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1.0  INTRODUCTION 

 

Restoration of coastal dune habitat has been approved as part of the Broad Beach Restoration 

Project (“Project”), located in the City of Malibu, Los Angeles County, California (Figure 1).  The 

restoration of dune habitat at Broad Beach is part of a larger shoreline stabilization and beach 

nourishment pilot Project sponsored by the Broad Beach Geologic Hazard Abatement District 

(BBGHAD).  Within the context of the larger Project, dune restoration is intended to provide 

ecologically appropriate habitat to mitigate for impacts to existing dune habitat resulting from the 

approved and previous emergency shoreline protective structures at Broad Beach, as required 

under the permits issued for the Project, including a Coastal Development Permit (CDP 4-15-

0390) from the California Coastal Commission (CCC), a Section 404 Individual Permit from the 

U.S. Army Corps of Engineers (USACE) and the associated Biological Opinion from the U.S. Fish 

and Wildlife Service (USFWS), a Section 401 Water Quality Certification from the Regional Water 

Quality Control Board (RWQCB), and the California State Lands Commission (CSLC) Lease 

Agreement.  

 

Special Condition 5 of the CDP requires a Final Revised Dune Habitat Restoration and 

Enhancement Program that provides for the restoration and enhancement of coastal strand and 

southern foredune habitat onsite, at a minimum ratio of 3:1 (restored area to impacted area), as 

requested mitigation for 3.62 acres of impacts to existing dune habitat that resulted from the 

installation of the as-built sandbag seawall, the as-built rock revetment, and the portion of the rock 

revetment that will be relocated.  As required by CDP  conditions, performance standards have 

been developed related to key characteristics of naturally occurring dunes, both in terms of dune 

processes (e.g., dune growth and rebuilding) and the results of those processes (e.g., 

establishment of typical dune morphology and dune vegetation).  While the goal of dune 

restoration is to re-create naturally functioning dune habitat, there will be limitations to replicating 

a naturally functioning dune system given a number of physical factors at the site and the 

requirements of the larger beach nourishment pilot Project.  

 

This Dune Habitat Restoration and Enhancement Plan (DHREP) details the proposed approach 

for restoration of foredune habitat and includes plans for subsequent monitoring and adaptive 

management.  The details of the DHREP draw from previous dune restoration projects in southern 

California and elsewhere, but have been tailored to fit the constraints at Broad Beach.  The 

approach  includes the creation of southern foredune habitat incorporating elements of naturally 

occurring coastal foredune systems in the region.  Development of the restoration approach has 

been guided by conditions at nearby reference sites, reports on the geomorphology and 

vegetation of dune habitats in the region, and historical conditions at Broad Beach as determined 

from historic aerial imagery and other sources.  Incorporating the natural geomorphology and 

vegetation of foredunes from the region will help to create a more sustainable dune system that 

blends with the natural environment of the Broad Beach area and provides valuable habitat for 

native plant and wildlife species while achieving the shoreline stabilization goals of the larger 

Project. 

  



Map Date: April 2017
Map By: Michael Rochelle
Base Source: ESRI Imagery & National Geographic
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2.0  EXISTING AND HISTORICAL CONDITIONS 

 

Historically, Broad Beach contained a broad sandy beach backed by an active foredune system, 

which would have provided a buffer from extreme wave action and a reservoir of sand for beach 

nourishment following major storms (Figure 2).  Over the years, development at Broad Beach, 

combined with a reduction in sand supply, and a change in wave energy, has resulted in the loss 

of beach and foredune habitat (Moffatt and Nichol 2013).  Between 1974 and 2009, Broad Beach 

suffered a loss of approximately 600,000 cubic yards of sand, causing the shoreline to move 

inland 65 feet or more (Moffatt and Nichol 2013).  The negative sand budget at Broad Beach has 

resulted in a narrow sandy beach which is almost entirely inundated at high tide and is backed by 

a severely degraded, remnant foredune system. 

 

By 2009, the loss of sand at Broad Beach had created critical conditions which damaged certain 

private properties, threatened other private parcels  and eliminated public access to the beach 

during high tides (Moffatt and Nichol 2013).  An emergency revetment was installed during the 

winter of 2009-2010 to halt further erosion and to preserve existing structures and on-site sewage 

treatment systems.  The revetment consists of an approximately 20-foot wide band of ½- to 2-ton 

rock installed in a trench running from in front of the residences at 30760 to 31350 along Broad 

Beach Road, approximately 4,000 feet (Figure 3).  The loss of sand at Broad Beach has been 

most extensive at the northwestern end of the beach.  At the northwestern portion of the beach,  

the rock revetment is more robust, approximately 40 feet wide and with rocks size approaching 4 

tons.  The residences along the northwestern-most 1,500 feet of the beach are protected by a 

variety of seawalls and other structures, and as such, no revetment was constructed along this 

portion of the beach. 

 

Below the revetment, Broad Beach consists of a flat, sandy beach which is nearly entirely 

inundated at high tide.  Above the revetment, remnant foredune habitat intergrades with private 

residences in a mix of iceplant (Carpobrotus spp.), ornamental landscaping, patios and other 

hardscaping, and open sand.  The remnant foredune habitat has been highly degraded over the 

years and bears little resemblance to less-disturbed foredune habitat at other locations in 

southern California.  In general, the foredunes at Broad Beach have lost their natural 

geomorphology and native vegetation, having been either eroded by wind and wave action, lost 

to pedestrian disturbance, shoreline protective structures, and/or altered to accommodate 

development.  Remnant semi-natural foredune geomorphology is apparent in limited areas along 

Broad Beach, primarily in association with undeveloped parcels at the eastern end of the beach.  

In this area, limited patches of native dune mat vegetation, as defined by Sawyer et al. (2009), 

occur in association with foredune mounds.  However, the majority of native dune mat vegetation 

at Broad Beach has either been displaced by iceplant, shoreline protective structures, or replaced 

with a mix of native and non-native landscaping.  Where iceplant occurs, it generally forms a 

dense monotypic stand. 
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Figure 2.  Image of the middle section of Broad Beach from 1979 showing an active beach 

backed by a band of foredune habitat (photograph courtesy of California Coastal Records 

Project). 

 

 
 

Figure 3.  Typical sections of the emergency rock revetment installed in 2010 (photographs 

by Moffatt and Nichol). 
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3.0  DUNE ECOLOGY 

 

Active coastal dunes are inherently dynamic systems changing in response to wind and waves 

(Maun 2009).  Sand is deposited on the beach through wave action and is blown inland by wind 

(aeolian transport).  Reduced wind speeds behind objects on the beach such as plants, beach 

debris, or sand fencing allows sand to collect behind such objects, eventually forming incipient 

dunes.  If the incipient dunes are not removed by high tides or storm surges, sand will continue 

to collect, eventually forming foredunes.  Given sufficient sand supply and space to move and 

grow, foredunes will develop into a larger, more complex system of dune ridges, dune hollows or 

swales, deflation plains, and stabilized backdunes (Pickart and Sawyer 1998; Pickart and Barbour 

2007).  Active dunes along the immediate coastline are generally sparsely vegetated and not 

stabilized.  As dunes move inland, they generally develop a more substantial plant community 

which stabilizes the dunes. 

 

A variety of beach and dune zones, as well as an array of dune forms, have been described in 

the literature.  In general, dune systems in southern California consist of a relatively simple set of 

foredunes (Engstrom 2006).  Historically, the coastal bluff running along the length of Broad 

Beach would have limited the development of a more complex dune system in this area.  Historical 

photographs of Broad Beach (Figure 2) show low dune mounds occurring along the length of the 

beach, consistent with a relatively simple foredune system. 

 

As foredunes grow, they are generally colonized by a limited suite of plant species adapted to the 

harsh beach environment.  Plants adapted to life on the beach must cope with high salinity levels, 

low levels of essential plant nutrients, limited water availability, desiccating winds, high solar 

radiation (insolation) levels, and shifting sands (Pickart and Barbour 2007; Sawyer et al. 2009).  

This high level of environmental stress has resulted in a relatively limited beach and dune flora, 

particularly in southern California.  Holland (1986) described a southern foredune plant community 

dominated by native perennial herbs and subshrubs such as sand verbena (Abronia maritima, A. 

umbellata), beach bur (Ambrosia chamissonis), beach saltbush (Atriplex leucophylla), beach 

morning glory (Calystegia soldanella), beach evening-primrose (Camissoniopsis cheiranthifolia, 

as Camissonia cheiranthifolia), salt grass (Distichlis spicata), and Menzies’ goldenbush (Isocoma 

menziesii, as Haplopappus venetus).  Non-native species common to this community include sea 

rocket (Cakile maritima) and iceplant (Carpobrotus chilensis, C. edulis). 

 

Holland’s southern foredune community generally corresponds to the dune mat (Abronia latifolia–

Ambrosia chamissonis) alliance described by Sawyer et al. (2009).  Historically, dune mat stands 

were the sole plant community to colonize foredunes south of Morro Bay; foredune grassland and 

dune swale vegetation were largely absent south of Point Conception (Pickart and Barbour 2007).  

Holland describes the southern foredune community as grading into a southern dune scrub 

community dominated by subshrubs such as California croton (Croton californicus), California 

goldenbush (Ericameria ericoides), Menzies’ goldenbush, and dune bush lupine (Lupinus 

chamissonis), among other species.  Holland’s southern dune scrub community generally 

corresponds to the silver dune lupine-mock heather (Lupinus chamissonis-Ericameria ericoides) 

alliance described by Sawyer et al. (2009).  It is likely that some area of southern dune scrub 
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vegetation occurred at Broad Beach in more stabilized portions of the dune system, near the 

coastal bluff.  This community would have intergraded with the southern foredune community, 

and it is likely that some elements of the southern dune scrub community would have been 

present in the southern foredune community. 

 

Foredune communities in southern California are generally more sparsely vegetated than 

foredune communities in northern California, which can often be dominated by dense stands of 

native and non-native grasses (Pickart and Sawyer 1998).  Detailed reports of plant density in 

southern foredune communities are generally lacking; however, in their review of beach and dune 

vegetation in California, Pickart and Barbour (2007) reported average cover of beach vegetation 

between 10 and 25 percent and reaching as high as 50 percent or more on the seaward face of 

foredunes.  Pickart and Barbour do not provide specific estimates of plant cover for foredune 

communities; however, estimates of plant density made by WRA at the reference foredune 

system at Ormond Beach ranged from approximately 15 to 30 percent (WRA 2013). 

 

To the extent feasible and practicable, the proposed foredunes at Broad Beach have been 

designed to incorporate characteristic elements of foredune systems from the region.  However, 

it should be recognized that some of the ecological factors that promote the formation and 

maintenance of dune systems are generally disrupted at Broad Beach.  For instance, dune 

formation requires a substantial source of sand which usually occurs in the form of sandy beach 

habitat.  Such a supply of sand is currently lacking at Broad Beach.  The sandy beach habitat to 

be created by the proposed beach nourishment will provide a source of sand that can temporarily 

support natural dune formation following the initial construction of the foredunes.  The natural 

processes of dune formation will be limited by the availability of sand from the beach, as well as 

by existing development on the landward side of the beach which limits the area available for 

dune movement.   

 

Sand grain size and shape may also be a limiting factor as these affect the mobility of beach sand.  

If sand is too coarse, it may not be mobilized by the wind, and this may restrict natural dune 

growth and rebuilding processes.  A lack of mobile sand may also limit the development of native 

dune vegetation, as plants adapted to life in dunes require moving sand and constant reburial.  

Similarly, the rock revetment, may disrupt groundwater connectivity and capillary rise, thereby 

restricting the amount of available water for plant establishment.  If exposed, the rock revetment 

may also act as a barrier to inland sand movement, thereby restricting dune growth and rebuilding 

processes behind the revetment.  This DHREP attempts to address these potential short comings 

through initial Project design (Sections 4 and 5) and a robust monitoring and adaptive 

management program (Sections 7 and 8, respectively). 

 

 

4.0  RESTORATION OVERVIEW 

 

The proposed dune restoration at Broad Beach is based on conditions at naturally occurring 

foredune systems in southern California and on historical imagery of Broad Beach, with 

modifications to achieve the shoreline stabilization goals of the larger Project, including the rock 



 

831510v1  7 

revetment, beach nourishment, and available sand grain-size.  The foredune formations at 

Ormond Beach, located near Oxnard, approximately 16 miles northwest of Broad Beach, served 

as the primary reference site for determining appropriate dune morphology and vegetation 

composition.  WRA also visited the foredune systems at Pt. Mugu Naval Air Station and McGrath 

State Beach in Oxnard and San Buenaventura State Beach in Ventura.  WRA reviewed 

photographs from the California Coastal Records Project (Adelman and Adelman 2013) to 

determine the historical dune and beach landscape present at Broad Beach. 

 

Historic photographs from 1979 (e.g., Figure 2) indicate that foredune habitat similar to the 

reference foredunes at Ormond Beach was present along nearly the entire length of Broad Beach.  

The foredune system at Broad Beach appears to have been relatively narrow and less well 

developed at the western end of the beach, expanding into a wider, more well-developed foredune 

system at the eastern end of the beach. 

 

Based on the review of historical photographs and observations at the reference site and of similar 

foredune systems in southern California, WRA has developed a design for the dune restoration 

area that incorporates elements of the natural geomorphology and vegetation of foredunes in the 

area.   

 

The restoration will include construction of foredunes and establishment of appropriate native 

foredune vegetation.  Foredunes will be created on top of, landward, and seaward of the existing 

or relocated rock revetment.  Overall dune design will consist of a dune system with individual 

dunes hillocks of similar size, shape, and distribution as the reference dunes at Ormond Beach, 

Pt. Mugu Naval Air Station, McGrath State Beach, and San Buenaventura State Beach. 

 

The dune habitat restoration/enhancement area on-site shall generally include a footprint that 

extends from the property at 31350 Broad Beach Road to the property at 30708 Broad Beach 

Road and that begins as far landward as feasible (at the stringline of approved development 

across the subject properties) and extends seaward to the expected maximum wave uprush limit. 

The stringline of approved development that will form the landward limit of the dune 

restoration/enhancement area shall be generally located at the seaward edge of any legally 

existing residential structures, including patios and decks.  Sandy beach areas where existing 

septic leach fields are located seaward of the stringline shall be revegetated with native dune 

plant species and mounding techniques using minor amounts of sand fill material without the use 

of heavy equipment. Restoration and enhancement of the landward most areas within the above 

described dune habitat restoration and enhancement area shall be prioritized. The design of the 

dune restoration will accommodate the approved rock revetment.  The existing rock revetment 

will remain in place for an approximately 2,600-foot-long portion of the shoreline located in front 

of residences at 31000 to 31350 Broad Beach Road.   

 

As part of the approved Project, an approximately 1,600-foot-long portion of the existing rock 

revetment, from in front of the residences at 30980 to 30760 Broad Beach Road, will be relocated 

further inland to the development string line determined by the CCC.  An approximately 520-foot-



 

831510v1  8 

long segment of the beach, from the residences at 30756 to 30708 Broad Beach Road, will not 

have a rock revetment. 

 

The new foredune habitat will be seeded with native species typical of southern foredune plant 

communities.  In general, the seed mix will contain low-growing perennial forbs typical of southern 

foredune habitat such as red sand verbena, pink sand verbena, beach saltbush, beach evening 

primrose, and beach morning glory.  Additional native plant species appropriate for dune systems 

in southern California will be seeded in subsequent years to increase native plant diversity across 

the dunes.  Although beach bur is a dominant component of foredune systems in the region, it 

has been omitted from the proposed plant palette at Broad Beach due to concerns from 

homeowners. The restoration design will also include temporary sand fencing, placed 

perpendicular to the prevailing wind direction, to facilitate establishment of dune hummocks.   

 

Private footpaths will be created between dune hillocks to facilitate vertical beach access for 

private residences.  Existing levels of vertical access for the public will be maintained at two 

existing public access locations.  The created foredunes will be vulnerable to damage from foot 

traffic, and any access throughout the foredunes will be discouraged through the use of sensitive 

habitat signage and symbolic fencing along the vertical private footpaths and public access points.  

Signage will also be installed on or near the seaward limit of dune vegetation within the dune 

restoration area.   For additional details about public access, see Section 5.7 and the Public 

Access and Management Plan (Moffatt and Nichol 2017a). 

 

 

5.0  RESTORATION IMPLEMENTATION 

 

Designs for the proposed dune restoration at Broad Beach are provided as Appendix A, an 

overview is shown on Figure 4.  As noted previously, the dunes have been designed to mimic 

natural foredune systems in southern California, with specific reference to the foredune systems 

at Ormond Beach, McGrath State Beach, Pt. Mugu Naval Air Station, and San Buenaventura 

State Beach.   

 

The dune restoration will be implemented in distinct stages that tie into the larger shoreline 

stabilization and beach nourishment efforts.  The larger Project approach will include (in 

approximate chronological order):  

1. Demolition of existing infrastructure seaward of the development stringline;  

2. Removal of existing vegetation;  

3. Salvage, sorting, and storage of native Broad Beach sand;  

4. Placement of sand on beach; 

5. Removal and relocation of the eastern portion of the rock revetment; 

6. Construction of storm drain outfalls;  

7. Construction of a trapezoidal sand base over the revetment upon which dunes will 

be constructed;  

8. Construction of low dune mounds;  
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9. Dune seeding; and  

10. Dune stabilization.   

 

The exact order of operations may be modified based on circumstances that arise during 

implementation of the Project.  A more detailed construction sequence and schedule is included 

as Appendix B. 

 

The following sections provide details for the dune restoration component of the larger shoreline 

stabilization and beach nourishment Project.  Reference to some aspects of the larger Project are 

included for context; detailed explanations of those activities are provided in their respective 

restoration planning documents. 

 

Best management practices (BMPs) that will be implemented during all phases of construction 

are provided in Section 6.0. 

5.1  Biological Monitoring During Construction 

 

The presence of one or more biological monitors is important for maintaining compliance with 

environmental protection measures.  At least one qualified biological monitor will be present 

during all construction activities.  The biological monitor will be approved by the CCC, CSLC, 

USACE, and USFWS in advance of any construction activities.  The monitor(s) will be responsible 

for implementing environmental compliance trainings and for conducting inspections and surveys 

as outlined in the regulatory approvals.  For more details about biological monitoring during 

construction, see the Adaptive Management and Monitoring Plan (Moffatt and Nichol 2017b). 

 

5.2  Construction Staging and Access 

 

Staging for the entire Project will occur at the western end of the parking lot for Zuma Beach (Lot 

12; Figure 4) and ingress and egress from the site will occur along designated travel routes.  For 

more details about staging and access, see the Public Access Management Program (Moffatt 

and Nichol 2017a). 

5.3  Site Preparation and Initial Grading 

 

Site preparation will involve removal of non-native and invasive plants and removal of hardscaping 

and other landscape features such as concrete and stone walk ways and patios, existing 

landscape furnishings, and any irrigation materials seaward of the development stringline.  In 

addition, a portion of the rock revetment from in front of the residences at 30980 to 30760 Broad 

Beach Road will be removed and relocated further inland.  A demolition plan is included as 

Appendix C.  Details of the site preparation are discussed in the following sections. 
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5.3.1  Removal of Non-Native and Invasive Species 

 

During initial site preparation, all existing vegetation will be removed from the dune restoration 

area.  Non-native plants will be removed through a combination mechanical methods using an 

excavator or similar machinery and hand removal; the use of herbicides will be used only as a 

last resort in cases where it is not possible to remove the entire plant.  If herbicides are used, they 

will be applied by a certified applicator following all relevant laws and regulations. 

 

Although much of the area will be buried under at least 2 feet of sand, care will be taken to remove 

the entire root system of non-native and invasive plants to help prevent re-sprouting.  All removed 

plant material will be disposed of at a properly licensed facility. 

 

Although all vegetation will be removed during the site preparation phase, special attention will 

be given to the removal of non-native species listed as “moderate” or “high” by the California 

Invasive Plant Council (Cal-IPC).  The primary species of concern at Broad Beach include iceplant 

(Carpobrotus chilensis, C. edulis) and pampas grass (Cortaderia jubata, C. selloana).  Specific 

methods for removing these species are listed below. 

 

Iceplant 

 

Iceplant is a mat-forming subshrub initially introduced to California to reduce erosion in coastal 

dune systems.  Since its introduction, iceplant has escaped cultivation and is now listed by the 

Cal-IPC as a serious threat to native California ecosystems (Cal-IPC 2006).  Iceplant spreads 

rhizominously or by seed and is capable of creating monotypic stands across entire dune 

systems.  Once established, iceplant reduces the natural shifting of the dunes and produces 

allelopathic compounds which reduce the viability of competing plants (Cosner and Conner 2009).  

Due to the aggressive and invasive nature of iceplant, its control is a crucial element of any coastal 

habitat restoration Project. 

 

At Broad Beach, iceplant will be primarily controlled through mechanical means.  During initial site 

preparation, a small backhoe and other similar machinery will be used to remove all iceplant from 

the site.  Removed iceplant will be disposed of at an appropriately licensed facility. 

 

Iceplant is capable of forming extensive seed banks and will likely continue regenerate from this 

seed bank (as well as from any plant fragments left behind) for years to come, and continued 

monitoring and removal will be necessary to prevent reestablishment.  Following the initial 

removal, re-sprouts will be removed by hand or by spot treatment with herbicide.  If herbicides 

are used, a two percent solution of glyphosate mixed with a surfactant will be applied to the plants 

using a wick- or sponge-type applicator to minimize the potential for herbicide drift.  Multiple 

glyphosate applications may be required to ensure all plants are killed; if determined necessary, 

up to three herbicide applications will be made three days to a week apart (see Section 7.0 for 

post-construction weed monitoring and Section 8.0 for post-construction weed control). 
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Pampas Grass 

 

Pampas grass is a large, densely tufted perennial grass that was introduced to California from 

South America for erosion control (Cal-IPC 2006).  Since its introduction, pampas grass has 

escaped cultivation and is currently listed by the Cal-IPC as a high threat to California plant 

communities (Cal-IPC 2006).  Invasive features of pampas grass include rapid growth, large 

biomass accumulation, heavy seed production, and long-distance seed dispersal.  A single 

pampas grass inflorescence can produce up to 100,000 seeds which are widely dispersed by 

wind (DiTomaso 2006). 

 

Given the limited extent of pampas grass at Broad Beach, the species will be targeted for removal 

by hand or mechanical grubbing.  Prior to removal, any inflorescences will be carefully removed 

by placing a bag over the plume, securing the bag around the stem, and cutting the stem below 

the bag.  This will prevent distributing the seed into the wind and adding to the seed bank.  In the 

event that plants cannot be removed in their entirety, the remaining portions will be sprayed with 

a two percent solution of glyphosate with added surfactant to prevent re-sprouting.  If herbicides 

are used, a two percent solution of glyphosate mixed with a surfactant will be applied to the plants 

using a wick- or sponge-type applicator to minimize the potential for herbicide drift. 

 

As with iceplant, pampas grass is able to form an extensive seed bank and may continue to re-

sprout at the site for years to come, and continued monitoring and hand removal or herbicide 

treatment will be necessary to prevent reestablishment (see Section 7.0 for post-construction 

weed monitoring and Section 8.0 for post-construction weed control). 

 

5.3.2  Removal of Hardscape 

 

Residential Hardscape 

 

The proposed dune restoration footprint, which extends to the CCC development line shown in 

Appendix C, overlaps with existing hardscape at many residences along Broad Beach.  Existing 

hardscape includes stairs and walkways, fencing, decks, and retaining walls, among other 

materials.  It is also likely that irrigation and electrical lines occur in these areas and will need to 

be removed.  Existing hardscape will be dismantled up to the edge of the CCC development line 

and off-hauled to an appropriately licensed disposal facility according to the demolition plan 

included as Appendix C.  It is anticipated that removal of hardscaping will require the use of an 

excavator, dump truck, and other standard construction machinery.  BMPs listed in Section 6 will 

be implemented during all demolition activities. 

 

Sand Bags and Rock Revetment 

 

All sand bags installed landward of the revetment  will be removed from the site.  In addition, a 

section of the rock revetment from in front of the residences at 30980 to 30760 Broad Beach Road 

will be removed and relocated further inland.  Where the revetment is removed, this will include 

removal of all armor stone, sandbags, and geotextile fabric.  Armor stone will be stockpiled for 
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reuse in constructing the relocated portion of the revetment.  Prior to their removal, all sand bags 

will be opened and sand will be emptied onto the beach and the bags will be disposed of at an 

appropriate facility.   

 

BMPs listed in Section 6 will be implemented during all sand bag and rock revetment removal and 

relocation. 

 

5.3.3  Native Sand Sorting, Salvage, and Stockpiling 

 

Concurrent with vegetation removal and hardscape demolition, the existing sand at Broad Beach 

will be collected, sorted, and salvaged for re-use in beach and dune construction.  It is anticipated 

that the existing Broad Beach sand will contain a mix of native beach sand and other, introduced 

material including sand and soil from other sources, potting soil and related components, rubble, 

and potentially other material.  To the extent feasible, the existing sand will be sorted to remove 

as much non-compatible material as possible.  However, given the nature of working with mobile 

sand and the scale of the proposed sand salvage operation, it will not be feasible to completely 

isolate the native beach sand from other introduced material and it is expected that some amount 

of introduced material will be incorporated into the salvaged sand. 

 

Salvaged sand will be either moved to its final location immediately following sorting or may be 

stockpiled on either side of the staging area at Parking Lot 12 (Figure 4).  BMPs listed in Section 

6 will be implemented during all sand sorting, salvage, and stockpile operations. 

 

5.3.4  Initial Earthwork and Mass Grading 

 

Initial grading will include partial to full buildout of the proposed beach and construction of a 

trapezoidal sand base over the rock revetment.  As part of the proposed beach nourishment, 

imported sand (see Section 5.4 for details on sand sourcing) will be placed on the beach using 

large dump trucks or similar equipment and will be spread using a variety of tractors, land levelers, 

and graders. 

 

Following the initial beach buildout, the base of the dune restoration area (“dune base”) will be 

constructed by creating an underlying trapezoidal landform made of quarried sand that sits on top 

of and covers the existing and relocated portions of the rock revetment.  The dune base will be 

constructed during the mass grading associated with the initial beach nourishment and will include 

the integration of the relocated rock revetment and stormwater outfalls.  In general, the height of 

the trapezoid will be at an elevation of 17 feet NAVD88.  This will provide a minimum of 2 feet of 

sand cover over the rock revetment.  The width of the top of the trapezoid will vary from 31 to 112 

feet.  Typical seaward slopes from the top of the trapezoid to the dry-beach area will be 5:1. 

Slopes from the top of the trapezoid to the landward extent of the dune restoration area range 

from 2.5:1 to 14:1. 
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5.4  Sand Sourcing and Particle Size 

5.4.1  Sand Sourcing 

 

Sand source and composition within the dune habitat restoration/enhancement area shall be 

consistent with the specifications of Special Condition 8 (Sediment Analysis and Monitoring) of 

CDP 4-15-0390.  Sand to be used in the foredune creation and enhancement will be sourced from 

one or more of several inland quarry sites (e.g., Cemex, Grimes Rock, P.W. Gillibrand) located in 

the Simi Valley region.  Sand from these potential sources will be analyzed for physical and 

chemical suitability for foredune creation and enhancement according to the Sand Sampling and 

Analysis Plan (Moffatt and Nichol 2017c).  These analyses will focus on contaminants, grain size, 

color, particle shape, debris content, and compact ability, with the goal of sourcing sand that is as 

similar as possible to the native Broad Beach sand. Prior to application of the native or quarried 

sand on the restored dunes, non-native and invasive plant species shall be removed to the 

maximum extent feasible. 

5.4.2  Particle Size 

 

Sand particle size is an important factor in dune restoration and creation projects as particle size 

affects permeability and Aeolian transport dynamics and the dissipation of wave energy, driving 

the natural processes of beach and dune formation (Nordstrom 2008).  Smaller particle size may 

result in decreased permeability and increased water retention which can make the beach or 

dunes more susceptible to invasion by non-native plant species.  Larger particle size may 

decrease the ability of the sand to be transported by wind and wave action, thereby increasing 

the longevity of the beach or dunes—this effect is more readily seen when using particle sizes 

approaching that of gravel (Nordstrom 2008).  Because sand on the seaward side of the dunes is 

expected to be quickly reworked by wind and wave action, particle size is of greater importance 

on the landward side of the dunes. 

 

A particle size assessment using samples from four tidal elevations indicates that particle size at 

Broad Beach ranges from coarse gravel to very fine sand (10 to 0.65 millimeters), with the largest 

fraction of sand ranging from medium to fine sand (0.5 to 0.1 millimeters; Moffatt and Nichol 

2017c).  Sand sourced for beach nourishment and foredune construction at Broad Beach will 

have a grain size envelope as close to that of Broad Beach as possible. Pursuant to Special 

Conditions 5 and 8 of CDP 4-15-0390, the sand source material must meet the following 

specifications: (a) the source material to be used for beach nourishment purposes can contain no 

more than 10 percent fine material that is 0.074 millimeter in size or smaller; (b) the source 

material to be used for beach nourishment purposes can contain no more than 10 percent coarse 

material greater than 2.0 millimeters in size and no more than 1 percent of material that is 4.76 

millimeters and larger; (c) the average diameter for the source material to be used for beach 

nourishment and dune creation purposes must be within the range of 0.25 to 0.6 millimeter; and 

(d) all grain size limits shall be based upon weekly averages of multiple daily samples from the 

delivery trucks or the stockpile area(s).  Because the allowable specifications for the imported 

source sand will differ from the native Broad Beach sand in at least some of its characteristics, 

the monitoring and adaptive management program outlined in Sections 7.0 and 8.0, respectively, 
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has been designed to identify whether these difference interfere with key ecological function such 

as Aeolian transportation and soil moisture availability.   

 

For more details on sand sourcing and the physical and chemical characteristics of the imported 

sand, see the Sand Sampling and Analysis Plan (Moffatt and Nichol 2017c). 

 

5.5  Dune Construction 

 

5.5.1  Dune Hillock Construction 
 

To jump-start the dune building process and provide roughness to break-up laminar wind flow 

that occurs on flat stretches of sand, dune hillocks will be pre-formed on top of the dune base 

described in Section 4.  Following construction of the dune base, dune hillocks (or dune mounds) 

will be constructed on the top, seaward slope, and landward slope of the dune base.  The 

proposed diameter, shape, and height of the dune hillocks, as designed, are based on the range 

of dune sizes and heights found at Ormond Beach.  The height of the overall dune restoration 

area will range from 12 to 20.5 feet NAVD88, reflecting the typical heights of the remnant dunes 

that currently existing at Broad Beach. 

To construct each dune hillock, a specified volume of sand will be placed using a backhoe at the 

center location of each dune hillock and then shaped using a small tractor with box-blade or by 

using hand rakes.  It is expected that the dune hillocks will be reshaped quickly by Aeolian 

processes and will develop more natural shapes that conform to the prevailing wind direction. 

The dune hillocks will be placed in a semi-random configuration on the dune base.  The initial 

dune hillocks will be strategically located to facilitate the vertical private and public access paths, 

as well as storm drain outfalls.  Dune hillocks will be placed throughout the dune restoration area 

except for the following locations: 

 In front of the stormwater outfalls where the dune field will be blown out from annual 

winter storm water discharge; 

 Along the private access paths, the Beach Club access path, and the vertical public 

access paths; and 

 Within 10 feet of the CCC development stringline where septic fields occur. 

Following their initial construction, the dune hillocks will be stabilized using a combination of 

crimped straw and sand fencing, as described in Section 5.5.3. 

 

5.5.2  Dune Restoration Sand Treatments 
 

Three different sand treatments will be used within the dune restoration area (Figure 4).  The 

treatments will aid in understanding the effects of sand grain size and a fixed revetment base on 

vegetation establishment and Aeolian transport of sand related to dune and beach rebuilding.  

The treatments will consist of native Broad Beach sand and quarry sand, with and without the 

revetment as a fixed base.  There will be three different sand treatments, including: 100 percent 

Broad Beach sand, 100 percent quarry sand, and a 2-foot-thick cap of Broad Beach sand over 
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the quarry sand.  Although the Project would ideally include treatment composed of 100 percent 

Broad Beach sand over the revetment, there is not enough natural sand to implement such a 

treatment.  As shown on Figure 4, the 100 percent native Broad Beach sand will cover 

approximately 450 linear feet at the very eastern end of Broad Beach without the revetment.  The 

2-foot-thick cap of Broad Beach sand over quarry sand placed on the revetment will cover 

approximately 650 linear feet immediately adjacent to and west of the dunes created with 100 

percent Broad Beach sand.  The remaining 3,500 linear feet of created dunes over the revetment 

will consist of 100 percent quarry sand.   The boundaries and extent of each sand treatment was 

limited by the amount of available Broad Beach sand.  Details of the sand treatments are provided 

in Table 2.  Typical cross sections for each of the sand treatments and the location and linear 

extent of each treatment are illustrated in the Project plans included as Appendix A. 

Table 1.  Proposed sand treatments 

TREATMENT DESCRIPTION SIZE/LOCATION 

100% native sand Existing dune and beach sand 

from Broad Beach will be salvaged 

and used to construct dunes.  

Both the dune base and the dune 

hillocks will be constructed with 

the native sand.  No revetment will 

be present in this area. 

Approximately 450 linear feet 

at the eastern end of beach, 

from approximately 30750 to 

30708 Broad Beach Road. 

2-ft. cap of native sand The dune base will be constructed 

with quarried sand which will be 

covered with a 2-foot-thick cap of 

the native Broad Beach Sand 

upon which the dune hillocks will 

be constructed using native Broad 

Beach sand.  The dune base and 

dune hillocks will be constructed 

over the rock revetment. 

Approximately 650 linear feet 

in the middle section of 

beach, from approximately 

30760 to 30860 Broad Beach 

Road. 

100% quarry sand The dune base and dune hillocks 

will be constructed using entirely 

quarried sand.  The dune base 

and dune hillocks will be 

constructed over the rock 

revetment. 

Approximately 3,500 linear 

feet at the middle and 

western sections of beach, 

from approximately 30866 to 

31350 Broad Beach Road. 

 

The treatments were created to provide an opportunity to monitor the potential adverse effects of 

using sand with a coarser and more angular grain-size than that occurring naturally at Broad 

Beach.  As noted in Section 4.0, using coarser-grained sand may affect Aeolian transport 

dynamics and the availability of soil moisture.  This has potential implications for the establishment 

of dune vegetation and dune building processes.  Fine grain-sized sand may play a critical role in 
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providing soil moisture conditions favorable for dune vegetation by providing a mechanism for 

ground water to rise via capillary action to a height accessible by dune vegetation.  The coarser-

grained sand may not effectively facilitate the capillary rise of ground water and may contribute to 

difficulties establishing dune vegetation.  In addition, the coarser-grained sand may impact 

Aeolian transport dynamics, potentially limiting the movement of sand which is critical for many 

dune-adapted plant species that have evolved to need constant reburial. 

 

The three treatments will enable comparison of the effects of sand grain size and a fixed 

revetment base on vegetation establishment and Aeolian transport of sand as it relates to the 

ability of the dunes to rebuild by natural processes.  The performance of the three treatments will 

be compared to the references sites as part of the monitoring program.  The 100 percent Broad 

Beach sand treatment will be implemented at the eastern end of the Project where there is no 

rock revetment.  The other two treatments will be implemented over the rock revetment.  In this 

context, the 100 percent Broad Beach sand treatment provides the opportunity to assess an area 

that is most similar to natural dune areas at Broad Beach without a fixed base; the 100 percent 

quarried sand provides the opportunity to assess sand with a coarser texture than the native 

Broad Beach sand on top of a fixed rock revetment base; the 2-foot-thick cap of Broad Beach 

sand provides the opportunity to test an alternative that uses a mix of native and quarried sand 

on top of a fixed rock revetment base. 

 

5.5.3  Sand Stabilization 

 

As noted in Section 5.6.1, some level of sand stabilization will be achieved by pre-forming the 

dune mounds; however, additional stabilization is needed to prevent large losses of sand before 

dune vegetation can become established and provide a more natural level of sand stabilization.  

The Project will use a combination crimped straw and sand fencing to initially stabilize sand until 

dune vegetation has established. 

 

Crimped Straw 

 

Crimped straw has been used in previous dune restoration efforts to create surface roughness 

that slows wind speed at the sand surface and thereby reduces Aeolian sand transport.  The 

application of crimped straw will be used throughout the dune restoration area to help stabilize 

the sand before dune plants become established. 

 

Following initial construction of the dune hummocks, weed-free straw will be broadcast across the 

entirety of the dune restoration area (up to approximately 6 feet above the highest expected storm 

surges) at a rate of 3,500 to 4,000 lbs. per acre.  Dune troughs and the lower slopes of dune 

mounds will then be rolled with a sheepsfoot roller or straw crimper attached to a small tractor to 

crimp, or push, the straw into the sand surface, securing the straw in place and causing some 

straw to stand upright, creating surface roughness.  Straw on the upper shoulders and tops of 

dune mounds will be crimped using hand tools.  Examples of the use of crimped straw in the dune 

restoration at Surfer’s Point in Ventura are provided as Figure 5. 
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If the Project reaches the initial sand stabilization phase at an appropriate time of year to conduct 

seeding (i.e., November through December), seed will be broadcast onto the dunes prior to the 

straw application, and the crimping process will also serve to incorporate the broadcast seed into 

the surface of the sand. 

 

  

  

Figure 5.  Examples of crimped straw being applied at the Surfer’s Point dune restoration in 
Ventura, CA. 

 

Sand Fencing 

 

The Project will temporarily utilize sand fencing to encourage the formation of dunes and help 

stabilize sand within the dune restoration area.  Twenty- to thirty-foot-long sections of sand 

fencing will be installed perpendicular to the prevailing wind direction at intervals along the beach; 

one to three rows of sand fencing will be employed based on the width of the dune restoration 

area at any given point along the beach.  Prevailing winds at Broad Beach are from the southwest 

as determined by wind direction records from 2001 to 2012 at the California Irrigation 

Management Information System (CIMIS) weather station at Long Beach (CIMIS #174) and from 

1993 to 2012 at the CIMIS weather station at Santa Monica (CIMIS #99).  The approximate 

configuration and distribution of sand fencing is shown on the Project plans (Appendix A). 

 



 

831510v1  19 

Sand fencing will be removed when vegetation has reached between 20 and 30 percent cover 

and annual monitoring shows that the dunes are suitably stable.  Additional sand fencing may be 

installed after its initial removal to help rebuild storm blow outs or other areas of dune loss. 

 

5.6  Plant Material Sourcing and Installation 

 

5.6.1  Plant Palette Selection 

 

The proposed plant palette (Table 1) includes only native plants typical of coastal strand and 

southern foredune habitats south of Point Conception (see plant community descriptions in 

Holland 1986 and Pickart and Barbour 2007).  No horticultural varieties or species typical of other 

habitats such as coastal bluff or dune scrub will be used.  The palette was developed based on 

reports in the literature (Holland 1986; Pickart and Barbour 2007; Sawyer et al. 2009) and 

observations of plant community composition at reference dunes in the region, including existing 

remnant native vegetation at Broad Beach1.  The palette was divided into three categories: 

foundation species, additional species for diversity, and dune swale and septic system species 

(i.e., species for wet locations within the dunes).   

 

The foundation species reflect the dominant species typical of southern foredune habitat in the 

region.  These species will form the foundation of the plant community at Broad Beach, serving 

as pioneer species that will help to establish dune building processes and provide some amount 

of sand stabilization to allow additional native plants to become established.  The additional 

species for diversity include native herbs that form a minor component of the plant communities 

observed at the reference dunes—these species will be introduced into the dunes following the 

initial establishment of the dune foundation species.  The dune swale and septic system plants 

include native forbs and graminoids typically found in dune swales and other wet spots in dune 

systems of southern California. 

5.6.2  Plant Material Sourcing 

 

To the extent feasible, all plant material will originate from within the Malibu littoral cell.  However, 

because of the long-distance dispersal and associated north-south gene flow in coastal plant 

communities in California, hyperlocal sourcing is not imperative to preserve genetic integrity, and 

seed may be sourced from outside of the Malibu littoral cell if local sources cannot be found.  In 

this context, and based on the success of previous seeding efforts for dune restoration projects 

in southern California, the CCC has approved the use of seed that is collected from regionally 

appropriate seed sources.  All plant material will be sourced from a reputable nursery or seed 

supplier that maintains detailed records of the source of the original propagules and maintains 

industry-standards to prevent the spread of invasive weeds and plant pathogens.

                                                
1Although beach bur is a dominant component of foredune vegetation in the region, this species has been 
omitted from the proposed plant palette due to concerns about the well being of children and pets expressed 
by the Broad Beach homeowners.  
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Table 2.  Proposed plant palette 

 

SCIENTIFIC NAME COMMON NAME LIFE FORM 
SEEDING RATE 

(lbs./acre)2 

Foundation Species (Year 1)  

Abronia maritima Red sand verbena Perennial herb 5.0 

Atriplex leucophylla Beach saltbush Perennial herb 3.0 

Camissoniopsis cheiranthifolia 
(southern California populations) 

Beach evening primrose Perennial herb 4.0 

Additional Species for Diversity (Years 2 and 3)  

Abronia umbellata Pink sand verbena Perennial herb 2.0 

Acmispon maritimus Coast lotus Annual herb 3.0 

Atriplex leucophylla Beach saltbush Perennial herb 2.0 

Calystegia soldanella Beach morning glory Perennial herb 2.0 

Croton setiger Turkey mullein Perennial herb 3.0 

Cryptantha leiocarpa Coast popcorn flower Annual herb 1.5 

Eschscholzia californica 
(southern California populations) 

California poppy Perennial herb 2.0 

Heliotropium curassavicum Seaside heliotrope Perennial herb 1.5 

Septic Systems (Year 1) 

Artemisia douglasiana Mugwort Perennial herb 2.0 

Carex praegracilis Field sedge Perennial herb 2.0 

Distichlis littoralis Shoregrass Perennial grass 2.0 

Distichlis spicata Saltgrass Perennial grass 4.0 

Euthamia occidentalis Western goldenrod Perennial herb 1.0 

                                                
2 To be supplied as pure live seed. 
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SCIENTIFIC NAME COMMON NAME LIFE FORM 
SEEDING RATE 

(lbs./acre)2 

Heliotropium curassavicum Seaside heliotrope Perennial herb 1.5 

Juncus acutus Spiny rush Perennial herb 1.5 

Juncus balticus Wire rush Perennial herb 1.5 

Juncus effusus Bog rush Perennial herb 1.5 

Juncus mexicanus Mexican rush Perennial herb 1.5 

 

 



 

831510v1  22 

5.6.3  Seeding 

 

Seeding will be the primary method for establishing dune plant species within the dune restoration 

area.  The Project will aim to seed between November 1 and December 31 to take advantage of 

the winter rains which are an important germination trigger for dune plants.  However, agency 

direction has fixed the start date for construction to post-Labor Day, and due to the number of 

critical steps involved in site preparation before dunes can be seeded (see Appendix B for the 

construction schedule), it may not be possible to meet a November-December seeding window 

during the initial construction year.  If it is not possible to meet this seeding window during the first 

year of construction, seeding will be delayed until the following November-December seeding 

window. 

 

If seeding occurs during the first year of construction, it will occur immediately after the dune 

hillocks are created and seed will be incorporated into the soil surface by the equipment used to 

crimp straw into the sand surface.  If seeding is delayed until the subsequent fall/winter seeding 

window, a new application of straw will be applied and crimped into the soil surface, thereby 

incorporating the seed into the soil surface.  Seed will be broadcast at a minimum rate of 15 lbs. 

of pure live seed per acre.  No soil amendments, fertilizers, or irrigation will be used initially; these 

tools may be considered as part of the adaptive management of the site if the initial seeding and 

plant establishment do not perform as expected. 

 

The Project will primarily use two seed mixes: a dune foundation mix and a species diversity mix 

(Table 1).  The foundation mix contains the dominant pioneer species known to colonize and 

stabilize dune systems.  The species diversity mix contains common non-dominant dune species 

and is intended to increase species diversity following the initial establishment of the foundation 

species.  A third septic system seed mix (Table 1) will be used in combination with the other seed 

mixes in the areas with underlying septic systems.  The dune foundation seed mix and septic 

system seed mix will be seeded during the first seeding window after the construction of the 

dunes.  The species diversity mix will be seeded during the second and third seeding windows 

following construction of the dunes. 

 

5.6.4 Containerized Plants and Irrigation 

 

As an alternative to seeding, the Project may use containerized plants to vegetate areas within 

the Project where seeding is ineffective and there is evidence that the coarser sand or the rock 

revetment interferes with the establishment of dune vegetation via seeding.  In the event that 

containerized plants are used, they would be grown from regionally appropriate stock.  It may take 

1 to 2 years to grow containerized plants of an adequate size from seed and this may influence 

how quickly containerized plants are available. 

 

If it is determined that containerized plantings are needed, and prior to planting containerized 

plants on a large scale, a pilot planting program will be implemented and evaluated to determine 

whether this method is effective.  The pilot planting program would be implemented over a 

minimum stretch of 100 feet of dune habitat and would be evaluated over a minimum two-year 
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period.  The Project may also utilize drip or overhead irrigation in these areas to aid in the 

establishment of the containerized plantings.  If utilized, irrigation would be used for a maximum 

of 2 years and then would be discontinued and removed. 

 

The determination to implement a container planting pilot program and/or the implementation of 

irrigation would be based on the adaptive management approach outlined in Section 8.0. 

 

5.7  Public and Private Access, Signage, and Fencing 

 

The following sections provide an overview of access, signage, and fencing measures to be 

implemented as part of the dune restoration effort.  For more details, see the Public Access 

Management Program (Moffatt and Nichol 2017a). 

 

5.7.1  Public and Private Access 

 

As part of the Project, three types of private and public access routes will be retained, constructed, 

and/or designated as shown on the Project plans included as Appendix A.  The Project will 

implement two types of vertical access routes: private and public.  In addition, the Project will 

designate a horizontal public access route through the dunes to be made available under specific 

circumstances. 

 

Private vertical access paths will be created from residences and extending through the dune 

restoration area to provide access to and from the beach. The plan will incorporate a maximum 

of one shared private beach access path through the dunes for every two residences adjacent to 

the restoration area, both of which have less than a sixty foot frontage, and one non-shared private 

beach access path through the dunes for every residence with a frontage of sixty feet or more. 

The private beach access paths shall extend through the restored dune system out to the shore 

from the private properties and the paths shall not exceed 3 feet in width, with the exception that 

the Malibu West Beach Club located at 30756 Broad Beach Road may maintain its own separate 

10 ft. wide beach access path. The paths will have a sand surface only and will be strategically 

locating around dune hillocks; these paths are expected to be maintained by normal foot traffic.  

Private vertical access paths may be demarcated by symbolic post and cable fencing as 

described below. 

 

The two existing public vertical access paths that extend from Broad Beach Road through the 

dune restoration area will be retained.  The existing concrete stairways will be retained in-place 

and buried by the sand trapezoid base.  No dunes will be constructed within these vertical access 

paths, and they will be demarcated by symbolic post and cable fencing as described below. 

 

The area seaward of the 2010 mean high tide line surveyed by the California State Lands 

Commission (“2010 MHTL”) is and will remain public property regardless of this Project.  Thus, 

although public access to some of the landward extent of that area may be limited in order to 

protect the dune habitat that is to be created, pursuant to Special Condition 5, public access 

seaward of both the ambulatory seaward limit of dune vegetation (“Vegetation Line”) and the 2010 
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MHTL shall not be impaired or restricted.  According to the CDP, if wet sand ever comes within 

25 feet of the Vegetation Line, public access will extend 25 feet landward of the wet sand and 

may encroach within the dune habitat restoration/enhancement area.  Signage along the seaward 

edge of the restored dune vegetation line will include this language.  According to Special 

Condition 13 of the CDP, the public shall have a right of lateral access and passive recreational 

use over the seaward portion of private property extending 25 feet inland from the landward extent 

of the wet sand, until that point reaches the seaward face of the approved rock revetment, at 

which point the area to which the public shall have such rights will only extend landward from the 

wet sand to the seaward face of the revetment.  

 

The public shall have temporary access rights across and behind the approved revetment if 

certain erosion conditions exist, as indicated below and in accordance with Section 14(A)(1) of 

the CDP.  The BBGHAD intends for this access to never arise as it intends to nourish the beach 

sufficiently.  However, this springing license for lateral public access over the revetment and a 10 

foot strip of land immediately landward of it will be available for the public to pass and repass (but 

not for recreational use), including an area within 100 feet upcoast or downcoast, if the CCC 

Executive Director determines that there has been less than 10 feet of dry sand between the 

seaward face of the exposed rock revetment and the wet sand for any three of any consecutive 

five year period,  and when one or more of the following conditions is occurring, but  only for the 

duration of time that one or more of the following conditions continues to occur: 

 

1. Under any circumstance that prohibits the public’s use, access, and enjoyment of 

any of the area of licensor’s property seaward of the revetment or of any property 

within 100 feet upcoast or downcoast of the licensor’s parcel, such as, but not 

limited to, an oil spill. 

This access route will be conditional based on the elimination of dry beach access in front of the 

rock revetment.  Signage will be posted regarding the conditions under which this lateral access 

route is to be made available to the public; signage will be posted within 30 days following 

conditions that trigger this lateral access.  For more details on the conditional availability of the 

lateral public access route, see the Public Access Management Program (Moffatt and Nichol 

2017a). 

 

5.7.2  Signage and Symbolic Fencing 

 

The Project will include signage that identifies the sensitive nature of the dune restoration area. 

The Project will also include symbolic post and cable-type fencing that marks the boundary of the 

vertical private access paths and two vertical public access paths.  The signage and symbolic 

fencing are described in detail in the Public Access Management Program (Moffatt and Nichol 

2017a).  The Project plans included as Appendix A show the location and construction detail for 

the symbolic fencing. 
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6.0  BEST MANAGEMENT PRACTICES 

 

Best management practices to be implemented include, but are not limited to, the following:  

 All Project staging shall occur in Parking Lot 12 for Zuma Beach (sand may be 

stockpiled adjacent to the parking lot on its east and west sides).  The staging area 

shall be delineated with orange construction fencing, brightly colored flagging, or 

similar methods, and shall be the minimum area necessary. 

 

 Access between the staging area and Broad Beach shall be achieved through 

defined travel routes between the parking lot and the work area.  The access routes 

may change over time as the Project progresses, but shall always occur seaward 

of any inundated portion of Trancas Creek Lagoon and inland of the active tides. 

 

 Vehicles and machinery shall be limited to the staging area and the clearly defined 

access route to the work area; access outside of these areas shall be prohibited. 

 

 In areas of high vehicle traffic on dry sandy beach, driving mats will be laid down 

prior to the commencement of construction-related activities to avoid unnecessary 

adverse effects to the sandy beach environment. 

 

 Vehicles and machinery shall be inspected for fluid leaks at the beginning of each 

day.  Any vehicles found to have a fluid leak shall be removed from operation 

immediately; the leak shall be contained and repaired as soon as reasonably 

feasible. 

 

 A spill containment kit shall be maintained at the staging area at all times and any 

spills of fuel, oil, hydraulic fluids, lubricants or other materials shall be contained 

immediately.  Spills shall be reported to the onsite biological monitor as soon as 

possible; however, containment is the highest priority. 

 

 Drip pans shall be placed under all vehicles and machinery during non-work hours 

(i.e., overnight and on weekends) or during periods of prolonged disuse (e.g., 4 

hours or longer). 

 

 Imported sand will not be stockpiled within any ESHA or other sensitive resource 

zones, including federally designated western snowy plover habitat. 

 

 Any stockpiles within the staging area shall be covered when not in use.  Wattles 

shall be placed around all stockpiles of any fine-textured materials that could be 

washed away by rain or runoff. 

 

 Overnight storage or parking of heavy equipment on the beach or elsewhere 

outside of the staging area at Zuma Beach Parking Lot 12 will be strictly prohibited 



 

831510v1  26 

 

 As described in Section 5.1, a biological monitor shall be present during all 

construction activities and shall ensure compliance with all regulatory permits, 

BMPs, and other measures to protect sensitive habitats and/or special-status 

species. 

 

 Prior to the start of daily construction activities, the biological monitor shall inspect 

all vehicles and machinery stored overnight for the presence of wildlife species.  If 

a wildlife species is found, the biological monitor shall move the animal before any 

activity.  If the animal cannot be safely moved, it shall be allowed to leave the work 

area of its own accord. 

 

 Prior to the beginning of each work day, the biological monitor shall survey the 

travel routes on the beach, construction areas, and adjacent lands for the presence 

of special-status wildlife species.  If special-status wildlife are observed, the 

biological monitor will develop a plan to avoid the species and will instruct the 

contractor and equipment operators on measures to avoid the species. 

 

 During the plover breeding season (March-September), the biological monitor shall 

conduct an additional protocol level survey for western snowy plover and California 

least tern prior to any construction.  Should breeding individuals be identified, all 

work shall be halted and the monitor shall immediately contact the USFWS and 

CDFW. 

 

 

7.0  MONITORING AND PERFORMANCE GOALS 

 

The BBGHAD will monitor the dune restoration area for a period of 10 years after the initial 

construction to measure the performance of the Project and support remediation and adaptive 

management efforts.  All monitoring will be performed by qualified biologists and will occur at 

Broad Beach, as well as at two or three reference foredune systems in the region.  Monitoring at 

reference dunes is intended to support a relative assessment of performance that incorporates 

natural variation in environmental conditions across multiple sites.  An overview of the monitoring 

program is provided in Table 3.  Details of the monitoring program are provided in the following 

sections. 

 

7.1  Monitoring Goals 

 

Post-construction monitoring is intended to (1) ensure compliance with agency permits, (2) 

measure the performance of the Project relative to selected reference dune systems and against 

performance standards developed for the Project (not all monitoring parameters in this group will 

be assessed against performance standards), (3) inform routine maintenance needs, and (4) 

answer fundamental questions about dune functions and processes to inform remediation and 

adaptive management. 
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Monitoring to ensure compliance with agency permits and measure Project performance is 

primarily aimed at answering the following questions: 

 

 Does the dune restoration area have a similar level of vegetative cover and 

composition as found at the reference dunes? 

 Does the dune restoration area have similar dune topography and morphology as 

found at the reference dunes? 

 Are the restored dunes capable of rebuilding via natural processes at a rate similar 

to that of the reference dunes? 

 Do the restored dunes provide habitat for native wildlife typically associated with 

dune systems? 

 

Monitoring related to basic maintenance needs is primarily aimed at answering the following 

questions: 

 

 Are invasive weeds becoming established and reaching management thresholds? 

 Are non-native (but not invasive) weeds becoming established and reaching 

management thresholds? 

 Is there anthropogenic debris or other garbage accumulating in the dunes? 

 Does the sand fencing require maintenance or removal? 

 Are there issues related to public access signage or fencing that need to be 

addressed? 

 

Monitoring related to adaptive management is primarily aimed at answering the following 

questions: 

 

 Was there poor or inconsistent initial seed germination? 

 Does coarse-grained sand adversely affect the establishment of dune vegetation? 

 Does the rock revetment adversely affect the establishment of dune vegetation? 

 Does coarser sand adversely affect the rebuilding of dunes by natural processes? 

 Does the rock revetment adversely affect the rebuilding of dunes by natural 

processes? 

 

To address these questions, the following parameters will be monitored: 

 

 Seed germination rates/distribution; 

 Vegetative cover and composition; 

 Location and cover of invasive weeds and other non-native plants; 

 Bird, reptile, and invertebrate diversity and community composition; 

 Width, height, and volume of the dunes/dune field; 

 Presence of trash or other debris; 

 Condition of signage or fencing; and 
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 Disturbance from pedestrian access. 

 

Some of these parameters will be monitored at both Broad Beach and the reference dunes, other 

parameters will only be measured at Broad Beach.  Details of the monitoring approach are 

provided in the following sections. 

 

7.2  Reference Site Selection 

 

The monitoring program will utilize three reference foredune systems from the region.  Reference 

dune sites include Ormond Beach and McGrath State Beach in Oxnard and San Buenaventura 

State Beach in Ventura (Figure 6).   

 

Reference site selection was based on the following criteria: 

 

 Access and proximity to Broad Beach; 

 Similarity of wind and wave exposure and velocities; 

 Similarity of beach/dune field widths; 

 Similarity of beach and dune geomorphology and processes; and 

 Permission to access and operate a drone by land owner and adjacent government 

facilities. 

 

7.3  Monitoring Methods and Data Analysis 

 

The monitoring program is intended to answer a range of questions related to performance, 

maintenance, and adaptive management. To accomplish this, a number of monitoring methods 

will be used, and many monitoring efforts will be utilized to answer more than one question.  For 

example, drone-acquired aerial imagery and point-cloud data will be used to measure and track 

changes in vegetation as well as dune morphology.  As such, the monitoring methods described 

below are organized based on the method or data source, rather than based on the specific 

questions being addressed.  An overview of the monitoring program is included as Table 3.  
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Table 3.  Monitoring program overview 

 

DATA 

SOURCE 
LOCATION 

TIMING, FREQUENCY, 

AND, REPLICATION 

MONITORING 

YEARS 
METHOD RAW/PROCESSED DATA POST-PROCESSING TARGET INFORMATION 

Aerial Imagery and 

Topographic Data 

Broad Beach 

Reference Sites 

Once per year in summer to 

capture annual expansion of 

plant cover and potentially 

identify dominant plants 

1-10 Drone platform High resolution geo-referenced color 

imagery 

1. Segmentation algorithms to 

identify and map vegetation  

2. Segmentation algorithms to 

identify dominant plant species if 

possible (target stabilization 

species and invasive species) 

1. Aerial cover of vegetation  

2. Sampling requirements for field 

surveys based on power analysis 

for vegetation coverage 

3. Aerial coverage of dominant plant 

species 

4. Other qualitative assessments 

Aerial Imagery and 

Topographic Data 

 

Broad Beach 

Reference Sites 

Twice per year, in spring to 

capture effects of winter 

storms and in summer to 

capture dune regeneration 

during summer 

1-10 Drone platform Stereoscopic imagery 1. Generation of a digital surface 

model 

2. Generation of topographic 

contours 

3. Segmentation algorithms to 

identify and characterize dune 

hillocks 

 

1. High resolution digital surface 

model 

2. High resolution contour map  

3. Identification and mapping of dune 

hillocks, track dune movement and 

changes in dune morphology  

4. Map seaward edge of dunes 

5. Other qualitative assessments 

Ground-Based 

Vegetation Surveys 

for Plant Cover 

(Calibration with 

Aerial Photograph) 

 

Reference Sites Once per year, concurrent 

with summer aerial 

photograph; number of 

samples based on power 

analysis 

1-2 Randomly 

placed relevés 

Percent vegetation cover 1. Estimate of total percent 

vegetation cover 

2. Compare with percent cover from 

aerial photograph analysis 

1. Percent vegetation cover 

2. Statistical difference between 

Broad Beach and reference sites 

3. Used to calibrate and validate 

monitoring using aerial photograph 

Ground-Based 

Vegetation Surveys 

for Plant Cover and 

Composition 

Broad Beach 

Reference Sites 

Once per year, concurrent 

with summer aerial 

photograph; number of 

samples based on power 

analysis 

2, 4, 6, 8, 10 Randomly 

placed relevés 

Species composition 

 

1. Estimate of species composition  

2. Percentage cover: native dune 

species, non-dune species, 

invasive species 

1. Species composition and diversity 

index 

2. Statistical difference between 

Broad Beach and reference sites 

3. Percent coverage native dune 

species, non-dune species, and 

invasive plant species 

4. Calibrate and validate monitoring 

using aerial photograph in some 

cases 

 

Point Count Surveys 

for Birds 

Broad Beach 

Reference Sites 

Twice per year in summer 

and winter to capture 

changes due to seasonality; 

five stations at Broad Beach 

and five stations at each 

reference site 

2, 4, 6, 8, 10 Point counts Species composition, diversity, and 

frequency 

Species diversity and usage indices 1. Comparison of bird usage among 

Broad Beach and reference sites 

2. Assessment of snowy plover 

overwintering use 
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DATA 

SOURCE 
LOCATION 

TIMING, FREQUENCY, 

AND, REPLICATION 

MONITORING 

YEARS 
METHOD RAW/PROCESSED DATA POST-PROCESSING TARGET INFORMATION 

Pitfall Trap Surveys 

for Invertebrates 

Broad Beach 

Reference Sites 

Twice per year, concurrent 

with summer and winter 

wildlife surveys; three traps in 

each sand treatment at Broad 

Beach; nine traps per 

reference site 

2, 4, 6, 8, 10 Pitfall traps Species diversity  Species diversity and usage indices Comparison of invertebrate diversity 

between Broad Beach and reference 

sites 

Visual Encounter 

Surveys for Reptiles 

Broad Beach 

Reference Sites 

Once per year, concurrent 

with summer wildlife surveys; 

three transects in each sand 

treatment at Broad Beach, 

nine at each reference site 

2, 4, 6, 8, 10 Visual 

encounter 

surveys 

Species composition and diversity Species composition and diversity Comparison of reptile species 

composition and diversity between 

Broad Beach and reference sites 

Raking Surveys for 

Silvery Legless 

Lizard 

Broad Beach 

Reference Sites 

Once per year, concurrent 

with summer wildlife surveys; 

three stations in each sand 

treatment at Broad Beach, 

nine stations at each 

reference site 

2, 4, 6, 8, 10 Time-

constrained 

raking surveys 

Presence/absence Presence /absence Presence or absence of silvery legless 

lizard 

Invasive and Non-

Native Species 

Assessment Survey 

Broad Beach Twice per year in spring and 

summer 

1-10 Field 

observation 

recorded with 

GPS unit 

 

Geo-referenced locations of invasive 

plant species and non-native species 

that require removal 

Map of the weed and non-native 

species removal areas classified by 

treatment type/species 

Map of weed control areas 

Seed Germination 

Assessment 

Broad Beach 90 days following seeding 

events 

1-3+ Field 

observation 

recorded with 

GPS unit 

 

Geo-referenced locations of areas with 

low germination 

Map of areas that require reseeding Map of areas that require reseeding  

Beach Profiles and 

Berm Width Surveys3 

Broad Beach Monthly along pre-defined 

transects 

1-10 See Adaptive 

Management 

and Monitoring 

Plan (Moffatt 

and Nichol 

2017b) 

See Adaptive Management and 

Monitoring Plan (Moffatt and Nichol 

2017b) 

See Adaptive Management and 

Monitoring Plan (Moffatt and Nichol 

2017b) 

Track dune building processes and 

sand volumes 

Trash and Debris 

Assessments 

Broad Beach Twice annually, concurrent 

with invasive weed 

assessments 

1-10 Field 

observation 

recorded with 

GPS unit 

 

GPS location of trash or debris Map of trash or debris removal areas Map of trash or debris removal areas 

                                                
3 Monthly beach profiles and beach berm width measurements are described in more detail in the Adaptive Management and Monitoring Plan (Moffatt and Nichol 2017b) 
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DATA 

SOURCE 
LOCATION 

TIMING, FREQUENCY, 

AND, REPLICATION 

MONITORING 

YEARS 
METHOD RAW/PROCESSED DATA POST-PROCESSING TARGET INFORMATION 

Signage and Fencing 

Inspections 

Broad Beach Once annually in spring 1-10 Field 

observation 

recorded with 

GPS unit 

 

GPS location or field map of fencing or 

signage maintenance needs 

Map of fencing or signage 

maintenance needs 

Map of fencing or signage 

maintenance needs 

Photo Monitoring Broad Beach 

Reference Sites 

Two to four times annually, 

during drone flights and/or 

weed control assessments 

1-10 Geo-

referenced 

photographs 

 

Geo-referenced photographs Geo-referenced photographs Geo-referenced photographs 
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7.3.1  Aerial Imagery and Topographic Data 

 

High-resolution aerial imagery and high-resolution topographic data will be acquired using an 

unmanned aerial vehicle (a.k.a., drone).  The drone will be operated by a Federal Aviation 

Administration (FAA) licensed drone pilot according to all federal, state, and local regulations.  

Where necessary, the pilot will secure any needed ministerial approvals.  Notice of any pending 

drone flights will be provided to Broad Beach residents with a minimum notice of 1 week.  If flights 

occur during the plover nesting period, the drone pilot will coordinate with the USFWS, CDFW, 

and any local monitoring groups to ensure that drone flights do not disrupt plover breeding.  

Potential options may include adjusting the timing of flights or adjusting the elevation of flights to 

minimize disturbance. 

 

The drone-acquired data will be used to (1) develop high-resolution aerial imagery to help in 

determining total plant cover and potentially mapping dominant species and (2) to develop a high-

resolution surface model and contour map that can be used to identify and track changes in dune 

movement and dune morphology.  Drone-based imagery and topographic data are preferred over 

ground-based methods for documenting plant cover and tracking changes in the dune field due 

to the increased coverage and resolution of data that can be acquired.   

 

Drone-based (i.e., remote sensing) data will be acquired at both Broad Beach and the reference 

sites.  This will allow for a relative comparison of changes in plant cover and changes in dune 

field morphology, both normal seasonal changes and changes in response to storm events.  Data 

will be collected twice annually, once in early spring to document the full extent of winter storm 

losses and once in summer to capture the maximum extent of annual plant growth and expansion 

and to capture maximum extent of the summer beach and dune building period. 

 

Data will be analyzed using ArcGIS and related software (e.g., Pix4D) to stich aerial images into 

a single, high-resolution image and to analyze point cloud data to create a high-resolution digital 

surface model.  Object-based image analysis software (e.g., eCognition) will be used to map 

vegetation.  Segmentation algorithms will be used to identify and characterize dune hillocks and 

advanced GIS tools will be used to track movement, growth, and other changes in the dunes. 

 

7.3.2  Ground-Based Vegetation Surveys 

 

Plant Cover Calibration with Aerial Imagery 

 

Ground-based surveys for plant cover will be implemented to provide a comparison and 

calibration for determining total plant cover using the drone-acquired aerial imagery.  Biologists 

will use randomly placed plant community relevés to document plant cover at the reference sites.  

Relevés will be established and analyzed following guidance from the California Native Plant 

Society (CNPS 2007). 

 

This calibration exercise will occur at the reference sites.  The calibration will not occur at Broad 

Beach because it is anticipated that vegetation at Broad Beach may take two to three years to 
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fully develop after the initial seeding and may be too sparse to be accurately captured using 

remote sensing technology during the initial years following seeding.  It is important that plant 

cover be assessed during the same time period as the drone flight to have an accurate 

comparison between drone-acquired imagery and ground-based data collection.  It is anticipated 

that two calibration events (once per year in Years 1 and 2) will provide sufficient data to determine 

the accuracy of using aerial imagery to document plant cover. 

 

Data will be analyzed to compare the accuracy of drone-based surveys relative to ground-based 

surveys.  Total cover acquired by both monitoring methods will be compared for each relevé.  In 

addition, data from the ground-based relevés will be extrapolated to estimate plant cover across 

the entirety of each site, to be compared against the total site-wide cover determined from the 

aerial imagery.  

 

Plant Composition Relevés 

 

Ground-based surveys for plant composition will be implemented to document trends in the 

growth and establishment of vegetation at Broad Beach and to provide a comparison for metrics 

such as species composition, species diversity (richness), and species cover.  Biologists will use 

randomly placed plant community relevés to document plant composition at Broad Beach and 

each of the reference sites following guidance from the CNPS (2007). 

 

Plant community relevés will be assessed concurrent with the spring drone flight to enable a 

comparison between ground-based data and the high-resolution aerial imagery from the drone 

flight.  This will provide both a check on the data and an opportunity to perform other qualitative 

analyses by comparing ground-based vegetation data with high-resolution aerial imagery from 

the same time period.  Plant community relevés will be assessed every other year, starting in 

Year 2 (i.e., Years 2, 4, 6, 8, 10).  It is expected that it may take up to three years for the plant 

community to develop at Broad Beach as the final seeding will not be complete until Year 2 or 3 

(due to the initial foundation seeding in Year 1 followed by the diversity seeding in Years 2 and 

3).  Plant community surveys will occur every other year to allow time for weed control and other 

management activities to take effect between sampling events. 

 

Data generated from the relevés will be analyzed to determine the following metrics: 

 

 Total plant cover; 

 Native plant cover; 

 Native dune-adapted plant cover; 

 Invasive plant cover; 

 Non-native (but not invasive) plant cover; 

 Total plant species diversity (i.e., how many species; 

 Native plant species diversity; 

 Plant species composition (i.e., what species); and 

 Native plant species composition. 
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These metrics will be compared between Broad Beach and the reference sites with the goal of 

determining how similar the plant community at Broad Beach is to that of naturally occurring 

foredunes in the region. 

 

7.3.3  Wildlife Surveys 

 

Wildlife surveys are aimed at determining whether native wildlife species are colonizing or 

otherwise utilizing the dunes at Broad Beach and to provide a relative comparison to wildlife 

utilization at nearby reference foredunes.  Although a range of wildlife species are expected to 

utilize the dunes, two of the easiest groups to monitor are birds and invertebrates.  These taxa 

also serve as good indicators of ecosystem function and therefore were selected as proxy 

measurements for determining the overall quality of habitat as it relates to wildlife usage. 

 

Bird Diversity and Composition 

 

Point counts for birds will be conducted to document the composition and abundance of birds 

utilizing foredune habitat at each site.  Because the focus is on wildlife utilization of dune habitat, 

point-counts will focus on visual detection of birds actively utilizing dune habitat.  Only birds seen 

foraging, nesting, or otherwise actively using dune habitat will be recorded.  Birds using the dry 

beach or birds flying overhead will not be counted.   

 

Point counts will be implemented at both Broad Beach and the reference sites and will occur twice 

annually, in summer and winter, to detect seasonal variation in bird usage.  Ten stations will be 

established at each site, located approximately 500 feet apart (station numbers and locations may 

be modified at Broad Beach to detect potential differences in bird usage among sand treatments).  

At each station, a wildlife biologist will document visual observations of birds in dune habitat over 

a 10-minute period.  Because it will not be feasible to conduct point counts simultaneously at all 

sites, point counts should occur during the same time of day and under similar weather conditions 

at each site and should be conducted during the span of 1 week.  Point counts will be implemented 

twice annually during Years 2, 4, 6, 8, and 10. 

 

Data from point counts will be analyzed to determine the following metrics: 

 

 Bird species composition; 

 Total bird abundance; and 

 Bird abundance by species. 

 

These metrics will be compared between Broad Beach and the reference sites with the goal of 

determining how similar bird utilization at Broad Beach is to that of naturally occurring foredunes 

in the region.  This component of the monitoring program is intended to provide general 

knowledge related to the effectiveness of using quarried sand and including a fixed rock revetment 

in dune restoration efforts as they relate to colonization and use by bird species.  Therefore, no 

performance standards are associated with this component of the monitoring program. 
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Invertebrate Diversity and Composition 

 

Pitfall traps will be utilized to document invertebrate diversity and composition at each site.  Pitfall 

traps will be installed in arrays of four 1-gallon traps laid out in a cross or “x” shape and connected 

with boards or metal flashing to direct invertebrates into each trap.  Traps will be provisioned with 

sand and plant debris to provide cover and protection for invertebrates that fall into them and will 

have an opaque cover to protect them from direct sunlight. 

 

Sampling will occur twice per year, in summer and winter, at both Broad Beach and the reference 

sites.  Three arrays will be established in each sand treatment at Broad Beach, and nine arrays 

will be established at each of the reference sites.  Traps will be left in place for 3 to 4 days per 

sampling event.  During each sampling event, traps will be checked and emptied each morning.  

Sampling will occur during Years 2, 4, 6, 8, and 10. 

 

From within each trap, biologists will document the following metrics: 

 

 Invertebrate orders present; 

 Number of individuals present from each order; 

 Number of species present (if possible to identify to species level); 

 Number of individuals of each species (if possible to identify to species level); and 

 Presence of special-status invertebrates (e.g., globose dune beetle). 

 

These metrics will be compared between Broad Beach and the reference sites with the goal of 

determining how similar invertebrate utilization at Broad Beach is to that of naturally occurring 

foredunes in the region.  This component of the monitoring program is intended to provide general 

knowledge related to the effectiveness of using quarried sand and including a fixed rock revetment 

in dune restoration efforts as they relate to colonization by dune-adapted invertebrates.  

Therefore, no performance standards are associated with this component of the monitoring 

program. 

 

Reptile Diversity and Composition 

 

Visual encounter surveys will be performed to document general reptile diversity and composition.  

Surveys will be conducted along permanent transects to be established within dune habitat.  

Transects will be 200 feet long and will be established along the lateral axis of each dune field 

(i.e., parallel to the beach); their location will be marked using a hand held GPS unit with sub-

meter accuracy to document the start and end points; the transect bearing will also be recorded.  

Three transects will be established in each sand treatment at Broad Beach and nine transects will 

be established at each reference site.   

 

Visual encounter surveys will be conducted along each transect once per year, concurrent with 

the summer wildlife surveys.  During each survey, a wildlife biologist will walk the length of each 

transect at a steady pace and identify any reptile species observed within an approximately 10-
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foot-wide band on either side of the transect.  Individuals will be identified to the lowest taxonomic 

level possible without capturing the animal for closer inspection.  Binoculars may be used to help 

with identification.  The species identification and total number of individuals will be recorded and 

will be used to compare species composition and diversity between Broad Beach and the 

reference sites.  These metrics will be compared between Broad Beach and the reference sites 

with the goal of determining how similar reptile diversity at Broad Beach is to that of naturally 

occurring foredunes in the region.  This component of the monitoring program is intended to 

provide general knowledge related to the effectiveness of using quarried sand and including a 

fixed rock revetment in dune restoration efforts as they relate to colonization by reptiles.  

Therefore, no performance standards are associated with this component of the monitoring 

program. 

 

Silvery Legless Lizard Presence/Absence 

 

Moderate-impact, time-constrained surveys (sensu Kuhnz et al. 2005) will be performed to 

document the presence or absence of silvery legless lizard; this survey method has been shown 

to be the most effective at determining presence or absence of legless lizards (L. Hunt, Hunt and 

Associates Biological Consulting Services, personal communication, September 7, 2017). 

 

Surveys will be conducted once per year, concurrent with the summer wildlife surveys.  Surveys 

will be conducted in three 10-foot by 10-foot (100 square feet) plots per sand treatment at Broad 

Beach and in three plots per reference site.  Plots will be randomly placed along the transects 

used for general reptile surveys.  Within each plot, surveyors will search for legless lizards on the 

surface, under dried vegetation or objects (e.g., rocks, drift wood, or other beach debris), and to 

a depth of 5-10 centimeters below the sand surface using a mulch rake (or similar).  Surveyors 

will search for 30 minutes within each plot and will record the total number of silvery legless lizards 

encountered within each plot.  All disturbed sand, vegetation, and wildlife will be returned to its 

original position following completion of the survey.  If legless lizards are found, they will be gently 

moved to a suitable location (e.g., under vegetation or leaf litter) outside of the plot to avoid 

recapturing or injuring the animal during subsequent raking. 

 

These data will be used to determine the presence or absence of silvery legless lizard at Broad 

Beach and the reference sites.  This component of the monitoring program is intended to provide 

general knowledge related to the effectiveness of using quarried sand and including a fixed rock 

revetment in dune restoration efforts as they relate to colonization by reptiles.  Therefore, no 

performance standards are associated with this component of the monitoring program. 

 

7.3.4  Invasive Weed and Non-Native Plant Assessments 

 

The dune restoration area at Broad Beach will be surveyed for invasive weeds and non-native 

plants twice per year, in spring and summer.  Surveys will consist of on-the-ground observations 

of invasive plants (defined as any species listed as “moderate” or “high” by the Cal-IPC) and other 

non-native plants documented using a combination of hand-held GPS units and plant signatures 
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on the drone-acquired high-resolution aerial imagery.  Mapping will be based on the following 

management thresholds: 

 

 Invasive Plants – Any areas greater than 100 square feet and with greater than 5  

percent cover of one or more invasive plant species (Cal-IPC “high” or “moderate”); 

 Non-Native Plants – Any areas greater than 100 square feet and with greater than 

20 percent cover of one or more non-native (but not invasive) plant species. 

 

The resulting data will be used to develop a map of weed management areas to inform regular 

maintenance and adaptive management needs. 

 

7.3.5  Initial Seed Germination Assessments 

 

The effectiveness of seeding efforts will be assessed 90 days following each major seeding or re-

seeding event.  Surveys will cover the entirety of each seeding area and will document any areas 

of poor seed germination (i.e., any areas of bare ground or with sparse cover relative to adjacent 

seeded areas).  Surveys will be qualitative in nature; no quantitative measurements will be taken.  

Areas of poor germination will be documented using hand-held GPS units.  The resulting data will 

be used to develop a map of re-seeding areas to inform adaptive management needs. 

 

7.3.6  Beach and Dune Profiles 

 

Beach and dune profiles, beach berm widths, and wetted bound surveys will be performed at 

Broad Beach on a monthly basis throughout the 10-year monitoring period as part of the larger 

Adaptive Management and Monitoring Plan (Moffatt and Nichol 2017b).  Monitoring will be 

conducted by professional surveyors and the data will be used to supplement and validate the 

digital surface model to be created from the drone-based remote sensing data.  For more details, 

see the Adaptive Management and Monitoring Plan. 

 

7.3.7  Trash and Debris Assessments 

 

The dune restoration area will be surveyed for trash and other anthropogenic debris on a biannual 

basis, concurrent with weed control surveys.  During each survey, the location of any trash or 

debris will be documented using hand held GPS units or by marking the location on a field map.  

These data will be used to develop map of a trash and debris removal areas to inform 

maintenance needs.  Trash and debris assessments will occur for the life of the 10-year 

monitoring period. 

 

7.3.8  Signage and Fencing Inspections  

 

Signs and fencing within the dune restoration area will be surveyed for theft or damage on an 

annual basis during spring.  During each survey, the location of any missing or damaged signs or 

fencing will be documented using hand held GPS units or by marking the location on a field map.  
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These data will be used to develop map/list of sign and fence maintenance areas/needs.  Signage 

and fencing inspections will occur for the life of the 10-year monitoring period. 

 

7.3.9  Photo Monitoring 

 

The restoration effort at Broad Beach will be documented using time series photographs taken at 

pre-designated photo-monitoring stations.  In addition, conditions at the reference dunes will also 

be documented using photo-monitoring stations.  Ten photo-monitoring stations will be 

established in key locations at Broad Beach; five photo-monitoring stations will be established at 

each of the reference dunes.  Stations will be marked with a handheld GPS unit; no permanent 

markers will be installed.  At each station, photographs will be taken facing one or more pre-

determined directions.  Photographs will be taken at the same stations, facing the same 

direction(s), and during the same time periods for the life of the 10-year monitoring program. 

 

7.4  Performance Standards 

 

Performance standards have been developed to help define and measure progress toward 

meeting the mitigation requirements of the Project, which includes the creation and/or 

restoration/enhancement of a minimum of 10.86 acres of foredune habitat.  Performance 

standards are aimed at identifying key characteristics of naturally occurring dunes, both in terms 

of dune processes (e.g., dune growth and rebuilding) and the results of those processes (e.g., 

typical dune morphology and dune vegetation).  However, it should be recognized that the 

ecological factors that promote the formation and maintenance of dune systems are generally 

disrupted at Broad Beach. 

 

The performance standards listed in Table 4 are not intended to define satisfaction of mitigation 

requirements, but are rather aimed at identifying key characteristics of naturally occurring dunes, 

as well as other Project goals, and determining the associated level of performance at Broad 

Beach.  The ultimate determination of success should be based on an assessment of the relative 

function of the dunes at Broad Beach in consideration of the physical and biological constraints 

found there and the additional shoreline stabilization goals of the Project. 
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Table 4.  Performance standards 

 

MONITORING 

PARAMETER 
PROJECT GOALS 

APPLICABLE 

MONITORING 

YEARS 

ADAPTIVE MANAGEMENT 

TRIGGER 
PERFORMANCE STANDARDS4 

Native Plant 

Cover 

Develop a dune plant community 

that reflects the vegetative cover of 

naturally occurring dunes in the 

region. 

2, 4, 6, 8, 10  Primary trigger for reseeding 

with Dune Stabilizing Seed 

Mix 

 Primary trigger for 

implementing the pilot 

planting program that uses 

containerized plants and 

irrigation 

Average plant cover at Broad 

Beach will be within 15% of 

average plant cover values at the 

reference dunes. 

Native Plant 

Species 

Composition 

(Dominant 

Species) 

Develop a dune plant community 

dominated by native species typical 

from naturally occurring dunes in 

the region.  

2, 4, 6, 8, 10  Primary trigger for reseeding 

with Dune Species 

Foundation Mix 

Broad Beach will support 3 out of 

the top 6 dominant native dune 

species at the reference dunes. 

Native Plant 

Species 

Composition 

(Species 

Diversity) 

Develop a dune plant community 

that reflects the diversity of native 

plant species found in naturally 

occurring dunes in the region. 

2, 4, 6, 8, 10  Primary trigger for reseeding 

with Dune Species Diversity 

Mix 

Native plant diversity at Broad 

Beach will be within 15% of 

average native plant diversity 

values at the reference dunes. 

Invasive Plant 

Cover 

Maintain low cover of invasive 

species (Cal-IPC “moderate” or 

“high”).  

2,4, 6, 8, 10  Primary trigger for improving 

the annual maintenance 

program (invasive weed 

removal) 

Invasive plant species listed as 

“moderate” or “high” by the Cal-

IPC will be present at less than 

5% cover over the entirety of the 

dune restoration area. 

                                                
4Performance standards represent final (Year 10) goals; during the interim years, the site should demonstrate a trend toward meeting final 
performance standards. 
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MONITORING 

PARAMETER 
PROJECT GOALS 

APPLICABLE 

MONITORING 

YEARS 

ADAPTIVE MANAGEMENT 

TRIGGER 
PERFORMANCE STANDARDS4 

Non-Native 

Plant Cover 

Maintain low cover of ornamental 

and other non-native species that 

are not considered invasive by Cal-

IPC.  

2, 4, 6, 8, 10  Primary trigger for improving 

the annual maintenance 

program (removal of non-

dune species) 

Non-native (but not invasive) 

plant cover will be maintained at 

less than 20% cover over the 

entirety of the dune restoration 

area. 

Dune 

Rebuilding 

Processes 

Develop dunes that are able to 

rebuild naturally in response to 

storm losses. 

1-10  Primary trigger for rebuilding 

the dune restoration area 

The dunes at Broad Beach will 

demonstrate the ability to rebuild 

by natural processes – increase 

in width, volume, and height of 

dune field – in response to storm 

losses within the range of dune 

growth or loss responses 

documented over the same time 

period(s) at the reference dunes. 
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8.0  MAINTENANCE 

 

To help maintain the dune restoration on a trajectory of success, regular maintenance will be 

performed related to weed control, removal of trash and other anthropogenic debris, maintenance 

of sand fencing, and maintenance of signage and symbolic fencing.  Details about these 

maintenance efforts are provided in the following sections. 

 

8.1  Weed Control 

 

Invasive and non-native weeds will be subject to control twice per year, in spring and summer, 

based on results of the invasive weed assessments.  Weed control will be triggered by the 

following thresholds: 

 

 Invasive Plants – Any areas greater than 100 square feet and with greater than 5  

percent cover of one or more invasive plant species; 

 Non-Native Plants – Any areas greater than 100 square feet and with greater than 

20 percent cover of one or more non-native (but not invasive) plant species. 

 

Weed removal will occur in the affected areas within 30 days of the assessments.  Potential 

treatment methods include: 

 

 Removal and off-site disposal of plants including a significant amount of the root 

system; 

 Covering affected areas with black sheet-plastic (i.e., solarization); and 

 Application of approved herbicide. 

 

All weeds, invasive or otherwise, removed from the site will be disposed of at a properly licensed 

facility.  The effectiveness of weed treatments will be qualitatively evaluated during subsequent 

monitoring events. 

 

8.2  Removal of Trash and Debris 

 

Trash and anthropogenic debris within the dune restoration area will be removed twice per year 

for the duration of the 10-year monitoring period.  Natural debris from storm deposits will be left 

in place unless it represents a safety hazard. 

 

8.3  Maintenance and Removal of Sand Fencing 

 

The sand fence will be inspected and maintained once per year.  The inspection and maintenance 

will occur in the spring after the winter storm season is over.  Maintenance will be performed within 

60 days following the inspections.  Inspections and maintenance will be performed throughout the 

10-year monitoring period or until the sand fencing is removed.  Inspection and maintenance 

activities are listed below: 
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 Identification of damaged fence; 

 Identification of areas that are being under-served or over-served by sand fencing; 

 Removal and disposal of damaged sand fence; 

 Replacement and/or relocation of sand fence; and 

 Removal of all sand fencing once vegetation as reached 20 to 30 percent cover. 

 

8.4  Maintenance of Signage and Symbolic Fencing 

 

The Project Sponsor will insect and maintain the required signage and symbolic fencing for this 

Project once per year.  The inspection and maintenance will occur in the spring.  Maintenance 

will be performed within 60 days following the inspections.  This will be performed throughout the 

10-year monitoring period. Inspection and maintenance activities are listed below:  

 

 Identify damaged or missing signs and symbolic fencing; 

 Removal and disposal of damaged signs and symbolic fencing; and 

 Replacement of stolen or damaged signs and symbolic fencing. 

 

 

9.0  REMEDIATION AND ADAPTIVE MANAGEMENT 

 

9.1  Remediation and Adaptive Management Framework 

 

This section describes remediation actions that will be performed in the event that specific 

performance goals are not met.  Remediation and adaptive management actions were designed 

to correct specific types of Project under-performance.  Associated with each type of Project 

under-performance are one or more remediation actions.  In some cases, a series of remediation 

actions will be implemented based on past Project successes and failures and site-specific 

conditions at the time of implementation.  Some remediation actions were formulated based on 

current knowledge of existing conditions and experience on previous restoration projects, 

whereas other remediation actions will be based on information gained from the post-construction 

monitoring program.  Table 5 provides an overview of the remediation and adaptive management 

program. 

 

Remediation actions will be triggered based on a combination of primary and secondary triggers.  

Primary triggers include performance goals that are not met.  Secondary triggers include logistical 

events that occur concurrent with primary triggers and that facilitate the opportunity to implement 

a specific remediation action or acquired information that influences the selection of remediation 

actions.  An example of a primary trigger for a remediation action would be that the dune 

restoration area is reseeded if the percent cover of dune vegetation was outside of the range of 

the same values at the reference sites.  An example of a secondary trigger is a major sand re-

nourishment event, which will provide the opportunity to potentially source fine-grained sand for 

rebuilding portions of the dune mitigation areas if the coarse sand is shown to interfere with the 

establishment of dune vegetation or dune re-establishment after a damaging storm event. 
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Table 6 lists the specific remediation and adaptive management actions that will be performed, 

and the order in which they will be performed, if the Project does not meet specific performance 

goals.  Remediation actions will be implemented in a logical order based the type of under-

performance, primary and secondary triggers, and information from the post-construction 

monitoring program.  Remediation actions have been presented in the order that they will be 

implemented, and this is indicated by the Decision Sequence entry in Table 6. 

 

Table 6 contains the following information regarding each of the proposed remediation actions: 

 Sequence and decision making step; 

 Type of under-performance – primary trigger; 

 Type of under-performance – secondary trigger; 

 Identification protocol; 

 Remediation/adaptive management action; 

 Application area; 

 Conditional trigger; 

 Implementation timing; and 

 Maximum remediation attempts. 

The following provides a brief definition for the each of the items contained in Table 6: 

 

Decision sequence – The order or sequence that each type of under-performance will be 

evaluated including the conditions for selecting remediation and adaptive management actions. 

 

Primary and secondary triggers – Remediation and adaptive management actions will be 

implemented based on specific conditions (i.e., triggers).  In some cases, an action will be 

implemented based on a single type of under-performance (i.e., primary trigger).  In other cases, 

secondary factors are necessary to trigger a remediation or adaptive management action (i.e., 

secondary triggers).  The following is a list of primary and secondary triggers used in the 

remediation and adaptive management program: 

 

 Inadequate initial germination of the dune foundation seed mix; 

 Inadequate initial germination of the species diversity seed mix; 

 Inadequate vegetation cover; 

 Inadequate plant species diversity; 

 Coarser sand interferes with vegetation establishment; 

 Rock revetment interferes with vegetation establishment; 

 Coarse sand interferes with dune rebuilding processes; or 

 Rock revetment interferes with dune rebuilding processes. 

Identification protocol – Monitoring protocols described in this restoration plan or other associated 

plans for the Project. 
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Remediation Action and Application Area – Actions taken to correct under-performance issues.  

Location where management application will be applied 

 

Conditional trigger – A secondary, necessary condition that is required to trigger a remediation or 

adaptive management action. 

 

Timing – The time frame for implementing a remediation or adaptive management action. 

 

Maximum attempts – The maximum number of times that the remediation action will be attempted 

before an alternative adaptive management approach will be proposed. 
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Table 5.  Remediation and adaptive management program overview 

 

MANAGEMENT 

PARAMETER 

TARGET 

INFORMATION 
TIMING MANAGEMENT TRIGGER PROJECT GOAL 

Assessment of Initial 

Seed Germination, 

Foundation Species 

Seed Mix 

Determine whether 

initial foundation 

seeding was 

successful. 

90 days 

after seed 

application 

 Primary trigger for reseeding 

affected areas with Dune 

Foundation Seed Mix 

Establishment and growth of dune 

foundation species. 

Assessment of Initial 

Seed Germination, 

Species Diversity Seed 

Mix 

Determine whether 

initial species diversity 

seeding was 

successful. 

90 days 

after seed 

application 

 Primary trigger for reseeding 

affected areas with Dune 

Species Diversity Seed Mix 

Establishment and growth of 

additional dune species for 

increased diversity. 

Assessment of Coarse 

Sand and Effects on 

Vegetation 

Establishment 

Determine whether 

coarse sand interferes 

with the establishment 

of dune vegetation. 

Years 1-10  Secondary trigger to determine 

when to reseed coarse-sand or 

capped-sand treatment areas. 

 Secondary trigger to determine 

when to implement pilot program 

in coarse-sand or capped-sand 

treatment areas. 

 Secondary trigger as to whether 

to try to use fine sand to rebuild 

affected dune restoration areas. 

Plant cover within fine and coarse 

sand treatment areas fall within the 

range of cover values at the 

reference dunes. 

Assessment of Invasive 

Plant Species Cover 

Identify areas in need 

of invasive weed 

control. 

Years 1-10  Primary trigger for biannual 

invasive species removal 

No occurrences of Cal-IPC 

“moderate” or “high” weeds greater 

than 100 square feet and with 

greater than 5% cover of one or 

more invasive plant species will be 

present. 
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MANAGEMENT 

PARAMETER 

TARGET 

INFORMATION 
TIMING MANAGEMENT TRIGGER PROJECT GOAL 

Assessment of Non-

Native Species Cover 

(Excludes Invasive 

Species) 

Identify areas in need 

of general non-native 

plant control. 

Years 1-10  Primary trigger for biannual 

removal of non-dune species 

No occurrences of non-native (but 

not invasive) plants greater than 

100 square feet and with greater 

than 20% cover of one or more 

non-native species. 

Assessment of Rock 

Revetment Effects on 

Vegetation 

Establishment 

Determine whether the 

rock revetment 

interferes with 

establishment of 

vegetation. 

Years 1-10  Secondary trigger to determine 

when to reseed areas over the 

rock revetment. 

 Secondary trigger to determine 

when to implement pilot planting 

program in areas over the rock 

revetment. 

Plant cover over the revetment is 

similar to the plant cover in front of 

and behind the revetment. 

Assessment of Rock 

Revetment Effects on 

Dune Rebuilding 

Processes 

Determine whether the 

rock revetment 

interferes with ability of 

dunes to rebuild by 

natural processes. 

Years 1-10  Not applicable When the revetment is exposed, 

the dunes at Broad Beach will 

demonstrate dune rebuilding in 

response to storm losses within the 

range of dune rebuilding responses 

at the reference dunes over the 

same time period. 
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Table 6.  Remediation and adaptive management decision framework 

 

DECISION 

SEQUENCE 
PRIMARY TRIGGER SECONDARY TRIGGER 

IDENTIFICATION 

PROTOCOL 
REMEDIATION ACTION APPLICATION AREA CONDITIONAL TRIGGER TIMING 

MAXIMUM 

ATTEMPTS5 

Step 1 Inadequate initial seed 

germination: foundation 

species  

None Evaluated 90 days after 

initial seeding  

Reseed with Foundation 

Seed Mix 

Affected areas None Reseed during next 

seeding window 

2 

Step 2 Inadequate initial seed 

germination: diversity 

species 

None Evaluated 90 days after 

initial seeding  

Reseed with Species 

Diversity Seed Mix 

Affected areas None Reseed during next 

seeding window 

2 

Step 3 Inadequate vegetation 

cover 

1. None or 

2. Rock revetment or 

coarse sand shown to 

interfere with dune 

revegetation  

Semi-annual drone 

monitoring 

Reseed with both seed 

mixes 

Affected areas None Reseed during next 

seeding window 

2 

Step 4 Inadequate vegetation 

cover 

1. Rock revetment or 

coarse sand shown to 

interfere with dune 

revegetation and 

2. Reseeding efforts failed 

Semi-annual drone 

monitoring 

1. Implement pilot program 

using containerized 

plants and irrigation, 

evaluate for 2 years 

2. Use containerized plants 

and irrigation for all 

affected areas if pilot 

program is successful 

1. Pilot Program 

2. Affected areas 

Reseeding efforts failed 1. May need 2 years to 

contract grow plants  

2. Install irrigation and 

plants 30 days prior to 

rainy season  

 

1 

Step 5 Inadequate Plant Species 

Diversity 

None Semi-annual vegetation 

monitoring 

Reseed with Species 

Diversity Seed Mix 

Affected areas None Reseed during next 

seeding window 

2 

Step 6 Inability to rebuild dunes by 

natural processes 

1. Coarse sand shown to 

interfere with dune 

revegetation and 

2. Erosion requires a major 

beach re-nourishment 

 

1. Semi-annual drone 

monitoring 

2. Monthly beach profiles  

 

1. Use finer grain sand for 

dunes if available 

2. Implement sand re-

nourishment 

3. Rebuild dune hillocks 

4. Repeat seeding program 

with both seed mixes 

 

Areas affected by sand re-

nourishment event 

Coincidence with a major 

sand re-nourishment action 

in the affected areas 

Reseed during next 

seeding window after sand 

re-nourishment 

1 

Step 7 Inability to rebuild dunes by 

natural processes 

1. Rock revetment or 

coarse sand shown to 

interfere with dune 

rebuilding and 

2. Erosion requires a major 

beach re-nourishment 

1. Semi-annual drone 

monitoring 

2. Monthly beach profiles 

 

1. Use finer grain sand for 

beach and dunes if 

available 

2. Implement sand re-

nourishment 

3. Rebuild dune hillocks 

4. Repeat seeding program 

with both seed mixes 

 

Areas affected by sand re-

nourishment event 

Coincidence with a major 

sand re-nourishment action 

in the affected areas 

Reseed during next 

seeding window after sand 

re-nourishment 

1 

                                                
5 This column represents the maximum number of times an adaptive management action will be attempted before an alternative adaptive management approach will be proposed. 
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9.2  Specific Remediation and Adaptive Management Scenarios 

 

9.2.1  Inadequate Initial Seed Germination 

 

Dune restoration areas that are shown to have inadequate seed germination following the initial 

or subsequent application of the dune foundation seed mix will be reseeded.  The remediation 

action for this will be the reapplication of the dune foundation seed mix during the next seeding 

window.  This remediation action will be implemented a maximum of two times to correct this 

problem before an alternative approach is proposed. 

 

Dune restoration areas that are shown to have inadequate seed germination following the initial 

or subsequent application of the species diversity seed mix will also be reseeded.  The 

remediation action for this will be the reapplication of the species diversity seed mix during the 

next seeding window.  If this remediation action continues to be unsuccessful after two attempts, 

then the annual monitoring report shall include an analysis of these shortcomings and include 

recommendations for modifications or new approaches that would be needed to help the Project 

meet the required performance standards. 

 

9.2.2  Inadequate Vegetation Cover 

 

Portions of the dune restoration area that are shown to have inadequate vegetation cover will be 

reseeded.  The remediation action for this will be to reapply both the dune foundation seed mix 

and the species diversity seed mix during the next seeding window.  The Project Sponsor will 

perform this remediation action a minimum of two times to correct this problem before an 

alternative approach is proposed such as the use of containerized plants, as described below.  

This remediation action will be attempted twice whether not the post-construction monitoring also 

indicates that the coarse sand and/or the rock revetment interfered with the establishment of 

vegetation. 

 

If these repeated reseeding attempts fail, a pilot planting program that utilizes containerized plants 

and irrigation will be implemented.  The irrigation system will be utilized for 1 to 2 years to help 

establish the plants.  The pilot planting program will be evaluated one year after the irrigation has 

been discontinued.  If the pilot planting program is determined to be successful, containerized 

plants will be used to replant all of the areas that have inadequate vegetation cover.  Replanting 

will occur 30 days prior to the next rainy season.  Replanting using containerized plants may be 

delayed by up to 2 years to allow for time to collect seed/propagules and grow the plants. 

 

9.2.3  Inadequate Native Species Composition or Diversity 

 

Portions of the dune restoration area that are shown to lack suitable native species composition 

or to have inadequate native species diversity will be reseeded.  The remediation action for this 

will be to reapply both the dune foundation seed mix and the species diversity seed mix during 

the next seeding window.  This remediation action will be implemented a maximum of two times 

to correct this problem before an alternative approach is proposed. 
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9.2.4  Inability to Rebuild Dunes by Natural Processes 

 

Portions of the dune restoration area that are shown to lack the ability to rebuild naturally due to 

the exposure of the rock revetment will be rebuilt.  A necessary trigger for this remediation action 

is the coincidence with a major sand nourishment event.  A major sand nourishment event will 

provide the logistical opportunity to bring in the sand necessary to rebuild the dunes.  If finer-

grained sand is needed and available, finer-grained sand will be used as the replacement sand.  

Replacement sand may be used to re-nourish the beach, re-cover the rock revetment, re-place 

the 2-foot sand cap, and/or rebuild the dune hillocks.  The affected areas will be rebuilt as part of 

the sand re-nourishment event and the areas will be reseeded during the next seeding window.  

If this occurs, the affected dune areas will be reseeded with both the dune foundation seed mix 

and the species diversity seed mix.  This remediation action will be implemented a maximum of 

one time to address this problem before an alternative approach is proposed. 

 

 

10.0  REPORTING 

 

10.1  As-Built Report 

 

Upon completion of the initial dune habitat restoration work, an as-built report will be prepared 

documenting completion of the initial work and including photographs taken from the designated 

photo-monitoring locations.    The as-built report will be submitted to the agencies within 60 days 

following the completion of work. 

 

10.2  Annual Monitoring Reports 

 

After initial dune habitat restoration work is completed, annual monitoring reports will be submitted 

to the agencies no later than December 31st each year.  Annual monitoring reports will be 

prepared by a qualified environmental resource specialist and will indicate the progress and 

relative success or failure of the dune habitat restoration.  The annual reports will also include 

recommendations for remediation actions as outlined in this plan.  The annual reports may also 

include recommendations for remediation action not outlined in this plan but formulated based on 

the results of the monitoring program at the time in order to help the Project meet the performance 

standards.  The reports will also include photographs taken from pre-designated photo-monitoring 

locations illustrating the dune habitat restoration and enhancement progress at each of the sites.  

Each report will be cumulative and will summarize all previous results.  Each report will also 

include a “Performance Evaluation” section where information and results from the monitoring 

program are used to evaluate the status of the dune habitat restoration Project in relation to the 

performance standards. 
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10.3  Final Report 

 

At the end of the 10-year monitoring period, a final dune habitat restoration report will be prepared 

indicating the relative performance of the Project.  If the report indicates that the dune habitat 

restoration and enhancement Project has, in part or in whole, been unsuccessful based on the 

specified performance standards, a revised or supplemental restoration program will be prepared 

and submitted for approval within 90 days.  The revised plan will be developed to compensate for 

those portions of the original program that did not meet the approved performance standard(s) 

and will implement measures that must be taken to reach the specified performance standard(s). 
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Appendix B – Construction Sequence and Timing  
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Appendix B 
 

Broad Beach Restoration Project 
Anticipated Construction Sequence and Timing 

 
 

1) Mobilization (1 week) 

2) Traffic signal / Lot 12 temporary improvements    (1 week) 

3) Demolition of secondary structures, clearing & grubbing  (1 week) 

a. Material disposal 

b. Sand delivery to Lot 12 (concurrently) 

4) Sand placement (15 weeks assuming 4,000 cubic yards/day) 

a. Establishment of haul road for sand placement landward of revetment from 

staging area to approximately 31026 Broad Beach Road 

b. Begin building beach toward west and east 

c. Build to template west of revetment relocation 

d. Build beach east of revetment relocation to boundary between Area 1 and 2 

(Malibu West Beach Club) 

5) Excavation of native material behind relocated revetment – place & stockpile in Area 1 (2 

weeks) 

6) Finish sand placement to east end of beach fill template (2 weeks) 

7) Relocate revetment & construct storm drain outfalls (4-6 weeks) 

8) Backfill over revetment with import material in areas 2 and 3 (2 weeks) 

9) Spread native material cap over areas 2 and 3 (1 week) 

10) Begin placement of dune hillocks in Area 1 working from west to east (1 week) 

11) Place hillocks & finish grading in areas 2 and 3 with native material (1 week) 

12) Place hillocks in area 4, 5 and 6 (2 weeks) 

13) Broadcast seed (if during November through December) and sterile straw in all dune 

areas (2 days) 

14) Crimp straw into dune hillocks in all dune areas (2 days) 

15) Install sand fencing in all dune areas (1 week) 

16) Install symbolic fencing and signage in all dune areas (2 days) 



 

 

  



 

 

Appendix C – Demolition Plan 

  



 

 

 




