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Emergency Permit Number: 1-08-035-G
Date: August 22, 2008
Page 2 of 5

Consequently, if timely repairs to the identified stretch of river bank are not conducted within an
expedited timeframe, the likelihood of a catastrophic bluff retreat during the on-coming winter
season would be substantially increased. Such a event could result in a threat to residential
structures, public roads, essential services including sewer and water infrastructure, life, and
health at the Mad River bluff near the end of School Road. Therefore, the situation requires
immediate action to prevent damage to private property and public infrastructure.

Pursuant to Title 14 of the California code of Regulations, Section 13009, the Executive Director
of the Coastal Commission hereby finds that:

(@) An emergency exists which requires action more quickly than permitted by the
procedures for administrative or ordinary permits and the development can and will be
completed within 30 days unless otherwise specified by the terms of this permit; and

(b) Public comment on the proposed emergency action has been reviewed as time allows;
and

{c) As conditioned, the work proposed would be consistent with the requirements of the
California Coastal Act of 1976.

The work is hereby approved, subject to the conditions listed on the attached page.

Sincerely,

PETER M. DOUGLAS
Executive Director

MELISSA B. KRAEMER
Coastal Planner
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CONDITIONS OF APPROVAL:

1. The enclosed Emergency Permit Acceptance form must be signed by the APPLICANT
and returned within 15 days.

2. Only work specifically described in this permit and for the specific property listed above
is authorized. The project shall be undertaken in accordance with the plans and other
information submitted to the Coastal Commission. Any additional work requires separate
authorization from the Executive Director.

3. All construction activities shall be completed by November 15. Any construction activity
conducted between October 16 and November 15 shall be subject to the following
conditions: (1) All work shall cease upon the onset of precipitation at the project site and
shall not recommence until the predicted chance of rain is less than 50 percent for the
Arcata/McKinleyville area portion of the National Weather Service's forecast for
Northwestern California; (2) The work site(s) shall be winterized between work cessation
periods by installing stormwater runoff and erosion control barriers around the perimeter
of each construction site to prevent the entrainment of sediment into coastal waters; and
(3) Adequate stocks of stormwater runoff and erosion control barrier materials shall be
kept onsite and made available for immediate use.

4. The existing unpermitted rock fill that is located in the project area shall either be
incorporated into the proposed emergency stabilization structure (if possible) or removed
from the site entirely prior to project completion.

S. Any materials used in project construction that slump or become ineffective and a
hazard to coastal recreation shall be immediately removed.

6. All equipment and materials staging and stockpiling shall occur within the upland
portions on the project area only.

7. Construction activities shall be conducted during periods of low tide only.

8. Any fueling and maintenance of construction equipment shall occur within upland areas
outside of environmentally sensitive habitat areas or within desighated staging areas.

9. Fuels, lubricants, and solvents shall not be allowed to enter coastal waters or wetlands.
Hazardous materials management equipment including oil containment booms and
absorbent pads shall be available immediately on-hand at the project site, and a
registered first-response, professional hazardous materials clean-up/remediation service
shall be locally available on call.

10. The permittee shall use relevant best management practices (BMPs) as detailed in the
“California Storm Water Best Management (Construction and Industrial/Commercial)
Handbooks, developed by Camp, Dresser & McKee, et al. for the Storm Water Quality
Task Force (see http://www.cabmphandbooks.com).
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Emergency Permit Number: 1-08-035-G
Date: August 22, 2008
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11. Effective erosion control measures shall be in place at all times during construction.
Construction must not commence until all temporary erosion control devices (e.g., silt
fences) are in place. A supply of erosion control materials shall be maintained on site to
facilitate a quick response to unanticipated storm events or emergencies. If continued
erosion is likely to occur after construction is completed, then appropriate erosion
prevention measures shall be implemented and maintained until erosion has subsided.
Erosion control devices are temporary structures and shall be removed after completion
of construction.

12. Erosion controls shall be used to protect and stabilize stockpiles and exposed soils to
prevent movement of materials.

13. Work sites shall be winterized at the end of each day when significant rains are forecast
that may cause unfinished excavation to erode.

14. After project completion, all exposed soils present in and around the project site which
may deliver sediment to the river or a coastal wetland shall be stabilized with mulch,
seeding, and/or placement of erosion control blankets. Erosion control seeding shall
include only native, regionally appropriate species or noninvasive agricultural species.
No plant species listed as problematic and/or invasive by the California Native Plant
Society, the California Invasive Plant Council, or as may be identified from time to time
by the State of California, shall be employed or allowed to naturalize or persist on the
site. No plant species listed as a "noxious weed” by the govemments of the State of
California or the United States shall be utilized within the property.

15. All measures specified by NOAA-Fisheries in its technical assistance comments dated
July 30, 2008 shall be implemented. Installation and removal of the temporary barrier
system and fish herding, seining, and relocation shall be conducted according to NOAA-
Fisheries guidance. A copy of monitoring data on salmonid presence/abundance and
habitat feature use related to project disturbance collected during the course of
construction shall be provided to Commission staff at the North Coast District Office.

16. All new revetment material to be used shall consist only of clean rock that is free of
debris and fine sediment.

17. During construction, all trash shall be propery contained, removed from the work site,
and disposed of on a regular basis to avoid contamination of habitat during restoration
activities. Following construction, all trash and construction debris shall be removed from
work areas and disposed of properly.

18. All construction debris shall be removed and disposed of in an upland location at an
approved disposal facility within 10 days of project completion.

19. In exercising this permit, the applicant agrees to hold the California Coastal Commission
harmless of any liabilities for damage to public or private properties or personal injury
that may result from the project.
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Emergency Permit Number: 1-08-035-G
Date: August 22, 2008
Page 50of 5

20. This permit does not obviate the need to obtain necessary authorizations and/or permits
from other agencies, including the U.S. Ammy Corps of Engineers, the California
Department of Fish and Game, the County of Humboldt, the North Coast Regional Water
Quality Control Board, or other applicable agencies.

The emergency work is considered to be temporary work done in an emergency situation. If
the permittee wishes to have the emergency work become a permanent development, a
regular Coastal Development Permit or permit amendment must be obtained. A regular
permit or permit amendment would be subject to all of the provisions of the California Coastal
Act and may be conditioned accordingly. These conditions may include provisions for public
access (such as an offer to dedicate an easement) and/or a requirement that a deed restriction
be placed on the property assuming liability for damages incurred from storm waves.

If you have any questions about the provisions of this emergency permit, please call the
Commission’s North Coast District Office at the address and telephone number list on the first

page.

Encl.: Emergency Permit Acceptance Form, Regular Application Form

cc wiout encl.: Steve Werner, Humboldt County Planning Division, Eureka
Carol Heidsiek, U.S. Army Corps of Engineers, Eureka
Scott Bauer, Department of Fish and Game, Eureka
Dean Prat, Regional Water Quality Control Board, Santa Rosa
Leslie Wolff, NOAA-Fisheries, Arcata
Ray Bosch, U.S. Fish & Wildlife Service, Arcata

| EXHIBIT NO. 4

CALIFORNIA COASTAL COMMISSI§ CDP Application No. 1-09-050
(page 6 of 6)




Pre-construction photo
(2008)

Pre-construction photo
(2008)

EXHIBIT NO. 5

CDP Application No. 1-09-050
(Humboldt County)

Photos of Site & Armoring Structure
(page 1 of 19)




Pre-construction photo
(2008)

Pre-construction photo
(2008)

EXHIBIT NO. 5

CDP Application No. 1-09-050
(page 2 of 19)




EXHIBIT NO. 5

CDP Application No. 1-09-050
(page 3 of 19)




EXHIBIT NO. 5

CDP Application No. 1-09-050
(page 4 of 19)




EXHIBIT NO. 5

CDP Application No. 1-09-050
(page 5 of 19)




EXHIBIT NO. 5

CDP Application No. 1-09-050
(page 6 of 19)




EXHIBIT NO. 5

CDP Application No. 1-09-050
(page 7 of 19)




EXHIBIT NO. 5

CDP Application No. 1-09-050
(page 8 of 19)




EXHIBIT NO. 5

CDP Application No. 1-09-050
(page 9 of 19)




EXHIBIT NO. 5

CDP Application No. 1-09-050
(page 10 of 19)




EXHIBIT NO. 5

CDP Application No. 1-09-050
(page 11 of 19)




EXHIBIT NO. 5

CDP Application No. 1-09-050
(page 12 of 19)




EXHIBIT NO. 5

CDP Application No. 1-09-050
(page 13 of 19)




EXHIBIT NO. 5

CDP Application No. 1-09-050
(page 14 of 19)




EXHIBIT NO. 5

CDP Application No. 1-09-050
(page 15 of 19)




EXHIBIT NO. 5

CDP Application No. 1-09-050
(page 16 of 19)




EXHIBIT NO. 5

CDP Application No. 1-09-050
(page 17 of 19)




EXHIBIT NO. 5

CDP Application No. 1-09-050
(page 18 of 19)




EXHIBIT NO. 5

CDP Application No. 1-09-050
(page 19 of 19)




EXHIBIT NO. 6

CDP Application No. 1-09-050
(Humboldt County)
Thalweg Positions, 1941-2007




EXHIBIT NO. 7

CDP Application No. 1-09-050
(Humboldt County)

Channel Planform Before and
After Major Flood Events




EXHIBIT NO. 8

CDP Application No. 1-09-050
(Humboldt County)

Salt Marsh Monitoring Report
(page 1 of 5)




EXHIBIT NO. 8

CDP Application No. 1-09-050
(page 2 of 5)




EXHIBIT NO. 8

CDP Application No. 1-09-050
(page 3 of 5)




EXHIBIT NO. 8

CDP Application No. 1-09-050
(page 4 of 5)




EXHIBIT NO. 8

CDP Application No. 1-09-050
(page 5 of 5)




EXHIBIT NO. 9

CDP Application No. 1-09-050
(Humboldt County)
Post-Construction Report (excerpt)
(page 1 of 8)




EXHIBIT NO. 9

CDP Application No. 1-09-050
(page 2 of 8)




EXHIBIT NO. 9

CDP Application No. 1-09-050
(page 3 of 8)




EXHIBIT NO. 9

CDP Application No. 1-09-050
(page 4 of 8)




EXHIBIT NO. 9

CDP Application No. 1-09-050
(page 5 of 8)




EXHIBIT NO. 9

CDP Application No. 1-09-050
(page 6 of 8)




EXHIBIT NO. 9

CDP Application No. 1-09-050
(page 7 of 8)




EXHIBIT NO. 9

CDP Application No. 1-09-050
(page 8 of 8)




EXHIBIT NO. 10

CDP Application No. 1-09-050
(Humboldt County)

Final Monitoring Report (excerpt)
(page 1 of 10)




EXHIBIT NO. 10

CDP Application No. 1-09-050
(page 2 of 10)




EXHIBIT NO. 10

CDP Application No. 1-09-050
(page 3 of 10)




EXHIBIT NO. 10

CDP Application No. 1-09-050
(page 4 of 10)




EXHIBIT NO. 10

CDP Application No. 1-09-050
(page 5 of 10)




EXHIBIT NO. 10

CDP Application No. 1-09-050
(page 6 of 10)




EXHIBIT NO. 10

CDP Application No. 1-09-050
(page 7 of 10)




EXHIBIT NO. 10

CDP Application No. 1-09-050
(page 8 of 10)




EXHIBIT NO. 10

CDP Application No. 1-09-050
(page 9 of 10)




EXHIBIT NO. 10

CDP Application No. 1-09-050
(page 10 of 10)




COUNTY OF HUMBOLDT

DEPARTMENT OF PUBLIC WORKS
ENVIRONMENTAL SERVICES DIVISION

1106 SECOND STREET
EUREKA, CA 95501-0579
(707) 445-7741 / FAX (707) 445-7409

Technical Memorandum
Mad River Streambank Protection Project (CDP No. 1-09-050)

September 3, 2020

Prepared by: John Wellik, Registered Professional Geologist, Senior Environmental Analyst
Hank Seemann, Deputy-Director (Environmental Services)

The purpose of this technical memorandum is to describe the design basis for the upstream portion of the
Mad River Streambank Protection Project and to document post-construction and current conditions.

1 Project Overview

The Mad River Streambank Protection Project (“Project”) was located along the right bank of the lower
Mad River (Figure 1), near the west end of School Road in McKinleyville, California. The Project site
experienced significant erosion in December 2005 and January 2006 caused by high water flows resulting
from severe storms. Bioengineering methods were used to protect public infrastructure (roads and
underground utilities) and residential structures from imminent future damage while also creating riparian
vegetation and enhancing habitat complexity (Photograph 1). Funding was provided by the United States
Department of Agriculture-Natural Resources Conservation Service, the Governor’s Office of Emergency
Services, and adjacent property owners benefiting from the Project. The Project was constructed from
September 6, 2008 through October 24, 2008. Figures 2 through 4 present the Project area in 2019, 2018,
and 2016. Figure 5 provides a close-up aerial view of the segments upstream of School Road.

The Project design incorporated traditional rock slope protection (RSP) along with bioengineered
components to enhance erosion resistance and stability for the exposed streambank while simultaneously
providing habitat and water quality benefits. The Project increased streambank stability by protecting the
most vulnerable portion of the bank with rock and living material. The inert portion (rock) of the
stabilization structure provided immediate bank protection. The live portion of the structure (planted
willows) enhanced stability when it became fully established within the following year. The size and
complexity of the vegetation has continued to increase with natural growth. The Project enhanced fish
habitat through the incorporation of rock groins and large woody debris and by providing a riparian
source for aquatic insects. The Project provided water quality benefits by reducing erosion and
sedimentation to the lower Mad River and moderating water temperature through riparian shading.

2 Pre-Project Conditions

The right bank of the lower Mad River in the vicinity of School Road has a well-established history of
relatively rapid bluff retreat correlated with erosion during peak discharge events. Bluff erosion initiated
near the intersection of the surface expression of a fault trace of the Mad River Fault Zone and the right

bank of the Mad River, approximately 700 feet south of School Road (Attachment A, U.S. Quaternary
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Faults). South of the fault trace, surface deposits typically comprise unconsolidated Holocene Mad River
gravel, sand, and silt deposits. North of the fault trace, the bluff is formed by late Pleistocene marine
deposits comprised of moderately to poorly cemented interbedded silty sands and gravel conglomerate
(Stillwater, 2008a). The bluff typically maintained a vertical to near-vertical profile down to the water
surface along its length north of the fault. High-energy flow events frequently resulted in spalling of bluff
walls and block falls from undercutting and destabilization. The National Oceanic and Atmospheric
Administration California Nevada River Forecast Center recorded a New Year’s Eve 2005 flooding event
along this portion of the Mad River resulting in a gage height of 23.4 feet and discharge of approximately
50,000 cubic feet per second (cfs). LACO Associates (2008) estimated flows of 25,000 to 30,000 cfs as
the lower threshold of discharges that would result in an increased rate of right bank retreat. Stillwater
Sciences (2008b) identified the discharge rate of 27,900 cfs as having a two-year recurrence interval.

Historical imagery compiled by the McKinleyville Community Services District (MCSD) includes nine
aerial images of the Mad River at School Road taken between 1941 to 1999 (Attachment B). MCSD
sequenced the images by time to visually compare channel morphology as the system responded to
natural and anthropomorphic influences. Two sets of images, 1941 vs. 1958 and 1941 vs. 1999, present
graphical illustrations of right bank retreat after the 1955 flood and after 58 years of erosion, respectively.
Changes in channel location and bluff position are apparent, both immediately after large flooding events
and cumulatively over time.

Stillwater Sciences (2008a) provides a comprehensive discussion on right bank retreat in the Project area.
Bluff retreat has been estimated at approximately 350 feet at the west end of School Road (Reference
Line 4 of Figure 4 in LACO Associates [2008]) between 1941 and 2008, based on historical aerial
imagery. Bluff retreat south of School Road (Reference Line 2 of Figure 4) is estimated at approximately
140 feet between 1941 and 2008. Up to 25 feet of right bank south of School Road was lost between
2005 and 2008 based on bank location as presented on Figure 4 in LACO Associates (2008). In addition,
images of the bluff immediately prior to Project construction help illustrate the rate of bluff retreat south
of School Road. Photographs 2 through 4 present bluff retreat south of School Road using a fence post
for reference. The fence was installed during the construction of stormwater outfall infrastructure, which
included the rock velocity dissipator visible in the photographs. Based on the width of the grassy surface
between the post and the Mad River, one foot of retreat is estimated between February 10, 2005, and
January 19, 2006. Photograph 4 from Spring 2008 depicts the fence post and its concrete base suspended
due to bluff failure, interpreted as comprising an additional two feet of retreat over approximately two
years. Photograph 5 is an image of the southern portion of the RSP and outfall velocity dissipator as it
currently appears (note that the outfall fence was removed in 2008 as part of the Project).

The aggrading gravel bars along the Mad River left bank upstream of the Project and at the western end
of School Road create a narrow channel with high velocities oriented directly at the base of the bluff
south of School Road (Figure 6). The configuration of the gravel bars steers the orientation of the
thalweg and focuses the river’s erosive energy toward the upstream portion of the Project. As shown on
Figure 6, the erosive forces are creating an incipient outside meander bend at the upstream extent of the
Project. Due to these geomorphic conditions, easterly retreat of the right bank upstream of School Road
would likely have continued without stabilization measures.

3 Basis of Design for Upstream Extent of Bank Stabilization Measures

The approximately 1,300-foot-long bioengineered streambank stabilization project can be subdivided into
three segments:

1. Segment 1 — The steep bluff north of School Road (approximately 675 feet), directly adjacent to
residences. Segment 1 comprises rock groins and vegetated bays 1 through 9 on Figure 7 of
Attachment C (stations 10+80 through 17+55; Sheet 4 of Attachment C). This segment protects
the bluff immediately adjacent to residences and public infrastructure. Exhibit No. 11
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2. Segment 2 — The steep bluff south of School Road and north of the outfall structure
(approximately 365 feet), adjacent to undeveloped land and agricultural pasture. Segment 2
comprises rock groins 10 through 15 and vegetated bays 10 through 14 on Figure 7 of Attachment
C (stations 17+55 through 21+20, Sheet 4 of Attachment C).

3. Segment 3 — The low-profile bank south of the outfall structure (approximately 210 feet),
adjacent to undeveloped land and agricultural pasture. Segment 3 comprises bay 15 on Figure 7
of Attachment C (stations 21+85 through 23+95, Sheet 4 of Attachment C).

The purpose of Segment 1 was to stabilize the bank immediately adjacent to residences and public
infrastructure. The purpose of Segments 2 and 3 was to prevent erosive forces from flanking the
upstream end of Segment 1 and threatening the integrity of the Segment 1 stabilization structure and the
stability of the bluff behind the structure.

Flanking can be defined as “erosion around the landward end of a stream stabilization countermeasure”
(FHWA, 2001). Flanking is a common failure mechanism for protective shoreline structures, which are
vulnerable to edge scour where there is an interface between protected and unprotected surfaces.
Potential treatments to prevent edge scour and flanking include: placing deflectors (typically with rock or
fill) within the channel to deflect flow away from the bank; keying the structure into the bank;
constructing a more extensive “tieback” into the bank; and extending the longitudinal extent of the
structure along the bank.

Based on the evidence of bank erosion south of School Road and the orientation of the upstream thalweg,
the risk of continued erosion leading to scour behind the Segment 1 stabilization structure was determined
to be high. Continued erosion along Segment 2 and Segment 3 would have reduced the effectiveness and
lifespan of the Segment 1 structure and threatened School Road and the residential area along a new
southern face. A longitudinal extension of the bioengineered structures upstream was determined to have
the least ground disturbance and least environmental impacts compared to a deflector, tieback structure,
or key-in into the bank. The structures along Segments 2 and 3 were designed for the purpose of
preventing flanking of Segment 1, not to protect the undeveloped land immediately adjacent to Segments
2 and 3.

Project Elements

The underlying rock buttress for Segments 1 and 2 was built with four- to six-ton boulders, which protect
the right bank from toe scour and provide a stable foundation for the upper layer (Attachment C). Above
the rock buttress, the upper revetment layer comprised an alternating series of 15 rock groins and
vegetated bays numbered sequentially starting at the northern end (Attachment C).

The groins are layered mounds of rock revetment spaced at approximately 60 to 80 feet. Redwood logs
were embedded within eight of the 15 groins to partially protrude riverward from the structure. Vegetated
bays 1 through 12, located between rock groins 1 through 13, are flat-laying rock, soil, and decomposable
geotextile fabric layers integrated with willow branches, cuttings, and stakes. The flat benches of bays 1
through 12 were planted with willow stakes, and willow stems were planted against the face of the bluff
in these bays. Bays 13 and 14, located where the vertical relief of the bluff decreases compared to bays 1
through 12, were constructed using the same materials but with sloping surfaces that taper into the
adjacent streambank.

Bay 15 is the upstream portion of the Project, south of the existing stormwater outfall with an
approximate length of 210 feet, composed of four- to six-ton rock boulders placed on the exposed river
bank and intermixed with smaller rock, soil, and willow sprigs. This segment tapers into the streambank
in an effort to mimic natural grade (Photographs 5, 19, 20, and 21). The top of the RSP was designed to
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match the elevation of the opposite bank and floodplain elevation to minimize hydrologic impacts to the
Mad River.

Revetment design was generally consistent with guidance presented in U.S. Department of
Transportation, Federal Highway Administration [FHWA] (1989) and FHWA (2001). The County
applied these standards based on site-specific factors and attempted to minimize the footprint and amount
of fill material where appropriate. For example, according to Figure 15 of FHWA (1989), revetment
protection should extend a minimum of one channel-width upstream of the tangent point of a meander
bend. This hypothetical location is interpreted to be located significantly further upstream than the extent
of the actual Project (Figure 7). The Project applied a less conservative design than the FHWA (1989)
guidance based on actual site conditions. The Project did not attempt to abate all erosion on the right
bank, but only the minimum amount needed to protect the integrity of the Segment 1 area. As shown on
Photograph 11, the right bank upstream of the Project has continued to experience some erosion but not
enough to represent a threat to the downstream portion of the Project.

4 Post-Project Conditions (2009-2010)

Stabilization of the right bank of the Mad River at School Road was visibly apparent shortly following
Project completion. Willow growth was beginning to dominate the rock and fill, both along the water line
and within the upper bench surface (Photographs 6 through 10). On the upper terrace surface, grass and
flower growth improved aesthetic qualities and provided erosion protection. Photograph 11 from April
2010 includes the furthest upstream protection component after Project completion. A flooding event in
late December 2010 resulted in discharges in excess of 30,000 cfs; Photographs 12 through 14 present
conditions at the Project site during that event. In Photographs 12 and 13, turbulent flow along the base
of the right bank is visible, and in Photograph 14 water is shallowly flooding the Mad River access path.

5 Current Conditions (2020)

Willow growth throughout the Project area is strong and the trees appear vigorous and healthy.
Photographs 15 and 16 present conditions on the upper terrace and along Segment 1 in April 2018.
Willows have grown to envelope both the upper revetment surface as well as the bluff face (Photograph
16). Willow growth to and above the upper bluff edge, and grass growth on the upper terrace, enhances
erosion protection. Photographic documentation of the current state of the Project was performed in April
2020 and comprises Photographs 17 through 21. Extensive willow growth covers all but the lowermost
portion of the RSP structure and blends with the local ecosystem and visual setting. Photographs 18
through 21 focus on Segments 2 and 3. The groin sections terminate in the general vicinity of the gap in
the willows visible in Photographs 18 and 19; the gap is the location of the bench in Photograph 15.

Photograph 20 presents the full extent of the Project area as viewed from the gravel bar immediately
upstream of the Project area. A scour channel at the base of the right bank is present upstream of the
southern extent of the Project area (Photograph 21), showing persistence of the high-energy geomorphic
conditions. No visual evidence of RSP displacement/movement has been observed during multiple
inspections following the completion of construction in 2008. Though visual evidence of bank erosion
upstream of bay 15 is present, no flanking of Project features has been observed to date.

Photograph 22 presents the public access point from School Road made available in 2005, and
Photograph 23 presents the Mad River and riparian area access path as it appeared in 2005. Photograph
24 is of the bench on the bluff overlook, a regularly visited feature often occupied during site inspections.
Photograph 25 presents the Mad River access path at the southern extent of the Project area. Members of
the public utilize this path to access the river channel and other paths that meander through riverside
habitat. Wildlife in and around the trail system is abundant.
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6 Impacts and Risks Associated with Removing the Stabilization Structure South of School
Road

If the stabilization structures constructed within Segment 2 and Segment 3 were to be removed, an access
road network and staging areas would need to be developed within the riparian vegetation that was
established as part of the Project. Ground disturbance associated with heavy equipment access, staging,
and material stockpiling would be significant. Water quality within the Mad River would likely receive
temporary impacts due to sediment discharge. The right bank would be de-stabilized and exposed to
continued erosion. As discussed in Section 3, the stabilization structure in Segment 1 would be at risk for
flanking and the bluff area adjacent to Segment 1 would be vulnerable to erosion from the south. The
damaged riparian areas could be re-established; however, there would be at least one to two years of
temporal loss. Removal of Segments 2 and 3 would be highly controversial. Many people would object
that the costs and impacts of such a demolition project do not outweigh the benefits; create significant
safety and property damage risks; and represent a poor use of public funds. The costs of removal would
be borne upon the County rather than the original funders of the Project. Funding such a project would be
controversial because the County is facing a major financial crisis due to the Covid-19 pandemic. If the
structures along Segments 2 and 3 are removed and erosion begins to threaten the Segment 1 structure,
then stakeholders would likely mobilize to advocate for a new stabilization project.

7 Conclusions

The purpose of the upstream portion of the Mad River Streambank Protection Project was to prevent
flanking of the downstream structure that provided direct protection for residential development and
public infrastructure. The risk of continued erosion along the right bank and flanking of the structure
and/or threats to the residences and infrastructure was high to due geomorphic conditions. The upstream
longitudinal extent was designed to impose the minimum amount of influence on the fluvial setting and
ongoing natural processes while maximizing design life and return on community investment.
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Figures

Figure 1. Site Location Map

Figure 2. Site Map (2019)

Figure 3. Site Map (2018)

Figure 4. Site Map (2016)

Figure 5. Upstream Sections (2019)

Figure 6. Zone of Erosion Relative to Project Features

Figure 7. Idealized Upstream Limit of Streambank Protection
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Technical Memorandum
Mad River Streambank Protection Project (CDP No. 1-09-050)

October 12, 2020

Prepared by: John Wellik, Registered Professional Geologist, Senior Environmental Analyst
Hank Seemann, Deputy-Director (Environmental Services)

The purpose of this technical memorandum is to summarize the design options for the Mad River
Streambank Protection Project (Project) and document post-construction conditions. This memorandum
supersedes a previous draft dated September 3, 2020.

1 Project Overview

The Project was located along the right bank of the lower Mad River near the west end of School Road in
McKinleyville, California (“School Road erosion site”) (Figure 1). The site experienced significant
erosion in December 2005 and January 2006 caused by high water flows resulting from severe storms
(“2005-2006 New Year’s Storm”). Approximately 1,250 feet of streambank was stabilized with rock and
willow plantings to protect public infrastructure (roads and underground utilities) and residential
structures from imminent future damage while also creating riparian vegetation and enhancing habitat
complexity. The Project enhanced fish habitat through the incorporation of rock groins and large woody
debris and by providing a riparian source for aquatic insects. The Project provided water quality benefits
by reducing erosion and sedimentation to the lower Mad River and moderating water temperature through
riparian shading. The size and complexity of the vegetation has continued to increase with natural growth.

The Project was constructed from September 6, 2008 through October 24, 2008. Funding was provided
by the U.S. Department of Agriculture-Natural Resources Conservation Service (NRCS), the Governor’s
Office of Emergency Services, and adjacent property owners.

2 Pre-Project Conditions

Geologic Setting

Bluff erosion initiated near the intersection of the surface expression of a fault trace of the Mad River
Fault Zone and the right bank of the Mad River, approximately 700 feet south of School Road. North of
the fault trace, the bluff is formed by late Pleistocene marine deposits comprised of moderately to poorly
cemented interbedded silty sands and gravel conglomerate (Stillwater, 2008). South of the fault trace,
surface deposits typically comprise unconsolidated Holocene fluvial deposits (gravel, sand, and silt).
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Photo 1: View facing east (January 22, 2006).

Photo 2: View facing north (January 19, 2006). Exhibit No. 12
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Project Area
The project area can be subdivided into four segments (Figure 2):
Segment Description Length | Stabilization
Measures
Constructed
1 Steep, near-vertical bluff north of School Road. 675 feet Yes
Adjacent to residences and public infrastructure.
2 Steep, near-vertical bluff south of School Road and 365 feet Yes
north of a stormwater outfall structure. Adjacent to
undeveloped land and riparian vegetation.
3 Low-profile bank south of the outfall structure and 210 feet Yes
north of right-bank gravel bar. Adjacent to riparian
vegetation.
4 Low-profile bank south of the 2008 project, adjacent | 130 feet No
to gravel bar (west) and riparian vegetation (east).
Photo 3: Representative pre-project photo of Segment 1 (March 20, 2006).
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Photo 4: View facing east of Segment 2 prior to the project (May 30, 2008).

Photo 5: Representative photo of Segment 3 prior to the project (March 20, 2006). Exhibit No. 12
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Geomorphic Factors

In May 2008, Humboldt County retained Stillwater Sciences to evaluate the geomorphic processes that
affect site conditions and present a professional opinion regarding the potential future trajectory of the
geomorphology of the area (Stillwater Sciences, 2008). Stillwater concluded that naturally occurring
fluvial processes in response to the northward migration of the mouth of the Mad River initiated channel
meander and point bar development, shifting of the thalweg orientation, and bank erosion of School Road.
Formation of the current river planform began forming around 1970 with the emergence and growth of a
gravel bar along the left bank opposite School Road, which caused the river thalweg (the deepest part
with the highest velocities) to progress eastward and impinge directly against the bluff on the right bank
in the vicinity of School Road. The thalweg of the river is angled toward the bluff at this location and the
bluff functions as the outside of a meander bend. This planform resulted in high flow velocities pointed
directly at the base of the School Road erosion site. Lenses of sand and gravel in the base of the bluff
were vulnerable to scour and erosion by flowing water. The middle and upper portions of the bank
became over-steepened and then failed as blocks through slumping. Figures 3 and 4 identify the key
geomorphic features of the site driving the patterns of erosion. The configuration of the gravel bars steers
the orientation of the thalweg and focuses the river’s erosive energy toward the bluff north and south of
School Road. As the left bank gravel bar grows and becomes firmly established with vegetation, the
channel is adjusting by creating a meander bend on the right bank near the upstream portion of the site.

Erosion History

In March 2008, Humboldt County retained LACO Associates to perform a geologic investigation and
assessment of the site. Figure 5 depicts the erosion history from 1941 through 2008 based on
georeferenced historical photographs (1941-2005) and topographic survey (2008), as presented in LACO
Associates (2008). Additional exhibits with historical imagery are provided in Attachment A. The largest
amount of bluff retreat between 1941 and 2008 was located directly across from School Road, with a total
length of approximately 350 feet. In the upstream portion of the project area (Segments 3 and 4),
approximately 85 feet of bank erosion occurred between 1948 and 1954. After 1954, the bank in
Segments 3 and 4 was relatively stable until approximately 10 to 20 feet of bank erosion occurred
between 2005 and 2008. This movement likely occurred during the 2005-2006 New Year’s Storm. In
Segments 1 and 2, the bluff retreated approximately 20 to 30 feet during the 2005-2006 New Year’s
Storm. LACO Associates (2008) concluded that discharges of 25,000 to 30,000 cubic feet per second
(cfs) or greater at the U.S. Geological Survey gauging station on the Mad River (11481000) correlate to
erosion events within the project area, based on their analysis and interpretation of the recent historic
record. The peak discharge during the 2005-2006 New Year’s Storm was 47,500 cfs.

3 Project Design

Segments 1 and 2

For Segment 1 (vertical bluff north of School Road), there was a clear need for bank stabilization
measures to protect homes and public infrastructure from continued erosion and bluff retreat from the
west. For Segment 2 (vertical bluff south of School Road), there was a clear need to protect School Road
and the residential areas from continued expansion and development of the meander bend from the
southwest. The County chose a bioengineering approach that integrated rock slope protection with willow
plantings. The design provided a longitudinal stone toe protection along the base of the bluff to resist
scour where velocities are highest. The toe protection was built with four- to six-ton boulders and
provided a stable foundation for the upper layer, comprised of an alternating series of rock groins and
vegetated bays. The groins are layered mounds of rock spaced at approximately 60 to 80 feet. Redwood
logs were embedded within eight of the 15 groins to partially protrude riverward from the structure. The
vegetated bays were composed of layers of soil, smaller rock, and decomposable geotextile fabric
integrated with willow branches, cuttings, and stakes. The flat benches of bays 1 through 12 were planted
with willow stakes and willow stems were planted against the face of the bluff. Toward the southern
portion of Segment 2, the vertical relief of the bluff decreases. Bays 13 and 14 were constructed with rock
and willow plants but the profile was adjusted to transition to a more sloping surface that tapered miibst No. 12

CDP Application No. 1-09-050

(Humboldt County)
12/12/20 Design Technical Memo



Technical Memorandum October 12, 2020
Mad River Streambank Protection Project Page 6

adjacent streambank. At the southern end of Segment 2, the stabilization measures were integrated with
the existing rock slope protection at a stormwater outfall. Segment 1 comprises station 10+80 through
17+55 and Segment 2 comprises station 17+55 through 21+20 on the as-built drawings (Attachment B).

The project design initially proposed laying back the upper portion of the bluff to an angle of repose.
However, this element was abandoned in order to avoid disturbing a large amount of soil and to avoid
disturbing habitat for cavity-nesting birds.

Segments 3 and 4

Segments 3 and 4 comprise the upstream portion of the site where the streambank is composed of fluvial
terrace deposits. The primary consideration here was to avoid flanking of the stabilization measures
constructed for Segments 1 and 2. Flanking can be defined as “erosion around the landward end of a
stream stabilization countermeasure” (FHWA, 2001). Flanking is a common failure mechanism for
protective shoreline structures, which are vulnerable to edge scour where there is an interface between
protected and unprotected surfaces. One of the most important design considerations for a bank
stabilization project is the method of protecting this interface. If the upstream portion of the site had been
left in its existing condition, the bank would continue to erode due to the geomorphic conditions
described previously that promote the formation of a meander bend. Further erosion could have scoured
the terrace deposits behind the constructed stabilization measures for Segment 2, leaving them
unsupported and subject to displacement. During the design phase, the County and NRCS considered this
a material risk to the effectiveness of the project based on the observed site conditions.

Design options
Options to protect against upstream flanking include:

1. In-stream Deflectors. This option involves the placement of rock or wood within the active channel to
re-direct the high-energy flows away from the end transition.

2. Tieback Structure. This option involves constructing an extension of the project into the bank to “key
in” the structure to stable ground. The Bureau of Reclamation’s (BOR’s) Bank Stabilization Design
Guidelines (2015) recommends that the length of the tieback structure should be sufficient to protect the
structure from upstream lateral movement within the range of expected meander migration. Typically a
trench is constructed into the bank and filled with revetment. Tieback trenches should be angled
approximately 30 degrees from the primary flow direction.

3. Longitudinal Extension. This option involves extending the stabilization measure along the bank. BOR
(2015) recommends extending the upstream end to areas of non-eroding velocities and relatively stable
banks.

Discussion

The feasibility of Option 1 was considered low because of the high magnitude of erosive forces with the
Mad River flows. An in-stream structure would have had to be large and likely reinforced with anchoring
such as cables or sheet piles. The effectiveness of this approach is questionable given the setting, and
further hydraulic modeling and engineering design would have been needed. The prospect of placing
over-sized rock and/or steel components within the active channel was considered highly undesirable due
to environmental and aesthetic impacts. For these reasons this option was abandoned.

Option 2 was evaluated at a conceptual level only. Option 2 was considered potentially feasible, although

further geotechnical and engineering design would have been required along with professional judgment

to predict the future trajectory of the meander bend formation. Construction of the key trench would have
involved substantial disturbance of the fluvial terrace deposits. The trench would need to extend down to

an elevation corresponding to the toe of the nearby bank, in anticipation of bank erosion reaching that

elevation. The trench would need to be wide enough to place a stable mound of rock. The trench ywfehit No. 12
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require shoring during construction, likely by driving sheetpiles. While the right bank is relatively low
along Segments 3 and 4, the grade of the terrace deposits rises gradually eastward. A conceptual layout is
shown on Figure 6. As a rough estimate, the depth of excavation would range from approximately 10 feet
at the streambank to a maximum depth of 20 feet (average of 15 feet). The trench would extend
approximately 50 feet into the bank and have an average width of approximately 25 feet. The total
volume of the key trench would be approximately 700 cubic yards (50 feet x 15 feet x 25 feet). The trench
would be filled with a range of boulder sizes and then back-filled. Note that the volume estimate for
Option 2 was not based on an engineered design.

Although the project site was not identified as a known Native American village site, the site was
considered culturally sensitive due to the extensive utilization of the area by Native Americans for the
abundant fishing, hunting, and gathering opportunities. Therefore, the potential for impacting a culturally
sensitive site by implementing Option 2 was considered relatively high.

Option 3 was considered technically feasible and was the selected alternative. The design for this option
did not attempt to abate all erosion along the right bank, but only the minimum amount needed to protect
the integrity of the southern end of the Segment 2 bank stabilization measures. Stabilization measures
were designed for Segment 3, while Segment 4 was left unprotected. The southern end of Segment 3
corresponded to the northern end of a gravel bar along the right bank. The northern end of the gravel bar
was a logical end point because the bar appears to limit the velocities and scour potential of the Mad
River flows along the bank of Segment 4. The improvements in Segment 3 correspond to Bay 15 and
Stations 21485 through 23+95 in the as-built drawings (Attachment B). The size of the improvements
for Segment 3 was smaller than Segments 1 and 2. The improvements were composed of rock boulders
placed along the toe of the bank incorporated with smaller rock, soil, and willow sprigs. The surface
tapered into the streambank. The height of the improvements averaged approximately 10 feet. The
average width was 7 feet. The total volume of fill material for Segment 3 was approximately 550 cubic
yards (210 feet x 10 feet x 7 feet). Option 3 appears to have required less soil disturbance and less fill
material than Option 2.

4 Post-Project Conditions

Photographs of the site following construction are provided below.

Photo 6: View facing east of post-construction conditions (summer 2011).
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Photo 7: View facing north of Segment 1 and portions of Segment 2 (September 23, 2009).

Photo 8: View facing south of Segment 3 (September 23, 2009). Exhibit No. 12
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Photo 9: View facing northeast of Segments 3 and 4 (April 21, 2010).

Photo 10: View facing north of Segments 2 and 3 (March 24, 2018).
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Photo 11: View facing east of Segment 1 (April 3, 2020).

Photo 12: View facing east of Segment 3 (April 3, 2020). Exhibit No. 12
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Photo 13: View facing northeast of Segment 3 and a portion of Segment 4 (April 3, 2020).

5 Current Conditions (2020)

Willow growth throughout the Project area is strong and the trees appear vigorous and healthy. In
Segments 1 and 2, willows have grown to envelope both the upper surface of the stabilization structure as
well as the bluff face. No visual evidence of displacement or movement of the stabilization measures has
been observed following the completion of construction in 2008. No flanking of the stabilization
measures has been observed. A scour channel is present at the base of Segment 3 (Photo 13), showing the
persistence of high-energy conditions along the right bank.

6 Impacts and Risks Associated with Removing the Placed Rock in Segment 3

If the rock within Segment 3 were to be removed, an access road network and staging areas would need to
be developed within the riparian vegetation that was established as part of the Project. Ground disturbance
associated with heavy equipment access, staging, and material stockpiling would be significant. Water
quality within the Mad River would likely receive temporary impacts due to sediment discharge. The
damaged riparian areas could be re-established; however, there would be at least one to two years of
temporal loss. The right bank would be de-stabilized and exposed to continued erosion. As discussed in
Section 3, the stabilization structure in Segment 2 would be at risk for flanking. In addition, the bluff area
near School Road would be vulnerable to erosion from the south. Removal of Segment 3 would be highly
controversial. Many people would object that the costs and impacts of such a demolition project do not
outweigh the benefits, create significant safety and property damage risks, and represent a poor use of
public funds. The costs of removal would be borne upon the County rather than the original funders of the
Project. Funding such a project would be controversial because the County is facing a financial crisis due
to the Covid-19 pandemic. If the structures along Segment 3 are removed and erosion begins to threaten
the Segment 2 structure, then stakeholders would likely mobilize to advocate for a new stabilization

project. Exhibit No. 12
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7 Conclusions

The purpose of the upstream portion of the Mad River Streambank Protection Project was to prevent
flanking of the downstream structure that provided direct protection for residential development and
public infrastructure. The upstream longitudinal extent was designed to impose the minimum amount of
influence on the fluvial setting and ongoing natural processes while maximizing design life and return on
community investment.

Figures

Figure 1. Site Location Map

Figure 2. Project Area

Figure 3. Geomorphic Factors (2005 imagery)
Figure 4. Geomorphic Factors (2019 imagery)
Figure 5. Right Bank Erosion History

Figure 6. Conceptual Tieback Layout
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