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Introduction

The City of Napa (City) contracted with GHD to provide an updated evaluation of the chronic bank stability
issues within the River Park Estates Canal Maintenance District (RPECMD). This effort builds upon
previous work by GHD which involved bank repairs in 2009 and a Dredging Evaluation and Bank Repair
strategic plan in 2014. This memorandum summarizes the slope stability issues and history of repair work
since original construction along with a description of the current repair needs based on recent survey data
and a site assessment. The findings of this assessment were used to develop estimated cost of repairs and
a Capital Improvement Plan for implementing these repairs.

2.

Background and Understanding

The River Park Estates Marina is located adjacent to the Napa River in the City of Napa, California as
shown in Figure 1. The marina provides recreational boating access to the Napa River. The Project area
has experienced a long history of slope stability challenges along the shoreline after the original
construction in the 1960’s and early 1970’s. The stability issues were primarily attributed to the original
revetment design and soil conditions as described in subsequent sections of this memorandum.

Figure 1

Project Location
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3.

Document Review Summary

GHD reviewed all available previous reports, design drawings, and documents which describe the original
project construction and subsequent bank improvement repairs and dredging projects. The following
reports, plans and documents were reviewed, with a timeline of repairs summarized in subsequent
sections:
•

Brandley (August 1960). Foundation and Soils Report River Park Estates. Brandley Engineering
Laboratories, Napa, CA, August 26, 1960.

•

Farnum W. Kerr (April 1961). River Park Estates Unit One. Napa, CA, April 1961.

•

Farnum W. Kerr (June 1961). Assessment Diagram River Park Estates Assessment District No.
AD-C. Napa, CA, June 2, 1961.

•

Allen R. Thorpe (1961). Resolution of Intention No. 2262. Napa, CA, July 17, 1961.

•

Allen R. Thorpe (1961). Resolution No. 2263. Napa, CA, July 17, 1961.

•

Allen R. Thorpe (1961). Resolution No. 2271, 2272 and 2273. Napa, CA, August 7, 1961.

•

Allen R. Thorpe (1963). Resolution No 2887. Napa, Ca, October 7, 1963.

•

John W. Lindblad (1974). Inter-Office Memo River Park Estates Canal Slope Protection
Maintenance. Napa, CA, February 8, 1974.

•

Spink (December 1987). Woodman Development Company Inc. Newport North Unit No’s 5 & 5a
Napa County, California. The Spink Corporation Sacramento, CA, December 1987.

•

City of Napa (1991). Canal Repair for Slope Protection in River Park Estates Subdivision. DWG No
MS-9109.

•

Richard K. Bruechert (1995). Public Works Department Memo. Napa, CA, February 23, 1995.

•

RGH (March 1995). Exploration Plan River Park Estates. RGH Geotechnical and Environmental
Consultants, Napa, CA, March 1995.

•

RGH (April 1995). Report: Geotechnical Investigation River Park Estates Canal Bank Repairs
Napa, California. RGH Geotechnical and Environmental Consultants, Napa, CA, April 19, 1995.

•

C & A (June 1999). River Park Estates Bank Improvement Plans. Chaudhary and Associates, Inc.,
Napa, CA, June 24, 1999

•

Kleinfelder (November 2007). Geotechnical Engineering Report Task 1, River Park Estates Napa,
California. Fairfield, CA November 5, 2007.

•

W & K (2008). Bank Stability and Dredging Project. Winzler & Kelly now merged with GHD, Napa,
CA, May 21, 2008.

•

W & K (June 2009). River Park Marina Bank Maintenance Repair 2009 (5691-005). Winzler &
Kelly now merged with GHD, San Francisco, CA, June 19, 2009.

•

W & K (June 2009). River Park Marina Bank Maintenance Repairs Typical Bank Sections at
Newport North. Winzler and Kelly (now merged with GHD, San Francisco, CA, June 19, 2009.

•

GHD (August 2014). Dredging Evaluation and Bank Repair – River Park Marina. GHD, Santa
Rosa, CA, August 22, 2014

•

PWD (June 2017). City of Napa Public Works Department, River Park Marina Dredging. Napa, CA,
June 2, 2017.
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3.1

Original Design & Construction Plan (1960)

The original construction involved excavation of the marina for mooring and navigability and adjacent fill for
the residential development. The original bank improvement plan set the bottom elevation of the marina at
minus (-)12.5 ft with a slope of 1:1 from the bottom of the channel to the top of the bank set at +8.0 ft with a
2.5 ft wide earthen bench located at -6.0 ft. Note, the vertical datum of the original plans was assumed to
be NGVD29 but could not be confirmed. The revetment protection was placed from the earthen bench to
the high-water mark as shown in Figure 2, without a geotextile fabric (Brandley 1960). A settlement of 3 to 4
inches was expected with 90% of the settlement occurring within the first 5 to 10 years post construction
(Brandley 1960). Progressive failure of the slope protection and consequential repair work commenced
shortly after construction with the first repair work mentioned in 1974 (John W. Lindblad 1974).

Figure 2

Original Construction Plans (Brandley 1960)

The 1974 inter-office memo written by John W. Lindblad, the City Public Works Director, stated that the
original rock slope protection and the canal slopes were unstable. The key issues summarized in the memo
are as follows:
•

Design slope of bank is too steep (varies 1.5:1 upper slope and 1:1 lower slope) considering the
type of subgrade soil

•

Inability of small bench (2 ft wide) to support riprap placed on upper slope.

•

Lack of filter material between the riprap and soil subgrade

These stability issues were later confirmed in multiple geotechnical reports (Earth Science Associates,
1984 and RGH, 1995). The earthen bench experienced failure allowing the rock slope protection to
collapse, exposing the unprotected slope to tidal action and erosion.
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3.2

Bank Stabilization and Slope Repairs (1960’s – 1980’s)

The first proposed repair work occurred between the 1960’s and 1980’s with the damaged slope at River
Park Marina divided into two categories. The existing and proposed repairs schematics were provided by
C.C. Williamson. The memo and schematics are included in the (Brandley 1960) document but are not
dated. Category 1 included sections where the toe of the bank collapsed and a new slope protection was
needed, shown in Figure 3. Category 2 included sections of the bank where slippage had occurred that
required additional rock slope protection to restore the bank to its original condition, shown in Figure 4
(Brandley 1960). Repairs from 1960s through 1983 are not well documented, but approximate extents are
shown in Figure 7 based on previous reports and plans.

Figure 3

Category 1 Damage and Planned Repairs

Figure 4

Category 2 Damage and Planned Repairs

The Power of Commitment
11224277

4

DRAFT

3.3

Bank Improvement Plans (1990s)

According to documents reviewed, the next bank improvement project occurred in the early 1990’s with
repairs shown on a single plan sheet which described work that occurred between March 1991 and January
1992 (City of Napa, 1991). The approximate locations of these repairs are shown in Figure 7 and overlap
with the location of previous repairs, an indication that previous repairs (shown in Figure 3 and Figure 4)
may not have been sufficient.
A geotechnical investigation was conducted in 1995 by RGH Geotechnical and Environmental Consultants
with bank improvement repairs designed by Chaudhary and Associates in 1999. The geotechnical report
described the soil as consisting primarily of clay, sand, and gravel with the groundwater reaching a depth of
6.5 to 10.5 ft below ground surface. The geotechnical recommendation was for the toe of the rock slope
protection to be dug 3 ft below the channel bottom with the inclusion of a filter fabric. A minimum 1/4T rock
and no more than 1/2T rock was recommended (RGH 1995). In addition, the slope of the repaired bank
was recommended to be no steeper than 1.5:1 slope with retaining structures utilized if the slope had to be
steeper due to the presence of a marine structure (RGH 1995).
Repair work done in 1999 designed a slope of 1.5:1 (H:V) with the rock slope protection using 24-in rock
starting from the bottom of the channel with the incorporation of a toe dug in 3 ft below the channel bottom
and extending to an elevation of 6 ft as shown in Figure 5 (C&A 1999). In addition, the rock slope protection
and filter fabric was keyed into the upper bank.

Figure 5

Typical Cross-Section Repairs in 1999
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3.4

Rock Slope Protection, Newport North, and North Connector
(2009)

Following a 2008 site investigation of slope stability issues throughout the marina, additional repairs were
performed in 2009 shown on plans prepared by Winzler & Kelly (2009). Most of this repair work occurred
along the Newport North (NN) bank, segments of the south bank of the North Collector channel (NC3) and
some repairs in Shearwater Cove (C3). The repairs called for a slope of 2:1 with the use of rock slope
protection from the bottom of the channel bottom up to an elevation of 10 ft (Figure 6). However, the design
slope may have been changed to 1.5:1 based on a value engineering effort to reduce construction cost.
The most recent survey by eTrac (2021) indicates the average slope along this repair is much closer to
1.5:1 than 2:1. The toe of the rock slope protection was designed to be dug 3 ft below the channel bottom
with a width of 8 ft as shown in Figure 6. Figure 7 shows the locations of all repairs completed in 2009.

Figure 6

3.5

Typical Rock Slope Protection Design 2009

Dredging Evaluation and Bank Repair Memorandum (2014)

A GHD memo from 2014 reviewed previous work, geotechnical analyses, and prepared strategic plan with
estimated costs associated with bank improvements and dredging expected over a ten-year period. This
plan relied on the 2008 site investigation for bank repair recommendations and was largely focused on the
upcoming need for dredging and potential for cost savings if combined with other efforts. An updated
survey was performed near the mouth of the marina to assist in estimating potential dredge quantities.
Dredging at the River Park Marina entrance was performed in 2017 and about 12,000 cubic yards were
removed. The design dredge depth of -9 feet, mean lower low water (MLLW) was listed on the plans with a
maximum dredge depth of -10 feet, MLLW. An updated bathymetric survey performed by eTrac (2021)
indicates the depths throughout the 2017 dredge area range from -8 to -9 feet, MLLW.
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Figure 7

Location of Previous Bank Improvements and Repairs
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4.

Site Reconnaissance

4.1

Data Collection

A bathymetric and topographic survey of the RPECMD was completed by eTrac Inc. on March 11th and 23rd
2021. Data was collected using an Applanix POS MV V5, R2Sonic 2020 operating at 400 kHz, a Velodyne
Puck Lite (eTrac, Inc., and Ghirardelli, 2021). The data collected in March 2021 primarily captured the
bathymetry of the marina and bank slopes up to an elevation of +10 feet, MLLW in some locations. To
capture the entire upper slopes and top of bank areas around the marina, publicly available LIDAR data
from the USGS was combined with eTrac’s data to provide a complete data set. Following a detailed review
of the combined data set, a site visit was conducted by the GHD team.

4.2

Field Visit

A two day field visit was conducted by a two member GHD team on May 27th and 28th, 2021. The date of
the inspection was scheduled around the lowest tide levels (Figure 8) to expose a greater surface area of
the shoreline. Timing of the field inspections are shown in gray in Figure 8 The team inspected the
shoreline and banks of the entire marina from kayak on May 28th. The team also examined several
properties by foot where access to the top of bank was provided by the property owners. The top of the
bank at Newport North and 750 Lewis Way was assessed on May 27th, 2021, and 783 Kearney Way was
assessed on May 28th, 2021.

Figure 8

Predicted Tides at Edgerly Island, Napa River (NOAA, 2021)
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4.3

Data Processing

Data collected by eTrac, Inc was used to generate two comprehensive maps of the RPECMD shoreline and
marina floor using ArcGIS software. A heatmap showing the elevation in feet across the entire marina and a
map showing slope steepness of the entire shoreline were generated as shown in Figure 9, Figure 10 and
Figure 11. Slope steepness and elevation throughout the marina were evaluated in preparation for the field
visit to ensure any existing critical areas were thoroughly inspected and documented.
Photos and notes collected during the field assessment were organized using an ESRI sourced data
compiler (ArcGIS Collector) that used GPS location to track this data and upload to a project database.
Each photo taken is represented by a red triangle on a map and is accompanied by any recorded
comments as shown in Figure 12. The application was used to mark stretches of shoreline where a focused
assessment of slope stability and need for repairs is required.
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Figure 9

Heatmap Showing Topographic & Bathymetric Elevation Data, relative to MLLW (eTrac, Inc, 2021).
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Figure 10

Slope Steepness Data Map - West.
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Figure 11

Slope Steepness Data Map - East.
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Figure 12

ArcGIS Site Reconnaissance Photo Data.

The combined bathymetric data set from eTrac, Inc. and USGS was analysed to extract shoreline slope
data (transects) perpendicular to the shoreline using Civil3D. Field investigation notes, photos, and transect
data were used in combination to assess the need for bank repairs throughout the RPECMD. An example
of the assessment steps is shown in Figure 13 through Figure 15 for the full repair located in “C4” Skimmer
Cove.
During the site visit, observations and photos of Skimmer Cove, indicated a section of shoreline had poor
rock slope protection and a relatively steep slope as shown in Figure 13. The full extent of the repair was
estimated using both visual and bathymetric data from closely spaced transects throughout Skimmer Cove,
Figure 14. The transects taken from the northwest corner are shown in Figure 15. Transects from other
locations throughout the RPECMD are provided in Appendix A.
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Figure 13

Example “C4” Skimmer Cove Full Repair Location.

Figure 14

“C4” Skimmer Cove Slope Steepness overlapped with Transect Locations
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Figure 15

Select “C4” Transects for Full Repair Location in Northwest Corner of Cove.
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5.

Bank Repair Needs

Based on site reconnaissance information, canal banks in need of repair were organized into three
categories: full slope repair, upper slope repair and spot repair. Each category is described in the following
sections with an example location from the RPECMD Project. The type and location of the bank repairs
discussed in this memorandum are shown in Figure 17.
Rock slope protection (RSP) was an original design feature intended to mitigate erosion due to changing
water levels, currents and wave action. As described in Section 3, the original design was unstable and
rock ended up sliding downslope in most locations. Subsequent repair efforts have focused on two main
objectives to increase slope stability: 1) Regrade the slope to be 1.5:1 or flatter to improve stability and 2)
Protect the underlying slope from further erosion using rock slope protection.
For cost estimating purposes it was assumed these repairs would follow the same strategy as prior efforts
in which the bank slopes would be graded to a slope of 1.5:1 where feasible and protected with rock slope
protection. A description of each full slope repair location is illustrated in Section 5.1 and depicted on the
conceptual design drawings in Appendix B. A typical section of this repair concept applied to a full slope
repair locations is shown in Figure 16. A similar design section was assumed for the upper slope repairs,
except the toe of the revetment would be at a higher elevation.

Figure 16

Typical Section of Conceptual Rock Slope Protection
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Figure 17

Type and Location of Bank Repairs
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5.1

Full Slope Repairs

Full slope repairs are defined by the need for improved slope protection from the top of the bank to the toe.
Full slope repairs were typically a result of having all three issues (listed below) at a specific location.
1.

Relatively steep slope in the range of 1:1 (vertical:horizontal).

2.

Lack of armor stone indicating slope is not adequately protected. No visible armor layer could also
indicate original armor stone had slipped down the bank.

3.

Development in close proximity to the repair area.

Full slope repairs require the excavation in order to return the bank to a more stable slope angle, lay down
new geotextile fabric, replace bedding rock, and lay amor layer rock per design standards. Figure 18 shows
a full repair location with a steep slope that is lacking armor stone in Skimmer Cove (C4). Five full slope
repair locations are shown in Figure 17.

No armor stone

Figure 18

Steep Slope
(1:1 or steeper)

Steep Slope Without Armor Layer and Bathymetry Transect
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5.1.1

North Collector Segment (NC4) Repair

Steep slope
(close to 1:1)

Steep slope
and no armor

5.1.2

Shelldrake Cove (C5) Repair

Steep slope;
unstable toe
Steep slope
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5.1.3

Skimmer Cove (C4) Repair

Steep slope

Steep slope
and no armor

5.1.4

Sandpiper Cove (C1) Repair

Steep slope

Steep slope
and no armor

The Power of Commitment
11224277

20

DRAFT

5.1.5

Newport North (NN) Repair

Rock
covered by
vegetation

Occasional
voids with
steep
sections
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5.2

Upper Slope Repairs

Upper slope repair sections were identified where portions of the upper slope had experienced erosion or
slumping and were lacking a uniform armor layer to protect against further erosion. The lack of upper slope
protection permits the tidal cycle and rain runoff to wash the exposed bedding layer further deteriorating the
shoreline. In most of these locations the repairs would occur on the upper bank (3 to 10 feet, MLLW) since
the lower slope has a flatter (more stable) slope angle. Figure 19 shows an example of an upper slope
repair with rock slumping on the south side of “NC4” North Collector Segment 4. Based on the site
reconnaissance data, a total of seven upper slope repair locations were identified as shown in Figure 17.

Flat lower
slope angle

Rock slumping and voids

Unprotected
upper slope

Rock slumping
Figure 19

Upper Slope Repair (Rock Slumping) with Bathymetry Transect
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5.3

Spot Repair

Sections of the shoreline with geotextile fabric exposed or small gaps in armor rock require a spot repair.
Armor rock may shift due to flooding or slippage and replacement rock is required to protect the section of
shoreline and is typically not visible in the bathymetry or topographic data. Spot repair sections may be
repaired concurrently with adjacent repairs to reduce costs. A sample spot repair in “NC3” North Collector
Segment 3 with its corresponding bathymetry transect is shown in Figure 20. Based on the site
reconnaissance data we identified a total of six spot repair locations in the RPECMD as shown in Figure 17.

Gap in rock
protection

Gap in protection

Figure 20

Geotextile Fabric Exposed and Bathymetry Transect
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5.4

Top of Bank Areas

The project team observed the top of bank areas along Newport North on the afternoon of May 27th, 2021
to follow up on reports of potential bank stability issues affecting hardscape and patio structures. Although
not all properties were accessible the project team was able to access most of the Newport North area and
observed the following issues:
–

Cracks in concrete patio slabs or walkways (multiple locations)

–

Differential settlement of a masonry divider wall (one location)

–

Partial failure (leaning) of patio/garden retaining wall (multiple locations)

The issues observed were associated with hardscape features near the top of slope (i.e. within 10 feet from
top of bank). Similar concerns were described in the RGH geotechnical investigation (1995) and attributed
to the creep, consolidation and settlement that is typical of clayey soils subject to long-term weathering and
rapid drawdown. The investigation found canal banks along the River Park Marina are subject to downslope
creep and settlement even where buttressed by rock slope protection.
Based on our field observations and survey data, the canal banks along Newport North appeared to be in
good condition where repairs were performed in 2009. There were no gaps in the rock or significant
irregularities that would indicate significant slope failure (slumping or sliding). However, rock slope
protection is flexible and could mask any downslope creep and settlement of the underlying soils that has
occurred since 2009.
Previous geotechnical reports prepared by RGH (1995) and Earth Science Associates (ESA, 1984)
provided several best practices for homeowners to mitigate creep and settlement of underlying soils and
increase the stability of the canal slopes. These practices, listed below, are applicable to the top of bank
issues recently observed along Newport North:
–

Incorporate setbacks from the top of slope for improvements sensitive to settlement (i.e. concrete
walkways & patios, pools, masonry or concrete walls). Setbacks of 10-20 feet are common practice
(RGH, 1995) but the specific distances should include feedback from a registered engineer based on
the type of structure and potential loading scenarios.

–

Decks and walkways should be constructed of light and flexible materials, or provided with frequent
joints to mask settlement and cracking.

–

ESA (1984) recommended the following measures for decreasing the flow of surface water over and
through the canal banks.

–

•

Accumulated surface water (i.e. stormwater or irrigation) should be collected and conveyed toward
the streets where feasible.

•

Drains that empty on the canal side should have their openings below the low tide line to avoid
erosion of material on the upper slope or beneath the rock slope protection.

•

Sheet flow over the top of bank should be minimized with grading or drainage systems designed to
capture this runoff and convey downslope within a pipe.

Avoid or minimize irrigation near the top of slope since this adds water to the clayey soils and could
increase the rate of creep and settlement while reducing the strength of the soils (RGH, 1995).
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6.

Cost Estimating for Bank Repairs

A preliminary opinion of probable construction cost (OPCC) was developed for construction of the full slope,
upper slope, and spot repairs (Table 1). The construction scope of work and material quantities were based
on concept design drawings and quantity estimates presented in Appendix B. The level of the OPCC is
suitable for use in planning/phasing capital improvements, preliminary budget approval or approval to
proceed to the next stage in project design. The typical accuracy range for this level of OPCC is -15% to 30% on the low side and +20% to +50% on the high side.
The OPCC was developed using costs from previous projects (2009 bank repairs and 2017 dredging) with
material and labor prices escalated to present day values. Additional cost comparisons were used from
projects similar in scope that have recently been performed in the San Francisco Bay Area.
Key assumptions were made during the preparation of this OPCC:
–

Mobilization & demobilization can occur at Napa River in location reasonably close to project site,
similar to previous projects.

–

Geotextile fabric not included in conceptual rock slope protection, assuming existing rock underlayer
provides adequate filtration in most cases.

–

No soil export/import included

–

Cost estimated in 2021 dollars, apply 8.8% escalation per year thereafter. Escalation based on
Engineering News-Record 20-city average Construction Cost Index (ENR Index) at the time the
estimate was created. The ENR index measures how much it costs to purchase a hypothetical
package of goods and labor compared to what it was in the base year. Though this point-in-time
inflation measurement is not a projection, it may be used for budgeting purposes over the next several
years. The ENR Index is updated monthly, and actual inflation may be higher or lower than present
day estimates.

–

Includes removal and reinstallation of docks as necessary for construction

–

Does not include reconfiguration of dock attachments that may be required due to slope alteration

–

Contingency covers changes in project scope, quantity, and repair design changes that my occur
through design development and permitting

Table 1 Opinion of Probable Construction Cost for Bank Repairs

TASK

Cost

Mobilization

$

101,000

SWPPP/BMPs

$

99,000

Full Slope Repairs

$

1,308,000

Upper Slope Repairs

$

805,000

Spot Repairs

$

166,000

Demobilize

$

116,000

Materials, Equipment and Labor Subtotal

$

2,595,000

Contractor OH (25% labor subtotal)

$

212,000

Contractor Profit (10%)

$

259,000

Construction Subtotal

$

3,066,000

Estimating Contingency (30%)

$

920,000

Total OPCC

$

3,986,000
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6.1

Cost Considerations for Capital Improvement Planning

While not direct construction costs, necessary expenses such as general & administrative costs, overhead,
and mobilization/demobilization can make up a significant portion of a project budget. Thus, it makes
financial sense to group the full slope, upper slope, and spot repairs into a single project. For example,
mobilization and demobilization are especially costly and can be in the range of 5% to 10% of the overall
construction cost. When projects are separated, the City will pay similar mobilization and demobilization
cost for each project exclusive of the quantity of work performed.
While dredging is excluded from the OPCC shown above, dredging requires many of the same types of
equipment that will be mobilized for the slope repairs, specifically a barge with a large excavator and a
material barge for transporting construction materials. Grouping any necessary dredging with the slope
repairs could offer additional savings.

7.

Phased Approach to Capital Improvements

Based on the estimated rough order of magnitude costs described in Section 6, a proposed approach to
repairs is provided in Section 7.1.The opinion of probable construction cost indicates most repairs could
potentially be implemented with a single project. However, the actual construction costs may vary due to
several factors. Section 7.2 describes a methodology for prioritizing repairs in the event the actual
construction cost to address all repair areas exceeds the RPECMD budget available.

7.1

Proposed Approach to Capital Improvements

A proposed approach to capital improvements was developed based on the repair needs identified and the
RPECMD’s available budget. For purposes of developing this approach it was assumed RPECMD’s current
budget is about $2.5 million, and the district collects about $400,000 annually in tax revenue. Some key
assumptions made in developing this approach include:
–

A single repair project would be more cost effective than multiple phases of repairs (i.e. single
mobilization and soft costs associated with design, permitting and construction management).

–

Design, environmental documentation and permitting phase would take 2-3 years. Soft costs
associated with design, environmental and permitting are assumed to be 15% of opinion of probable
construction cost (OPCC).

–

OPCC indicates budget of $4M will be required for repairs described in this memo, depending on
contingencies associated with design, environmental & permitting phase. Assume project repairs will
be scaled based on prioritization to match RPECMD budget based on bid results.

–

Bank repairs may require two phases, dependent on construction costs at the time of bidding and
RPECMD funds available.

–

A monitoring survey and site assessment will be performed in 2030 to evaluate performance of repairs
and identify potential future project needs. The findings from this assessment will be used to update
estimated cost and timing of future dredging and bank repairs.

–

Based on documents gathered from previous dredging activities we assume maintenance dredging
would be required at 15 to 20 year intervals. The budget table below assumes 20,000 cy dredged in
2035. Actual dredging quantities and timing may vary, but the intent is to illustrate the RPECMD’s
budget available for future capital improvements (dredging or bank repairs) in this timeframe.

The major expenditures and approximate timeline for proposed capital improvements at River Park Marina
are summarized in Table 2. The RPECMD budget available is estimated at the end of each year listed in
the timeline and assumes annual revenue accrues at constant rate of $0.4M minus the budget expenditures
listed for each capital improvement phase.
All estimated costs listed in Table 2 are in 2021 dollars. Given the recent inflationary trends in the economy
future project costs could increase significantly from those shown. Applying an annual escalation rate of
8.8% (per END Index) for the repair project in 2025 would result in an estimated future project cost of about

The Power of Commitment
11224277

26

DRAFT

$5.1 million, an increase of nearly 30%. If the recent inflationary trends become persistent and these
escalation rates are realized, the RPECMD purchasing power may erode making it difficult to fund bank
repairs without incurring debt. The ability of RPECMD funds and revenue to keep pace with inflation is a
topic worth additional consideration.
Table 2 Proposed Approach to Capital Improvements

Timeline

Capital Improvement Phase

Budget
Available

Budget
Expenditure

Budget
Remaining

2023

Preliminary Design & CEQA
Documentation

$3.3

$0.3M

$3M

2024

Final Design & Permitting

$3.4

$0.3M

$3.1M

2025

Implement Repair Project
(Construction)

$3.5

$4M

$-0.5M

2030

Monitoring survey & site
assessment

$1.5M

$0.2M

$1.3M

2035

Maintenance Dredging

$3.3M

$2.2M

$1.1M

7.2

Methodology for Prioritizing Repair Locations

The site reconnaissance efforts identified the need for several full slope repairs, upper slope repairs and
spot repairs which consist of placing additional rock slope protection similar to previous repairs. Of these
three repair types, the full slope repairs represent the highest priority because of the risk posed to landside
development in the event of a slope failure. A similar methodology can be applied to the upper slope and
spot repairs if needed, to scale the project according to the actual construction cost.
The methodology for prioritizing the full slope repair locations was based on four criteria described below.
Each criteria was scored on a scale of 1 to 3, based on the documents and data collected at each specific
repair location. The scoring for each criteria and data used to evaluate each repair location are described
below.
–

Slope steepness
Slope angle provides an indication of the overall stability at a given location. The survey data collected
by eTrac in March 2021 was processed in GIS to evaluate slope steepness along each repair area,
illustrated in Figure 10 and Figure 11. The slope angle was measured as a ratio of horizontal to vertical
distance normal to the shoreline orientation. Repair areas with slopes steeper than 1.5:1 (H:V) along
most of the repair length were assigned a score of 3. Repairs with localized steep slopes were
assigned a 2 and areas with typical slopes flatter than 1.5:1 were assigned a score of 1.

–

Condition of rock slope protection
The coverage and condition of rock slope protection along each repair area provides an indication of
the stability of the original or repaired slope. Areas with little or no large rock (armor stone) were
assigned a 3 since this indicates the original (or repaired) rock slope protection has failed. Areas with
partial, or non-uniform armor stone protection were assigned a score of 2. Areas with uniform rock
slope protection were scored a 1 and indicate the previous slope stabilization measures have been
effective. The photographs from the May 2021 site assessment were used to evaluate the coverage
and condition of rock slope protection at each location.

–

Proximity of development
The proximity of primary structures to the top of bank provides an indication of the potential
consequences associated with a slope failure. The distance from primary structures (i.e. buildings) to
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the top of bank were measured from the topographic dataset (described in Section 4.1) overlaid on an
aerial image for the conceptual design drawings (Appendix B). If primary structures were within 10-20
feet from the top of bank the repair area was scored a 3. These structures could be potentially
undermined in the event of a slope failure at this location. If primary structures were 20-30 feet from
the top of bank, the area was assigned a score of 2. If primary structures were greater than 30 feet
from the top of bank the area was assigned a score of 1.
–

History of previous repairs
The repair history at a given location provides an indication of whether the original slope design
remains in place, or a modified version due to one the prior repair projects. Information provided in the
document review summary (Section 3) was used to evaluate the location and extent of previous
repairs. Areas with little or no record of repairs were assigned a score of 3. This includes areas which
may have been the subject of older spot repairs (pre-1991) which have poor documentation as to the
type and extent of repair. Areas which were the focus on repair efforts in 1992 were assigned a score
of 2 and those which were repaired in 1999 or 2009 were assigned a score of 1.

Table 3 provides a matrix which summarizes the scoring of each full slope repair location for the four
criteria described above. Locations with the highest score are deemed to be high priority areas for repair.
Based on the total scores, full slope repairs at Skimmer Cove (C4) and Sandpiper Cove (C1) are the
highest priority. The proximity of development to the top of bank and the poor condition of existing rock
slope protection were the key criteria at these locations. Table 4 shows a concise map view of the full repair
locations from the matrix.
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Table 3 Repair Prioritization Matrix (Full Repair Locations)

Prioritization
Parameters
Slope Steepness

Condition of Slope
Protection

Proximity of
Development

History of Repairs

NN

NC4

C1

C4

C5

Newport North

North Collector 4

Sandpiper Cove

Skimmer Cove

Shelldrake Cove

1

3

3

3

3

slope flatter than 1.5:1

Mostly steeper than 1.5:1

Mostly steeper than 1.5:1

Mostly steeper than 1.5:1

Mostly steeper than 1.5:1

3

2

2

3

1

Little or no rock protection Non-uniform rock protection Non-uniform rock protection Little or no rock protection
visible on slope
visible on slope

2

2

Primary structures 20-30
feet from top of bank

Primary structures 20-30
feet from top of bank

3

3

3

3

Primary structures < 20 feet Primary structures < 20 feet
from top of bank
from top of bank

3

3

Uniform rock protection
throughout cove

2
Primary structures 20-30
feet from top of bank

2

Minor repairs pre-date 1991 Minor repairs pre-date 1991 Minor repairs pre-date 1991 Minor repairs pre-date 1991 Slope repairs performed in
efforts
efforts
efforts
efforts
1991/1992
TOTAL

9

10

11

12

High priority

High priority

8
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Table 4 Repair Prioritization Matrix Mapped

NN

NC4

C1

C4

C5

Newport North

North Collector 4

Sandpiper Cove

Skimmer Cove

Shelldrake Cove

Repair Prioritization Ranking

Repair Prioritization Ranking

Repair Prioritization Ranking

#4

#3

#2

Repair Prioritization Ranking Repair Prioritization Ranking
#1

#5
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8.

Preliminary Design Considerations

8.1

Geotechnical Analysis

Previous geotechnical analyses by Kleinfelder (2007 & 2008), RGH (1995) and Earth Sciences (1984) have
concurred that original design slopes were too steep, given the soil conditions and exposure to varying
water levels. These studies have supported the use of flatter slopes in repair design to reduce the potential
for bank slumping and slippage of the rock slope protection. However, the use of flatter slopes has practical
limitations in parts of the River Park Marina due to the water area needed for navigation and berthing and
the development along the top of bank. The preliminary design phase should include additional
geotechnical analysis of the existing conditions and preliminary design recommendations for improving
slope stability as part of the proposed repair solutions. This will include an evaluation of alternative methods
for slope stabilization, discussed in Section 8.3.

8.2

Potential Conflicts with Floating Docks

The site assessment and conceptual design effort identified several locations in which the existing docks
and supporting infrastructure could potentially conflict with the proposed rock slope protection. In other
words, the placement of additional rock at the toe of slope could result in clearance issues and grounding of
the docks at low tide.
The preliminary design task should include a detailed topographic survey of the repair areas, docks and
mooring infrastructure (gangways and support bracing) to better understand these conflicts and options for
mitigating any issues. In some the repair design could be modified to avoid this issue, but in other cases it
may be more cost effective to relocate/reconfigure the docks.
A topographic survey would also be useful for defining the type and location of hardscape features along
the top of bank and setback distance to primary structures that will be useful for identifying potential site
constraints at each repair location.

8.3

Slope Stabilization Alternatives

The preliminary design phase should include an analysis of alternatives to the continued use of rock slope
protection for bank repairs. There are several alternative bank stabilization options which may help address
the slope stability issues and potential conflicts with floating docks that would result from the placement of
additional rock at some locations. Some of the alternatives worth considering include, but are not limited to
the following:
–

Articulated Concrete Block (ACB) mattress: ACBs are an alternative form of bank protection that have
a reduced layer thickness in comparison to rock. ACB’s can be cost effective but also require careful
slope preparation to provide a uniform subgrade for the mattress, which would be a challenge at River
Park Marina.

–

Mechanically Stabilized Earth (MSE) wall / Gabions: MSE walls and gabions are bank protection
alternatives that can be designed with steeper slopes than rock slope protection. MSE walls come in a
variety of types but generally use on geotextiles and soil density to form a type of gravity wall.
Gabions are rock filled cages stacked on top of one another to from a gravity wall.

–

Vertical bulkhead / Seawall: These structures have been considered in several of the previous studies
and have been identified as viable options for slope stability, but they also come at a higher cost than
other bank stabilization options.

These alternatives should be evaluated based on a range of criteria such as cost, durability, environmental
and permitting considerations.
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9.

Next Steps

The next steps for the continued development of this project include:
–

Conduct stakeholder outreach to review the findings of this memorandum and discuss the proposed
approach to bank repairs and future capital improvements.

–

Begin the preliminary design phase which is anticipated to include the following tasks:
•

Topographic survey of proposed repair areas to identify and map docks & mooring infrastructure,
gangways, utilities, hardscape features, and property boundaries.

•

Preliminary geotechnical analysis & design recommendations

•

Alternative analysis and selection of preferred alternative

•

Preliminary design report & plans for preferred alternative

•

Develop strategy for CEQA documentation and permitting process

•

Stakeholder outreach to solicit feedback throughout the preliminary design process.

The Power of Commitment
11224277

32

DRAFT

10.

References

eTrac Inc and Ghirardelli, 2021. River Park Marina Hydrographic Survey. March 31st, 2021. San Francisco,
CA and San Rafael, CA.
NOAA, 2021. Station 9415415 Edgerly Island Napa River, CA. Station Home Page - NOAA Tides &
Currents. Accessed May 4th, 2021.
Refer to Section 3 for complete list of project specific reference documents.

The Power of Commitment
11224277

33

DRAFT

Appendix A – RPECMD Shoreline Transects
Link to Appendix A will be provided electronically, due to large file size.
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Appendix B – Conceptual Drawings for Rock Slope Protection
(Full Slope Repairs)
Link to Appendix B will be provided electronically, due to large file size.
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