by requiring that the contractor shall
ensure that all construction equipment is maintained and tuned 1o meet
applicable EPA and California Air Resources Board {(CARB) emission
requirements.

See item #8 of the EA Statutory Checklist Compliance information.

Environmental Design

Visual Quality - Coherence,
Diversity, Compatible Use and
Scale

The proposed project will restore the damaged inner boat basin to pre-
disaster conditions as well as improve the ability of the inner boat basin to
withstand similar events in the future. The capacity of the restored inner
boal basin would be approximalely the same as pre-disaster capacity. The
physical appearance of the new float system will be similar to the previous
appearance but will include new ADA compliant ramps for access.

The proposed project will not substantially degrade the existing visual
character or quality of the site and its surroundings. The current site has
blight issues which wilt be corrected by the removal of the damaged and
derelict docks and the replacement with new docks and piers.

See Seclion 2.2 Description of Proposed Project. Verification letter
dated May 3, 2010, from Ms. Heidi Kunstal, Deputy Director of
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Building and Pianning for County of Del Norte.

Verified by Richard Young, CEO Crescent City Harbor District 707-
464-6174

Socioeconomic

Code

Source or Documentation

Demographic Character Changes

The subject project is the rehabilitation of the damaged inner boat basin
and the retention of 182 FTE through the proposed project, As a
rehabilitation project of an existing facility which is infended to provide
facilities in order to retain the existing commercial fishing fleet and its
employees both direct and indirect, the project will not significantly alter the
demographic characteristics of the community by drawing new individuals
to the community. There will be a short term increase of specialized
employees during the construction phase but this will be short lived.

Additionally, the project will not affect any community institutions nor create
any physical barriers cor difficull access affecting any particular
neighborhoods or population groups.

See Exhibit 4 {page 65), Job Retention Chart from CDBG staff report.

Displacement

The project site is developed as an exisling albeit severely damaged boat
basin {marina). Due to the developed aspects of the existing site and the
project intent to replace existing facilities, no persons, businesses,
institutions or community facilities will be displaced as a result of this
project. No direct or indirect displacement will result.

See Sections 1 and 2 of this document (EA) and Employment and
Income Patterns section below.

Employment and Income Patterns

The subject project is the rehabilitation of the damaged inner boat basin
which is being funded in part through Cal EMA as a disaster event. Cal
EMA will fund approximately 75% of the eligible cost and the remaining
25% is being funded through CDBG. Based upon the amount of CDBG
funds being allocated, the project identified to CDBG the retention of 136
FTE position. The majority of the jobs to be retained will be through
retaining the commercial fishing fleet. Actual documentation resulted in an
estimate of more than 182 FTE being retained through the proposed
project. Attachment 5 from the CDBG staff report identifies the list of
business types that were documented for closing if the inner boat basin
was not reconstructed.,

The project will create temporary construction employment likely to be
drawn from the local employment base for non-specialized labor. The
project will not result in the displacement of existing jobs but rather focuses
on job retention.

See Exhibit 4 {page 65), Job Retention Chart from CDBG staff report.
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Community Facilities Code Source or Documentation
and Services

Educational Facilities 1 | The inner boat basin is located within the Del Norte County Unified School
District. The rehabilitation project is a jobs retention project and
replacement of previous harbor facilities. No new families are anticipated
to move into the area as a result of this project. In accordance with
California Government Code Section 65996, school impact fees do not
apply as there is no increased demand on schools facilities caused by the
proposed project.

Verified by Rodney Jahn, Deputy Superintendent, Business Services,
Del Norte Unified School District via telephone at 707-464-6141 on
May 17, 2010.

Commercial Facilities 2 | The subject project is the rehabilitation of the damaged inner boat basin
which is being funded in part through Cal EMA and CDBG. As a job
retention project, the majority of the jobs to be retained will be through
retaining the commercial fishing fleet. Actual documentation resulted in an
estimate of more than 182 FTE being retained through the proposed
project. Attachment 5 from the CDBG staff report identifies the list of
business types that were documented for closing if the inner boat basin
was not reconstructed. By rehabilitating the inner boat basinto a
functional commercial boat basin, the jobs listed in Attachment 5 will be
retained and not lost to the local economy which includes husinesses that
serve those who work in the commercial fleet and those business that
directly serve the fleet.

The project will create tempaorary construction employment likely to be
drawn from the local employment base for non-specialized labor. The
project will not result in the displacement of existing jobs but rather focuses
on joh retention.

See Exhibit 4 {page 65}, Job Retention Chart from CDBG staff report.

Health Care 1 | The propased project is not expected to significantly impact demand for
health care services. The project by its intent is a job retention project for
existing residents of the County. Sufficient health care services are
already available within the area and no impact is expected.

Sutter Coast Hospital is located approximately 2.5 mifes from the project
site and is staffed adequately to handle any services needs generated by
the project.

Verification letter dated May 17, 2010, from Eugene Suksi, Chief
Executive Officer Sutter Coast Hospital.

Social Services 2 | The proposed project will have a positive social impact of job retention in a
community with high rates of unemployment and poverty.

Verified by Gary Blatnick, Director of Health and Social Services,
County of Del Norte via e-mail on May 18, 2010.
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Solid Waste

The docks and pilings removed will be processed through the Del Norte
Solid Waste Authority for proper disposal. The steel pilings are candidates
for recycling. The non-recyclable materials will be transported to the
contracted disposal site of the authority. Sufficient capacity is available for
the materials to be disposed.

Verified by Kevin Hendrick, Director of the Del Norte Solid Waste
Management Authority via telephone at 707-465-1100 on May 19,
2010.

Waste Water

The proposed project is rehabilitation/reconstruction of an existing facility
within the urban services boundary of the City of Crescent City, Utilities
and services, such as potable water and sanitary sewer collection and
treatment are provided by the City of Crescent City through existing lines
adjacent to and within the project area. The exisling water lines and sewer
lines have capacity to continue to serve the proposed project.

Verified by James Barnts, Public Works Director, City of Crescent
City via telephone at 707-464-9506 on May 18, 2010.

Storm Water

Nearly all of the harbor has been previously disturbed. The project site has
been previously altered from its natural condition. The project site is either
the inner boat basin marina area {water) or the adjacent paved parking
lots. A Storm Water Prevention Plan, Erosion Plan, a Hazardous Materials
Management/Spills Response Plan, and BMPs will be required of the
contractor or contractors to reduce, to the maximum extent possihle, the
volume, velocity, and pollutant load of storm water and dry weather flows
from leaving the project site during construction and from the staging area
during construction activity.

Verification letter, dated June 29, 2010, from Ward L. Stover,
Principal, Stover Engineering.

Water Supply

The proposed project is rehabilitation/reconstruction of an existing facility
within the urban services boundary of the City of Crescent City. Utilities
and services, such as potable water and sanitary sewer collection and
treatment are provided by the City of Crescent City through existing lines
adjacent to and within the project area. The existing water and sewer lines
have capacity to continue to serve the proposed projec!.

Verified by James Barnts, Public Works Director, City of Crescent
City via felephone at 707-464-9506 on May 18, 2010,

Public Safety

- Palice

Due to the replacement nature of the project, it is not expected to
significantly increase demand for public safely services, including police
protection. The area is patrolled by the Del Norte County Sheriff's
Department. There is adequate capability to serve the project by the
Sh,ariff’s Department.

Verification letter from Sheriff Dean Wilson of Del Norte County,
dated May 18, 2010.

- Fire

Due to the replacement nature of the project, it is not expected to
significantly increase demand for public safety services, including fire
protection. The project site is within the jurisdiction of the Crescent Fire
Protection District. Three Fire Stations are located 1 mile, 1.9 miles and
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2.2 miles from the inner boat basin. The Fire Chief has determined that
the project is not expected to significantly increase demand for fire
response

Verification letter dated May 25, 2010, from Steve Wakefield, Fire
Chief of the Crescent Fire Protection District and Fire Chief for the
City of Crescent City.

- Emergency Medical

Due to the replacement nature of the project, it is not expected to
significantly increase demand for public safety services, including
emergency medical. The project site is approximately 2.5 miles from
Sutter Coast Hospital. The hospital is adequately staffed to handle any
medical emergency anticipated to be generated by the project
reconstruction.

Verification letter, dated May 17, 2010, from Eugene Suksi, Chief
Executive Officer Sutter Coast Hospital.

The project site is currently served with paved roads, streets, and parking
arcund the inner boat basin. The existing roadways provide adeguate
access 1o the site for emergency service response.,

Verification letter date May 25, 2010, from Steve Wakefield, Fire Chief
of the Crescent Fire Protection District and Fire Chief for the City of
Crescent City. Verified by John W, Pritchett, General Manager, Del
Norte Amhbulance, via e-mail, dated May 25, 2010.

Open Space and Recreation

- Cpen Space

The proposed project is a rehabilitation/replacement of existing marina
facilities. This marina is primarily used by the commercial fishing fleet;
however, it also is occasionally used by recreational boaters, especially
those boats too large for the recreational marina off of the Whaler Island
breakwater. The inner boat basin is an area frequented by visiters and
locals as a place to abserve the activities of the commercial fishing fleet
and to view sea lions, harbor seals, and birds. The inner boat basin can
also be used on an infrequent basis by people in kayaks.

Verified by Richard Young, CEOQ, Crescent City Harbor District, 707-
464-8174

- Recreation

See discussion immediately above. There are no formally designated
public parks, wildlife or waterfowl refuges in the project area or surrounding
areas. The improved ADA accessways will allow the handicapped and the
physically frail to visit the dock areas of the inner boat basin. The existing
ramps are not ADA compliant,

Verified by Richard Young, CEQ, Crescent City Harbor District, 707-
464-6174

- Cullural Facilities

A review of the list of California Historical Resources for Del Norte County
did not identify any histonical resources within the project area. There are
no residential structures or other structures on the project site other than
the two existing concrete block public restroems. Due to the location and
type of the project proposed, no impact is anticipated.

See item 5.1.1 of the EA Statutory Checklist Compliance Informaticn,
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Verification letter from NCIC (SHPO) dated June 28, 2010, from Vicky
Bates, Coordinator, and verification letter dated June 10, 2010 from
Dale Miller, Chairman of the Elk Valley Rancheria.

Transportation

The proposed project is a rehabilitation/replacement of existing marina
facilities. There is no significant increase in mooring space being proposed
as part of this project. The physical constraints of the inner boat basin are
not conducive to any radical change in layout or increase in moorings. The
proposed rehabilitation will be substantially the same as the previous
layout with roughly the same capacity.

A Traffic Analysis was prepared as part of the analysis for the Master Plan
acted upon by the Harbor District in 2008. The traffic study included a
twenty year projection. The study concluded that “(u)nder future
conditions, all study intersections are projected o continue operating
acceptably at LOS C or better except the eastbound Citizens Dock Road
approach to U.S. 101, which is projected toc operate at LOS D." The
rehabilitation project is not a significant change over the previous
configuration. There will be no change in traffic patterns or the amount of
traffic generated by the inner boat basin other than a temporary potential
insignificant increase during the actual rehabilitation by the construction
workers,

Floats and pilings will be constructed off-site and assembled on-site. The
old pilings and floats (docks) will be removed by the contracter, The
project contractor will be responsible for abtaining transportation permits (if
needed) from the Department of Transportation (CaiTrans) for oversized or
excessive load vehicles travelling on the State roadways and to coordinate
with the Del Norte County Roads Division to obtain any necessary permits
from them.

For these reasons, the proposed project will not result in significant
transportation impacts,

Crescent City Harbor Digtrict Master Plan prepared by RRM Design
Group {Traffic study prepared by W-Trans)

Natural Features

Code Source or Documentation

Water Resources

The proposed project is rehabilitation/reconstruction of an existing facility
within the urban services boundary of the City of Crescent City, Ultilities
and services, including potable water and fire flow are provided by the City
of Crescent City through existing lines adjacent to and within the project
area. The existing water lines have capacity to serve the proposed project.

Verified by James Barnts, Public Works Director, City of Crescent
City via telephone at 707-464-9506 on May 18, 2010.

Surface Water

Other than the inner boat basin, there are no ponds, lagoons, surface
impoundments, wetlands, or natural catch basins on the project site. The
construction site and the staging area are paved surfaces other than the
replacement of the rock slope and the actual installation of the pilings and
the floats (docks). Avoidance and minimization measures are to be used
to contain erosion or sediment associated with construction, and to
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minimize the potential for petrochemical spills,

Appendix A Final Biological Assessment for NMFS Inner Basin Sea
Wall Repair Project-Crescent City Harbor District, FEMA-1628-DR-CA,
PW #1387, April 2007.

Unique Natural Features and
Agricultural Lands

The project area is not designated for prime farmland and the project area
does not qualify as farmland under the criteria of the County LCP. The
nearest mapped prime agriculiural land lies some 8,500 feet from the
harbor Inner Boat Basin project site. The soils in the project area are not
ane of the soils identified as having prime agricultural qualities. There is
no known historical use of the project area for traditional agncultural
aclivities,

The waterfront area of the Harbor in general is influenced by its proximity
to the local marine environment, This coastal dune complex is indicative of
the original undisturbed area of the harbor. Nearly all of the study area has
been altered from ils natural condition, beginning with maritime operation

in the 1800s. Much of the area has been covered with hard surfaces,
leaving only a few small areas covered with ruderal vegetation that
approximate the original pre-development sand dune condition.

See item #9 of the EA Statutory Checklist Compliance information,
Verification letter dated May 3, 2010, from Ms. Heidi Kunstal, Deputy
Director of Building and Planning for County of Del Norte.

Vegetation and Wildlife

Three documents were utilized in addition to other sources for this
assessment. The documents are: Final Biclogical Assessment for NMFS
Inner Basin Sea Wall Repair Project-Crescent City Harbor District, FEMA-
1628-DR-CA, PW #1387, April 2007 {Appendix A), and the Biclogical
Report for the Crescent City Harbor District Master Plan, prepared by
Gedik BioLOGICAL Associates, August 2005 {Appendix B). Also utilized
was the Final Mitigated Negative Declaration, Crescent City Harbor District
Harbor Master Plan, SCH# 2005112008 December 2005.

The only potential for wetland and sensitive plants to be affected are those
idenlified by Gedik as being in Area C on her maps. This site is shown in
Exhibit 2 (page 63) which is from page 37 of her reporl. This area is
outside of the project area but within 100 feet of the boat basin although
separated from the basin. The sensitive area will be temporarily fenced
between the project area and the sensitive area to prevent trampling.
vehicle activity, stockpiling activities, or other construction activilies.
Instatlation of the temporary fence will be menitored by a biolegical
monitor.

As aresult, two federally listed species regulated by NMFS under the ESA
were identified as potentially occurring within the project area:

Southern Oregon/Northern California Coasts (SONCC) coho salmon
(Oncorhynchus kisutch)
Steller sea lion (Eunetopias jubatus)

Potential effects from unintentional introduction of sediment or
petrochemicals into the water and increased turbidity caused by
construction activities could occur. In the case of Coho, they could
potentially be killed, injured, or temporarily displaced during placement of
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rock, especially rock placed at or below mean higher high water (MHHW).
Typically, to protect anadromous fish species, construction would take
place during the in-water work period of June 15 through Oclober 15 when
both juveniles and adults are unlikely to be present). However, because of
the potential effects to Steller sea lions, this in-water work window would
be reduced to July 1 through October 15. Therefore, the potential for
mortality, injury, or displacement of coho salmon would be significantly
decreased or avoided. Avoidance and minimization measures are to be
used to contain erosion or sediment associaled with construction, to
minimize the potential for petrochemical spifis, and in-water work would be
restricted to July 1 through October 15

The proposed aclion may affect the SONCC coho salmon ESU, but will
have no effect on critical habitat for this ESU. Implementation of
avoidance and minimization measures is recommended in this document
to protect their habitat.

The proposed action is not likely to adversely affect the Steller sea lion and
will have no effect on designated critical habitat for this species.
implementation of avoidance and minimization measures is recommended
in this document to protect their habitat.

Appendix A Final Biological Assessment for NMFS Inner Basin Sea
Wall Repair Project-Crescent City Harbor District, FEMA-1628-DR-CA,
PW #1387, April 2007.

Appendix B Biological Report for Crescent City Harbor District Master
Plan, prepared by Gedik BioLOGICAL Associates, August 2005,

Final Mitigated Negative Declaration, Crescent City Harbor District
Harbor Master Plan, SCH# 2005112008 December 2005.

Other Factors Code Source or Documentation

Flood Disaster Protection Act 4 | The Community Development Depariment of the County of Del Norte. the
(Flood Insurance( (58.6 (a))} department responsible for implementing the (FEMA approved) Flood
Damage Prevention Ordinance has stated that by complying with the
applicable sections of Chapter 21.45, the inner boat basin rehabilitation
project of the Harbor will be in compliance with the County Flood Damage
Prevention Qrdinance,

See item 5.1.2 of the EA Statutory Checklist Compliance information.
Verification letter dated Mar 19, 2010, from Mr. Randy Hooper, Planner
in the Building and Planning Division of County of Del Norte.
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Coastal Barrier Resources 1 | Not applicable in California.
Act/Coastal Barrier Improvement |
Act (58.6 (c) USFWS Maps of Coastal Barrier Resources System
fws.gov/habitatconservation/coastal_barrier.html

Airport Runway Clear Zone or 1 | The project is not within an FAA-designated civilian airport Runway Clear
Clear Zone Disclosures (58.6 {d)) Zone (RCZ}, or within a military airfield Clear Zone (CZ) or Accident
Potential Zone {APZ).

Verification letter dated May 14, 2010, from James Bernard, Airport
Director, Del Norte County Regional Airport.

NOTE: The Responsible Entity must additionally document and ensure compliance with 24 CFR §58.6 in the ERR,
particularly with the Flood Insurance requirements of the Flood Disaster Protection Act and the Buyer Disclosure
requirernents of the HUD Airport Runway Clear Zone/Clear Zone regulation at 24 CFR 51 Subpart D.

Summary of Findings and Conclusions

¢ The proposed project will be compatible with the existing and future land uses in the
project site and in the vicinity of the proposed project.

» The rehabilitation/restoration of the inner boat basin for the fishing fleet will result in
beneficial economic impacts by providing critical water dependent facilities.

» The proposed project will comply with all statutery regulations pertaining to
environmental issues (e.g., wetlands, floodplains, endangered species, historic
preservation, toxics, environmental justice, etc.).

» The proposed project will not result in any substantially adverse long-term environmental
impacts.

»+ The proposed project will comply with the applicable sections of Chapter 21.45, the
County Flood Damage Prevention Ordinance of the County of Del Norte.

» The proposed project could result in adverse short-term (e.9., construction related, etc.)
environmental impacts with regard to. Mitigation measures have, however, been
incorporated into the project that will minimize or avoid such short-term impacts.

» The County of Del Norte finds that the proposed project will have no significant effect on
the quality of the human environment.

¢ The County of Del Norte further finds that with the mitigation and implementation
measures that the proposed project will have a beneficial impact of retaining jobs in the
fishing industry of Del Norte County.
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7.0 ALTERNATIVE TO THE PROPOSED ACTION [24 CFR 58.40(e), Ref. 4¢ CFR 1508.9]

7.1 Alternatives Process

The Harbor District conducted an examination of dock reconfigurations within the inner boat
basin marina in order to maximize the potential to accommeodate a range of boat sizes that
varies from summer to winter. Summer tends to see more pleasure craft in the harbor as the
summer climate is more conducive to recreational use and visits by transient vessels. The
winter months tend to have very rough seas and inclement weather factors that discourage
visitor and recreational use of boats in the area. The winter months are also the peak months
for the commercial fishing catch which tends to draw commercial fishing boats to the harbor
from other areas.

Ten tayouts were considered and analyzed. Those ten layouts are included in Appendix C as
prepared by Stover Engineering, and acted on by the Harbor District on February 16, 2010. The
inner boat basin shape and entrance channel are not being considered for overall redesign.
The entrance channel, turning movements, lanes to and from the slips, and the interior walls of
the marina dictate the options that can be considered. The east side of the basin is confined by
the interior sides of the basin and, therefere, Docks A,B,C, D, and the work dock remain
basically the same as their previous layout with some minor changes. The potential for
alternative layouts exists on the west side of the inner boat basin (the area suffering the most
damage) on Docks E, F, G, and H. Table 6 of the Stover report compares the number of slips
available for each option to the current vessel need and lists the differences. The difference
between the "Correctly Assigned” and “Slips” under each option indicates where boats are
presently occupying or have been occupying slips not designed for their hoat length.

The Harbor Commission reviewed all ten options during a public meeting of the Commission at
their February 16, 2010 regular meeting. Ward Stover of Stover Engineering presented a report
to the Commission as an agenda item. Stover’s report included a written text discussion,
proposed slip sizes and distribution, a schematic layout for each option. The review by the
Commission of the ten layouts and their various configurations resulted in narrowing the
alternative layout down to three; Option 1, Option 3 and Option 8. The Commission chose
Option 8 as the preferred alternative (Proposed Action), Option 8 provides adequate distribution
of all sizes of slips sufficient to meet current needs and also provides flexibility to accommodate
additional boats in all categories, including 30 foot boats, if needed in the future.

7.2 Location Alternative

Location alternatives were not evaluated because the proposed project is a
rehabilitation/restoration of an existing water dependent facility. Another location would have to
be created which would generate a far greater range of potentially significant environmental
impacts. Over 82% of the shoreline of Del Norte County is publicly owned, primarily in State
and Federal Parks. The remaining 18% in private ownership is not suitable for a marina and
would require substantial physical alteration of the landform. Most of the private ownership is
already developed with homes thereby requiring the displacement of families. An alternate
location is not feasible or practical for this rehabilitation project.
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7.3 Original Layout with No Modification Alternative

This Alternative is Option 1 in the Dock Layout Options report by Stover Engineering. Option 1
is the original layout pricr to the tsunami event with little to no maodification in layout or design.
Using basically the previous configuration within the beat basin would not address the need for
smaller fishing boats and other similar sized boats. While the 30 foot boats would have
adequate slips, the 40 foot boats would have to be tied up in slips for larger boats resulting in
inefficient use of the larger slips and creating a potential shortage for these larger boats. This
lack of adequate slip variety does not attempt to balance the shift of use between the
commercial activities of the winter and the recreational pericd of the summer months, Option 1
was determined by the Harbor Commission to be inadequate to meet existing and future needs
of the harbor.

7.4 Original Layout with Increased 50 foot Slips Alternative

This Alternative is Option 3 in the Dock Layout Options report by Stover Engineering. Option 3
maximizes the number of possible 50-foot slips which increases the opportunity to berth smaller
boats in mini-marina configurations. These 30 foot and smaller boats would have to be doubled
up in their slips. Option 3 has a shortage of 40 foot slips and therefore requires some of the
demand created by 40 foot boats to be shifted to the 50 foot boat slips. The shift of slips to the
north side of H Dock reduces its ability to provide side tie space for transient vessels, This
option does not include the wave attenuator improvements to H Dock, exposing the inner boat
basin marina and the boats in the marina to risk of damage from future tsunamis.

7.5 Design Tsunami of Less Than a 50-year Recurrence

The preferred alternative is based on the design parameters recommended by Gerwick which is a
tsunami recurrence level of 50 years; a 15 foot wave height. This wave height and its accompanying
hydraulic forces are the results of the Gerwick Tsunami Study (May 2010). The Gerwick Tsunami
Study is a site specific report that builds upon a 2010 NOAA report and the 2007/2008 University of
Alaska, Fairbanks reports. The technical focus of the study is to establish the effects of wave action,
currents, and loads incurred to moored vessels, floats (docks), and pilings within the inner boat basin
thereby reducing tsunami effects. The study numerically simulated tsunami waves entering the
harbor and the inner boat basin and tested the effectiveness of various design elements based on a
25 year service life and a 50 year return period for the design tsunami.

By using the recommended Gerwick tsunami return pericd of 50-years results in designing the inner
boat basin marina to withstand a 15.0 ft tsunami wave. Of the four documented damaging tsunami
events of the past 60 years, the marina would be able to withstand wave nheights of three of the four
events, all three having wave heights of less than 15 feet (1952 = 6.8 ft., 1960 = 13 ft., 2006 = 6.8 ft.).
The 1964 event had wave heights above 15 feet (20.8 ft and a probable wave height of over 25 feet)
and is considered to have a recurrence interval of greater than 50 years.

The Gerwick Study also looked at pile sizes based on current velocities from tsunami events
occurring at 10-year, 25-year, and 50-year recurrence intervals. Preliminary pile sizes were
developed for hydraulic forces from these event recurrence intervals and relative cost estimates were
prepared, see Figure 7 {page 66). Based on the initial 5-29-2009 cost estimate to rebuild the inner
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boat basin marina of $13.3 million, the approximated costs to construct the inner boat basin marina to
withstand a tsunami at 10-year, 25-year, and 50-year recurrence levels would be as follows:

Tsunami Design Event Est. Cost Replacement Cost Per Year
10-year $18 million (est.) $1.8 million
25-year $19 million (est.) $760,000
50-year 321 million (est.) 3$420,000

There is a substantial increase in cost ($13.3 million plus 35 million) to address a 10-year tsunami vs.
ignoring the obvious reoccurrence of tsunamis at Crescent City, However, there is a gradual increase
between the 10-year, 25-year, and 50-year tsunami design events with a reduced expected cost of
replacement per year,

The study also includes a probability and risk analysis. In addition, a probability matrix for the service
life and design return period was prepared. The matrix determined that the probability of significant
damage to a project with a 25-year service life from a tsunami with a 50-year return period was 40%.
The typical design combination for most commercial and residential structures is a 50-year service life
and a 100-year event return period, which results in a damage probability of 39% (See Exhibit 6, Risk
Analysis formula, on'page 67)). Therefore, the damage probability for both a 25-year service life with
a 50 year return and 50-year life with a 100-year return are similar, For comparison purposes, should
the tsunami return interval be changed to a 25-year tsunami with a 25-year service life, the resultant
damage probability is 64% which is greater than 50% and, therefore, generally not an acceptable
damage probability for a project of this scope. See Table 1, Design Life and Risk of Occurrence
{page 68). The following table summarizes how this probability changes as the design period
changes for a marina with a 25 year expected life.

Probability of Destruction

Design Period
10 years 25 years 50 years
25 year exp. Life 93% 64% 40%

If a marina with a 25-year expected life is only designed to resist a wave that occurs on average
every 10 years, the odds are 93% (virtually certain) that it will not survive to the end of its expected
life. Even if the marina is designed to withstand a 25 year wave, it is still more likely that it will be
destroyed before the end of its expected life than it is to survive. Only by designing to the 50 year
event does the probability of the marina surviving until the end of its expected life exceed the
probability of destruction.

It should be noted that the inner boat basin was compieted in 1972 and, therefore, has only been
exposed to one significant tsunami event since it's construction; the subject November 2006 tsunami
which resulted in substantially damaging the inner boat basin. The Naovember 2008 tsunami was
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determined by the Gerwick Study to be equivalent to a 15-year event. Of the four significant tsunamis
in the last 60 years, two exceed the 2006 tsunami in strength and the third is very close to the
magnitude of the 2006 tsunami. (The fourth tsunami is the 2006 tsunami.)

Choosing an alternative with less than a 50-year tsunami design event would not significantly affect
the mitigation measures or conditions related to the actual construction activities. Constructing an
alternative with less than a 50-year tsunami design is feasible if the permitting agencies specifically in
their approval actions allow a less than 50-year tsunami event as the basis for the design. Choosing
an alternative with a less than 50-year tsunami design event would expose the public investment in
the inner boat basin rebuild to a much higher risk of damage from subseguent tsunamis and,
therefore, create an unnecessary additional future cost of public funds. Based on the information
above, a design which does not address a 50-year tsunami event is not recommended by the Harbor
District's consulting engineers; Stover Engineering and Ben C. Gerwick, Inc.

7.6 No Action Alternative [24 CFR 58.40(e)] (Discuss the benefits and adverse
impacts to the human environment of not implementing the preferred alternative).

The No Acticn Alternative (No Project Alternative) consists of leaving the marina in its present
condition, partially functional with deteriorated and damaged floats and pilings. Under this
alternative, both the potentially beneficial and adverse impacts of the proposed project would be
avoided. Adverse impacts which would be avoided include short term impacts related to project
construction such as air emissions associated with construction equipment, etevated ambient
noise levels, potential for sediment generation, and endangered species impacts. It should be
noted, however, that the magnitude of these adverse impacts associated with the proposed
project would be less than significant with the mitigation measures recommended. Thus, the No
Action Alternative would not avoid any significant environmental impacts, because none are
expected if the proposed rehabilitation of the inner boat basin takes place.

The No Action Alternative would not meet the goals and objectives of the proposed project
which are to provide the necessary infrastructure (water dependent marina) to retain the 182
FTE jobs at risk under the present conditions of the tsunami damaged inner boat basin.

7.7 Mitigation Measures Recommended {24 CFR 58.40(d}, 40 CFR 1508.20]
{Recommend feasible ways in which the proposal or external factors relating to the proposal
should be modified in order to eliminate or minimize adverse environmental impacts.)

1. A Storm Water Pollution Prevention Plan, Erosion Control Plan, a Hazardous
Materials Management/Spill Response Plan, and related BMPs will be required of
the contractor or contractors to reduce, to the maximum extent possible, the volume,
velocity, and pollutant load of storm water and dry weather flows from leaving the
project site during construction and from the staging area during construction activity.

2. At all times during construction activities, the contractor or contractors shall minimize
the area disturbed by excavation, grading, or earth moving (if any) to prevent
excessive amounts of dust. During periods of high winds (i.e. wind speed sufficient
to cause fugitive dust to impact adjacent properties) the contractor or contractors
shall cover or treat exposed soils areas and active portions of the construction site to
prevent fugitive dust.
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7.8

10.

11.

12.

13.

Throughout construction, the contractor or contractors shall sweep adjacent paved
areas sufficient to keep any visible soil material and/or sand from the construction
activities from accumulating on the adjacent paved areas.

All trucks hauling graded or excavated matenial offsite, if any, shall be required to
cover their loads as required by the California Vehicle Code Sec. 23114, with special
attention to preventing spills onto public streets, roads, or highways.

The contractor or contractors shall ensure that all construction equipment is
maintained and tuned to meet applicable EPA and CARB emission requirements for
the duration of the construction activities.

The contractor or contractors shall minimize the number of vehicles and equipment
operating on site at the same time.

Construction equipment shall be properly muffled and shrouded to minimize noise
levels and maintained to prevent contamination of soil or water from external grease
and oil or from |leaking hydraulic fluid, fuel, qil, or grease.

All canstruction activities in the water of the inner boat basin shall be conducted only
between July 1 through October 15 of each work year.

Hours of construction activity shall be {imited to the hours of 7:00 a.m. to 7:00 p.m.
on weekdays and on Saturdays and 8:00 am to 5:00 pm on Sundays. Work on state
holidays is not allowed without prior approval of the Harbor.

Area C on the Gedik maps will be temporarily fenced between the project area and
the sensitive area to prevent trampling, vehicle activity, stockpiling activities, or other
construction activities. Installation of the temporary fence will be monitored by a
biclagical monitor.

All materials placed in the water of the inner boat basin, such as pilings, grouting,
and floats shall be nontoxic.

All debris, materials, damaged and destroyed items, sediment, and other materials
removed from the inner boat basin shall be disposed of at an approved disposal site.
The project will be designed to comply with Section 21.45.050 A.3 and Section
21.45.050 A.3.b of Chapter 21.45 "Flood Damage Prevention” of the Del Norte County
Code. As non-residential construction, the structural components will be capable of
resisting hydrostatic and hydrodynamic loads and effects of buoyancy, and will be
certified by a registered civil engineer that the standards of these sections are met.

Additional Studies Performed

Final Biological Assessment for NMFS Inner Basin Sea Wall Repair Project, Crescent
City Harbor District, FEMA-1628-DR-CA, PW #1387 April 2007

A Biological Report for Crescent City Harbor District Master Plan, prepared by Gedik
BioLOGICAL Assaciates, August 2005

Final Mitigated Negative Declaration, Crescent City Harbor District Harbor Master Plan,
SCH# 2005112008 December 2005

Dock Layout Options ~ Inner Boat Basin, a report by Stover Engineering Dated February

12,

2010

Crescent City Harbor Rehabilitation Tsunami Study, prepared by Ben C. Gerwick, Inc,
and Stover Engineering dated April 2010 (Executive Summary).
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Harbor District Master Plan (January 2006} prepared by RRM Design Group
Harbor District Master Plan Traffic study prepared by W-Trans

List of Sources, Agencies and Persons Consuilted [40 CFR 1508.9(b)]

Designated Sole Source Aquifers in EPA Region IX | " ./ .. nvfer ain
National Wild & Scenic Rivers Map ./ - .

Crescent City, Calif. and Sister Rocks Quadrangie 7.5 min. quadrangle maps published
by USGS

California Department of Fish and Game (CDFG) Natural Diversity Database (CNDDB)
Flood Insurance Rate Maps (panel numbers 0050E, 0205E, 0210E, 2015E, 0218E,
0220E, and 0331E) for Del Norte County prepared by the Federal Emergency
Management Agency

North Coast Unified Air Quality Management District (NCUAQMD) Particulate Matter
Attainment Plan 1895

USFWS Maps of Coastal Barrier Resources System
fws.gov/habitatconservation/coastal barrier.html

U.S. Department of Housing and Urban Development HUDnoise.com

California Employment Development Department Labor Market Information Division
(April 16, 2010 Industry Employment & Labor Force March 2009 Benchmark)

Richard Young, CEO, Crescent City Harbor District

Ms. Heidi Kunstal, Deputy Director of Building and Planning, Del Norte County

Mr. Randy Hooper, Planner, Building and Planning Division of Del Norte County
James R. Baskin, Coastal Planner, California Coastal Commission North Coast District
Office

Steve Wakefield, Fire Chief of Crescent Fire Protection District and Fire Chief for the
City of Crescent City

Paul Mc Andrews, Facilities Manager, Crescent City Harbor District

James Bernard, Airport Director, Del Norte County Regional Airport

Rodney Jahn, Deputy Superintendent, Business Services Del Norte Unified School
District

Eugene Suksi, Chief Executive Officer Sutter Coast Hospital

Gary Blatnick, Director of Health and Social Services , Del Norte County

Kevin Hendrick, Director, Del Norte Solid Waste Management Authority

James Barnts, Public Works Director, City of Crescent City

Dean Wilson, Sheriff, Del Norte County,

John W. Pritchett, General Manager, Del Norte Ambulance

Dave Imper, Ecologist, USFWS, Arcata Fish & Wildlife Service Office

Ted Trenkwalder, Ben C. Gerwick, Inc.

Dale Miller, Chairman, Elk Valley Rancheria

Vicky Bates, Coordinator, North Coastal Information Center, California Historical
Resources Information System

Building Tsunami-Resilient Communities in Humboldt County, California. Lori Dengler, Troy
Nicolini, Dan Larkin, Vicki Ozaki. Proceeding of Solution to Coastal Disasters: Tsunamis 2008
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Conference, April 13-16, 2008 in Turtle Bay, Oahu, Hawaii. Sponsored by COPRI of ASCE,
National Oceanic and Atmospheric Administration (NOAA), and US Geologic Survey (USGS).
Modeling Far-Field Tsunamis for California Ports and Harbors. Jose Borrero, Burak Uslu,
Costas Synolakis, and Vasily V. Titov. Coastal Engineering 2006, Proceedings of the 30"
International Conference, San Diego, California, USA, 3-8 September, 2006.

Tsunamis Affecting the West Coast of the United States, 1806-1992, James F. Lander,
University of Colorado, Cooperative Institute for Research in Environmental Sciences
(CIRES); Patricia A. Lockridge, NOAA, National Geophysical Data Center; Michael J.
Kozuch, University of Colorado, CIRES, and Department of Geological Sciences. United
States Department of Commerce, National Oceanic and Atmospheric Administration. National
Environmental Satellite, Data, and Information Service, December, 1993.

Tsunami Hazards: FEMA Coastal Flood Hazard Analysis and Mapping Guidelines Focused
Study Report. Shyamal Chowdhury, Eric Geist, Frank Gonzalez, Robert Macarthur, Costas
Synolakis. February, 2005.

Protection of Crescent City California from Tsunami Waves. Robert L. Wiegel March 5, 1965
Hurricane Preparedness Guidelines for Marinas. Section Il. Marinal Hurricane Design
Considerations.
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Figure 6
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Exhibit 4
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Figure 7

e S1Bq Sutdiojutal (e porea wimet m b
H 320 Je sieq sutorojut 0§ or O Of O 0
PUE [[JU13)310U0O YIm : , h . 08
sopid ad1d (9915 ¢, 0€ 03 sepid
JO 9415 pUB JoqUIMU SEJIIUL  —
5% — 00000055
J syoo( e sepd odid paxs b, be
01 su{1d 91910uv0 [BUOGUBALIOD - 000000018
poudd wmjal 1834050152 « SiWRes e R
H yooq e sad adud pposs ¢, be 000000°ST$
03 s311d 219 DUOD [BUOLIUBALOD — e shpr
pouad wIna1 18a£S2 010T & o I
Apuo sopid 313.0U00 [BUOUIALOD - a0
ouad wimnjaliesd o1 0 _
pou Jny JA0I0)O . 000000528

$SJDWIISS JSOD puD pouad uinjey

WEWRST IS0 PO

66



*gsa30xd

ZIeI3usH
0 0¢
3 %L'6t = ﬁlll @lu d
s |
ﬁu,..wlwl_n {sreok u W JU2Ad g} d
I
1>
1~ |9POW ~ UEsa —sunnng: _

SISAJOUD XSIY

a8ms
Pu® uLI0}s 10§ sa1eaA 06 JO
potd wmas popuswiwoosy —

SUONBIIPISUO))
USIS3(] QUBILLINY BULIRJA »

67

(u) s1eaA S$Z 01308
ST BULIBW 3y} 10} o[ uBISaq -

(d) udts p
Joj polad wingai 1ess-05 —

s191owesed udisa(g =




Table 1

uonEUIqUIO [Pa9]
uSisopeoldAL,  Ysuiuaeamby

ueY %NZT %81 %0t

%5 xE %z
%L ... NST XML %ET %9 % %E
%8 %9 ...  MNEE  XST %01 % %o
WE KL mv  MOP WZT NI % %5
N6 N8 KLS NP NEZ %I %0T %
%86 KB S X3S NeE %81 K %8
%66 XI6  NIL %D NOP  XEZ  XT %01
%N0OT %66  %E6  XIB K59 NIp  NLZ  %ST
%OOT  %00T  %00T %66 M5B MO WS  %OF
%00T  %00T %007 %00T %86 MEB %0  %0S
%00T %001  %00T %007 %0OT %6 %88 wSL (1) pousd
umisy
JqeI.a0e (1) o 20125 .
jou st pourad
uImad 14-Sz pue
a| 9o1Ames 14-ST

S2USB.LUND0 JO SU pup 8yl ubisaQg

68



Stover Engineering

Crescent City Harbor
Rehabilitation

Tsunami Study

May 2010

EXHIBIT NO. 7

APPLICATION NO.
1-10-035

CRESCENT CITY HARBOR
DISTRICT

TSUNAMI STUDY (1 of 87)




@ Ben C. Gerwick, Inc.

a COWI company

1300 Ciay Street, 7th Floor
Qakland, CA 94812

Tel. 510 B39 8972

Fax. 510 839 9715
www.gerwick.com

Stover Engineering
Crescent City Harbor Rehabilitation
Tsunami Study

May 2010
Report no. 2009-39-01
lssue no. Final

Date of issue 05-17-2010

Prepared MPJ, JNOT
Checked SHMI
Approved TWT




Crescent Gity Harbor Rehabilitation - Tsunami Siudy.

Table of Contents

1 Executive Summary
1.1 Background

1.2 Scope of Work

1.3 Report Outline

1.4 Findings

15 Conclusions

2 Project Information
2.1 Crescent City Harbor and Marina
2.2 Project Site

3 Tsunami Sources

4 Crescent City Tsunami History

4.1 Accounts of Past Significant Tsunami Events at Crescent City
5 Tsunami Wave Dynamics

5.1 Tsunami Travel Times

5.2 Tsunami Phenomena affecting Crescent City

6 Numerical Model Setup

6.1 Theoretical Background
6.2 Bathymetric Dataset
6.3 Design Wave Data

6.4 Model Calibration

7 Analysis of Velocity Field

7.1 Default Model Settings

7.2 Existing Conditions

7.3 Effect of Channel Deepening

7.4 Effect of Dredged Inner Boat Basin

7.5 Dredged Inner Boat Basin and Access Channel
7.6 Addition of Wall in Inner Boat Basin

8 Basis of Design

8.1 Project Information

8.2 Governing Codes and Regulations
8.3 Surveys and Datum

8.4 Dredging

PA200912009-1veporis\Crescent City Tsunam Sludy - Final rewised (05-17-2018).docx

W W w www

gy i

11
11

17
18
19

26
26
28
31
38

42
42
43
51
61
61
62

66
66
67
67
68




Crescent City Harbor Rehabilitation - Tsunami Study.

8.6
8.6
8.7
8.8

9.1
9.2
9.3
9.4

10

Scour Protection

Breakwaters and Slope Protection
Environmental Data
Hydrodynamic Loads

Summary and Conclusions

Methodology and Design Wave Parameters

Offshore Wave Transformation

Tsunami-Induced Flow Velocities in the Marina

Effect of Dredging and Structures on Tsunami Wave Action

References

PA20092008-29veports\Crescant City Tsunami Study - Fnal revised (05-17-2010).docx

69
69
69
73

81
81
81
81
82

83




Crescent City Harbor Rehabilitation - Tsunami Sludy, 3

1 Executive Summary

Ben C. Gerwick, Inc. has been retained by Stover Engineering to provide engineering design and ana-
lyses for remediation of damage incurred to the marina facilities iocated in the Inner Boat Basin of
the Crescent City Harbor.

1.1 Background

On November 135, 2006, a tsunami originating in the Kuril Islands across the Pacific struck Crescent
City, which resulted in extensive damage to the marina located in the Inner Boat Basin. The total
damages amounted to $9.2 million. Stover Engineering has been retained by the Crescent City Har-
bor District as part of the process of acquiring emergency funding to support rehabilitation of the ma-
rina.

1.2  Scope of Work

Ben C. Gerwick, Inc. has been retained 1o provide the detailed design for rehabilitation of the marina
facilities, including fingers and floats, access ramps, and appurtenances. Part of the work includes
analysis of the 2006 tsunami event and assessment of other such future events for the purpose of pro-
viding a basis for the structural engineering design needed for remediation of the marina floats and
appurtenances.

1.3  Report Outline

The objective of the study is to determine design hydrodynamic loads for the floating and fixed struc-
tures of the rehabilitated marina at the Crescent City harbor. In "Tsunami Sources", general informa-
tion on carthquake-generated waves are provided. Next, a design wave is defined in "Crescent City
Tsunami History” and "Tsunami Wave Dynamics”. Chapters "Numerical Model Setup" and "Analysis
of Velocity Field" focus on the effect of long waves on currents and circulation in the marina. The
definition of design load profiles concludes the analysis. These are presented in the last Chapter, "Ba-
sis of Design”, in the form of peak loads imparted on elements of the marina floating and fixed struc-
tures.,

1.4  Findings

Ben C. Gerwick has performed a wide range of numerical tests to uncover the origin and structure of
the current patterns developing in and around the marina during tsunami events. By covering different
cases pertaining to dredging conditions, a design velocity magnitude has been established correspond-
ing to a 50-year return period tsunami event, which can be used towards design of piles and floating
elements present in the inner boat basin.

1.5 Conclusions

Regarding offshore wave transformation within the region of the California/Oregon state ling in gen-
eral, and Crescent City in particular, the key findings are:
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¢ The presence of the Mendocino Escarpment tends to direct wave cnergy toward Crescent
City and the region around the California/Oregon state line;

o The escarpment, in essence a wall of partial height, reflects some of the wave energy car-
ried by the tsunami to the coastline located north of Cape Mendocino.

Based on numerical modcling focusing on the inner boat basin, it has been determined that;

e Regions of high velocity magnitude develop peak velocities of up to 20 fps in the access
channel and at the entrance to the inner boat basin;

e A pronounced clockwise circulation develops in the marina as a result of the tsunami
surges.

Finally, in light of the hydrodynamic loads expected to develop due to these high velocities, it is con-
cluded that:

e Variations in the velocity field near the floating structures due to dredging in the marina, in
the access channel, or a combination hercof do not appreciably affect the design loads;

e Thc addition of a solid wall in place of a floating structure at Dock H, with the intent to re-
duce the peak velocity magnitude in its vicinity is not effective. The wall does little but
displace the high velocities to another region of the marina, exposing other initially shel-
tered floating struclures to strong currents.

* A more open layout with shallower floats, capable of vertical inotion to ride out the tsu-
nami waves and allow currents to vent underneath offers a more (sunami-resistant solution.
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2 Project Information
2.1 Crescent City Harbor and Marina

Crescent City is located in the northern part of California, approximately 16 miles south of the Ore-
gon State boundary. Commercial and sport fishing boats operate out of the harbor. Waterborne traftic
in the harbor is in the receipt of gasoline and fuel oils. The long wharf in the western part of the hat-
bor is used by fishing vessels to offload fish. Citizens Dock, a Y-shaped pier is located on the north
side of the harbor (Figure 2.1). Several fish houses are on the pier, where fishing boats unload their
catch. The Inner Boat Basin features mooring floats for commercial fishing boats and can accommo-
date about 250 boats, ref. [01].

Figure 2.1 Aerial view of Crescent City Harbor and Marina (image courtesy of Crescent City Harbor
District).

2.2 Project Site

A dredged entrance channel leads north into the harbor to an inner harbor basin which extends around
the outer end of the inner breakwater. In March 2008, the controlling depths were 14.2 feet in the en-
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trance channel and 9.5 feet in the basin, ref, [01]. The western breakwater gives good protection from
north-westerly winds for vessels anchored in the outer harbor, but the outer harbor is open to the
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The approach to Crescent City Harbor is fraught with rocks and shoals. Round Rock is located south
of the entrance to the harbor (

Figure 2.2). Mussel Rock, only a few fect high, is located 0.6 miles southeast of Round Rock. A
rock, covered 7 feet, 700 yards to the south, pierces the free surface only in a heavy swell. Other cov-
ered rocks extend north to Whaler Island. Foul ground with many bare and covered rocks extends
nearly a mile offshore along the low but rocky coast northwest of Crescent City Harbor for 3.5 miles
to Point St. George, ref. [01].
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3 Tsunami Sources

Crescent City is located on the Northern Coast of California and is exposed to tsunami events occur-
ring along the Pacific Rim. This includes tsunami waves arising from subsea earthquakes in Alaska
and along the Aleutian Islands; continuing along the Russian Kuril Islands down to Japan and back
across the Pacific to the South American coast. Due to the frequent seismic and volcanic activity
along this rim, the zone is also known as the Pacific Ring of Fire.
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Figure 3.1 Pacific Ring of Fire (red) along active faults
around the Pacific.

Located in Northern California close to the Oregon state line, Crescent City is less exposed to earth-
quakes originating south of the Equator. The primary exposure is due to earthquakes in the upper part
of the Pacific along the Kuril Islands, Aleutian Islands, and Alaska. The Cascadia Subduction Zone
extends from Cape Mendocino in Northern California past Oregon and Washington into British Co-
lumbia. The Gorda Plate making up its southern portion presents the ncarest subsea fault region in
proximity to Crescent City, capable of producing large earthquakes and potentially very large (suna-
mis.

Figure 3.2 shows the common fault types arising from subsea seisinic activity. The Pacific is littered
with a complex mix of ridges, fracture zones, seamounts, and island chains. It can be inferred from
the fault types shown in the figure that crustal plates moving sideways to each other and plates mov-
ing away from each other won't produce large tsunami waves as no uplift of the water surface occurs.
It is in connection with seismic activity along the subduction zones that significant tsunainis can re-
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sult. As a subducting plate moves underneath a continental plate, friction can cause large stresses to
build up. When these stresses are released and an earthquake occurs, the front of the continental plate
may snap up, resulting in an immediate uplift of the ocean surface. This particular mechanism is the
one that causes tsunami waves to form during an carthquake'.

—

b "

f

Figure 3.2 Examples of fault 1yvpes associated with oceanic ridges and subduction zones (image courtesy of
USGS).

Figure 3.3 shows the progression of events that lead to generation of tsunamis along the subduction
zones around the Pacific Basin. The sequence of figures (left to right) show 1) Friction between sub-
ducting plate and overriding continental plate causes the plates to stick to each other; 2) Progressive
forward motion of the subducting plate results in a slow distortion and uplift of the continental plate;
3} The local friction is overcome by the built-up stresses and the continental plate slides back over the
subducting plate. The result is an earthquake and immediate uplift of the ocean off the coast; 4) The
water displaced during the earthquake falls back to the ocean level, forming waves which propagate
away from the fault zone. The waves coming towards shore may reach land within minutes and may
cause devastation. The waves radiating offshore can travel across the Pacific Basin and cause devas-
tation along the shorelines they encounter.

' Tsunamis may be triggered by other sources, such as large landslides, for example.
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Figure 3.3 Earthguakes and tsunami generation along subduction zones (reproduced from ref. [03]).

Figure 3.4 shows the extent of the Cascadia Subduction Zone running along the coast from Vancou-
ver Island to Cape Mendocino. Crescent City, located close to the state line between California and
Oregon, is likely susceptible to tsunami waves arising from a partial rupture associated with seismic
activity around the Gorda Plate (lower part of figure).
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Figure 3.4 Potential rupture zone along the Cascadia Subduction Zone
(Image courtesy of Geological Survey of Canada, NRCan).
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4 Crescent City Tsunami History

The following Table 4.1 provides a log of historical tsunami events on record for Crescent City.
Highlighted rows indicate stages of construction of the main harbor and marina.

Date Origin Earthquake Wave Comments
' Magnitude | Height [m]
1/26/1700 | Cascadia 8.7-9.2 - Widespread damage and submergence.
1856 First whait built on Whaler Island.
1920 Initial construction of outer breakwater.
4/1/1946 | Aleutianlsl. | 8.1 0.90 Recorded.
1950 Citizen's Dock Buiit.
11/4/11952 | Kamchatka 9.0 0.72° 4 boals sunk, buoys moved.
3/9/1957 | Aleutian Isl. 8.6 0.70 Recorded. ]
5/22/1960 | Chile 9.5 1.70 $30,000 damage, 2 ships destroyed,
others damaged.
10/13/1963 | Kuril 1sh. 8.5 0.50 Recorded.
3/28/1964 | Alaska 9.2 4.85 $15M damage, 29 city blocks flooded,
11 fatalities, 35 injured.
1964 Quter breakwater built up and reinforced.
5/16/1968 | Japan l 8.2 0.60 Recorded.
1972 Inner Boat Basin and Marina Built.
4425/1992 | N. California 7.2 0.60 Oscillations in harbor, 4™ wave highest.
9/1/1994 | Mendocino 7.0 0.14 Recorded on tide gauge 45 minutes after
earthquake.
10/4/1994 | Kuril Isl. 8.4 0.50 Recorded.
6/22/2001 | Peru 8.4 0.40 Recorded.
12/26/2004 | Indonesia 9.2 0.42 Recorded.
7/15/2005 [ N. California 7.2 0.10 Recorded.
11/15/2006 | Kuril Isl. 8.3 0.88 $9.2M damages to boat basin.
1/13/2007 | Kuril Isl. 8.1 0.23 Recorded.
9/30/2009 | Samoa 8.0 0.30 Recorded.
Table 4.1 Tsunami record event log for Crescent City, ref. {04], ref, [05].
4.1 Accounts of Past Significant Tsunami Events at Crescent City
4.1.1 November 15, 2006 Kuril Islands Tsunami

According to published sources, ref. [06], the following approximate timeline of events can be out-
lined for the November 15, 2006, tsunami at Crescent City.

* Ref. [1] reports an initial rise of 0.5 m (1.7 feet), a maximum rise of 2.1 m (6.8 feet), and a wave period of 25 mins.
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Time Event Time after Quake
[PST] |Hours:Minutes]
3:14 AM | 8.3 M,, earthquake takes place in the Kuril Island chain. 0.00 hrs
6:42 AM | Tsunami event bulleting are cancelled. 3:28 hrs
11:34 AM | Waves arrive along California Coast. 8:20 hrs
11:48 AM | First waves arrive at Crescent City 8:34 hrs
1:00 PM | Strong surges commence at Crescent City. 9:48 hrs
2:00 PM | Docks in marina begin to break up. 10:46 hrs
2:30 PM | Largest waves arrive. Strong current outflow. 11:16 hrs
3:40 PM | Currents are still strong. 12:26 hrs
Table 4.2 Record of events of November 15, 2006, tsimami at Crescent Ciy.

Several hydrodynamic effects were observed during the tsunami event, including clockwise circula-
tion of water in the harbor basin, and very strong current flows at the entrance to the Inner Boat Ba-
sin. These currents appeared to be the main cause of the damage incurred to the marina in the Inner
Boat Basin. The Harbor Master observed the currents to be severe like a river flow. Flow velocities
were estimated to 12 knots (13.8 mph), Ref. [06]. It was also noted that sea lions were unable to
swim against the currents, which confirms that the currents were in excess of 10 knots (11.5 mph)
(sea lions can advance at burst speeds of up to 25 mph, but generally swim at approximately 11 mph).

Figure 4.1

— — - —T—awn
I

Damage to floats in Inner Boat Basin as a result of the 2006 Kuril Islands isunami event

(courtesy of Prof. Lori Dengler, Humboldt State University).
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4.1.2 March 28, 1964 Alaskan Tsunami

On March 28, 1964, a magnitude 9.2 earthquake originating in the Prince William Sound in Alaska
produced a tsunami that heavily affected the West Coast of the U.S. At Crescent City there were 11
fatalities and damage resulting from the tsunami exceeded $15M.

The first wave that arrived at Crescent City came at 11:39 PM just after high tide. The wave height
was 4.8 feet and the wave period was about 29 minutes. The second wave observed was smaller than
the initial wave, but the third wave was estimated to have been sixteen fect above MLLW and was at
least a foot over Citizens Dock. According to Ref. [07], the drawdown following the third wave was
described as exceptional and the water was reported to recede to 3/4 of a mile beyond the outer
breakwater. Most of the damage occurred as the fourth and largest wave came in around 1:40 AM.
The wave amounted to a height of 20.8 feet above MLLW, ref. [07]. Logs. vehicles, and debris car-
ried by the waves augmented the damage done by the water.

The port facilities and 29 city blocks containing 172 business, twelve house trailers, and 91 homes
were damaged or destroyed. ‘Twenty-one boats were sunk and only a few boats escaped by taking to
the open sea.

Figure 4.2 Cars floated and stacked up by tsunami waters, ref. [07].
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——

Figure 4.3 View of Second Street looking west from L Street. Note typical debris in the foreground and
buildings floated and moved into the street in the background, ref. [07].

4.1.3 May 22, 1960 Chilean Tsunami

On May 22, 1960, a magnitude 9.5 earthquake off the coast of Chile produced a tsunami, which local-
ly reached a wave height of 25 meters (82 feet). As the waves propagated across the Pacific they
caused widespread damage. At Crescent City, three comunercial fishing boats were sunk and some
damage incurred to the dock facilities. Many tons of debris was left in the lower part of the harbor.

The tsunami waves arriving at Crescent City consisted of a number of 8.5 foot surges, followed by a
13-foot wave around noontime, which caused flooding in parts of the city to the southeast. Around
midnight, another series of surges took place. Front Street was flooded from H Street to the east, and
Second and Third Streets were flooded from I Street to the east. The southern portions of I, K and L
Streets and the portion of Highway 10} coming into the city were also flooded. The flooding depo-
sited logs and debris everywhere, thereby literally covering Front Street.
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Figure 4.4 Inundation at Crescent City’s Citizens Dock caused by May 22, 1960 Chilean tsunanvi, ref. {07].

The most severe damage was in the vicinity of Citizens Dock (See Figure 4.4). Three commercial
fishing boats were sunk: the 50-ft (15.24 m) Ethyl G., the Ida Mac and the Andy N. The Andy N. had
been beached for repairs and was picked up from the beach by a wave and floated into the basin
where it sank. Other boats suffered considerable damage. The Ethyl G. and Ida Mae were moored
fore and aft and were swamped when they drifted crosswise to the retreating current. Most other boat
owners were able to loosen their boats from the moorings and ride out the waves within the harbor.

The tsunami surges caused relocation of sediments within the harbor. Soundings showed that twelve
feet of sediments were deposited in some parts of the harbor. A steel pile retaining wall at Citizens
Dock parking lot partially faited due to the scour of six to seven feet of sand from the seaward toe and
increascd hydrostatic pressure behind the walls during drawdown. A timber pile mooring dolphin
located near the harbor side of the inner breakwater was carried away presumably as a result of scour-
ing of sand at its base and the force of the currents.
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4.1.4 November 4, 1952 Kamchatkan Tsunami

On November 4, 1952, a magnitude 9.0 earthquake occurred in Kamchatka, which produced a 42.6 ft
(13 m) wave locally. Four boats capsized and sunk at Crescent City and 60-ton mooring buoys were
moved. The wave was described as a "high tide", and it was reported that four strong surges came in
beginning around 8 PM and produced currents estimated to run at 6 inph. Fishing boats tied fore and
afl to their moorings would rise as high as the moorings permitted. The swift currents caught their
keels and turned four boats completely over and sank them. A fifth boat was overturncd but righted
itself.

4.1.5 April 1, 1946 Aleutian Islands Tsunami

On April 1, 1946, a magnitude 8.6 earthquake took place in the Aleutian Islands and produced a 115-
foot (35 m) tsunaini wave locally. The tsunami was observed throughout the Pacific Basin. At Cres-
cent City, a wave amplitude of three feet and a twelve minute period was recorded.

The event was notable due to the damage reported elsewhere around the Pacific Rim and Hawaii, and
resulted in the creation of the Pacific Tsunami Warning Service, the development of tsunami travel
time charts, and a focus on international research and cooperation.

4.1.6 January 26, 1700 Cascadia Tsunami

There is evidence in historical records from Japan that a disastrous tsunami, aptly named the Orphan
Tsunami, encroached upon its shores on January 26 in the year 1700. Comprehensive research by
USGS and the Geological Survey of Japan has uncovered that the tsunami was a result of an earth-
quake in the Cascadia Subduction Zone of North America. The magnitude of the carthquake ranged
from 8.7 t0 9.2, ref. [08]. At that time there was no written documentation of the event. However,
stories from tribes of the native peoples of Cascadia provide accounts of events of "flooding from the
sea”, which may have been associated with tsunamis.

Ref. [08] estimates that the rupture along the Cascadia Subduction Zone extended about 680 miles
(1,100 km) along the coast from Vancouver Island to Cape Mendocino. The quake caused the sea
floor to rise several meters, while land near the coastline fell as much as 2 meters. The tsunamni may
have reached a height of as much as 33 feet (10 m) along parts of the Pacific Coast. Analysis of geo-
logical records reveals that seven such past events have occurred at intervals ranging from 200 to
1,000 years with an average of about 500 years, ref. [08]. It is not given that future seismic events
along the Cascadia Subduction zone will produce a full rupture along the majority of the fault. It can
also happen that ruptures occur along limited portions of the fault, producing earthquakes of lesser
magnitude. Studies of future potential rupture scenarios on the Cascadia Fault can be found in

ref. [09].
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5 Tsunami Wave Dynamics

Due to their long wave periods, tsunami waves can be considered as small-amplitude, shallow-water
waves, ref. [10] and [11]. The propagation speed of the initial wave disturbance at the site of the sub-

sea carthquake can be obtained using C = 1/g -d , where C is the propagation speed of the wave, g is

the acceleration due to gravity, and d is the ocean water depth. For example, for the April 1, 1946
tsunami it was found that the average wave speeds ranged from 375 to 490 miles per hour [12]. The
travel time, 7, between the origin and a given destination can be estimated as 7 = L/C where L is the
distance between the two sites.

As the tsunami propagates across the ocean, its wave height may be less than a foot. However, as the
tsunami wave front propagates into shallower water it slows down due to the decrease in water depth
{see above equation for ). The offshore portion of the wave will be in deeper water and therefore
catches up to the slowing wave front. The effect is that a mass of water builds up resulting in an in-
crease of the wave height. This process is calied shoaling and is illustrated in Figure 5.1. The
process of shoaling may progress to a point where the wave becomes so tall and steep that it is no
fonger stable and curls over into a breaking wave or bore’.

Figure 5.1 Transformation of tsunami wave from offshore to near-shore due 1o shoaling (reproduced from

r )-

Before fully addressing the problem of a tsunani wave propagating toward Crescent City, it is useful
to first consider the basic principles that govern wave transformation. The simple shoaling of a shal-

1
low-water wave can be estimated by: H, = H, - (-gi) 4, ref. | 10], where H; is the wave height in
z

shallow water, H; is the wave height in deeper water, d; is the water depth in deeper water and d; is
the water depth in shallow water. As the wave passes over the coastal shelf, which represents a rela-

* In some coastal areas adjacent to deep open waters, large tsunami waves may not break and appear like a fast mowv-
ing tidal bore.
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tively abrupt change in water depth, a portion of the wave energy will be reflected back into deep wa-

ter and the remainder will transition over the shelf into shallower water. The height of the transmitted

. 2Jd; . -
wave, H, can be estimated by: H, = H; - ﬁd_ , where d|, is the initial water depth, 4> the water
1 2

depth under the transmitted wave, and £, the incident wave height.

A wave with a height of four inches propagating across the pacific may therefore increase to approx-
imately two feet in height as it comes in across the coastal shelf into shallower water. 1t should be
noted that the aforementioned method is approximate and cannot be used to estimate near-shore tsu-
nami wave heights with a high degree of confidence as several important effects of wave dynamics
are not taken into account. In fact, when examining findings of detailed computations of tsunami
propagation such as Figure 5.5, it is evident that these simple methods only describe the rudimentary
effects, while the overall picture presents a highly complex interaction between the tsunami waves,
seabed topography, seamounts, and shorelines. Yet, these simple calculations are useful to estimate
the scale of transformation that occurs as a tsunami wave approaches Crescent City.

5.1 Tsunami Travel Times

The simple relationship between the tsunami wave propagation speed and local water depth means
that the travel time for a tsunami to reach a specific destination can be pre-deterinined with reasona-
ble accuracy. Figure 5.2 from ref. [13] shows the time it takes for tsunami waves originating along
the seismically active zones of the Pacific to arrive at Crescent City. It can be seen that the travel
time for tsunamis originating in Alaska is 3-4 hours, from the Aleutian Islands 5-8 hours, Kainchatka
Peninsula and Kuril Islands 8-9 hours, Japan 9-12 hours. Likewise, the travel time for tsunaini origi-
nating along the South American coast ranges from 9 to 17 hours. The travel time for a tsunami gen-
erated along the Cascadia Subduction Zone running along the California, Oregon, and Washington
coastlines would be less than 2 hours and as little as 30 minutes for a subsea quake near Crescent
City,
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2

Figure 5.2 Tsunami wave propagation times (in hours) for arrival ai Crescent City, CA, ref. [13].

5.2 Tsunami Phenomena affecting Crescent City

It has been observed in some cases that ports and harbors located in the lee of the apparesnt tsunami
wave direct path experience higher waves than sites that are not sheltered. For example, along the
California Coasl, the bays that had the most protection from the direction of approach of the April 1,
1946, tsunami had the largest rise in water level. For example, at Monterey Bay there was practically
no wave at the south side of the bay, but the water level rose 10 feet at Santa Cruz on the north side of
the bay [12].

5.21 Offshore Focusing of Tsunami Wave Energy

In order to examine the propagation of tsunami waves and investigate effects of resonance, trapped
waves and edge waves along the coastal shelf, a numerical model has been set up which encompasses
the West Coast of the U.S. Figure 5.3 shows the main model domain and seabed topography utilized
for propagation of tsunami waves from offshore to the coast. The model has been run with various
angles of incidence for waves offshore associated with tsunamigenic events in Alaska, along the
Aleutian Islands, and along the Kuril Islands.
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Figure 5.3 Seabed topography utilized for numerical model of U.S. West Coust (note vertical
scale exaggerated to highlight features on seabed).

Figure 5.4 provides an indication of the ocean wave dynamics for a tsunami approaching the West
Coast of the U.S. from across the Pacific. The green area indicates the U.S. West Coast and land-
mass, while the yellow and orange colors represent the offshore seabed topography. Overlain in
black lines are contours of wave height for tsunami waves approaching from the west. It can be seen
that a focusing of the tsunami wave energy takes place along the coastline between Cape Mendocino,
CA and Port Orford, OR.
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Figure 5.4 Wave height contours and false color image of ocean seabed topography off U.S. West Coast.

The focusing effect occurs due to the tsunami wave propagation being swifter south of the Mendoct-
no Escarpment. In this area, indicated by deeper amber colors, the water depth is deeper than in the
region north of the escarpment, indicated by the zone of yellow colors. The overall effect is that the
portion of the incoming tsunaini waves running south of the escarpment tend to turn north to impinge
on Crescent City. The same effect cases a dispersion and reduction in tsunami wave energy imping-
ing on the coast south of Cape Mendocino. Another effect is the rise in the seabed topography in the
region of the Mendocino Escarpment. The escarpment is essentially a wall of partial height (see Fig-
ure 5.3), which causes some of the wave energy propagating from the northern regions to reflect back
towards the coastline north of Cape Mendocino. Assuming that the escarpment reflection coefficient,

Ky, can be taken as K = %——— ‘:2;:', ref. [14], where /4, is the water depth at the toe of the submerged
z 1

slope and 4; is the water depth at the crest of the slope, the estimated reflection of wave energy
amounts to 12-19% of the incoming waves. Due to superposition of the incoming and reflected
waves, this would lead to a general increase in wave heights in the region offshore from Crescent
City. It is also possible that an increase in wave heights occurs due to a partial mach-stem effect as
waves reflected off the escarpment merge with the incoming waves to form a wave front.
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Similar findings were uncovered by Wiegel in his 1965 report on protection of Crescent City from
tsunami waves, ref. [25]. Recent research conducted by the Tsunami Research Group at the Universi-
ty of Alaska Fairbanks, Institute of Marine Sciences, Physical Oceanography, ref. [15], ref. [16], has
detailed these wave phenomena further. They also determined a delayed response for tsunami wave
propagation towards Crescent City associated with the Koko Guyot and Hess Rise seamounts (for the
November 2006 Kuril Islands tsunami). Other researchers have also found the presence of offshore
volcantc ridges and fracture zones to be of importance in directing tsunami wave propagation towards
Crescent City. Figure 5.5, which shows the maximum computed tsunami wave heights across the
Pacific Basin for the November 15, 2006 Kuril Islands tsunami event, clearly shows a swath of larger
waves reaching the area around Cape Mendocino and Crescent City.

Maximum amplitude
60t
400,
20t
{
208
408
60S
ao0s ,
120E 140E 160E 180 180W  140W 120w 100W  BOW
cm
0050 0 2 3 35 4 45 5 & 7 8 10 15 20 50 100700

Figure 5.5 Maximum isunami wave amplitude across the Pacific Basin resulting from
November 15 Kuril Islands tsunami freproduced from ref. [15]).

The same effect can be identified in research by others. In Figure 5.6 to Figure 5.9, reproduced from
ref. [17], a focusing of tsunami wave energy around Crescent City is noticeable in most tsunami
evenls occurring at sites along the northern Pacific Rim from Alaska, along the Aleutians, past Kam-
chatka and the Kuril Istands down to Japan. Most of these tsunami simulations clearly show a path of
higher waves reaching Cape Mendocino and the area of Crescent City.
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Figure 5.6 Maximum tsunami wave heights (cm) resulting from magnitude 9.2, 1964 Alaskan Tsunami {re-
produced from ref. [17]).
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Figure 5.7 Tsunami wave heights (cm) resulting from magnitude 8.9 carthquake along Alewtian Islands
(reprodiuced from ref. [17]).
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Figure 5.8 Maximum tsunami wave heights (cm) due to magnitude 9.0 earthquake along Kuril Islands (re-
produced from ref. [17]).
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Figure 5.9 Maximum tsunami wave heights (cm) due to magnitude 8.8 earthquake in Japan {veproduced

from ref [I7]).

5.2.2 Local Tsunami Resonance Phenomena

Ref. [16] investigates local tsunami resonance phenomena pertaining to Crescent City in detail and
concludes that the resonant periods of wave oscillation within the harbor and marina are around 14
minutes, 8 minutes and 5 minutes, while the resonant periods for the coastal shelf portion between
Crescent City and Patrick's Point were estimated at around 30, 25, and 19 minutes.

As the natural periods of oscillation of the harbor and marina basin are somewhat shorter than tsuna-

mi wave periods, which are typically around 10-30 minutes, ref. [07], it is likely that any augmented
wave agitation associated with tsunami waves is related to resonance on the coastal shelf outside of
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Crescent City. From an engineering perspective, this means that tsunami wave heights can likely not
be altered significantly through alteration of the port basins or outer breakwater. It is possible that
wave resontance might be partially resolved with an alteration of the port structure. However, such
modifications are not within the scope of this project. With that, the primary protection against inun-
dation by augmented water levels should focus on the incorporation of barriers and floodwalls rather
than alteration of the main layout of the port. However, alteration of structures within the port and
Inner Boat Basin might reduce the stroeng currents observed in connection with tsunami events. This
is investigated in detail in other sections of this report.
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6 Numerical Model Setup

6.1 Theoretical Background

The model utilized for the tsunami wave simulation is the BOUSS-2D model of the SMS, Surface
Modeling System, maintained by AquaVeo, ref. [18). A detailed description of the model can be
found in ref. [19] from which excerpts are included in the following,.

The BOUSS-2D model is a comprehensive numerical modet based on a time-domain solution of the
Boussinesq equations. These fully nonlinear equations are capable of describing highly asymmetric
waves in shallow water, wave-induced currents, wave setup close to the shoreline, and wave-current
interaction. The Boussinesg mass and momentum equations are coupled with a onc-cquation model
to emulate the temporal and spatial evolution of the turbulent kinetic energy produced by wave break-
ing. The equations have also been modified to include the effects of bottom friction and flow through
porous structures. The system of equations can simulate most of the hydrodynamic phenomena of
interest in coastal regions and harbor basins including shoaling; refraction; diffraction; reflection;
transmission; bottom friction; nonlinear wave-wave interaction; wave breaking; runup; wave-induced
currents; and wave-current interaction,

6.1.1 Constitutive Equations

The model is based on the Boussinesg-type equations derived by Nwogu (1993, 1996), which are in-
tegrated over the water depth to describe the propagation and transformation of irregular multi-
directional waves over water of variable depth. The equations are fully nonlinear and capable of si-
mulating steep ncar-breaking waves where the wave height is of the same order as the water depth.

The fully nonlinear form of the equations can be written as:

n: +V- uf =0
where 7, represents the water surface elevation, V is the del operator, and uy is the volume flux densi-
ty given by:
i
U = j udz
-h

Where u is the flow velocity at elevation z ranging from the seabed at z=-4 to the water surface at
z=r1. The depth-integrated flow velocity u,, is given by:

Uge + gV + (u,, . V)u,, +w, Vw, + (z, — q)[V(uc,,r - Vh) + (V . uar!)Vh] +
> [(zo + R)? = (h+)*1V(V - ug, ) — [(uay - VR) + (A + )V 1y VN +
[V(ug, - VR) + (V- ug VA + (2, + R)V(V  uy)]zq, = 0

Where g is the gravitational acceleration, and the volume flux density, , becomes:
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(h+ )
2
(zo + 1) (R +n)?

o[-

ur = (h+n) {u(, + [(zﬂr + h) - [V(u, - Vh) + (V- uy)Vh]

V(v ua)}

Effects of wave breaking are simulated by inclusion of an eddy viscosity term in the momentum eq-
uation. The equation takes the following form:

For =~y V(4 )V )

Where v, represents the turbulent eddy viscosity, which is determined from the amount of turbulent

kinetic energy, &, produced by wave breaking combined with a length scale, /, representing the di-
mension of the turbulent patterns.

v, = VkI,
The turbulent length scale, /,, is approximately equal to the significant wave height.

A one-equation model is employed to describe the production, advection, diffusion, and dissipation of
the turbulent kinetic energy, &, produced by wave breaking, which is given by:

B [ouy a1 ke
ke = —u, - Vk + 0V - V(vk) + B [(E) * (5) ] ¢

VG L

Where B is a parameter taking either the value 0 or 1 depending on when waves are breaking. C), and
o are empirical constants enabling the numerical model to be calibrated with experimental data.

6.1.2 Solution Method

The equations are soived using a time domain finite-difference method. The area of interest is discre-
tized as a rectangular grid with the water surface elevation and horizontal velocities defined at the
grid nodes in a staggered manner. Time-histories of the velocities and fluxes corresponding to inci-
dent storm conditions are specified along external or internal wave generation boundaries. The wave
conditions may be periodic or non-periodic, unidirectional or multidirectional. Waves propagating out
of the computational domain are absorbed in damping layers placed around the perimeter of the nu-
merical basin. Porosity layers can be placed inside the computational domain to simulate the reflec-
tion and transmission characteristics of structures such as breakwaters.

Solution of the equations is achieved using a finite-difference method based on a rectangular grid
with grid sizes Ax and Ay, in the x and y directions, respectively. The equation variables 1, u,, and v,
are defined at the grid points in a staggered manner as shown in Figure 6.1. The water depth and sur-
face elevation are defined at grid points (i,j), while the velocities are defined half a grid point on ei-
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ther side of the elevation grid points. The external boundaries of the computational domain corres-
pond to velocity grid points. Partial derivatives are approximated using a forward difference scheme
for time and central difference schemes for the spatial variables.

y
A

= X

Figure 6.1  Computational grid for finite difference scheme.

The numerical solution scheme ¢mployed to solve the equations in the time domain is an implicit
Crank-Nicolson scheme with a predictor-corrector method used to provide the initial estimate. The
first step in the solution scheme is the predictor step in which values of the variables at an interme-
diate time-step t = (n + 2)At are determined using known values at t = nAt, where At is the time-step.
The second step is the corrector step in which predicted values at t = (n+ '2)At are used to provide an
initial estimate of the values at t = (n+1)At. The last step involves iteration using a Crank-Nicolson
scheme until convergence is achieved.

6.2 Bathymetric Dataset

6.2.1 Components
This section provides an overview of the steps taken to compile the harbor bathymetry.

Hydrographic sounding data for the numerical model bathymetry have been obtained from the
NGDC, ref. [20] combined with data from the hydrographic survey provided by Stover Engineering
per 10-14-2009 for the Inner Boat Basin and associated structures, ref. [21].
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The bathymetric data has been compiled from GEO-DAS hydrographic and track-line survey points,
data points extrapolated from NOAA charts, and soundings provided by Stover Engineering. The
NGDC GEQ-DAS data provides data coverage for the coastal and offshore region, while the NOAA
charts cover the harbor and coastline in detail. The survey data provided by Stover Engineering is
specific to the Inner Boat Basin and provides high-resolution data for the marina and navigation
channel. Figure 6.2 provides a rendering of the bathymetry adopted for the numerical model simula-
tions.

The reference horizontal coordinate system utilized in the numerical model is UTM, Zone 10. Vertic-
al datum is MLLW at Crescent City Harbor. Calculations have been performed in the metric (SI)
units, which are inherent to the model.

6.2.2 Grid Definition

Because the model relics on a finite difference scheme, a Cartesian grid is constructed from the ba-
thymetric dataset. This is done as follows, The three bathymetric datasets described above have been
utilized to create a triangulated scatter set of data. The numerical model simulations have been per-
formed on a rectangular grid where the local water depth, as interpolated from the the triangulated
scatter set, is appended to each grid cell. The grid is oriented so that its main axes line up with the
marina so as lo optimize grid resolution in this area (see Figure 6.3). Each cell comprises a 33 ft by
33 ft (10mx10m) square patch. The specifics of the Cartesian grid are as described in Table 6.1.

Parameter | Description Value Unit

Xo x-coordinate of origin 398730.17 | m
Yo y-coordinate of origin 4621050.12 | m
WAy, Azimuth angle of the grid 315.00 degrees
D, Cell grid size, x-direction 10,00 |m
D, Cell grid size, y-direction 10.00 |m
N, Number of cells in the x-direction 307 -
N, Number of cells in the y-direction 353 -

Table 6.1 Definition of Cartesian grid adopted for numerical model simulations.

For computational purposes, cells with an elevation value greater than 0.0 {(above MLLW) are classi-
fied as land cells. Computations are only performed at ocean cells.
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v

Figure 0.2 Rendering of bathymetry utilized for numerical model.

6.2.3 Dredged and Non-Dredged Conditions

The bathymetry provided for the marina by Stover Engineering is highly detailed, allowing for a de-
tailed computation of wave-induced currents and recirculation within the Inner Boat Basin prior to
maintenance dredging. A close-up view of the data points is provided in Figure 6.3. The marina ba-
sin is noted to maintain a fairly constant water depth, and the navigation channel (at similar depths)
can be seen leading from the bottom left corner of the figure. A sand shoal accumulating along the
marina breakwater is noticeable approximately in the center of the plot.
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A !

Figure 6.3 Example of Cartesian grid adopted for numerical model (note grid aligned with
lnner Boat Basin to increase resolution),

6.3 Design Wave Data

The wave height, wave period and angle of incidence are the three key parameters defining the over-
all characteristics of incoming tsunami waves. These have been obtained through numerical simula-
tion and calibration, and from previously published studies.

6.3.1 Tsunami Wave Height

The design tsunami wave height is based on the study conducted by Wiegel, ref. [25]. A wave with a
return period of 50 years is selected for this project. It is input as the wave-generating boundary con-
dition. Based on Figure 6.4 overleaf the design wave height is:

Hy = 15.0 ft (4.6 m)
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Figure 6.4 Average frequency per year of tsunamis of equal or greater height,
reproduced from ref. {25},

For reference, it should be noted that the relationship between frequency, f, and return period, 7, is
S = 1/T, so that e.g. a frequency of 0.1 corresponds to a return period of 10 years,

The data included on Figure 6.4 covers tsunami events up until 1964. A re-analysis of the data in-
cluding tsunami events from 1965 to up to and including the Samoan Tsunami of Sep. 30, 2009 is
provided in Figure 6.5. In the figure, the blue dots represent the original data ending in 1964, while
the red boxes represent the data covering the period up until September 2009, The dotted black line
represents the average value of all of the recorded events,
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Several observations are immediately apparent, which underline the difficulty of associating return
periods with tsunami incidents, due to the fact that a tsunami with the potential to affect Crescent City
can originate at virtually any point around the Pacific Rim. While recognizing that it takes an earth-
quake of a certain magnitude and a particular fault slip to produce a tsunami, combined with the ef-
fects of transforination and dispersion that might occur to the wave during its transit, it is clear that
there is not a very direct path between cause and effect. This is illustrated by the following observa-

tions,

Between the original analysis of the tsunami events (blue dots) and the current re-analysis (red box-
es), it is clear that the average value (black line) could in fact take several paths, either shifting left or
right from its current location. The original data might suggest a steeper curve, while the re-analysis
might suggest a slightly flatter curve, which would make the large-scale events less frequent. For ex-
ample for the tsunami event of 23 May 1960 where a wave height of 10.5 feet was recorded, the sta-
tistical analysis yields a return period of such events of around 30 years. However, no such events
have occurred in the 50-year period since 1960. This might indicate that the average curve (dotted

black line) should be shifted to the right.
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Figure 6.5 Average return period of isunamis of equal of greater
wave height at Crescent City, CA.

P 2009200939V eportsirascent City Tsunami Study - Final revised (05-17-2010).docx @ B C. Gorwich



Crescent City Harbor Rehabilitation - Tsunami Study. 34

A similar observation can be made with regards to the November 2006 tsunari event at Crescent
City, which is highlighted in Figure 6.5 with a solid red square. Statistically speaking, this event
would have a return period of 12-13 years, which both of the analyzed data sets would seem to agree
on. However, taking this assumption as valid would mean that Crescent City should have been ¢x-
posed to damaging tsunami events fairly regularly since the 1960's, experiencing 3 or 4 of such events
where only one occurred.

The overall conclusion to these observations is that statistics are not very accurate when only a li-
mited number of events are available for analysis, and it also underlines that the frequency of occur-
rence of large earthquakes is very irregular. Historical records indicate that the time period betwecn
najor tsunamis can range from 20 to 200 years, which gives an indication of the uncertainty asso-
ciated with the statistical averages.

6.3.2 Tsunami Wave Periods

Tsunami wave periods are typically around 10-30 minutes, ref. [07]. Smaller periods associated with
lesser seismic cvents are likely also present, but have in the past not been recorded due to the difficul-
ty in registering a small tsunami wave, the amplitude of which might not be noticeable amongst the
scattered wind-driven waves along the coast. At the other end of the scale, periods larger than 30 mi-
nutes are also known to be associated with seismic events. These oscillations have historically also
been difficult to register as they may in many cases not be discernible from the cycle of tidal varia-
tions and changes in water level related to storm surges. Sloshing of the water body in the pacific
basin has been observed in relation to large seismic events such as the 1964 Alaskan earthquake,
where long-period oscillations related 1o the seismic event were noticecable for days following the
earthquake.

A histogram of tsunami wave periods recorded on the West Coast is shown in Figure 6.6. The histo-
gram represents the distribution of all tsunamis that have occurred on the West Coast of the United
States from 1806 to 1992, as reported in {07]. Tsunami wave periods recorded at Crescent City are
shown in red. The collection of available recorded events at this location is limited and is shown for
comparison only.
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Figure 6.6 Wave periods of tsunamis recorded on the West Coast of the U.S.

As shown in Figure 6.6, tsunami wave periods range from around 5 minutes to 90 minutes. A wave
period, 77, of 24 minutes has been selected for the design based on the eyewitness accounts summa-
rized in ref, [06] for the November 2006 tsunami at Crescent City, and other sources, ref. [07]. On the
plot above, 24 minutes corresponds to a cumulative exceedance probability of 58.70% when consi-
dering the tsunami events recorded on the West Coast within the time range described in the original
reference.

Tp =1,440s
The effects of tsunamis with varying wave periods are examined in the analysis portion of this report.

6.3.3 Angle of Incidence

Effect of Angle of Incidence

The angle of incidence orients the incoming tsunami waves with respect to the Crescent City harbor,
and its selection is important. For example, if waves approach approximately perpendicular to the
shore, significant agitation is to be expected within the harbor because the waves propagate directly
into the harbor, Conversely, if waves approach the harbor at an oblique angle, the hydrodynamics
can be expected to change. This is because a significant amount of reflection at the breakwater would
occur. Based on numerical tests performed for the present study, a significant time-lag between the
water surface elevations in the marina and in the region outside of the harbor was observed. Those
effects are particularly siriking when long-waves propagate into the harbor; this phenomenon is de-
scribed in further detail in the following sections of the report.
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Assessment of the Angle of Incidence

Based on the travel time associated with various earthquake and ensuing tsunami events, an approx-
imate offshore angle of incidence has been deterinined by tracing the norinal to the time-lapse isoline.
A Cartesian grid is superimposed to determine the offshore angle of incidence at the boundary of the
numerical model domain as illustrated in Figure 6.7.

Figure 6.7 Assessment of offshore tsunami wave angle of incidence.

In Figure 6.7, the darker shade of orange represents a meso-scale grid utilized to simulate the propa-
gation of a tsunami event originating at the Kamchatka Peninsula. The numerical model is run on the
meso-scale grid in order to propagate the tsunami waves to the near-shore region. After the run is
complete, the near-shore angle of incidence can be determined. Figure 6.8 shows an example of the
water surface elevation isolines for a tsunami wave propagation from offshore water depths to the
near-shore region around Crescent City.
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deg

Figure 6.8  Snapshot of a monochromatic tsunami wave surfuce
elevation from offshore to near-shore region.

Summary of angle of ineidence

The method of analysis outlined in the previous sections has been applied to four basic tsunami de-
sign conditions covering the Pacific Rim in the region directly affecting Crescent City. A fairly uni-
versal value for the angie of incidence of tsunamis at Crescent City was found, ranging from 5 to 7
degrees, measured as the angle between the horizontal West-East direction and a vector perpendicular
to the incoming wave crests. The values for each of the basic tsunami design cases are given in the
table below. Eventually, they serve to calculate the angle of incidence to be used as input in the wave
gencrating model boundary condition.

Event Origin Near-shore Angle of Incidence
Aleutian Islands 7°
Japan 5°
Kamchatka 5°
Alaska 7°
Table 6.2 Near-shore angle of incidence determined for

basic tsunami design scenarios.
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6.4 Model Calibration

6.41 Buoys

Under the charge of the National Oceanographic and Atmospheric Administration's (NOAA) Nation-
al Data Buoy Center (NDBC) are numerous buoys deployed along the coastlines of the Pacitic Basin
and at localities such as Crescent City.

DART Buoys

As part of the Deep-ocean Assessment and Reporting of Tsunamis (DART) program, a network of 39
stations (see Figure 6.9) has been deployed for the specific purpose of ensuring early detection of tsu-
namis. The DART buoys collect temperature and pressure at 15-second intervals, and implement a
tsunami detection algorithm that allows the system to report more detailed data during tsunami
cvents.

The DART buoy in closest proximity to Crescent City is buoy 46407, located 210 NM West of Coos
Bay, OR; it is indicated by the arrow in the figure below.
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Figure 6.9 Map of DART buoys located in the Pacific Basin (Source: NOAA NDBC).

Coastal Buoys
A large number of coastal buoys are located along the shores of the U.S. Two such buoys are located
near Crescent City as shown in Figure 6.10. One tidal station, Station CECC1 - 9419750 is located
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within the harbor at Crescent City at 41°44'42" N 124°11'0" W, The station reports wind direction
and speed, anmospheric pressure, air and water temperatures, and water levels.

The second buoy is located offshore and northwest of Crescent City at St. George's Reef. The station,
46027 (LLNR 562) is located approximately 8 NM west-northwest of Crescent City at 41°51'1" N
124°22'52" W. The station reports wind direction and speed; wave heights, wave periods and wave
direction; atmospheric pressure, air and water temperature, and wind chill.

101

Figure 6.10  Coastal NOAA buoys in proximity to Crescemt City.

Example water level data recorded during the 2006 Kuril Islands tsunami event for tidal station
9419750, located in Crescent City Harbor, is shown in Error! Reference source not found.. The
solid bluc line represents the astronomical tide water level as predicted by NOAA. The red data
points represent the total water surface elevation actually recorded, and the green data points
represent the difference between the recorded and the predicted tidal water levels. The record clearly
shows the tsunami event on November 15 in the afternoon. However, as the time interval between
consecutive readings is not that short, the actual tsunami waves are not captured but show up on the
record as scattered data points.
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Figure 6.11

Water level variations recorded at Crescent City during the 2006 Kuril Islands tsunami.

Oftshore from Crescent City, DART buoy 46404 located northwest of Crescent City also captured the
2006 Kuril Islands tsunami event. At this localion, where the ocean water depth is around 8,982 fi
(2,737.8 m) the approaching tsunami was recorded as a wave with a height of just 2.6 inches

(6.5 cm). The event is highlighted in red in Figure 6,12 where the green curve indicates the tidal var-
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iation of the ocean surface. It can be noted that in the deep waters offshore, the tsunami wave is bare-
ly discernible amongst the small fluctuations associated with recording of the tide.

Hater Column Height at Station 46404
Image Credit: NDAA/NWS/NDBC

2738.00

2737.80

2737 .60

meters

T T T 7T

2737 .40

2?37.20 |||J||lllL1-l|14_LJ|_LI|J_nl|_L.

11715 11/15 11715 11/15 411/16 11716 11/16 11/16
20 GHMT 21 GMT 22 GHT 23 GMT 00 GMT 01 GMT 02 GMT 03 GMT
1-min 15-sec

Figure 6.12 2006 Kuril Islands tsunami recorded ofishore from Crescent City.

The event illustrates the dramatic transformations tsunami waves undergo as they propagate from the
deep ocean waters onto the coastal shelf and into shallow water.
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7 Analysis of Velocity Field

In this section, the design wave is propagated into Crescent City Harbor. The actual dredging condi-
tions are likely to change during the project design lifespan. Therefore, the impact of dredging is also
investigated in this section. Here, only the flow structure in and near the inner boat basin is analyzed.
The bathymetric changes of interest are:

e Dredged conditions to 15ft below datum in the access channel;

¢ Dredged inner boat basin to 12ft below datum;

e Addition of a solid wall in place of a marina float to act as a flow deflector.
In addition, model runs are performed as sensitivity analyses so as to evaluate the impact of wave pe-
riod and tidal offset on the velocity distribution in the marina:

e Maximum velocity vs. design wave period

s Maxiium velocity vs. tidal offset

The wave height and tidal adjustments used in each test case are indicated in the text. Together, these
investigations serve to better understand the effects of long-wave propagation into Crescent City har-
bor and its effect on the magnitude of flow velocities in the marina; and the structural and hydraulic
changes that can potentially affect its behavior and modulate the intensity of the recirculation patterns
in the inner boat basin.

71 Defauit Model Settings

7.1.1 Wave Parameters

The design wave height is 15 ft (4.57 m); the wave period is 1440s with a tidal offset corresponding
to MHHW (+2.1 m above datum) unless otherwise indicated.

7.1.2 Numerical Model Parameters
The numerical parameters used for the model runs are indicated below.

e Damping layers ("sponge layers") of 75m, with a damping coefficient of 0.1 are added
along the land cells adjacent to ocean cells; these layers are used to minimize wave reflec-
tion on the shoreline. As such, they help reduce numerical instabilities;.

e The Chezy coefficient is left to its default value of 30;

e Smagorinsky coefficient of 0.5;

e Turbulent length defined as the design wave height, i.e. 15ft (4.57m) by default;
¢ The duration of the simulation is set to 4815.2s;

¢ Timestep of 0.1s; this corresponds to an estimated Courant number of 0.3;

s Model output is set to echo every 24s; to begin at 0.0s and end at 4815s;

* No porosity layers or additional current data are used in this study.
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7.2  Existing Conditions

The "existing conditions" refer to the original, unmodified bathymetry as defined in Section 6.2. This
is unlike the "dredged conditions”, where the new access channet and/or inner boat basin depths have
been reflected in the bathymetry defined in Section 6.2.2.

The design parameters outlined previously have been applied to establish flow patterns in the inner
harbor boat basin when no dredging has occurred. It was determined that magnitude of the flow ve-
locity in the marina was a function of the tsunami wave height, while the overall flow patterns were
found to be relatively unaffected by tsunami wave parameters and tidal varialions tested.

7.2.1 Flow Patterns within the Marina

In this section, an overall description of the flow patterns observed in the harbor serves as an intro-
duction to the detailed visualization of the velocity field developing in the inner boat basin.

Overall Description

The flow patterns developing in the marina due to tsunami-induced waves, modeled here as a series
of monochromatic long waves, are striking in their regularity and structure. There is a significant de-
lay between the time when the water surface in the outer region reaches its peak elevation and the wa-
ter surface within the harbor achieves its local maximum. Likewise, peak water surface elevations in
the harbor basin and the Inner Boat Basin do not occur simultaneously. Therefore, at times during the
tsunami event, there exists a large hydraulic head between the three subzones, namely the harbor ba-
sin, the Inner Boat Basin and the region outside of the harbor. This hydraulic head leads to strong
currents developing in confined areas, such as the access channel and ncar the tips of the various
breakwaters present in the harbor.

To illustrate this effect, the velocity magnitude® is shown as a tsunami wave propagates into the har-
bor (Figure 7.1). Regions of progressively higher flow velocity magnitude are indicated by yellow,
orange, and red colors; a color bar is shown for scaling; the color scheme and matching values apply
for all the figures shown in this subsection. This particular simulation was conducted at MHHW,
which corresponds to a tidal elevation of 6.89 ft (2.1m) above datum. For these design tsunami-
induced waves, with a recurrence interval on average of 50 years, the peak velocities in the marina
reach 19.26 fps (5.87 m/s).

A tsunami-induced wave height of 6.4 feet (1.95 m) corresponding to a tsunami event with a 25-year
return period yields peak velocities that reach above 9.84 fps (3.0 m/s) in the marina and 13.12 fps
(4.0 m/s) at the tip of the main breakwater. This design test case is not shown here because it was
observed that the flow field structure is not appreciably affected by the design wave height.

¥ Unless otherwise indieated, throughout the text the term "velocity” refers to the wave-induced velocity magnitude.
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Figure 7.1 Overview, velocity contour plot, MHHW. Areas in red indicate regions with maximum velocity
recorded in the marina. Snapshot shown ar 00:50:00 (hh:nun:ss)

Inner Boat Basin Velocity Field

As the tsunami wave propagates into the harbor, a noticeable jet forms at the entrance and into the
Inner Boat Basin. Areas of high flow velocities are indicated in yellow and red colors. The areas of
high flow velocity within the harbor basin arise due to the substantial gradient present between the
regions of water outside of the harbor and within the harbor and marina having disparate elevations.
A close-up view of the velocity field in the Intner Boat Basin is shown overleaf,
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Figure 7.2 Velocity field, MHHW during inflow phase at timestamnp 00 50:00 (hhv:mni:ss).

As seen in Figure 7.2, the clockwise circulation in the inner boat basin is clearly visible. It can be ex-
plained by the principle of conservation of inass. As a large amount of water is pushed into the mari-
na, a change in elevation occurs. The fluid is then pushed along the main direction of the incoming
momentum. As it meets a solid wall, the fluid momentum is re-directed, forming two vortices on
each side of the jet. The primary flow path of the jet is clockwise.

By the time the leftmost, central vortex reaches full strength, the tsunami wave recedes. Water flow-
ing along the southeast wall then flows out of the marina. The core of the vortex is thus displaced
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northward by inertia, to atlow for the nascent current to become the main fluid carrier out of the ma-
rina. This is shown in Figure 7.3.

T

Figure 7.3 Velocity field, MHHW during outflow phase at timestamp 00:55:36 (hh:nim:ss).

Note that during the outflow phase, flow velocities are not as large as those occwring during the in-
flow phase.
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7.2.2 Maximum Velocities at Dock H

The velocity time series in the vicinity of dock H is extracied from the model. Dock H accupies a
critical spot in the marina and is the element subject to the highest hydrodynamic loads. Therefore, it
was deemed relevant to place an observation point at this location. The velocity magnitude variation
over time is shown in Figure 7.4 below. High velocities are reached in the marina entrance channel,
For reference, the coordinates of the extraction point are reported in Table 7.2 The point is shown in
Figure 7.2 and Figure 7.3 as a black dot.

Probe; access channcl; inner harbor basin
x-coordinate ~-coordinate
401524.2 4622400.7

fable 7.1 Dock H probe coordinates.
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Figure 7.4 Velocity profile at dock H probe, MHHW.

The wave-induced velocity magnitude is directly dependent on the tsunami wave parameters, the ba-
thymetry and the tidal elevation. To investigate the impact of tidal offset on maximum current veloci-
ty magnitude, in this section, the only variable is the tidal elevation. That is, the adjustment made to
the base water surface above the MLLW datum. It was observed that the structure of the flow ficld is
not appreciably impacted by varying tidal offsets. Additionally, it was noted that the largest point ve-
locity values in the inner boat basin were observed at the highest tide (MHHW). A more detailed
analysis of these effects is presented in a later subsection.
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7.2.3 Tsunami Wave Propagation Timeline

To complement the preceding discussion, a sequence of snapshots (Figurc 7.5 to Figure 7.8) is in-
cluded in order to facilitate an understanding of the hydrodynamics in a larger context. The velocity
magnitude is plotted in the figures below. The wave period is 24 minutes (1,440 seconds) and the de-
sign wave height is set to 15 ft. As the wave approaches the harbor, a gradient is formed between the
water body outside of the harbor and the water body within the harbor. Consequently, high flow ve-
locities develop at the mouth of the harbor, as seen at timestainp 00:21:15, As the wave propagates
into the harbor, it eventually reaches the inner boat basin, as seen at 00:24:00. A high-velocity jet
develops as il pushes through the marina. From the principle of conservation of mass, water circulates
in the basin, in a clockwise fashion. Eventually, the wave recedes, while a slowly dissipating vortex
maintains a high-velocity clockwise current pattern in the marina. In the figures that follow, all time-
stamps {ollow a hh:mm:ss standard.

Figwre 7.5 00:16:45. Figure 7.6 00:21:13,

Figure 7.7 00:24:00. Figure 7.8 00:27:30.

F \200612009-39veporisiCGrascent Gity Tsunami Study - Final revised (05-17-2010).docx @ Bon C.Serwick



Crescent City Harbor Rehabilitation - Tsunami Study. 49

7.2.4 Sensitivity Analyses

Two sensitivity analyses summarized in the following deal with maximum flow velocities relative to
wave period, and maximum flow velocities relative to the tidal offset.

Wave period and Maximum Velocity Magnitudc

The findings described in the following are limited to the region contained within the inner harbor
marina. Simulations have been perfonmed to determine the impact of varying the design wave period
on the current velocity magnitude and water level variations. It has been observed that the peak veloc-
ity magnitude recorded in the marina is not appreciably modified by a change in the design wave pe-
riod. The analysis has examined flow data extracted at four locations in areas where high velocities
develop. They are all located near the entrance of the marina basin. The probes are positioned so as to
optimize the data capture. Two time series have been extracted at each location; one for the velocity
magnitude and the other for the water surface elevation. Overall, it is observed that the velocity pro-
file remains relatively unaffected, whereas the maximum surface elevation in the marina is directly
related to the wave period. These effects are discussed hereafter. The probe locations coordinates
(UTM) are as follows:

x-position y-position
[m} jm]
| 401491.6 4622426
2 401508.7 4622410
3 401523.7 4622396
4 401538.7 4622382

Table 7.2 Location of probes.

b 4

Figure 7.9 Extraction location.
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A cumulative probability analysis of the range of tsunami wave periods recorded for the West Coast
of the United States has been performed. The following percentiles are obtained. It should be noted
that the 24-minute period taken as the design period in this report corresponds to a 58.7% cumulative

probability.

Cumulative Tsunami Maximum velocity Maximum water surface
Probability of | Wave Period | magnitude recorded at elevation above MSL
Occurrence [min] probes [ft/s] (3.7 ft above MLLW) [ft]
90.0% 45 min. 7.7 fps 10.0 feet
76.3% 35 min. 8.3 fps 8.8 feet
58.7% 24 min. 8.7 fps 7.2 feet
50.0% 20 min. 8.51fps 6.9 feel
20.6% 14 min. 8.3 fps 4.2 feet
Table 7.3 Magnitude of flow velocity and water surface elevation as a function of wave period.

The maximum flow velocities and water surface elevations in the marina basin, as recorded by the
probes, are shown in Table 7.4. The maximum water surface ¢levation is noted to increase as the
wave period increases. This is because the tsunami wave is somewhat comparable to a tidal wave
where more water accumulates in the marina as the time scale increases. This is due to the fact that
shorter wave periods are not sufficiently long in duration to allow the full amount of fluid to penetrate
inside the marina, before it starts receding. The maximum flow velocitics are noted to remain fairly
constant irrespective of the tsunami wave period. The values recorded below correspond to calcula-
tions involving only three monochroinatic tsunami waves generated by the wave-maker in BOUSS-
2D. In general, the largest sampled values occurred during the second wave cycle,
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Table 7.4 Maximum flow velocity magnitude vs. design wave period and tidal offset. Left.: Maximum flow

velocity in /nner Boat Basin. Right: Maximum water surface elevation in Inner Boar Basin.

The above results do not provide a complete coverage of the velocity field at all locations in the Cres-
cent City harbor. Rather, they focus on the region of interest, namely the inner boat basin, whose
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structural elements are to be designed against tsunami-induced drag loads. The maximum velocity
amplitudes are not significantly affected by variations in the design tsunami wave period.

Maximum Velocities at Dock H Relative to Tidal Offset

The wave-induced velocity intensity is directly dependent on the wave parameters, the bathymetry,
and the water level. In this section, the only variable is the tidal elevation. It was observed that large
velocitics - above 9.8 fps (3.0 m/s) - do occur for the MHW case in certain regions of the marina, al-
beit these are limited in time and extent.

The table below shows the results obtained at the marina entrance channel for the three tidal elevation
studied in this report. The highest velocity of 10.8 fps (3.3 m/s) is recorded for the lowest base water

surface elevation. Note that these velocities are depth-averaged: therefore, the velocity profile should

be assumed uniform across the whole water column.

Tide Level Elevation above | Max. velocity Max velocity in mari-
MLLW at extraction loea- na
tion
Mean High Water +1.90 8.4 fps (2.55 m/s) 10.8 fps (3.3 m/s®)
Mean Sea Level +1.13 7.5 fps (2.30 m/s) 8.9 fps (2.7 m/s)
Mean Low Water +0.380 9.8 fps (3.0 m/s) 10.0 fps (3.07 m/s!®!
Table 7.5 Flow velocities recorded in the marina and entrance channel for a tsunami event with
a recurrence interval of 25 years (design wave height of 6.4 fi and wave period of
{440s).

7.3  Effect of Channel Deepening

In this section, the effect of deepening of the access channel to 5 feet is investigated. The marina is
left at its non-dredged depth. To that end, the bathymetry as defined in Section 6.2 is modified in or-
der to reflect the conditions of the deepened channel. The idea is to increase the flow by increasing
the water depth, which should theoretically reduce flow velocities. The results are compared to the
non-dredged cbannel case. In this particular example the wave parameters are a tidal offset set to
MLW, or 1.25 ft above MLLW and a wave height of 6.4 ft (1.95 m).

7.3.1 Modification of Bathymetry

First, the existing bathymetry is modified so as to reflect a constant dredged depth along the access
channel. Based on communications with Stover engineering, the modified bathymetry reflects a depth
of 15 ft (4.572m) below the MLLW datum. The layout of the access channel is based on the Army
Corps of Engineers hydrographic survey of 2006. Figure 7.10 shows how the locations of grid-points
to be updated were determined by superimposing the USACE hydrographic survey onto the existing
bathymetry. The dredged bathymetry was created by removing high points in the access channel, as

* The high velocity ficld is short lived and limited in extent.
% The region with high velocities is much larger at MLW than in other test cases, despite the fact that the maximum
theoretical velocity is found for the MHW.
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well as sand shoals intersection the dredged area. The interface between the original bathymetry and
dredged cells was smoothed out to reduce numerical instabilities caused by steep elevation gradient
formed between two adjacent cells.
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Figure 7.10  Updated bathymetry based on USACE hydrographic survey and a 13-fi (4.572m) dredge depih,

7.3.2 Results

The velocities determined for the dredged bathymetry have been compared with the flow velocities
determined for the existing bathymetry at various locations near the marina for the case of tsunami
events with a recurrence interval of 25 years and for the design case of 50 years.

Single Point Data Collection

The comparison of the dredged (D) and non-dredged (ND) cases involves a large number of grid-
points over a long time period. Data is collected from the probes allocated within the inodel domain.
Each probe collects data at one location. In general, the probes form are positioned on a grid that
coincides with the region where large velocities tend to develop. A total of 32 probes were utilized.
Their positions in the UTM Zone 10 system of coordinates (in meters) are as follows.
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Probe name X [m] Y [m] Probe name X [m] Y [m]
Ml 401487.6 4622449.7 AC3 401536.5 4622336.8
M2 401504.2 4622434.4 AC4 401526.1 46223253
M3 401521.6 4622417.0 ACS 401517.1 4622313.5
M4 401539.0 4622399.0 ACo 401504.9 4622300.0
M5 401527.5 4622385.4 AC7 401495.2 4622290.6
M6 401509.4 4622402.8 ACS 401510.5 4622274.3
M7 401491.0 4622420.5 AC9 401526.8 4622260.0
M8 401474.7 46224337 ACI10 401521.3 4622285.7
MY 401462.5 4622418.8 ACl11 401534,1 4622300.0
M10 4014799 4622405.6 ACI12 401544.9 4622310.0
Mi1 401497.6 4622388.2 ACI3 401555.0 4622321.5
M12 401515.3 4622371.5 AC14 401564.7 4622333.3
M13 401541.1 4622373.3 ACI15 401569.2 4622310.7
MIi4 401529.2 4622359.4 AC16 401558.8 4622298.2
AC1 401555.3 4622360.8 AC17 401548.0 4622287.1
AC2 401545.9 4622346.9 ACI18 401537.2 46222729

Table 7.6 Locations of probes utilized for comparison of flow data for dredged and existing bathymetry.

Together, the probes provide an evenly distributed grid covering the elbow segment of the access

channel leading to the marina. The locations of the probes are shown in Figure 7.11.
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Marina

Figure 7.11  Locations of probes wutilized for extraction of flow velocities.

Comparison of Results

54

Time series of the data collected at the probes, for both the dredged and existing bathymetry have
been compared and analyzed. Only the M5 (top figure) and ACL0 (bottom figure) are shown in Fig-
ure 7.12. In both plots, the dotted line represents the velocity magnitude recorded for the existing ba-

thymetry.
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Figure 7.12  Marina (top figure) and access channel fbottom figure) sample velocity distribution vs. time at
locations M5 and AC [0, respectively,

The evolution of the time series at a given probe follows the same pattern. This applies to all the time
series recorded, including those not shown here. This enables the application of a simplified process
to compare each data set. Namely, because it can be reasonably assumed that the two functions are
not shifted in time with respect to each other (i.e., there is no phase lag between the two functions), a
point-by-point comparison can be performed. For the probes located in the marina, this is done by
calculating the difference

AM(t) = f(0) — fifP(©),i=1..14
and at the access channel
AAC(E) = [, () — fiP(D),i=1..18
By analyzing whether the difference is positive or negative allows for an easier reporting of the num-
ber of time over the duration of the experiment where the dredged-channel velocity is greater than its

non-dredged channel counterpart. It gives a general sense of the evolution of the flow velocity. This is
done using a straightforward logical test:
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1if AM(t,) > 1
8i(te ) =30 if AM;(t,) =0
—1 otherwise

This information is shown in the two histograms, Figure 7.13 and Figure 7.14. The accompanying
data tables featuring the average and maximum values recorded at each probe are provided in the next
subsection.
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Figure 7.13  Number of occurrences where difference function values at each marina probes My are positive
(darkest shade) or negative (in lighter shade, lightest shade is when vafues are equaf). This in-
dicates whether the dredged velocity magnitude is greater or smaller, respectively.
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Figure 7.14  Sume as previous figure but for the uccess channel probes, AC,.

Average and Maximum Values

In addition to the overall trend followed by the velocity field at the aforementioned locations, the
maximum and average values are also reported in Table 7.7 and Table 7.8. A common characteristic
to all the probes is that the maximum velocities are always recorded pre-dredging. However, the av-
erage velocity magnitude remains larger (except for two access channel probes) for the non-dredged
case. This can be explained physically by a smoother, more uniform channel cross-section.
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At the marina (blue-themed histograms), it is therefore concluded that the flow velocities are slightly
greater in general when the channel is dredged. For example, measurements from M12 show that the
current velocity is in majority greater or equal to that developing when the channel is not dredged. On
the contrary, the relative magnitude of velocity field at the access channel (red-theincd histograms) is
significantly reduced when dredging has occurred. For example, at the probe ACS located the farthest
from the mouth of the marina, almost all sampled velocities lie below their non-dredged counterparts.

Probe Dredged Non-dredged
Average value [fps] | Max [fps] | Average value {fps] Max [fps]
M1 1.59 6.19 1.82 7.31
M2 2.14 7.86 231 8.35
M3 2.63 8.33 2,71 8.80
M4 2.94 7.36 2.88 6.96
M5 3.12 7.34 2.94 7.75
Mo 2,33 6.79 2.15 6.82
M7 1.72 5.54 1.55 5.41
M8 1.32 433 1.17 4.30
M9 0.65 1.59 0.87 2.78
MI10 1.14 3.27 1.21 2.92
Mil 1.95 5.57 1.84 4.57
Mi12 3.02 7.41 2.61 6.11
Mi13 3.33 7.97 3.25 8.52
Ml4 3.36 6.47 3.15 7.10
Table 7.7 Flow parameters extracted from probes for tsunami event with recurrence

interval of 23 years on average.
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Probe Dredged Non-dredged
Average value [fps] | Max [fps] | Average value [fps] | Max |fps]
AClI 2.16 5.88 2.51 7.38
AC2 275 6.64 3.05 8.33
AC3 3.49 6.62 3.63 7.41
ACH 390 7.94 3.68 7.51
AC5 3.9 8.54 3.78 8.08
ACo 2.62 5.72 342 6.62
ACT 297 6.37 4.27 8.95
ACS 3.66 8.17 4.23 8.23
ACY 294 6.24 3.57 7.29
AC10 3.86 8.44 3.96 8.94
ACI1 3.55 7.58 3.63 9.44
ACI2 3.23 6.89 3.56 10.20
ACI13 2.57 6.56 2.79 8.30
ACl4 1.98 5.12 2.42 6.44
ACI5 2.10 5.50 2.49 6.29
ACl6 2.27 6.28 2.66 7.02
AC17 2.82 7.22 3.18 820
ACI18 3.10 8.02 3.66 8.88
Table 7.8 Fiow paramelters extracted from probes for tsunami event with recurrence

interval of 25 years on average.
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The above data is plotted in Figure 7.15. It shows how, on average, the flow velocitics decrease in the
access channel. It can be concluded that the current velocity is slightly decreased in the access chan-
nel after dredging. However, the current velocity tends to increase on average in the marina. Higher
spikes in the local velocity field are also recorded. Overall, dredging favors a redistribution of the
flow over the whole cross-section of the access channel. Therefore, some regions that were initially
not exposed to high currents are now subject to higher flow velocities, This evolution is seen in the
series of comparative snapshots reported in Figure 7.16.
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Dredged
Non-dredged
Dredged

Non-dredged

Dredged

Non-dredged
== = Dredged

- Non-dredged

Maximum values thistogram) and average (solid lines) for the dredged (darker share) and non-
dredged (lighter shade} cases for probes located in the marina (top figure} and access channel

(bottom figure).
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Figure 7.16  Comparative analysis of the dredged and non-dredged conditions in the access channel. Lefi
colummn is non-dredged channel conditions; right column is dredged conditions. Sequence is in
chronological order, from top to bottom, sequence interval is 2 minutes starting at 48 minutes.
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7.4  Effect of Dredged Inner Boat Basin

In this section, the impact of dredging of the inner boat basin on the flow velocities is considered. It is
assumed that the bathymetry in the access channel remains unchanged. The design wave height is set
to H; = 15 fi; the period is unchanged at T = 1440 s; the tidal elevation is MHHW.

The general global structure of the velocity field is not affected by dredging: it features the same cir-
culation patterns as those observed and reported in Section 7.2.1. Locally, however, an increase in
magnitude for the velocity profile is observed near Dock H. Its coordinates are indicated in Table 7.1.
For illustrative purposes, a comparison is limited to a single time series. The two time series, for si-
mulations with existing and after dredging are plotted in Figure 7.17.
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Figure 7.17  Comparison between the original and dredged inner boat hasin conditions

. e _ . _
The maximum velocity for the dredged case Vyyay preage = 19.87 fi-s™, compared to Vy,, non-deedped =

19.14 fi-s”' for the existing case. Overall, the difference in the velocity field before and after dredging
remains insignificant.

7.5 Dredged Inner Boat Basin and Access Channel

The design wave height is set to H; = 15 ft. Again, no major change in the flow structure is observed.
Small variations in the velocity profile near Dock H are observed and are plotted in Figure 7.18 be-
low. Overall, the combination of dredged conditions tends to reduce the velocity inagnitude in the
marina,
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Figure 7.18  Comparison of velocity time series between the original and fulfy dredged inner boat basin and
access channel conditions

7.6 Addition of Wall in Inner Boat Basin

In addition to dredging, the possibility of adding a wall to redirect the high velocity flow region from
the center of the marina to a more confined area is now explored. Contrary to the time series analysis
conducted in the previous section, the approach following in this section is more qualitative. It is
based on the comparison between maxiinum values in the marina and their location over time. In this
particular case, the design wave height is set to Hp = 6.4 ft,

7.6.1 Methodology

It is assumed that the wall replaces dock H. The presence of a solid wall significantly affects the ve-
locity distribution in the marina. A solid wall represents dock H, as shown in Figure 7.19. The resolu-
tion of the new wall placement in the Cartesian grid is consistent with the size of the grid cells, pre-
sently set to 30 ft by 30 ft (10 m by 10 m).
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130m

| 80m

Figure 7.19  The Cartesian grid (light gray} is shown here overlaid by the marina dock network. A solid wall
represents Dock H,

7.6.2 Comparison with the actual case

The addition of the wall appreciably impacts the structure of the flow in the marina. The most impor-
tant effect is the displacement of the high velocity region.

Maximumm Velocities

In terms of maximum velocity magnitude, there is no significant difference between the cases with
and without a wall. For a tsunami event with a recurrence interval of 25 years on average, the mod-
ified layout produces a maximum velocity of 9.78 fps (2.98 m/s) near the wall when the latter is
present; as opposed to a maximum velocity of 8.50 fps (2.59 m/s) when it is not. For illustration,
contour plots of the velocity magnitude have been superimposed for each case. This allows for a time
history of the locations where high current are present. The limits of the contour plots shown below
are as follows. Each line represents a |1 fps (0.3 m/s) increment; only those velocity magnitudes rang-
ing from 4.92 fps (1.5 m/s) to 9.84 fps (3.0m/s) and above are plotted for clarity.

The presence of a solid wall deflects the jet toward the back part of the inner harbor. Also, it creates
two secondary recirculation currents that are visible at timestamp 52:00. The selection of snapshots in
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the figures below was conducted so as to help visualize the development of the jet. Before t = 48:00
and after t = 53:12, other high velocity regions not present for the no-wall case are visible in the ma-
rina; however their location and relatively minor intensity and extent do not warrant additional con-
sideration. Finally, it should be noted that the peak velocity magnitude increases when the wall is

added.
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Figure 7.20  Influence of solid wall in lieu of Dock H. Sequence of snapshots of high-velocity regions, time

span. 1 = 48:00to 1 = 53:12.
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Figure 7.21  Same as previous figure but for the no-wall case study. Time span: 1 = 00:48:00 tot = 00:53:12
(hi:mm.ss).
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8 Basis of Design

In the following, a basis of design is provided, which details the information, parameters, and availa-
ble codes, guidelines, and recommendations applicable to the hydrodynamic design for rehabilitation
of the Crescent City Marina.

8.1 Project Information

Crescent City is located in the northern part of California, approximately 16 miles south of the Ore-
gon State boundary. Commercial and sport fishing boats operate out of the harbor. Waterborne traffic
in the harbor is in the receipt of gasoline and fuel oils. The long whart in the western part of the har-
bor is used by fishing vessels to offload fish. Citizens Dock, a Y-shaped pier is located on the north
side of the harbor. Several fish houses are on the pier, where fishing boats unload their catch atong
the pier. The Inner Boat Basin features mooring floats for commercial fishing boats and can accom-
modate about 250 boats, ref. [01].

Figure 8.1 Location of Crescent City.
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8.2

Governing Codes and Regulations

8.21 List of Codes and Standards

The following codes, guidelines, and recommendations are applicable to the hydrodynamic design for
the marine structures and related items:

8.3

Layout & Design Guidelines for Marina Berthing Facilities. California Department of Boating
and Waterways, Boating Facilities Division, 2000 Evergreen Street, Suite 100, Sacramento, Cal-
ifornia 95815-3888, July 2005.

Coastal Engineering Manual (CEM). U.S. Army Corps of Engineers. 2002. Engineer Manual
EM 1110-2-1100, U.S. Army Corps of Engineers, Washington, D.C. (in 6 volumes).

Floating Breakwaters. A Practical Guide for Design and Construction. Report of Working
Group 13 of the Permanent Technical Comnmittee II. Supplement to Bulletin No. 85 (1994)
PIANC Permanent International Association of Navigation Congress.

Disability Access Guidelines for Recreational Boating Facilities. Final Report of Working
Group 14 of the Recreational Navigation Commission. PIANC International Navigation Asso-
ciation, 2004,

Military Handbook - Piers and Wharves. MIL-HDBK-1025/1, Department of Defense, 30 June
1994, Washington, D.C.

Military Handbook - Mooring Design. MIL-HDBK-1026/4A, Department of Defense, 1 July
1999, Washington, D.C.

Harbors Design Manual. NAVFAC DM-26.1, Department of the Navy, Alexandria, VA, 1984.

Surveys and Datum

8.3.1 Bathymetric Surveys

A hydrographic survey has been provided by Stover Engineering per 10-14-2009 for the Inner Boat
Basin and associated structures, ref. [21]

The latest survey data available for the navigation channel through the harbor to the marina is pro-
vided in the condition survey for Crescent City, conducted by the US Army Corps of Engineers on
16-17 March 2008, ref. [22].

General bathymetric data for the harbor basin and surrounding waters can be found on NOAA chart

18603: 5t. George Reef and Crescent City Harbor, ref. [02].

Bathymetric data for the offshore waters outside of Crescent City can be found on NOAA chart
18010: Monterey Bay to Coos Bay, ref [23].
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8.3.2 Horizontal Control

General
The horizontal location is the California State Plane Coordinate (SPC) system, Zone 1.

Inner Boat Basin Alignment
The Inner Boat Basin is bounded by the following geographical coordinates:

North corner: 41°45 00.627 N
124° 11" 02.467 W

South comer: 41°44° 50.31”" N
124° 117 02.31" W

East corner: 41°44° 55.48” N
124°10° 5547° W

West corner: 41°44° 53.01” N
124° 117 11.40” W

Center of breakwater head: 41°44° 47.75" N
i24°11° 05.14” W

The coordinates should be verified and detailed prior to construction.

8.3.3 Vertical Control
Vertical Datum: MLLW at 0.0 fi.

8.4 Dredging

8.4.1 Site Stratification

The seabed within the Inner Boat Basin consists of sand and sandy clay, over a layer of gravel, over-
lying bedrock, ref. [24].

Seabed approx at EI. -12 ft

Sand, sandy clay, and clay approx. El. -12 down to El. -13 to -15.
Gravel, approx. El. -13 to -15 down to EL. -16 to -17.

Rock, approx. El. -16 to -17 and down.

All elevations are with respect to MLLW.
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8.4.2 Dredged Slopes
No dredging is anticipated as part of this design. However, all slopes shall be designed to ensure that
structures are not undermined.

8.5 Scour Protection

The pilings for the marina floats will be socketed in bedrock, and scour protection is therefore not
anticipated.

8.6 Breakwaters and Slope Protection

The original drawings from the construction of the Inner Boat Basin, ref. [24], provide details of the
rubble structures, breakwater and slope protection around the marina.

8.7 Environmental Data

8.7.1 Wind Speeds

Wind recordings obtained by the Western Regional Climate Center for Crescent City from 1984
through 2005 provide a basis for assessment of the long term wind statistics at the site. The wind data
is available at - ' i ? .. A frequency analysis of the data
yields the following wind speed statistics for the eight main compass directions.

Wind Wind direction
Speed . Total
[knots] N [NNE|NE|ENE| E |[ESE|SE |SSE[ S |SSW|SW [WSW| W |[WNW|NW |NNW

0-5 38 ) 179151518 1.7 1211 2 |2.1]1.3 1.1 ] 14| 1.5 2 | 22 | 28.8

5-10 | 2411208/ 07]1.7/22(32]35(22]|09[05| 04 [07] 1.2 |2.7] 3.6 |279
10-1511.7 |05]0.1/0.1]03]/04]1.7|/28]1.4]/04]02] 02 [0.2] 04 [19] 33 {158

15-20 | 1.8 102 ]0.1] - - (01109121 11310417021 0.1 |01 02 [151 4.1 | 13.]
20-25 |1 0.8 - - - - - 10411.2708]0.2 0.1 - - 0.1 109 36 | 84
25-30 |1 0.4 - - - -] - 10206 [05)0.1] - - - 0.1 (06| 2 4.6
30-35 | 0.1 - - - - - - (02100 - - - - 0.1 {01! 06 1.3
35-40 - - - - -] - - - - - - - - - - - 0.1
>4() - - - - - - - - - - - - - - - - -

Total [11.1]3.612.6(2.3(3.7/44185([12.6(86(33 (21| 1.8 (24| 3.7 [9.8]19.5]100.0

Table 8.1 Probability of occurrence (in %) that winds occur in the given speed and direction class.

As seen from Table 8.1, predominant winds are from north-northwest and south-southeast and the
highest wind speeds occur from these directions also. Figure 8.2 shows the tabulated data for all
wind speeds and directions in the form of a wind rose.
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Figure 8 2 Wind rose for Crescent City, CA.

Station : BA6027 8NM WN@ Crescent City CA knots
Totitude : 41° 51" 06" I 2: 20
Longituds @ 124° 22' 3" ¥ 242 10 - 15
Elzvation : © ft, 15 - 20
Flement r tlean ¥ind Speed 20 - 29
25 - 30
30 - 35
39 - 40
40 +
W E
Start Date: Jan. 1, 1984 Sub-lnterval windows
Fnd Date: Dec. 31, 2005 Start End
¥ or Dayz : 2036 of 2036 S Date: Jan. Ol0ec. 3
¥ obuiposs: 141114 of 192264 Houx: 00 23
© Western Regional Climate Center

70

Ref. [01] notes that the western breakwater gives good protection from north-westerly winds for ves-
sels anchored in the outer harbor, but the harbor is open to the south. The basin north of Whaler Isl-
and provides excellent anchorage for small craft. However, vessels anchored in the harbor should
take precaution against a local south-easterly wind known as the kick back or back draft, which fre-
quently blows with considerable violence. This wind follows only periods of strong north-westerly

winds outside. It usually starts in the early afternoon and ends about midnight.

Based on the wind statistics, recurrence intervals for the occurrence of given wind speeds and direc-

tions have been developed and are shown in Figure 8.3.
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CrescentCity - Wind Speed Exceedance Plot
Observations from 1984-2005, Year Round.
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Figure 8.3 Wind Speed Exceedance Plot for observations from 1984-2005, Year Round,

Based on the wind speed exceedance plot, the following return periods for wind speeds have been
established:

Exceedance Mean Hourly Wind Speed [knots]

Frequency N |NNE{NE [ENE| E |ESE | SE [SSE| S |SSW | 5W [WSW| W [WNW|NW | NNW
Vhr/lyear 127|149 | 8 |10 12 124 |30 ]28] 20 ) 15 10 10| 21 [28] 32
1 hr/IOyears [34 2320} 13 |15 19 [ 34 [ 3534|301 | 26| 21 [20] 37 [33] 35

| hr/25 years |37 127 125| 15 | 18 | 22 | 381 38 {37 35 | 30 ; 25 (25| 39 [36] 37
| he/50 years | 38130 (27| 17 [ 19| 24 |41 [ 39 {38| 38 | 33 | 28 127 ] 41 |37] 38

Table 8.2 Mean hourly wind speeds estimated for Crescent City, CA,

[t can be seen that the highest 50-year hourly mean wind speeds reach 41 knots from southeast and
west-northwest.
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8.7.2 Currents
Tidal currents are estimated to be negligible compared to currents generated by tsunami waves.

The peak tsunami-induced currents within the Inner Boat Basin estimated for design purposes vary
between the docks in the marina. The highest velocities identified were as follows:

Peak Flow Velocity
Dock 20 1 (mis] | [knots]
H | 19.26 5.87 L4
G 17.82 5.43 10.6
F 14.27 4.35 8.5
E 12.71 3.88 7.5
B 8.16 2.49 4.8
C 9.30 2.83 5.5
D | 12.00 3.66 71
A 8.56 2.61 5.1
w | 12.02 3.66 7.1

8.7.3 Water Levels

Astronomical Tides
Astronomical tides are evaluated per NOAA Station 9419750 (41° 44.7' N; 124° 11.0' W) as follows:

El,
[fe]
+10.66 | HOWL Highest Observed Water Level,

+6.87 |MHHW | Mean Higher High Water.

+6.23 | MHW Mean High Water,

+3.77 | NGVD29 | National Geodetic Vertical Datum of 1929,

+3.74 | MTL Mean Tide Level.

+3.71 MSL Mean Sea Level.

+1.25 MLW Mean Low Water

+0.38 | NAVDS8 | North American Vertical Datum of 1988.
0.00 |MLLW Mean Lower Low Water.

-3.42 | LOWL Lowest Observed Water Level,

Abbr. Deescription

Table 8.3 Water levels and datum relative to Mean Lower Low Water.
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Design Water Levels
The design water levels for the project are:

Design Water Levels

Extreme High Water Level (tsunami and tide) | +14.37 f
Design High Water Level (MHHW) +6.87 fi
Design Low Water Level (MLLW) +0.00 f
Lxtreme Low Water Level (tsunami and tide) -7.50 ft

Table 8.4 Design water fevels.

The extreme high and extreme low water levels have been estimated as the Mean High Water and
Mean Low Water levels combined with a tsunami wave amplitude of 7.5 feet, corresponding to a tsu-
nami wave height of 15.0 feet (4.6 m).

8.8 Hydrodynamic Loads

Hydrodynamic loads on structures in the marine comprise wave-current loads on floats and pilings,
and vessels moored in the marina.

8.8.1 Hydrodynamic Loads on Vessels

In order to assess the hydrodynamic loads on vessels moored alongside marina floats during a tsuna-
ni event, a mooring analysis has been conducted using the OPTIMOOR software maintained by Ten-
sion Technology International, Lid.

The hydrodynamic load on a vessel is governed by the magnitude of the current flow, the cross-
sectional area of the vessel hull below the water line and the drag around the hull. As a worst-case-
scenario, the largest of the ocean-going crab fishing vessels has been adopted for the analysis. It has
been assumed that the vessel is moored alongside the dock, fully laden and exposed to the peak cur-
rent velocity. The following vessel particulars have been assumed for the analysis.

Vessel Data
The characteristics of the design vessels are listed below. These are representative of the large ocean-
going crab fishers home to the marina.

Vessel Class OCEANGOING FISHING VESSEL
Length 70-80 1
Beam 20-26 1t
Draft 10-11 ft
Tabhle 8.5 Design Vessel Particulars.
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Mooring Line Data
The number, type, size and configuration of mooring lines assumed for the design vessels are summa-
rized in the table below.

Vessel No. of Mooring lines | MBL’ Configuration
Lines No. x size, type H+B+s+s+B+S
s: 1 +1+0+0+1+1
p: 1+1+0+0+1+1

OCEANGOING FISHING VESSEL 4* R: 4x32mm@PP. | 1051

Legend
W: Steel Wire H: Head lines *: supgested type and configuration.
R: Synthetic Rope B: Breast lines s: slarboard side mooring.
T: Tails s: Spring lines p: port side mooring,
S: Stern lines PP: Polypropylene.
Tahle 8.6 Mooring line properties and configurations.

Mooring Arrangement

The arrangeiment of the fishing vessel and moorings as assumed for the analysis is shown in

Figure 8.4. A current flow near-perpendicular to the beam of the vessel has been assumed, combined
with wind from a south-easterly direction amounting to 24 knots. This corresponds to a wind speed
with a return period of one year.

| | a1 rhh—-l—‘“ﬂ:
Q}_ C . .

Figure 84 Arrangement for ocean-going fishing vessel at Crescent City Marina.

The total force acting on the moored vessel amounts to approximately 800 kips, which distributed
over the 80-ft length of the vessel yields a horizontal lateral force on the float of 10 kips per linear

7 MBL: Minimum Breaking Load.
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foot. For comparison with this 50-year design case, the load on the moored vessel for the 25-year
case amounts to 241 kips corresponding to 3 kips of horizontal force per tinear foot of float.

8.8.2 Hydrodynamic Loads on structural elements

The drag loads on the piles and floats are calculated using the Morrison equation [26] for the piles
and a simple drag force for the floating elements [27]. In the following, it is shown that the inertia
component, directly linked to the acceleration of the particles, is negligible compared to the drag
component. The results are presented in kips per unit length of structure,

Theoretical background
Assuming that the main transverse cross-section of a submerged body is reasonably small compared
to the wavelength, Dean and Dairymple [26] show that the force per unit height that applies on the
body is:

dFy =dFy +dF,

Where the total drag force dFy is the sum of an inertia component dFy, and a form drag component
dFy. The form drag component is a function of the design velocity squared, the water density p., a
drag coefficient Cp, and the frontal area, ). It reads:

1
dFD:Epw-dz-CD-D-V2

The term dz refers to a unit vertical length. The inertia component Fy, follows. It is basically the in-
ertia experienced by a volume of fluid that would be present in licu of the submerged body, mod-
ulated by an appropriate inertia coefficient. It depends on the acceleration @ of the fluid. Its magni-
tude reads:

1
dFy =5 pw-dz-Cy-D-|ldll

An example time series for calculation of the hydraulic load is shown in Figure 8.5 for a tide level of
MLW, a tsunami wave height of 6.4 ft (1.95m), and a tsunami wave period of 24 min (1440 seconds),
6-deg incident angle numerical simulation results. The velocity and acceleration time series are plot-
ted below. The time series is useful for establishing the importance of drag over inertia. In the fol-
lowing, only the drag component is considered in the Morrison equation.
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Figure 8.5 Acceleration and flow velocity.

As seen in the plot above, the acceleration is less than 0.656 ft/s® (0.2 n/s%). Consequently, compared
to the drag force, the inertia component turns out negligible.

Hydrodynamic Loads on Piles
Given a square pile design, with a 2-foot typical dimension, the Reynolds number is:

Re = - =3.175 x 10°

where v is the dynamic viscosity and U is set to 20 fps as a representative current velocity. The re-
gime is fully turbulent, which allows the use of the drag coefficients provided in ref. [27] for the cal-
culation of the drag components. For a square pile, the drag coefficient is 2.2, In the case of a rec-
tangular submerged section, the value of the drag coefficient varies with the ratio of width over depth,
and is plotted below:
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Figure 8.6 Drag coefficient for rectangular cross-sections as a function of aspect ratio,

The inertia coefficient is set to 1.5, based on the guidance of ref. [28]. An example of the hydraulic
forces imparted on a pile, based on the velocity profile shown above is provided in Figure 8.7.

05 T T T T

-0 1 1 L !
0 1x10° 210° 310 ax10° 5107
Time (8]
—— Drag [kipm]
----- Inertia [KipM|

— Total force [kipm)

Figure 8.7 Forces imparted on a representative pile due to current flow.

In this case the maximum load per unit submerged height, Fy,,, is:

Faax = max(dFyp) = 0.413 kip - ft ™
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Hydrodynamic Loads on Floats

In the case of floats, the drag coefficient must be recomputed for each cross section of the elements
considered. That is because, in general, a more elongated profile has a tendency to behave more hy-
drodynamically. A cubic spline function has been applied to calculate the appropriate drag coeffi-
cient. The drag force on a tloating element reads:

Ly

Fu(L D)—l- - Cp =)D V?
FF!F_'ZPW DDF F

The quantity Dy refers the draft of the float. Ly is the length of the float, and p,, is the density of wa-
ter, while V represents the flow velocity.

The design velocity depends on the location of the docks with respect to the high velocity region. As
shown in the fipure below, not all docks are subject to the design velocity. For example, Dock A is
not exposed to the high currents experienced by Dock H, which is subject to highest design loads.
Assuming the process has reached steady-state after two periods, the veloeity profiles are plotted for
each dock. The design loads estimated for various float dimensions are summarized in the tables be-
low. Note that the float layout presented in the figure below may or may not reflect the final marina
plan.
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Figure 8.8 Velocity field and sample marina layou.

Table 8-7 summarizes the peak loads for each dock as labeled in IFigure 8.8.
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Dock Peak Load Peak velocity along dock

Per linear foot of float [ft/s}]

H 3.90 kips/ft 19.3

G 2.96 kips/ft 17.8

F 1.07 kips/ft 14.3

E 0.85 kips/ft 12.7

B 0.34 kips/ft 8.1

C 0.46 kips/ft 9.3

D 0.76 kips/ft 12.0

A 0.18 kips/ft 5.8

W 1.60 kips/ft 12.4

Table 8-7 Note that ail guantities are in units of kip per foot of length.
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9 Summary and Conclusions

9.1 Methodology and Design Wave Parameters

Tsunaini events have been analyzed as part of a three-step sequence: 1) generation, 2) propagation,
and 3) near-shore effects on structures and shoreline. The wave generation process, initiated by an
earthquake either on the coast or offshore, is a complex event. Global models, capable of handling the
propagation of the large waves (tsunamis) generated by such earthquakes do not resolve to the level
details required for this specific project. The present investigation focuses on the dircct effects of a
long monochromatic wave encountered during tsunami events.

A near-shore design wave corresponding to the conditions experienced during actual tsunaini events
near Crescent City was determined. A representative 50-year return period tsunami event at Crescent
City has the following parameters:

e A wave height of 15 ft;
e An average period of approximately 24 minutes;

¢ Anangle of incidence of around 6 degrees.

9.2 Offshore Wave Transformation

Bathyinetric data was compiled from various sources so as to cover the near-shore and the off-shore
regions at Crescent City. Large-scale numerical simulations were run to investigate the transforma-
tions of tsunami waves as they propagate toward the West Coast of the United States. It was found
that tsunami events tend to amplify near Crescent City due to the presence of the Mendocino Escarp-
ment. The key findings are:

* The presence of the Mendocino Escarpment tends to direct wave energy toward Crescent
City and the region around the California/Oregon state line;

e The escarpment, acting as a wall of partial height reflects some of the wave energy carried
by the tsunaini to the coastline located north of Cape Mendocino.

9.3 Tsunami-Induced Flow Velocities in the Marina

A detailed bathymetry of the inner boat basin was obtained from a hydrographic survey communi-
cated by Stover Engineering, Inc. Near-shore data were acquired from NOAA and GEO-DAS. Com-
piled, these data form a comprehensive dataset of the Crescent City Harbor and inner boat basin,
which serves as the basis of the numerical modeling.

Based on the design wave information, a study of the velocity field in the inner boat marina was con-
ducted. The key conclusions are as follows:
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Regions of high velocities, with peak velocities of up to 20 fps, develop in the access
channel and at the entrance to the inner boat basin;

A pronounced clockwise circulation develops in the marina as a result of the tsunami
surges.

As such, the numerical model is able to replicate the circulation that is mentioned in several eyewit-
ness accounts of past events.

9.4

Effect of Dredging and Structures on Tsunami Wave Action

To understand the effects on tsunami waves due to dredging or the addition of protective structures,
several cases were investigated. Dredging of the access channel and inner boat basin was evaluated
independently, as was the addition of a solid-wall flow deflector at Dock H. The key conclusions are

as follows:

Variations in the velocity field near the floating structures due to dredging in the marina, in
the access channel, or a combination hereof do not appreciably affect the design loads;

The addition of a solid wall in place of a floating structure at Dock H, with the intent to re-
duce the peak velocity magnitude in its vicinity is not effective. The wall does little but
displace the high velocities to another region of the marina, exposing other initially shel-
tered floating structures to strong currents.

A more open layout with shallower floats, capable of vertical motion to ride out the tsu-
nami waves and allow currents to vent underneath offers a more tsunami-resistant solution,
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Jim Baskin

From: Zane Ruddy [Zane.Ruddy@noaa.gov]
Sent:  Thursday, January 20, 2011 413 PM

To: Jim Baskin
Subject: Crescent City Harbor District Inner Boat Basin Rehabilitation Project
Jim,

The purpose of this message is to provide an update to the Coastal Commission regarding the status of
NMFS’ informal Section 7 consultation with Housing and Urban Development and their applicant, County
of Del Norte, addressing the Crescent City Harbor District Inner Boat Basin Rehabilitation Project. During
the early technical assistance phase of the consultation, the County worked with NMFS to clarify and
elaborate on the methodologies and minimization measures employed during pile driving and dredging
activities. Following the collaboration, the County concluded that the project may affect, but is not likely to
adversely affect federally threatened SONCC ESU coho salmon, Southern DPS green sturgeon, and
Stellar sea lions, and is not likely to adversely affect their critical habitat. In addition, HUD, via the
County, determined that the proposed action would have an adverse impact on EFH associated with
groundfish, coastal pelagic species, and salmon due to short-term adverse effects to water quality
resulting from construction activities. To date, NMFS has not identified any additional measures needed
to further avoid or minimize adverse effects to EFH.

Currently, the draft NMFS consultation document (letter of concurrence with HUD’s determination) is
nearing submission to NMFS’ internal review and clearance process. | expect informal consultation will
conclude shortly. Thank you, and please do not hesitate to contact me if you have any questions or
comments.

Zane Ruddy

Fisheries Biologist

NOAA Fisheries

Northern California Office

1655 Heindon Rd, Arcata, CA 95521
(707) 825-5173
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