[from Walt Crampton 4/2010]
SUMMARY GEOTECHNICAL AND COASTAL DESIGN RECOMMENDATIONS

The project site is located on the southerly side of Pacific Coast Highway (California State Route 1) at the intersection of Rambla Vista in the City of Malibu, California.  In general, the site consists of an approximately 350-foot-long reach of coastline, with a narrow sand and rock beach.  Development in the area consists of the Pacific Coast Highway along the northerly boundary with residential structures to the north, west, and east of the site.  From our review of historical information, a rubble mound revetment has, in the past, been placed along the seaward edge of Pacific Coast Highway in response to marine erosion encroaching upon the roadway embankment.

The project site is situated along the southerly margin of the Santa Monica Mountains overlooking Santa Monica Bay.  A review of the Geologic Map of California, Los Angeles Sheet (1991) reveals that the site is located within the Malibu Coast fault zone.  A closer review of the map sheet also indicates that the rock formations in the area are highly faulted and folded, most likely due to compressional forces along the boundary between the North American and Pacific Plates.  From a geomorphic standpoint, the site is located in the Transverse Ranges geomorphic province of Southern California.  The Santa Monica Mountains and their offshore extensions are the most geologically varied part of the entire Transverse Ranges province (Norris and Webb, 1990). 
Our preliminary review of maps and aerial photographs and a brief site visit indicate that the area is underlain by limited fill soils, transient beach sands, and formational bedrock.  The formational bedrock can be seen as outcrops within the surf zone and exposed in the road cut for Pacific Coast Highway north of the site.
The bedrock at the site is mapped as Miocene marine and is thought to belong to the Vaqueros Formation.  The Vaqueros Formation is described as a heterogeneous sequence of thick and medium bedded sandstone, and interbedded siltstone and mudstone.  Sandstone ranges from coarse to very fine grained, ranging from dark gray to greenish or reddish gray in color.

As evidenced by the northerly road cut, at least the more western portion of Pacific Coast Highway adjacent the site is likely underlain from the road subgrade to depth by these formational soils, whereas available geologic maps indicate that the subgrade along Pacific Coast Highway, a short distance easterly of Rambla Vista, is underlain, at least to shallow depths, by fill soils, which are in turn underlain by the Vaqueros Formation, which outcrops visibly in both the surf zone and notably above the elevated back beach near the eastern edge of the property.  Thus, while the published geologic maps would suggest otherwise, observed site conditions indicate that bedrock may exist below the immediate subgrade along the majority of Pacific Coast Highway, and may exist at relatively shallow depths below the existing pocket beach.

Beach sands within the study area are generally transient in nature, moving offshore during the winter and then back onshore during the summer.  In addition, the beach sands are likely underlain by a relatively uniform bedrock shore platform abrasion surface that likely slopes seaward at about 1 to 2 percent, with local erosion-resistant outcrops exposed within the surf zone.  Although we have no precise knowledge of the elevation of the seaward sloping bedrock shore platform at the site, we do know that elsewhere within the Malibu area, the bedrock shore platform has been encountered near the mean high tide line at an elevation of around ‑2 feet, NGVD.  Depending upon the selected site improvements, we would anticipate that a design level geotechnical investigation would be required to define the depth to bedrock within specific areas of interest.  However, for preliminary planning purposes, we recommend that in the vicinity of the current plan mean high tide line, the erosion-resistant bedrock should assumed to exist near elevation -2 feet, NGVD.  Assuming a seaward slope of approximately 1 to 2 percent, the elevation of the bedrock adjacent to Pacific Coast Highway is estimated to be near elevation -2 feet.  This elevation will likely vary, given that locally erosion-resistant shelf rock may create a series of formational steps up to and including the limited bedrock exposures noted along the back beach near the eastern margin of the study area.

While the site is underlain by erosion-resistant formational bedrock, this bedrock is still susceptible to shoreline erosion when exposed to wave attack.  We estimate that the bedrock at the site could have an annualized retreat rate on the order of 0.1 to 0.3 foot per year, with an estimated corresponding vertical erosion rate of this bedrock shore platform no more than 10 percent of its horizontal erosion rate.  As such, protection of proposed improvements adjacent to Pacific Coast Highway is needed for the project.  There are two general methods that can be employed to protect the proposed improvements.  These are seawalls or rock revetments.

Conventional seawalls range from conventional gravity retaining structures, such as cantilevered concrete seawalls, to relatively thin structural seawalls comprised of sheet piles and/or drilled pier walls.  If desired, a conventional cantilevered concrete seawall can be constructed to protect proposed improvements adjacent to Pacific Coast Highway.  However, such a structure would require, at least preliminarily, a minimum embedment of 2 to 3 feet below the bedrock shore platform (estimated near elevation -2 feet, NGVD adjacent to Pacific Coast Highway).  The relatively hard bedrock will preclude the use of wall types relying on driven structural elements, such as sheet-pile bulkheads.  However, drilled pier walls, possibly with tiebacks, could be constructed as an alternative to conventional cantilevered concrete walls.  If used, vertical seawalls should, if possible, incorporate wave deflectors to minimize the amount of potential wave overtopping and particularly with lower top-of-wall elevations.
Similarly, a properly designed rock revetment could also be constructed to protect proposed improvements adjacent to Pacific Coast Highway.  While the required armor stone size is a function of the maximum design wave height, foreshore slope, and scoured beach face elevation at the base of the structure, we would anticipate that a reasonable minimum design armor stone size would be on the order of 4 tons.  Any rock revetment should be underlain by a suitable filter fabric and graded rock corestone.

The southern exposure of Malibu shelters the area from much of the storm wave action from the north Pacific, but the site is exposed to south swell and to certain narrow windows of waves from the west and southwest.  South swell, arriving nearly straight onto the shore of Malibu, is effective at moving sand off the beaches and into deep water, and is responsible for the maximum design waves that could damage structures and cause wave overtopping.  Waves that travel through the Santa Barbara Channel to Malibu from the west are especially effective at moving sand alongshore from west to east, and in the absence of sufficient upcoast sediment, this area will continue to experience sand loss, allowing more energetic waves onto the rubble improvements protecting Pacific Coast Highway, along with any proposed improvements adjacent to the highway.  In the absence of a protective sand beach, along with large waves from the south, fairly severe wave overtopping can occur and more so as sea level continues to rise.  Any proposed structures can be easily designed to accommodate the wave forces from severe waves and, through design, reduce the effects and volume of wave overtopping.  However, overtopping will still occasionally occur.  Note, however, any wave uprush impacts to the proposed project will be overshadowed by the effects of overtopping on vehicular traffic along Pacific Coast Highway.  Absent this project, any wave overtopping on Pacific Coast Highway would be more severe than with any of the proposed design alternatives currently considered by the Conservancy.
Although infrequent, wave overtopping can saturate any wall backfill and aggressive control of hydrostatic pressures will be required or, as an alternative, design for full hydrostatic pressures should be considered with any vertical seawall.  Similarly, any surface treatments, whether protected by vertical seawalls or sloping rock revetments, must be designed to accommodate infrequent wave overtopping and any hydrostatic pressures that may result from overtopping waves impinging on the joints of any decking, slabs, or other architectural surface treatments converting kinetic energy into destructive uplift pressures damaging architectural surface treatments.

Another concern associated with overtopping is the saturation of any backfill materials used for support of any proposed improvements, whether protected by a vertical seawall or a sloping rock revetment.  While arguably most any soil can be used as wall backfill, coarse granular soils will not lose strength upon soil saturation, are easier to compact, and are not susceptible to post-construction hydrocompression.  Accordingly, we would suggest that all wall backfill consist of a clean pervious granular material, such as Caltrans Pervious Backfill Material per Section 19-3.065, or 9-inch minus shot rock quarry waste with the following requirements:
Quarry waste used for rock fill shall be select angular rock fragments, well-graded, from 3 to 9 inches in maximum dimensions, and shall be of the quality and gradation as listed below:

Tests
Test Method
Requirements
Apparent Specific Gravity
ASTM C-127
2.5 min.

Absorption
Calif. 206
5% max.

Durability Index
Calif. 229
40 min.

Gradation:

Sieve Size

Percent Passing Sieve
9"
100

3"
40 - 95

No. 4
15 - 50

No. 200
0 - 5

CONCEPT PLAN ALTERNATIVE COMMENTS
In the following paragraphs, we provide geotechnical recommendations for plan specific alternatives, in part memorializing the discussions and recommendations presented during our March 2 meeting.  It is intended that these recommendations be cumulative and, to the extent that they apply, appropriate for all of the proposed concept plan alternatives.
Concept Plan 1 – Sidewalk and Stair
As indicated on the site topographic survey, Pacific Coast Highway in this area is around elevation 15 to 16 feet (NGVD 1929).  NGVD, or the National Geodetic Vertical Datum, was set in 1929 and does not change when sea level changes.  NGVD currently lies 0.16 foot below mean sea level (MSL) and 2.06 feet below the mean high tide level (MHTL) elevation reported on the project architectural survey prepared on November 6, 2009.
As discussed during our March 2 meeting, we understand that for all of the concept plan alternatives, it would be desirable to separate the proposed public improvements vertically from Pacific Coast Highway, possibly by upwards of 3 to 4 feet, with the suggested minimum plan elevation for improvements around elevation +12 feet, NGVD.  As previously discussed, while Malibu enjoys a southerly exposure, and thus a less energetic wave environment than much of the remainder of the California coastline, storms and high surf do occasionally reach the Malibu coastline and there should be a minimum elevation below which no significant pedestrian improvements should be constructed, even though this elevation would be subjected to more frequent overtopping than the elevation of Pacific Coast Highway.  As we discussed at the March 2 meeting, although we have done no exhaustive evaluation of a minimum development elevation, based on other projects in Malibu in which we have been involved, along with the recent January/February 2010 storms that caused considerable damage throughout much of Malibu, we suggested that a minimum development improvement elevation be set at +12 feet, NGVD, to minimize the amount of future overtopping and ensure a relatively safe viewing area for the public.  Thus, with all of the concept alternatives, it was generally agreed that the developed slope-top pedestrian improvements would, in all instances, remain at or above elevation +12 feet.

With upwards of 4 feet of vertical separation between Pacific Coast Highway and the proposed seaward public improvements, a variety of short wall types, ranging from grid-reinforced segmental block walls to reinforced concrete walls, could be used to accommodate this separation.  Of course, the wall’s proximity to Pacific Coast Highway may require Caltrans approval and a wall design capable of supporting vehicular traffic.
As discussed above, the proposed improvements adjacent to Pacific Coast Highway can be protected with either a vertical seawall or a properly designed rock revetment, or a combination of both.  While vertical seawalls have less encroachment onto the public beach, rock revetments are more effective in absorbing wave energy and particularly so when the alignment of a proposed seawall may redirect wave energy to an adjacent property.

Beach access stairways should also be designed to accommodate anticipated wave forces and consideration should be given to their alignment as a conventional concrete shore-perpendicular stairway will likely locally increase wave runup up the throat of the stairway.  During our March 2 meeting, we discussed and continue to recommend stairway construction comprised of either a monolithic concrete stairway section extending down to and supported on the underlying bedrock shore platform or a stairway, whether concrete or wood, supported on a series of concrete drilled pier foundations supporting isolated concrete landings.  Isolated drilled pier stairway foundations should be a minimum of 30 inches in diameter.  The lower stairway landing, whether supported by a drilled pier or a concrete foundation, should again be founded in the underlying bedrock shore platform near elevation ‑2 feet, NGVD.

Concept Plan 2 – Platforms
As discussed during our March 2 meeting, we understand that the proposed platforms would essentially be extensions to the promenade area, and again no lower than elevation +12 feet, that would provide slope-top viewing areas separated from the more heavily trafficked promenade.  As with Concept Plan 1, shoreline stabilization could incorporate either a vertical seawall or a properly designed rock revetment, or a combination of both.  Recognizing that the viewing platforms may extend upwards of 25 feet (based on the concept plan scale) seaward of the promenade, consideration might be given to the platform areas being supported by vertical seawalls, with the adjacent promenade protected by a rock revetment, with the toe of both structures encroaching a similar amount out onto the beach.
One of the concerns expressed during the March 2 meeting with Concept Plan 2 was the potential focusing that a curvilinear seawall absent rock revetment might create along both the easterly and westerly margins of the project, thereby directing oncoming wave energy to the west or east, causing erosion to adjacent properties.  The rock revetment adjacent the viewing platforms would eliminate, or at least mitigate, this concern.
Concept Plan 3 – Overlook Platforms
From our perspective, the shore-parallel beach access stairways are considerably more effective at eliminating any undesirable wave runup through the stairway opening when compared to a shore-perpendicular structure, and this proposed concept nicely accommodates both the promenade and the overlook.  The principal cautionary concern with this alternative is the wall protecting the westerly edge of the westerly overlook, which if constructed as a vertical wall would likely cause accelerated erosion of the private property to the west due to waves reflecting off the shore-perpendicular wall suggested on the concept sketch.  As previously discussed, if this alternative is considered, we would suggest the use of a rock revetment extending westerly onto and protecting the adjacent westerly property to eliminate any areas of potential wave focusing or, more importantly, any problematic edge conditions that could accelerate erosion on neighboring properties.

Similarly, the easterly platform overlook, if constructed with vertical walls, must also include mitigation of the potential for the east-facing wall creating additional unintended scour under the adjacent pile-supported private residence immediately to the east.
Concept Plan 4 – Tide Pools
As previously indicated, the formational bedrock can be seen as outcrops within the surf zone, and these outcrops can easily be replicated higher up on the beach face as bedrock highs, with shallow indentations to accommodate/mimic tide pools set at any desired elevation, such as below the mean high tide line, thereby permitting daily inundation and circulation.  However, any replicated bedrock highs must be founded on and anchored into the underlying bedrock shore platform.  As a material’s erosion resistance is proportional to its unconfined compressive strength, we recommend that any artificial bedrock consist of a concrete mix having an unconfined compressive strength similar to the most erosion-resistant bedrock outcrops, which we would currently guestimate to have an unconfined compressive strength somewhere between 500 and 1,000 psi.  This would essentially be what is referred to in the Greenbook (Standard Specifications for Public Works Construction) as “Controlled Low Strength Material” (CLSM), as defined in Section 201-6 of the Greenbook.
Please note that, as with any existing tide pools and existing bedrock outcrops within the surf zone along any section of coast where transient beach sands exist within the littoral zone, these manufactured tide pools can, and may at least seasonally, be covered by the transient sand beach and when exposed, scoured by sand movement within the littoral zone.
Also, if this concept alternative is further advanced, we would recommend that the State consult with an intertidal marine ecologist familiar with the area to address the ecological viability of this alternative.  Similarly, at extreme low tide, one might examine the biota, if any, that currently inhabits the existing bedrock outcrops to further assess the viability of this concept.

Lastly, as with Concept Alternatives 2 and 3, the proposed semi-circular platform overlook along the eastern edge of the project has the potential for deflecting potentially erosive wave energy to the east to the detriment of the neighboring private property.  The potential for undesirable wave-induced edge conditions must be mitigated; something that can easily be accommodated by a properly designed rock revetment.
Concept Plan 5 – Plaza
Two items specific to Plan 5 were discussed during our March 2 meeting, the first being that we would discourage any cantilevered overhangs, as they can be exposed to fairly high wave-induced uplift pressures.  However, as discussed and if considered necessary, a cantilevered overhang could be designed to resist any design-level wave uplift pressures.

With regard to proposed vegetation, it is worth noting that free-draining planter soil, whether through surface drains or simply into a highly pervious structural backfill, should reduce the potential for salt buildup and, although likely requiring more maintenance, could be an attractive amenity.

Similarly, with regard to the elevated beach, the configuration as drawn should maximize the retention time of any sand beach, whether perched near elevation +12 feet or filled into this small architectural confined wedge.  We anticipate that the maintenance associated with this elevated beach will likely prove objectionable and, long-term, we anticipate that the ongoing maintenance necessary to maintain any contemplated elevated back beach would be terminated and that portion of this alternative be abandoned or revised.

Concept Plan 6 – Vehicular Ramp and Seawall

Having designed several vehicular ramps providing all-weather beach access, this alternative also has the benefit of providing ADA (or close to ADA) access down to the beach, and of course the potential for all-weather vehicular access down to the beach; something that we suspect City lifeguards would strongly support.  If this option is considered, we would recommend at least considering placing the bottom of the ramp elevation near 3 or 4 feet, which under most storm conditions would provide a reasonable level of emergency access while still maintaining a slope of about 7 percent.  With the concept plan ramp length of about 185 feet, if one were to extend the toe of the ramp down to elevation ‑1 foot, complete all-weather access would be provided with a roadway slope of approximately 9 percent.  Under both of these example design scenarios, with a current back beach elevation of around +8 feet in this area, over half of the ramp would be buried most of the time beneath the transient beach sand, still providing an attractive and easily accessible beach access, although arguably not totally ADA compliant.
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