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1.0 EXECUTIVE SUMMARY

In accordance with the direction of HDR Engineering and NCTD, this report presents a summary of our
geotechnical evaluation of the NCTD rail alignment located atop the Del Mar Bluffs between Milepost
(MP) 244.1 and MP 245.7 in the City of Del Mar, California. The study was performed so that we could
prioritize bluff preservation initiatives to maintain the ratlroad right-of-way on the Del Mar Bluff for at least
another 20 years. This was done by considerationof geotechnical and coastal processes anticipated to affect
the erosion and bluff stability both now and over the next 20-year period.

As part of our evaluation, we reviewed previous documents and reports, geologically mapped the site,
conducted a subsurface investigation of the site geologic conditions, mapped the site geology, performed
slope stability analysis, and prepared this summary report.

In order to prioritize preservation initiatives, a matrix has been prepared to assess the risk to the rail right-
of-way from geotechnical and coastal phenomena. The major factors influencing the bluff stability and risk
include the presence of existing failures, coastal erosion, bluff retreat, ground water seepage, drainage
issues, and the close proximity of the tracks to the bluff top. This matrix was prepared to reflect current
conditions and then redone with some assumptions for anticipated risks in the year 2020.

In general, the on-going degradation of the bluff that supports the NCTD alignment is due to a combination
of factors. In certain areas, individual factors carry more importance. For example, ground water seepage
and poor surface drainage likely accelerate deterioration of the bluff in several areas, whereas, in other areas
the lack of lateral support of the tracks is a more significantconcern. Also, wooden seawalls along portions
of the bluff are currently protecting portions of the base of the bluff against erosion due to typical wave
impact. However, these walls are of insufficient height to block heavy storm surf and appear to be poorly
maintained. As a result, although they are not actively eroding, these areas are also at a high risk.

Our analysis of stability identifies that increased factor of safety i1s obtained under completely drained
conditions. Measures to limit the potential for ground water accumulation are necessary throughout the
bluff. In addition, our analysis indicates that portions of the bluff may be subject to failure during a major
seismic event on one of the active regional faults. This is particularly true for areas of the bluff that are near
saturation from either prolonged periods of heavy rainfall or in areas of heavy ground water accumulation.

Even under drained conditions, segments along the bluff are judged to possess factors of safety less than 1.5
to resist local and global instability under static conditions. Efforts to provide additional lateral support and

protect the existing support are necessary.

!}
!
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The following table provides a summary of the most critical issues identified during our study along with
the priority level assigned for the implementationof preservation alternatives.

1. Interms of Drainage Improvements

Priority Location

High 8" Street and11™ Street to Coast Boulevard
Medium 10"to 11™ 5™to 7™ Streets

Low Southern Section

2. Interms of Biuff Toe Protection

Priority Location

High 7" to 8" Streetand 11" to MP 244.2
Medium MP 245.16 to MP 245.37

Low Center Section, High Cliffs

3. Interms of Bluff Stability Improvement (Static Conditions)

Priority Location

High 7"to 8" Streetand 11" to MP 2442
Medium 5" to 6™ Street

Low High Cliffs and South Section

4. Interms of Bluft Stability Improvement (Hydrostaticand Seismic Conditions)

Priority Location

High All Areas

The risk assessment area points out on-going maintenance or repair is critical where the bluffs are locally
unstable in their present condition or where existing improvements or protective structures are already
present. In addition, improvements to mitigate effects of heavy storm surf and reduce the saturation of the
bluffs should be implemented. Conceptual preservation alternatives are presented for consideration in Part 2

of the Del Mar Bluff Study.

In finalizing this report review comments by NCTD, HDR Engineering, Caltrans, SEQAD Consulting
Engineers (Dr. Scott A. Ashford and Dr. Frieder Seible), and Coastal Environments (Dr. Hany Elwany and
Dr. Jetfery Johnson), have been considered and incorporated in portions of the report.

N
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— 2.0 PURPOSE AND SCOPE

— This report has been prepared in accordance with the direction of NCTD and HDR Engineering, Inc. and
presents the results of our geotechnical evaluation of the Del Mar Bluffs. The study area is located along the
San Diego Northern Railroad (SDNR), which is owned and operated by NCTD. More specifically, our
study area is between MP 244.1 and MP 245.7 along the western boundary of the City of Del Mar,
California. The site can also be referred to as being located along the bluff south of Coast Boulevard and
north of Torrey Pines State Beach (Figure 1). Our primary task was to review a report previously prepared
by Medall, Aragon, and Higley (MAH, 1998), perform additional investigation, and prepare the
geotechnical evaluation report. The purpose of the geotechnical evaluation was to evaluate the pertinent
geotechnical conditions in order to prioritize bluff preservation initiatives that may be required to maintain
the railroad right-of-way on the Del Mar Bluffs for at least another 20 years. This was done by
consideration of geotechnical and coastal processes effecting the erosion and the stability of the bluffs now
and as anticipated during the next 20 years.

Our scope of services included:

. Review of pertinent available geotechnical literature, previous geotechnical reports, geologic maps,
aerial photographs (Appendix A), and historical information provided by NCTD (Appendix H).

" Meetings with NCTD and City of Del Mar representatives.
. Meetings with Project Reviewers.

- Reconnaissance and geologic mapping of the site and photo documentation of the existing site
conditions. Photos of selected site locations are included as Appendix B.

. Review of a series of historical aerial photographs. Strip photos documenting the condition of the
bluffin 1999 are also included as Photo Nos. 33 to 43 in Appendix B.

. A subsurface exploration program consisting of the excavation, sampling and logging of six large-
diameter exploratory borings. The large-diameter borings were excavated to evaluate the
characteristics of the bedrock materials on site, possible areas of landsliding, and site ground water

- levels. Logs of the borings are presented in Appendix D. We have also utilized and included the logs

of borings previously excavated by both Leighton and Associates and by others for preparation of

this report (Appendix D).

. Laboratory testing of representative samples obtained during our subsurface exploration
(Appendix F). Previous laboratory testing by Leighton and by others was also considered 1n our
— evaluation and is incorporated as part of Appendix F.

- Preparation of geologic maps and seventeen geologic cross-sections in representative areas
— throughout the study area. Cross-Sections A-A' through V-V' are presented as Figures 8 through 20
at the rear of the text. The approximate locations of the geologic cross-sectionsare shown on the Site

Plan and Geologic Maps, Plates 1 through 5.

shill
— e
——

3 ==




040151-001

Geotechnical analysis of the data accumulated during our preliminary investigation (including slope
stability analyses) and evaluation of the data collected during the previous site investigations

(Appendix Q).

Evaluation of coastal bluff retreat processes and rates. This evaluation was prepared utilizing the
geologic mapping of the bluffs, reviews of historical aerial photographs, interviews with local
residents, and consultations with representatives of the coastal engineering firm Noble Consultants.
Oceanographicdata is presented as Appendix E.

Preparation of a matrix (Table 10, Appendix C) to evaluate the risks to the railroad based on current
conditions. This matrix was then utilized to identify the area of highest risk in order to prioritize
preservation initiatives. In addition, Table 11, Appendix C presents a risk matrix for blutf conditions
in the year 2020 assuming on-going erosion continues at or near present annualized rates.

Preparation of this report presenting our preliminary findings and conclusions regarding the stability
of the bluffs that support the rail alignment and a general summary of the factors that contribute to
instability of that support. The approximate limits of the geologic units encountered during surface
mapping and the boring and trench locations of our investigation and the previous site investigation
are presented on the Site Plan and Geologic Maps (Plates 1 through 5).
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Site Description and History

The study areas consist of approximately 1.6 miles of coastal bluff along the western side of the City
of Del Mar in the southern portion of the city. The study area extends from near Coast Boulevard at
MP 244.1 south to MP 245.7. The railroad is located atop a coastal bluff with elevations in the study
areas that increase from 41 feet at Coast Boulevard to 66.9 feet at MP 245 then descends to
elevation 37 feet as the track goes under the Highway 101 bridge in the south. In 1880, construction
began on the California Southern Railroad from Oceanside to San Diego. Construction of the
railway track through Del Mar commenced in January 1881 and the tracks were originally aligned
along Stratford Court. Operation of the railroad through Del Mar began in 1883 (see Figure No. 4).
The tracks were relocated onto the Bluffs in 1910 to accommodate the development of the City of
Del Mar and to reduce the track grade. In order to construct this new alignment, the area proposed
for the train was leveled by infilling major canyon areas and excavated to the design grades by use
of dynamite and a large steam shovel (see Figure No. 5). The present alignment can be seen in the
attached strip photos included in Appendix B as Photo Nos. 33 to 43.

Since 1910, the bluffs have been naturally eroding and subjected to increased surface water runoff
and increased ground water seepage. The urban residential development of Del Mar increases the
surface water runoff and concentrates it into storm water systems that traverse the rail right-of-way.
In 1938, Del Mar had 430 residents, today there are approximately 5,000 residents. As population
increases, storm runoff water and irrigation water increase and, as a result of infiltration, ground
water increases. In addition to surficial failures present on the bluff face, landslides that threatened
rail activity occurred in 1941 (when a train was derailed), 1958, 1961, 1962, and 1978. The
approximate limits of these past failures are indicated on the geotechnical maps (Plates 1 through 5).
It should be noted that all of these past failures occurred in mid-winter typically after periods of
increased rainfall.

Since construction of the railroad, dams have been built across all the major river systems in
San Diego County that provide sediment to the beaches. With the construction of Lake Hodges in
1919, the effective sediment producing area of the San Diequito River watershed was reduced from
346 square miles to 43 square miles. This has resulted in the loss of major sediment supply for the
Del Mar Beach and Bluffs area. We can conclude that the beach widths generally been reduced
since 1910 when the railroad was placed on the bluffs. The reduced natural protective sand barrier
will increase the risk of future storm damage to the bluffs. Mitigative measures implementedto date
have included; several wooden and concrete sea walls, earthern buttresses and slope fills,
improvements of the site drainage by installing a storm drain system, subdrains, and both lined and
earthen drainage swales. Localized slope failures have also necessitated the construction of
additional sea walls, installation of soldier pile retention systems and the most recent repair which
was a sand-cement buttress constructed in 1996.

Topographically, the rail alignment is constructed across the now relatively flat mesa top. For a
majority of the alignment, the track is at or slightly above the adjacent seaward bluff top elevation.
However, in the central portion of the site the tracks are located in an excavated slot approximately
20 feet lower than the adjacent bluff top. The tracks themselves are situated from £80 feet to within
10 feet of the top of the bluff. The relation of the track to the bluff can be seen on the Plates 1
through 5, Site Plan and Geologic Maps, where the “top and toe of bluff” has been plotted. A deeply
incised drainage (Anderson Canyon) is also present in the southern portion of the site. Anderson
Canyon has been infilled with roughly 50 feet of fill across the railroad alignment.

—] -
—] = —
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Site drainage is presently accomplished through a network of storm drains, the majority of which
now extend down the bluff to the beach, although there are some locations where storm drains
discharge near the bluff top. Previously, several major storm drains discharged near the bluff top and
significant erosion had occurred. A concrete drainage ditch has been constructed in the southern
portion of the alignment to intercept drainage from the east and direct this runoff to the beach.
Surface flow west of the tracks is still generally controlled by surface flow that drains over the top of
the bluff or ponds alongside the tracks to dissipate by evaporation and infiltration . Localized areas
of concentrated runoff have also created several erosional gullies that extend down the bluff (see
Photo Nos. 13 and 14, Appendix B). In several localized areas along the bluff top, a series of
subsurface drains have been installed most of which are thought to remain functioning. Where
known to be present, these drains are shown on the geotechnical maps. Several of the outlets can
also be seen discharging on the bluff face. Areas of discharge can be seen on Photo No. 34, adjacent
to the south side of the concrete frame (MP 244.4) and also on the bluff in Photo No. 25
(MP 244.97).

Pedestrian traffic is heavy on the bluff top and several trails are present extending down the bluff
face. In general, foot traffic is confined to these localized areas and is not widespread across the
bluff face. Evidence of rodent activity on the buff face was also observed but does not appear to be a
widespread problem.

Subsurface Investigation and Laboratory Testing

Our subsurface investigation consisted of the excavation, logging and sampling of six large-
diameter borings to depths between 60 and 70 feet utilizing a bucket-auger drill rig. The large-
diameter borings were entered by our geologist and downhole logged. All borings were reviewed by
a State of California Certified Engineering Geologist. Subsequent to the subsurface investigation,
the borings were backfilled, tamped and capped with a concrete slurry. The results of previous
geotechnical studies have also been incorporated into this report where appropriate. Logs of all the
borings both current and from previous studies are included in Appendix C. The approximate
locations of the borings (current and previous) are presented on the Site Plans and Geologic Maps
(Plate 1 through 5). During the drilling operations, bulk and relatively undisturbed samples were
obtained from the borings for laboratory testing and evaluation. Drive samples were utilized to
collect samples during drilling operations. The drill rig Kelly bar was utilized as the driving weight
for sampling. The Kelly bar weighed approximately 4,991 pounds for samples taken between the
ground surface and a depth of 30 feet. For deeper samples, the weight of the Kelly bar was reduced
depending on the depth due to use of telescoping methods. Actual drive weights are shown on the
boring logs. The relatively undisturbed in-place samples were obtained utilizing a modified
California drive sampler driven by dropping the Kelly bar 12 inches. The modified California
sampler has an outside diameter of approximately 3 inches and inside diameter of 2.4 inches. Brass
rings, 1-inch in height lined the sampler for “undisturbed” sample collection. The blow counts
required to drive the sampler each successive 6 inches was recorded and the final 12 inches of
measured blow counts is presented on the boring logs.
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Laboratory testing was performed on representative soil samples obtained during our subsurface
investigation. The laboratory tests included moisture/density determinations and direct shear. A
discussion of the tests performed and a summary of the results are presented in Appendix F. The
moisture/density determinations of the “undisturbed” ring samples obtained from the borings are
shown on the boring logs (Appendix D). Also included in Appendix F are test previously performed
by Leighton and by others. The previous laboratory testing has included moisture/density, direct
shear, sieve and hydrometer analysis, compressibility, laboratory compaction, and Atterberg limits.
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3.0 GEOTECHNICAL CONDITIONS

Regional Geology

The site is situated in the coastal section of the Peninsular Range province, a California
Geomorphic province with a long and active geologic history throughout Southern California.
Throughout the last 54 million years, the area known as the "San Diego Embayment" has
undergone several episodes of marine inundation and subsequent, marine regression. This has
resulted in a thick sequence of marine and nonmarine sedimentary deposits on rocks of the
Southern California batholith with relatively minor tectonic uplift of the area.

The sedimentary rocks in the area include the Quaternary-aged Bay Point Formation and the
Eocene-aged Delmar Formation and Torrey Sandstone. Subsequent to the deposition of these units,
erosion and regional tectonic uplift created the valleys and ridges of the area. Human influences,
recent weathering and erosional processes have produced the recent surficial units including fill
soils, landslide deposits, and beach deposits which mantle the site.

Site-Specific Geology

Specifically, the site is underlain by (from youngest to oldest) undocumented fill soils, Quaternary
landslide deposits, Quaternary beach deposits, and formational materials of the Quaternary-aged
Bay Point Formation and the Eocene-aged Delmar Formation. The approximate areal limits of each
of the geologic units are indicated on the Site Plan and Geologic Map (Plates 1 through 5). Our
interpretation of the subsurface geologic conditions is also indicated on Geologic Cross Sections
A-A' through V-V' (Figures 8 through 20). The geologic units present on the site are described
below (youngest to oldest). Although not present within the alignment, the Eocene-aged Torrey
Sandstone can be observed just east of the tracks in the southern portion of the site and within
Anderson Canyon.

32.1 Artificial Fill Soils (Map Symbol — Af)

Artificial fill soils were observed in a number of places on the site. As observed, the fill
soils were generally associated with the grading for the railroad alignment and include
canyon fills (Anderson Canyon), subdrain and storm drain backfill, and minor fills placed
to reach appropriate grades for the existing railway. Fills associated with previous slope
repairs are also present on the site. In localized areas, minor amounts of loose fill are
present on the site. These loose fills generally appear to be surficial in nature and not of
significant extent. In the northern section of the bluff MP 244.3 to MP 244 .45 it appears
that soil has been “air dumped” from the train tracks at several different time periods (1940
and £1990, see Figure No. 7), a majority of this loose soil has been eroded off the bluff
face and only minor amounts remain. In addition, a sand-cement buttress fill covered by fill
materials is present in the proximity of MP 244.45. The significant areas of fill are shown
on the Site Plan and Geologic Map (Plates 1 through 5). Based on the site topography,
these fill soils are estimated to range from 1 to 45+ feet in depth.

shill-
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Fill materials are believed to be generally comprised of materials derived from the Bay

Point and Delmar Formations. Gravel can be found within subdrains, bedding zones, and
as ballast adjacent to track areas.

Landslide Deposits (Map Symbol-Qls)

Several areas of landslide deposits have been identified on the face of the bluff. Landslides
documented by the railroad occurred in 1941, 1958, 1961, 1962, 1966, 1973, 1975, 1976
and 1978. The approximate limits of these landslide deposits are shown on the Site Plan
and Geologic Maps (Plates 1 through 5) and many of the landslides are also depicted on the
Geologic Cross-Sections A-A’ through V-V’ (Figures 8 through 20).

The landslide deposits generally appear to be shallow surficial failures and are composed
of disturbed and relatively undisturbed blocks of formational material and weathered
formational material surrounded by a loose matrix consisting of soils characteristic of the
Bay Point and Delmar Formations. The majority of these failures occurred during winter
months when soil moisture contents are somewhat higher due to rainfall. The material is
generally moderately fractured, jointed, and highly weathered near the surface and at the
toe of the failure areas. Many of the observed slope failures appear to be the result of
failures on the upper portions of the bluff and are now deposited as debris along the base of
the slope (see Photo Nos. 23 and 29, Appendix B). In addition, many of the failures appear
to be directly related to areas of ground water seepage. The majority of the failures
observed appear to be occurring within a weathering profile within the face of the bluff. As
the bluffs retreat weathering occurs, joints and fractures develop near and parallel to the
bluff face. As these features become more well developed, the surficial failures occur. The
frequency of well-developedjoint sets diminishes with distance away from the bluff face.

Quaternary Beach Deposits (Map Symbol — Ob)

Quaternary Beach Deposits consisting of varying thicknesses of beach sand were
encountered at the base of the bluff, on the west side of the site. These soils generally
consisted of light gray, damp, loose, fine to medium sand. Sand levels vary seasonally with
generally lower sand levels in winter and higher sand levels in summer. During the time
over which our study was performed, sand levels fluctuated by as much as 1 to 2 feet.

Bay Point Formation (Map Symbol-Qbp)

The Quaternary-aged Bay Point Formation underlies the SDNR alignment throughout a
majority of the study area. These terrace materials were deposited on a now elevated,
relatively level wave cut platform and overlie the Delmar Formation. As encountered
during our investigation this material generally consisted of red-brown, moist, loose (near
the ground surface) to dense, fine to medium silty to clayey sands and sandstone with lesser
amounts of clayey sandstone. This material is generally very permeable and typically,
zones of perched water have developed along the contact of these materials with the
underlying Delmar Formation (see Photo No. 23). Where exposed at the surface this
material is highly erodible. A majority of the terrace deposits were removed in both the
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northern and southern sections of the alignment during railroad construction creating the
flat mesa top observed today. Although of a reddish color, this material is generally
considered suitable for use as part of a beach replenishment program because of its sandy
nature.

3.2.5 Delmar Formation (Map Symbol-Td)

The Tertiary-aged Delmar Formation was found at depth across the site and underlies the
Bay Point Formation generally below an approximate elevation of 45 to 55 feet mean sea
level (msl). Surface exposure of this unit can be observed at lower site elevations on the
west face of the bluff. As observed in our borings and exposures, this unit consists of dark
gray to olive-green, stiff, silty claystone, silty fine sandstone, to clayey siltstone with
occasional interbeds of light yellow-brown sand. The contact between the Bay Point
Formation and underlying Delmar Formation occurs at approximate elevations between
45 to 55 feet msl. This generally horizontal contact is depicted on both the Geologic Cross-
Sections A-A', through V-V' and the Geological Maps. Within the Delmar Formation, we
have observed several localized resistant layers. These occur both at mid-bluff heights and
most importantly at the base of the bluff. This resistant layer at the base of the bluff creates
a barrier to erosion and creates a shallow beach platform within the beach and surf zone
areas which works to dissipate wave energy (see Photo Nos. 8 through 12, and 30,
Appendix B).

Geologic Structure

Review of the geologic literature applicable to the site (Appendix A), our professional experience
on-sites with similar soils, and geologic mapping of the site, indicate the on-site geologic units are
generally flat-lying and massively bedded with occasional cross bedding and randomly oriented
jointing. Based on the subsurface data, bedding within the formational materials generally exhibits
variable bedding with dips typically horizontal to less than 5 degrees to the west. Localized areas of
weak and randomly fractured claystone beds, typically about 1 foot in thickness, were encountered
in several of the borings. The randomly fractured claystone beds appear to be the result of
consolidation and or tectonic movement following the deposition process and are not considered to
be evidence of previous deep-seated slope instability. They do however provide weak layers within
the bluff that are more easily weathered and also provide possible failure surfaces for some of the
failures that have occurred. In addition, in one localized area at the base of the bluff some minor
“notching” was observed. This notching has occurred where a fractured claystone bed overlies a
resistant sandstone unit. Jointing on-site is very variable, but predominantly trends sub-parallel to
the existing slopes.

Jointing dips were found to be generally moderately to steeply dipping. Jointing was mainly
encountered in the upper portion of the bedrock becoming less pronounced with depth. Materials at
the bluff face were significantly more weathered, fractured and jointed. Fractures and joints
typically parallel the bluff face forming a weathering profile on the bluff face. Based on our site
observations and experience on similar sites, this fracturing and jointing is typically concentrated
near the bluff face (xouter 10 feet) with significantly less fracturing away from the bluff face.
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Bluff Retreat

Bluff retreat along the Del Mar Bluffs is controlled by a combination of marine erosion and
subareal erosion. Marine erosion results from the effects of the ocean and wave action along the
base of the bluffs. Subareal erosion results from those erosional influences that exist above the
high water line (or wave run-up line) and includes such items as erosion due to surface runoff,
ground water seepage, wind, pedestrian traffic, rodent activity, and slope instability.

In general, a bluff will lay back and flatten over time until a characteristic slope is achieved. The
generalized stages of bluff retreat by erosion of less resistant materials on the bluff face are
illustrated in Figure 8.

For discussion purposes, we have divided the bluffs into Northern, Central, and Southern

Sections each of which is discussed below:

3.4.1 Northern Bluff Section (MP 244.1 to MP 244.48)

The northern bluff section extends from the northern end of the study area to
approximately the terminus of 11™ Street (MP 244.1 to MP 244.48) and consists of a
bluff that varies in elevation from 32 to 58 feet msl. In this section, the bluff is in
general, a more mature type bluff although it should be noted that in general the rail
alignment is much closer to the top of the bluff here than in other sections. In addition,
two major areas of fill soils that were the result of either previous slope repairs or the
original railroad construction extend to the base of the bluff. The majority of this area
has a relatively resistant base of well-indurated bedrock across the base of the bluff and a
slightly flatter slope angle. Near vertical sections and areas of surficial slumping are
common and some recent failures were observed, the majority of which are the result of
failures on the upper portions of the bluff rather that at the base. Numerous areas of
perched ground water seepage were observed on the bluff face and areas of ponded water
were observed east of the tracks in the northern part of this section. Approximately
625 feet (£30% of the northern bluff section) of the bluffs have some shoreline
protection existing at the base of the bluff. This protection consists primarily of short
concrete walls and drainage structures, wooden seawall type structures, and rip-rap along
the base of the bluff. We note that between MP 244.3 and MP 244 35, the bluff has been
the site of several past slope failures. Also it appears that loose fill and between
MP 244 .41 and MP 244.47 has been “air dumped” over the slope face several times to
maintain some cover over the eroded bluff in this area. A short wooden seawall has been
constructed across this area to control further erosion. This wall has generally been
effective in reducing slope toe erosion; however, the wall is not of sufficient height to
counteract the infrequent higher waves that could cause significant additional erosion.
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The beach in this area is of moderate width with a relatively thin veneer of sand that
mantles a relatively flat beach platform consisting of dense bedrock of the Delmar
Formation. This beach platform is easily identified in aerial photographs and verified by
wading into the shallow waters at low tide. Sand on the beach varies seasonally. Based
on review of aerial photography and conversations with long-term local residents, some
sand is virtually always present. Similar beach widths can be observed in historic photos
from the 1880’s and early 1900’s (see Figures 4 and 5). Vegetation on the northern
section of the bluff locally extends to within several feet of the base of the bluff in the
form of very mature vegetation indicating that this portion of the bluff is not frequently
subject to strong wave action (see Photo Nos. 4, 7, and 8, Appendix B).

Surface runoff includes some sheet flow from the west side of the tracks which flows
over the top of the bluff and into localized erosional gullies There have been attempts to
control surface runoff by swales on the eastern side of the tracks with storm runoff
directed to the base of the bluff by a series of pipes. In addition, a wall and subdrain
system has been constructed at the top of slope between MP 244.41 and MP 244 .46.
Ponding was observed in areas on the east side of the tracks and some phreatotypic
plants are present (see Photo Nos. 1 and 2, Appendix B). It appears that a subdrain may
have been installed in this area in 1941; however, the outlet point and the current
effectiveness of this drain system are unknown. Localized areas of heavy seepage can be
observed on the bluff face. In general, the bluff is heavily vegetated and although foot
traffic along the top of the bluff is heavy, only localized areas of foot traffic extend down
the bluff face. In addition, based on our review of the construction drawings for the top
of slope wall, it does not appear as though adequate lateral support for the wall
foundation is present.

The rail alignment is in general in close proximity to the bluff top with the distance to
the bluff edge varying from +10 to +80 feet (see Photo No. 5, Appendix B). We also note
that review of historic topographic maps of the area (USGS, 1889) included in
Appendix H, indicated a topographic depression adjacent to 12th Street. This
topographic low could represent natural drainage area in the early stages of formation or
as suggested by one of NCTD’s reviewers, possibly an area of larger scale ancient
landsliding. Geologic mapping on the bluff face indicates several relatively resistant
beds extending across the area that are features not indicative of landsliding; however,
the area likely consists of more highly weathered soils and areas of increased ground
water flow. It appears that in this area the rail alignment may have been constructed
across an area of deeply weathered and corresponding weaker soils that are more prone
to erosion and bluff failure. Historically, this area has been the location of several past
landslides and additional investigation is warranted.

3.4.2  Central Bluff Section (MP 244.48 to MP 244.85)

The central portion of the bluff extends from the terminus of 11™ Street (MP 244.48) to
roughly 4™ Street (MP 244.85). This section can be further divided into a section of high
cliffs (MP 244.5 to MP 244.7) and a section of lower cliffs (MP 244.7 to MP 244.85). In
this section, the track elevations range from a low of 58 feet msl in the northern portion
to a high of approximately 66 feet msl at the southern end of this section. However, from
the north end to approximately the end of Little Orphan Alley (MP 244.75) bluff top
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elevations are between 70 to 78 feet msl. Adjacent to the higher section of the bluff, the
rail tracks have been constructed in an excavated slot behind the bluff top. In this area
the rail alignment is setback 50 to 90 feet from the bluff top. Geologic mapping of this
section of the bluff indicates a much thicker sequence of terrace deposits in the upper
portion of the bluff. To both the north and to the south, a thick sequence of the terrace
deposits was completely removed along the bluff top as part of the original rail
construction. Along the base of the bluff, a relatively resistant bed of Delmar Formation
siltstone can be observed (see Photo Nos. 9 and 10, Appendix B). This resistant bed
extends several feet above the base of the bluff and will severely limit the marine erosion
at the base of the bluff. The base of the bluff is generally near vertical with no significant
undercutting or notching noted. On all of the bluff sections observed the only notching
observed was a short lateral section with notching approximately 12 to 18 inches in
depth.

Surface drainage in the central section includes some minor sheet flow which is directed
over the bluff top; however, a majority of the runoff is collected by earthen swales along
the track and directed to a storm drain inlet or to localized erosional gullies which
discharge to the beach. At approximately MP 244.7 a storm drain which collects runoff
from Shipley Lane and 8" Street discharges near the tracks at the bluff top. This
discharge, which appears to have a small but constant flow of water, has eroded a large
gully through the terrace deposits to the underlying formational material. At this location
the rail tracks are within 30 feet of a storm drain headwall that is severely distressed
(Photo 31), and past erosion has required construction of a retaining wall to support the
tracks. It is our understanding that this storm drain is underdesigned for peak flows
(Fraser, 1993).

The shore platform adjacent to the central section of the bluff is slightly higher than
adjacent areas to both the north and the south and can easily be observed at low tide and
in review of aerial photographs. This beach platform is essentially flat and exhibits very
little evidence of downwearing. In the central portion of the bluff, wooden pilings can be
observed that are remnants of the 1885 “Natatorium” which was essentially a walled in
swimming area along the beach (see Photo Nos. 11 and 12, Appendix B). Review of
historical photos of this structure shows beach widths and bluff configurations similar to
those that can be observed today (see Figure 5). In addition, resistant beds can be
observed on the bluff at nearly identical -locations to those observed today. When
reviewing this photo, it is important to note that railroad construction removed a
majority of the Bay Point Formation terrace deposits in the northern section. Marine
erosion in this section of the bluff consists of relatively minor and infrequent wave
action against the base of the bluff. Wave energy is quickly dissipated by the relatively
high shore platform that forces most waves to break farther offshore. In addition, the
majority of the year there is a sand berm against the resistant bluff base. This sand tends
to migrate seasonally with a larger sand berm present in the summer months. While
some waves do reach the base of the bluff, these waves have deposited most of their
energy in the offshore zone. As such, the majority of the waves to reach the base of the
bluff typically lack energy and generally only wash against the base of the bluff.
Therefore, the only waves to actually reach the base of the bluff with significant energy
to cause serious erosion will be large storm waves that would be coupled with a high tide
during periods where low sand levels are present on the beach. This combination of
events significantly reduces the frequency of wave attack at the base of the bluff. As
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evidenced by the mature vegetation along the base of the bluff and lack of large amounts

of historic erosion, this event is historically relatively rare and the result is that
significant erosion of the base of the bluff will has been infrequent.

3.4.3 Southern Bluff Section (MP 244.85 to MP 245.7)

The third section of the bluff is the southerly section. This section begins roughly at
midway between the endpoints of Sherrie Lane and 6™ Avenue (MP 244.85) and extends
south to the end of the study area (MP 245.7). In this section, the bluff top ranges in
elevation from 60 feet msl in the north to approximately 48 feet msl in the south. The
setback of the rail to the bluff top varies from an average width of +80 feet in the
northerly portion of this section to an average width of £20 feet between MP 245.2 and
245.36. Within the area south of MP 245.36 the setback is about 40 to 50 feet.

As evidenced in Photo Nos. 19 and 21, in Appendix B, this section of bluff forms
somewhat of an embayment with a slightly wider beach. Most noticeable in this section
is the lack of significant vegetation on the bluff face (Photo No. 24). Two factors appear
to influence the lack of vegetation in this area. The first and probably the most
significant is the noticeable reduction is seepage through the bluff face. The second is
likely the result of a slight increase in erosion rates for this area. The shore platform that
is so noticeable to the north is slightly deeper for this area. While the shore platform -
cannot be observed directly or from aerial photographs, it can be identified by diving in
the surf zones. Based on our rough measurements, the shore platform is approximately
3 to 4 feet below the section immediately to the north (see Photo No. 20, Appendix B).
The shore platform still appears to be relatively level. Sand width on this section of
beach (including sand within the surf zone) is roughly 300 feet.

The bluff geology is similar to that in the northern sections with terrace deposits capping
the bluff top and Delmar Formation sandstones, siltstones, and claystones below. The
base of the bluff is generally covered by the debris of past bluff failures that have
predominately failed as blocks from the upper portion of the bluff (see Photo Nos. 23,
29, and 31, Appendix B). The dense basal unit that can be observed along other portions
of the bluff is not well exposed due to the debris that covers the base of the bluff. The
dense resistant unit was however encountered in the borings drilled in this section of the
bluff and can also be observed between 5™ and 6 Streets (MP 244.9) where a storm
drain pipe caused very significant erosion prior to its removal. At this location the storm
drain discharge eroded a bowl shaped feature down into the bluff until it encountered the
resistant layer at approximately 12 to 15 feet msl (see Photo No. 30 Appendix B ). Also
exposed on this section of the bluff is an 8-inch diameter CMP pipe that exits the bluff
face near the contact between the terrace deposits and the Delmar Formation. This pipe
is located opposite the terminus of 5™ Street at MP 244.98 (Photo No. 25). This pipe
discharges a constant flow of water and appears to be the outlet of a subdrain that was
installed in 1941 (and repaired in 1978). The actual extent of this drain is unknown, as it
underlies drainage improvements that were installed in 1996. In any event, it likely
contributes to the reduction of seepage that can be observed in this section of bluff.
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Surface drainage in the southern section is poorly defined west of the tracks and includes
some areas of minor ponding following heavy rainfall and sheet flow over the bluff top.
Drainage on the east side of the tracks is significantly improved by a large concrete
drainage ditch that was installed in 1996 (see Plates 3, 4 and Photo No. 28 Appendix B).

Storm Water Runoff

Evidence of ponding and surficial erosion is evident in several areas along the SDNR
alignment. In addition, surface runoff and erosion has been a long-standing problem. The
1978 AT&SF Railroad Company report states that “The steep slopes of the streets
running perpendicular to the railroad right-of-way, cause high velocity runoff. In the
winter storms of 1977-78 this caused heavy scour in some areas and storm water flowed
across the bluff tops and down the face of the bluffs in an uncontrolled manner causing
serious bluff erosion.” Since 1978, there have been numerous improvements to the storm
water drainage system. Today several storm drains continue to discharge at or near the
bluff top and well-defined surface drainage is poor to non-existent in areas. There are
obvious improvements that can be made by both the City of Del Mar and NCTD to
improve the drainage conditions. For example, the appropriate party should take action
to restore the drainage structure shown in Photo 27 that has caused severe erosion of the
bluffs above the railroad. It is also recommended that repair of the drainage structure at
the base of 8th Street (Photo 31) in the bluff preservation works be given a high priority
in the bluff preservation works.

The Del Mar Drainage and Hydrology study (Fraser, 1993) addresses some of the-storm
drain issues and assess the capacity of the various drainage structures, several of which
are reportedly under-designed for peak flows apparently due to the urbanization of the
watershed area since the rail line was constructed.

Erosion Rates

Erosion rates along the Del Mar Bluffs are similar to those along the remainder of the
San Diego County coastline. The erosion at the base of the bluffs has typically been
measured in an average erosional retreat rate on the order of a few tenths of a foot per
year. However, coastal bluff erosion often occurs in blocks, as the result of episodic
events that erode several feet to tens of feet at one time. Review of the 1978 AT&SF
Railroad Company study of the bluffs (AT&SF, 1978), indicate the average amount of
bluff lost during the period between 1943 and 1978 was on the order of 5 feet. The report
goes on to note that the bluff loss is inconsistent along the coastline with some areas
having considerably more loss. This loss can be calculated to have an erosion rate for
that 35-year period of 0.14 feet per year. Other studies along the San Diego Coastline
have calculated similar erosion rates. Leighton and Associates for example calculated an
annual erosional rate of 0.22 to 0.33 feet per year for some of the beaches in the
San Diego County, (Leighton, 1979).

Recently, however, previously reported erosional rates along many areas of the
San Diego County Coastline have been in question due to an overall loss of sand along
San Diego Country beaches. The sand along the beach has historically provided a buffer
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to coastal erosion. It has been demonstrated on some beaches within San Diego County
that due to a loss of sand on our beaches, the protective buffer is not as effective as in the
past. Natural supplies of sand have severely diminished over the years due to the
construction of dams along local rivers, river channelization, the construction of
coastline improvements and inland development. The United States Army Corps of
Engineers (USCOE) Reconnaissance Report of the Encinitas Shoreline (United States
Army Corps of Engineers, 1996), which has bluffs of similar geology, calculated a
natural bluff retreat rate of about 0.1 feet per year over a 6000-year period. For the
Encinitas area, a historic marine erosion rate of 0.25 to 1.0 feet per year has been
presented. For subareal erosion the rates presented ranged from 0.15 to 1.0 feet per year.
We note that while the bluffs are of similar geology, beaches in the Encinitas area are
typically narrower, steeper, and have a cobble berm along the base. In addition, these
beaches that routinely receive heavy surf against the bluff are typically nearly void of
sand in the winter. The cobble berm when well established provides some protection to
the base of the bluff; however, the cobbles often act as a highly abrasive force in the
erosion process. Where cobbles are present there typically is seen a larger amount of
“notching” near the base of the bluff that-acts to increase the erosion rates. Due to lack of
significant cobble berms in Del Mar, typical erosion rates are somewhat less in this area.

The following table provides a summary of calculated bluff retreat rates for the Del Mar
area.

Table 1

Calculated Bluff Retreat Rates
Report Years Bluff Retreat Rate Location
AT&SF 1978 1943-78 0.14 ft/yr Del Mar
L&A 1978 0.22 ft/yr Del Mar
L&A 1979 0.33 ft/yr Encinitas

0.1 ft/yr
USCOE 1996 in absence of man’s intervention Encinitas

0.25t0 1.0 ft/yr

USCOE 1996 with man’s intervention Encinitas
Benumofand Griggs 1999 0.4t0 0.6 ft/yr Del Mar
FEMA 2000 <1 ft/yr Del Mar

In the Del Mar area, review of aerial photographs from historical collections of 1885,
1910, 1928, 1953, 1960, 1990, and 1999 indicate beach widths that do not vary
significantly in width. We know that a seasonal migration of sand off the beaches does
occur in the winter, but typically there is still a well-developed sand beach in place that
only increases in size during the summer months. In addition, the abrasive cobble berms
that are present on other beaches in San Diego County were not observed during our
study or in the photos reviewed. Notching was only observed in very limited sections.
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Previous studies by Kuhn and Osborne, 1987, have shown that a high percentage of the
bluff erosion and bluff retreat over the past 45 years has occurred as the result of
subaerial erosion following periods of major rainfall which acts to saturate the more
weathered portions of the bluffs and weaken the bluff materials to the point of failure.

Based on our review of the geologic conditions and sequences of stereoscopic aerial
photographs, it does not appear in general as though erosion of the base of the Del Mar
Bluffs has increased significantly in the more recent years. In fact, comparison of
relatively close scale oblique aerial photographs taken in 1990 and 1999 do not indicate
significant erosion. This is also confirmed when the photo sets are expanded to include
the older sets of photos. Localized areas of erosion of several feet can be observed, but in
general, the erosion appears to be occurring at relatively slow rates. Based on review of
bluff conditions adjacent to existing structures in both the north, central, and southern
sections of the bluff between 1960 and 1999 the erosion appears to be on the order of
between 5 and 10 feet. This relates to an annual erosion rate of 0.12 to 0.25 feet per year,
with the slightly higher rates occurring in the southern sections. This estimate appears to
be confirmed by the presence of relatively mature vegetation along the base of portions
of the bluff, which indicates very low erosion rates. However, a £1940 historic photo of
the bluff near MP 244.2, which is similar to the cover photo, indicates bluff retreat on
the order of 5 to 10 feet in the past 60 years. A short wooden seawall has been present in
this location since £1978. Assuming all 10 feet of erosion occurred prior to 1978. This
relates to a bluff retreat rate of approximately 0.26 ft/yr for this area.

In the central portion of the bluff, erosion appears to be minimized by the presence of the
resistant basal layer and the relatively high flat shore platform that reduces wave energy.
In the southern section, the resistant basal layer is still present and although the shore
platform is slightly lower, the shoreline forms an embayment that creates a slightly
wider beach and typically has more sand protecting the base of the bluff. We attempted
to utilize past topographic maps (USGS, 1889) and railroad survey data to calculate
actual bluff retreat but were not successful. Recent research along the San Diego County
Coastline by others (Benumof and Griggs, 1999) utilized high-resolution digital
photogrammetry techniques to qualify erosion along the San Diego County Coastline.
For the Del Mar area, they calculated erosion rates of 0.4 to 0.6 ft/yr.

Observation of the bluff face also reveals numerous failures and signs of on-going bluff
retreat. Many of these failures have occurred on those portions of the bluff not subject to
appreciable marine erosion. The cap of sandy terrace deposits is often at near vertical
gradients and excessive rilling can be observed in the photos and during site walks along
the beach. Areas of localized seepage and poor drainage exacerbate the problem. Review
of the aerial photographs indicates that in areas, the upper portion of the bluff has
retreated approximately 3 to 10 feet in the last 10 years. In addition, numerous surficial
failures can also be observed within the Delmar Formation, which are also generally
above the area of marine erosion. These failures are much more evident in the areas of
the bluff that have zones of perched seepage or where storm drains now or previously
existed.
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Pedestrian traffic and rodent activity although a contributing factor, does not appear to
be the primary cause of accelerated erosion. Localized footpaths do exist which provide
an avenue for surface runoff and erosion, but these features are relatively widely spaced
within the study area.

In summary, average bluff retreat rates are calculated at 0.6 ft/yr or less for the Del Mar
area. With retreat rates of this magnitude, one could anticipate that in the next 20 years up
to 12 feet of bluff retreat may occur. Therefore, in several sections along the tracks, bluff
retreat may impact the existing rails if mitigative measures are not implemented. For
purposes of this report and for our risk assessment we have assumed bluff retreat rates of
0.5 feet per year for the next 20 years. This correspondsto a retreat of 10 feet.

3.4.6 Bluff Toe Resistance

Visual examination of the bluff toe indicates that the conditions vary from dense resistant
bedrock to areas of soft and loose talus and debris. The condition of the bluff toe is
somewhat variable depending on which stage of bluff retreat the individual location is
experiencing in Figure No. 8. The stage of bluff retreat, the condition of the toe, and the
nature of the exposed soils will vary over time. Where not protected by a wall or other
protective device, the areas of soft or loose debris will rapidly erode during periods of
heavy surf. The toe of the bluff has been plotted on the geotechnical maps as the interpreted
base of the dense bedrock. Thus, in many locations, the actual bluff toe is buried by
surficial debris and loose soil. Further investigation of toe conditions will be required if toe
of slope protective devices are desired.

Coastal Processes

The Del Mar Bluffs are located in the southern portion of the Oceanside Littoral Cell, which
extends from Dana Point to La Jolla (Appendix E). A littoral cell is a coastal zone that contains a
complete cycle of beach sedimentation, sediment sources, sediment transport pathways and
sediment sinks. The sources of sediments include discharge from rivers and streams, bluff and
shoreline erosion, and the acts of man (such as beach replenishment projects). The primary source
of sediment flow is toward the south where the Scripps and La Jolla Submarine Canyon act as a
sink for sediments.

As a result of the damming of rivers and streams and other works of man, such as construction of
sea walls and other protective devices, the amount of sediment within the littoral cell has been
reduced. It is generally accepted that San Diego beaches are narrower today than they were
100 years ago and this condition will impact bluff erosion rates. The USCOE Coast of California
Storm and Tidal waves study of 1983 concluded that the total cumulative deficit of sand yield from
rivers to beaches in the Oceanside Littoral cell, that stretches from Dana Point to La Jolla, was
estimated to be 27-million cubic yards.
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Beach profiles have been measured in Del Mar by the USCOE 1934 until 1989 and by SANDAG
since 1995. Copies of historical beach profiles are included as Appendix E. Based on photos taken
on the beach by NCTD staff at the culvert outlets in 1998 at MP 244.3, MP 244.4, MP 245.16 and
MP 245.37 and review of annual inspection reports, the following beach levels have been
determined.

Table 2
Del Mar Beach Sand Survey at Culverts
Level of sand on beach wrt datum

Milepost Ref. Datum and year built 1.24.94 8.1.98 9.19.00
MP 24430 | 0.0”is 6” below top of side wall in 1910 -24” -36” +1”
MP 244.40 | 0.0”is 6” below top of side wall in 1910 -36” -30” 0~
MP 245.16 0.0” is old pipe invert level in 1910 -40” -24” 0”
MP 245.37 0.0” is old culvert invert level in 1910 0” NR 0”

These record measurements demonstrate the movement of sand since the culverts were constructed
in 1910. During the winter months 2 to 3 feet of sand is lost from the beach then after prolonged
calm summer weather the sand levels return to the 1910 levels at the culvert discharge points.

This information would indicate that the beach level at the base of the bluffs is similar to the level

in 1910 when the culverts were constructed. However, the beach width and protection offered by a
wider beach has been reduced due to the loss of sediment in the Oceanside Littoral Cell.

Sea Level and Wave Action

It has been shown that changes in sea level greatly effect the shoreline processes. Based on studies
by the United States Fish and Wildlife Service (U.S. Fish and Wildlife, 2000), it has been reported
that sea level has risen approximately 0.7 feet in the last 100 years. In. addition, short-term events
such as high winds, low-pressure systems and storms can create a temporary raise in sea level and
resulting increased potential for erosion. For example, climatic changes such as El Nino (1982-83)
created a temporary raise in sea level of approximated 0.85 feet.

Waves within the study area approach from several different directions and vary in wave height and
frequency. The wave exposure for the San Diego County area is illustrated in Appendix E.

Breaking waves in the study area are typically on the order of 2 to 5 feet in height with infrequent
waves up to 10 feet. A shallow water wave-measuring gauge has been located off Del Mar for the
last two decades. The mean characteristic wave height according to the wave gauge is 6.2 feet.
Large waves can impact the study area year round and usually last about 2 to 3 days (San Dieguito
Wetlands EIS/EIR, 2000).

— [
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The following table presents the significant wave height for extreme near shore waves for various
return periods (recurrence intervals) at Del Mar and is based wave gauge data and hind casting
conducted by Scripps Institution of Oceanography.

Table 3
Significant Wave Heights at Del Mar
Return Period (years) Significant Wave Height (feet)

5 13.0

10 14.5

25 16.5

50 18.0

100 19.4

Source: USCOE 1991

Wave run-up on the bluff face will also be significant during a combination of high surf and high
tide or storm surge. Previous studies in adjacent coastal areas (USCOE, 1996) have calculated wave
run-up in relatively similar geologic and coastal setting of between 14 and 21 feet mean low lowest
water (mllw) for events with a recurrence interval between 5 and 100 years. Based on our
calculations, conversations with representatives of NCTD and Coastal Environments, and wave
data presented in Table 3 and Appendix E we have calculated a wave run-up in the Del Mar area of
11 feet to 20 feet above mean sea level. Caiculations were based on a still water level (SWL) of
4.26 feet, a period of 8 seconds and wave heights at the base of the bluff of 4 and 6 feet (assuming 8
to 16 foot wave breaks offshore). Additional evaluation of wave run-up should be incorporated as
part of future studies and design of preservationalternatives.

Train Vibration

A train vibration study was not performed as part of this original assessment of the bluff conditions
in Del Mar. We understand based on our review of the previous geotechnical report that a vibration
analysis was performed by Ogden Environmental and Energy Services in the City of Encinitas in
1997. Accordingto the previous report (MAH, 1998), “The Encinitas study focused on the potential
impact of a proposed passing track. The referenced study evaluated the geologic significance of
vibrations associated with rail traffic on the bluffs. The study indicated:

1. Recorded levels indicated ambient acceleration of the bluffs on the order of one-thousandth
that of gravity (0.001g).
2. Bluff monitoring stations located approximately 50 feet from the tracks measured increase

in vibration (ground acceleration) levels between the ambient and train passing conditions.

)
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3. Dr. S. Dharmaragan, Professor Emeritus of Engineering Mechanics at San Diego State
University was quoted as stating, “The vibration level produced by trains and automobile
activity are not sufficient enough to produce effective propagation of a flaw (void) in the
material (sandstone bluffs). As the data presented to me indicates, the vibration levels, and
corresponding forces, produced by rail operations within the project area are far less than
those forces that the bluff experiences due to the action of gravity.”

The referenced report concluded that no extraordinary geological failure would occur due to the
continued use of the existing rail along the SDNR alignment.”

Faulting and Seismicity

Our discussion of faults on the site is prefaced with a discussion of California legislation and state
policies concerning the classification and land-use criteria associated with faults. By definition of
the California Mining and Geology Board, an active fault is a fault that has had surface
displacement within Holocene time (about the last 11,000 years). The State Geologist has defined a
potentially active fault as any fault considered to have been active during Quaternary time (last
1,600,000 years) but that has not been proven to be active or inactive. This definition is used in
delineating Fault-Rupture Hazard Zones as mandated by the Alquist-Priolo Earthquake Fault
Zoning Act of 1972 and as most recently revised in 1997. The intent of this act is to assure that
unwise urban development does not occur across the traces of active faults. Based on our review of
the Fault-Rupture Hazard Zones, the site is not located within any Fault-Rupture Hazard Zone as
created by the Alquist-Priolo Act (Hart, 1997). Because of the lack of known active faults on the
site, the potential for surface rupture at the site due to faulting is considered low.

San Diego, like the rest of Southern California, is seismically active as a result of being located near
the active margin between the North American and Pacific tectonic plates. The principal source of
seismic activity is movement along the northwest-trending regional fault zones such as the
San Andreas, San Jacinto and Elsinore Faults Zones, as well as along less active faults such as the
Rose Canyon Fault Zone.

Our review of geologic literature pertaining to the site area indicates that there are no known major
active faults on or in the immediate vicinity of the site (Kennedy, 1975 and Jennings, 1994).
Evidence for active faulting was not encountered during our field investigation. On other portions
of the San Diego Coastline, we have observed a significantnumber of predominately inactive faults
that transect the coastal bluffs. These faults are often closely spaced and provide localized zones of
weathered bedrock along which there is increased erosion. In the La Jolla area, Encinitas, and
Solana Beach, these zones of preferential weathering have resulted in the formation of sea caves
and increased rates of bluff retreat. In the study area, significant zones of faulting were not
observed and while localized minor faults may be present, it does not seem to be a major factor that
is contributing to bluff erosion/retreat.

The nearest known active fault is the Rose Canyon Fault Zone (RCFZ) located offshore

approximately 1.9 miles west of the site. A regional fault map (Figure No. 3) is attached to illustrate
the proximity of the site to major regional faults.
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Utilizing the Caltrans Seismic Hazard Map (Mualchin, 1996), the Rose Canyon Fault Zone is

considered a strike-slip type fault capable of a magnitude M7.0 maximum credible earthquake. The
horizontal peak bedrock ground motion for the site according to these maps is 0.55g.

Seismic Considerations

The principal seismic considerations for most improvements in Southern California are surface
rupturing of fault traces and damage caused by ground shaking or seismically induced ground
settlement. The possibility of damage due to ground rupture is considered low since active faults
are not known to cross the site.

The seismic hazard most likely to impact the site is ground shaking resulting from an earthquake on
one of the major regional faults, causing seismically induced landslides that extend to the tracks. In
fill areas such as Anderson Canyon, landsliding or large deformations may result from strong
ground acceleration.

Liquefaction of cohesionless soils can be caused by strong vibratory motion due to earthquakes.
Research and historical data indicate that loose granular soils underlain by a near-surface ground
water table are most susceptible to liquefaction, while the stability of most silty-clays and clays is
not adversely affected by vibratory motion. Because of the dense nature of the underlying formation
and lack of a near-surface static ground water table, it is our opinion that the potential for

. liquefaction or seismically induced dynamic settlement of the bluff materials at the site due to the

design earthquake is low. Research has shown (Youd, 1998) that Pleistocene-aged and older soils
such as the on-site Delmar Formation and Bay Point Formation have a very low susceptibility to
liquefaction during strong seismic shaking. With regard to areas of deep canyon fills such as at
Anderson Canyon, the soils are not considered liquefiable due to the lack of a permanent high
ground water table.

Ground Water

During our field investigation, ground water seepage was encountered in all of our exploratory
borings. In addition, numerous seeps from perched water were observed in the exposed bluff face.
Perched ground water is also likely present in some areas of the slope face that are masked by dense
vegetation on loose surficial soils. Ground water seepage is primarily located at the base of the Bay
Point Formation and within localized zones of sand and fractured material within the Delmar
Formation. In our exploratory boring LB-2 for example, very heavy seepage was encountered within
a sandy zone within the Delmar Formation to a depth of 28 feet below the existing ground surface.
In this location, the sandy zone is believed to correspond to a sandy channel infill within the
otherwise clayey Delmar Formation.

Previous efforts to control ground water seepage have included improvements of the storm drain
system, surface drainage, and subdrains. Where recent improvements have been made in the
southern section of the bluff and where a subdrain system appears to be still working, there is
significantly less seepage than in the northern sections. Subdrains were also reportedly installed in
the northern section of the bluff; however, we were not able to observe all subdrain outlets. Based on
the amount of seepage observed in the northern areas, it is our opinion that the subdrains in this area
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may not be functioning as intended. Where subdrains are believed to exist (based on review of
historical data), they are shown on the geotechnical maps.

The infiltration of surface water on upslope properties is believed to be the source of persistent year-
round ground water within the bluffs. Water infiltrating into the soil upslope percolates through the
sandy terrace deposits of the Bay Point Formation, then becomes perched on or within the clayey
and sandy materials of the Delmar Formation until it reaches the bluff face. Surface drainage
adjacent to the tracks is also poor in areas and is expected to contribute to ground water development
during rainy weather. At MP 244.2 and between MP 244.5 to MP 244.7 water ponds after periods of
heavy rainfall. In addition, in the southern section of the bluffs water seeps from the base of the
bluffs above (east) of the tracks. Previous drainage improvements in the southern area have included
a concrete-lined ditch with weep holes north of Anderson Canyon. This drainage structure collects a
majority of the seepage north of the canyon. South of Anderson Canyon seepage from the bluff east
of the tracks locally ponds near the track bed.

Slope Stability

The evaluation of the factor of safety to resist deep-seated instability was performed using the
computer program GSTABL7 with STEDwin (Gregory, 1999). Profiles that were analyzed were
selected from the geologic cross-sections that were developed and presented in this report. The
selected profiles included the following cross-sections: D-D’, F-F’, H-H’, J-J’, K-K’, L-L’, M-
M’, N-N’, Q-Q’, R-R’, and S-§°.

Our stability analysis was performed to evaluate the factor of safety to resist deep-seated failure
that would extend to the location of the train tracks. Several scenarios were analyzed. The
analyzed scenarios included the following: 1) static conditions without a ground water table
present, 2) static conditions with a train surcharge, and 3) pseudo-static (seismic) conditions, and
4) static conditions with perched ground water conditions.

3.11.1 Soil Properties

Soil properties that were included in the analyses included soil unit weights and soil
strength properties. Based on the tabulated values of unit weights obtained during
laboratory testing by Leighton, the average moist unit weight obtained from the ring
samples was approximately 129 pounds per cubic foot (pcf). According to data
presented on boring logs prepared for previous investigation of the site (MAH, 1998),
the average moist unit weight was 122 pcf. In addition to moisture and density
determination performed on selected ring samples, moisture and density data was also
recorded for samples subjected to shear strength testing by Leighton and Associates.

Since direct shear testing by Leighton and Associates was performed on inundated
samples, moisture and density values for field and laboratory soaked moisture conditions
were obtained for these samples. Based on this testing, the average unit weight for the
inundated samples was approximately 136 pcf. These average values for moist and
inundated conditions were considered in assigning unit weights for the computer slope
stability analysis. For moist conditions, an average unit weight of 125 pcf was utilized.

For analysis of hydrostatic conditions, an average unit weight of 130 pcf was utilized.
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To develop shear strength parameters considered appropriate for use in the idealized
slope stability analysis, we evaluated the results obtained from testing performed during
this investigation by Leighton and Associates and results from testing performed during
previous investigations at the site. Composite plots of the test results for testing
performed by Leighton and Associates and testing performed by others is provided as
Figures G-1 through G-11. Table 4 as follows summarizes the average values obtained
from these plots.

Table 4
Summary of Average Direct Shear Test Results

Friction Apparent

Sample Angle, Cohesion,
Source Materials Test Condition Preparation (deg) (psf)
L&A, 2000 Bay Point Inundated “Undisturbed” 36 300
L&A, 2000 Delmar Inundated “Undisturbed” 47 650
L&A, 2000 Bay Point Inundated Ultimate 29 150
L&A, 2000 Delmar Inundated Ultimate 29 150
MAH, 1998 Bay Point Field Moisture “Undisturbed” 32 700
MAH, 1998 Delmar Field Moisture “Undisturbed” 38 900
MAH, 1998 Delmar Field Moisture Residual 26 800
L&A, 1978 Bay Point Inundated “Undisturbed” 35 150
L&A, 1978 Delmar Inundated “Undisturbed” 36 310
L&A, 1978 Delmar Inundated Residual 23 125
L&A, 1978 Fill Inundated Remolded 25 240

Within the analyzed cross-sections, several generalized geologic units were modeled.
Utilizing the results of the laboratory testing along with our observations and experience
with similar materials and our professional judgement, idealized soil strength properties
were assigned to each unit. A summary of the assigned values is provided below as
Table 5.

-25-




040151-001

Table 5
Soil Strength Parameters for Slope Stability Modeling

Material Friction Angle, (degrees) Cobhesion, (psf)
Fill Soils 32 100
Bay Point Formation 36 200
Delmar Formation 36 300

Delmar Formation
(within +/- 5° horizontal) 25 150
Landslide Materials 24 100
Beach Deposits 30 0

Because the Delmar Formation represents the most significant geologic unit relative to
the deep-seated stability of the bluffs, further discussion regarding the selection of the
idealized strength parameters for that unit is provided. Figures G-2, G-6, and G-9 depict
the composite plots of “peak” direct shear test results performed by Leighton and
Associates and by others on ring samples of Delmar material. Provided on each plot is a
line that represents the average peak shear strength values from the test data. Also
provided is a line that represents the selected friction angle and cohesion design values
of 36 degrees and 300 pounds per square foot (psf). By review of Figures G-2 and G-6, it
can be seen that the strength parameters (for planes not within 5 degrees of horizontal)
utilized in the analysis fall along the lower bound of the plotted test results. This
corresponds to a reduction of approximately 40 percent of the shear resistance at lower
stresses (1,000 psf) and approximately 25 to 35 percent at higher stresses (3,000 psf).
By comparison, to Figure G-9, it can be seen that the design value coincides with the
average of those test results. Considering these comparisons and the compositior: of the
bluffs, it is our opinion that the averages contained within Figures G-2 and G-6 are
elevated by the presence of strong cementing within some of the samples. However, not
represented within these results were the local discontinuities observed within these
same materials in our borings. To account for these discontinuities and other geologic
observations, a reduction in the average direct shear strength values to the selected value
was made.

For failure planes within 5 degrees of the horizontal in the Delmar Formation, fine-
grained beds are expected to control the failure mechanism. As some evidence of
bedding plane shearing was observed within our borings, ultimate strength values rather
than peak strength values were considered for selection of shear strength parameters
along the horizontal planes within the Delmar Formation. Figure G-4 depicts ultimate
strength values for samples from the Delmar Formation and Figure G-4a depicts the plot
of the tested fine-grained materials from that same data. As can be seen on the plot, the
line representing the design strength parameters was selected slightly below the line of
average of the test results. Coupled with our geologic observations, the selected values
are considered appropriate for planes along a failure surface that might intersect beds
within 5 degrees of horizontal in the Delmar Formation.
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3.11.2 Stability Analysis for Static, Drained Conditions

Table 6 as follows presents the results of our stability analysis for the two static
scenarios: static and static with train surcharge. Circular and block failure surfaces were
consider in our analysis. For modeling of the train surcharge, a uniform strip load of
3,000 psf was applied across a width of 5 feet. This corresponds to the static load of a
Cooper E80 engine increased by approximately 40 percent to account for dynamic
loading effects.

Table 6
Summary of Factors of Safety for Static Scenarios
_ Static Scenario Static with Train
Location Circular Failure Block Failure Surcharge Scenario
D-D’ 2.0 1.65 1.65
F-F’ 1.62 1.56 1.46
H-H’ 1.58 1.36 1.32
J-r 1.53 1.37 1.33
K-K’ 1.54 1.38 1.35
L-L’ 1.89 1.73 1.68
M-M’ 1.66 1.37 1.37
N-N’ 1.51 1.56 1.50
Q-Q 1.58 1.50 1.37
R-R’ 1.35 1.33 1.19
S-S’ 1.43 1.29 1.23

Based on our analysis, Cross-Sections H-H’, J-J’, K-K’, M-M’, R-R’, and S-S’ possess
factors of safety less than 1.5 for static conditions. When the train surcharge is
incorporated in the analysis, two additional Cross-Sections, F-F* and Q-Q’, also fall below
a factor of safety of 1.5.

3.11.3 Stability Analysis for Seismic Conditions

For pseudo-static analysis, the cross-sections were analyzed for two values of the
horizontal pseudo-static coefficient. The coefficient values considered were 0.15 and 0.28.
The value of 0.15 was selected based on the range presented by Seed as reproduced in
California Division of Mines and Geology Special Publication 117 — Guidelines for
Evaluating and Mitigating Seismic Hazards in California (CDMG, 1997). According to
Seed, a coefficient range of 0.10 to 0.15 corresponds to maximum earthquake magnitudes
of M6.5 to M8.25. Although the maximum moment magnitude of the Rose Canyon Fault

shill-
— o=
————

_27-




040151-001

Zone is considered to be M7.0 by the California Department of Transportation (Caltrans),
the upper bound of the range, k;; = 0.15 was elected for analysis. The higher pseudo-static
coefficient of k;=0.28 was determined utilizing Caltans methodology (Caltrans, 1999),
where the coefficient is set equal to one-half the deterministic peak horizontal ground
motion. As discussed in Section 3.8, the peak horizontal ground motion assigned to the site
using Caltrans maps is 0.55g. Accordingly, this coefficient was set to be k;; = 0.28. Table 7
as follows presents the results of our pseudo-static analysis.

Table 7
Summary of Factors of Safety for Pseudo-Static Scenarios
Location Horizontal Pseudo-Static Coefficient
ky=0.15 k,;=0.28

D-D’ 1.21 0.94
F-F’ 1.14 0.90
H-H’ 1.02 0.81
I-r 1.04 0.84
K-K’ 1.05 0.84
L-L’ 1.22 0.95
M-M’ 1.01 0.80
N-N’ 1.11 0.89
Q-Q 1.07 0.86
R-R’ 1.01 0.82
S-S’ 0.98 0.78

For the horizontal coefficient of ky = 0.15, all of the analyzed cross-sections, excepting D-
D’ and L-L’, fall below the pseudo-static factor of safety of 1.15 recommended by Seed
(CDMG, 1997). For the horizontal coefficient of ky = 0.28, all of the analyzed cross-
sections, fall below the pseudo-static factor of safety of 1.0 required by Caltrans (Caltrans,
1999).

3.11.4 Stability Analysis for Perched Ground Water Conditions

To consider the affects of ground water on deep-seated stability, two scenarios were
analyzed. One scenario consisted of models that coarsely simulate ground water build-up
in 10-foot thick perched zones within the entire depth of the Delmar Formation materials.
Both scenarios include a zone of perched water within the terrace deposits of at least 2 feet
in thickness. The second scenario consisted of models that coarsely simulated ground
water build-up in 25-foot thick perched zones within the entire depth of the Delmar
Formation materials. The two scenarios are modeled by assigning uniform pore pressure
values of 312 psf and 780 psf within the Delmar Formation portions of the models. These
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uniform pressures are approximately equal to the average horizontal pore pressure that
would result from the perched ground water condition being modeled. It is noted that the
vertical uplift along the toe of the failure is also equal to the average value.

Table 8
Summary of Factors of Safety for Hydrostatic Scenario
Location Sequence of 10-ft Thick | Sequence of 25-ft Thick
Perched Zones Perched Zones
D-D’ 1.48 1.23
F-F° 1.35 1.08
H-H’ 1.18 0.93
J-J 1.19 0.82
K-K’ 1.17 0.85
L-L’ 1.58 1.38
M-M’ 1.22 1.01
N-N’ 1.07 0.76
Q-Q’ 1.24 0.93
R-R’ 1.14 0.87
S-S’ 1.16 1.01

The hydrostatic models illustrate the significant impacts that ground water accumulation
posses to slope stability. In all but one case, Cross-Section L-L’, the factor of safety is
reduced below 1.5 where the sequence of 10-foot perched zones is considered. With the
greater perched depth of 25-feet, all analyzed cross-sectionsfall below the minimum values
of 1.5. This modeling illustrates the importance of drainage, both surface and subsurface,
with regard to the stability of the bluffs.

Surficial Stability

While not a focus of our study, we are of the opinion that the zone of materials west of the
tracks, and in particular within the weathered profile along the bluff face, will possess
factors of safety closer to unity (1.0) to resist deeper-seated failure under static, drained
conditions. This low factor of safety closer to the bluff face is manifested as numerous
surficial failures present on the bluff face.
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Track Bed Support

In order to determine areas where the existing lateral support for the railroad may be lacking, we
have utilized the State of California Department of Transportation, Trenching and Shoring Manual
(Caltrans, 1996). Based on our review it is our understanding that all major railroads have agreed to
utilize the supplemental specifications to Part 20 of Chapter 8 of the AREMA Manual for Railway
Engineering regarding shoring. In order to simplify this we have prepared Figure No. 9, “Track Bed
Support Line,” to illustrate when there is a need for additional shoring or lateral support of the rail.

The figure shows that the minimum track bed support is defined with a line that extends 11 feet
from the centerline of the rails and then outward and downward at a gradient of 1.5 to 1 (horizontal
to vertical). When existing grades or zones of highly weathered or disturbed material encroach
inside of this line, additional lateral support or shoring is needed. Based on our analysis, stability at
the top of the bluffs is generally improved where a 10-foot weathering setback is allowed for beyond
the projected track bed support line. This top of bluff weathering setback has been added to
Figure 9 to illustrate this allowance.

We have found that in general this line also depicts the approximate point where slope stability
analyses indicate an adequate factor of safety (without unusual geotechnical conditions). The track-
bed support line at the toe of slope has been plotted on the geotechnical maps (Plate through 5).
Areas where track bed support at the top of slope is now or anticipated by the year 2020 to be inside
the track-bed support line are indicated on Tables 10 and 11, Appendix C.

The following Table 9 illustrates areas both now and projected to the year 2020 areas where the
track-bed support line is located beyond (protrudes) the bluff toe and where additional lateral
support is desirable.

Table 9
Protruding Track-Bed Support Line by Milepost

Milepost in Year 2000

Distance Protruding
Support Line in 2000

Milepost in Year 2020

Distance Protruding
Support Line in 2020

244.19 to 244.50

1,040 feet

244.18 to 244.55

1,955 feet

244.71 to 244.79

20 feet

244.56 to 244.62

315 feet

244.80 to 244 .81

55 feet

244.69 to 244.81

635 feet

245.20 to 245.27

370 feet

245.04 to 245.05

55 feet

245.29 to 245.38

475 feet

245.13 to 245.14

55 feet

245.15 to 245.39

1,270 feet

Total

2,960

Total

4,285

With regard to inadequate support at the top of bluff, it is our opinion that in areas when the top of
bluff is within 10 feet of the reference line, or where it is anticipated to occur within the next
20 years, stabilizationmeasures should be implemented.
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4.0 RISK ASSESSMENT

In order to provide an overall evaluation of the impacts of the site geotechnical conditions to the existing
rail alignment, the methodology we chose was to prepare a matrix of the various geotechnical conditions
which affect the alignment. We have then ranked each item based on risk and then compiled a ranking for
each specific site. This compilation was then the basis for developing a risk ranking (low to high) for the
different segments of the SDND alignment. The geotechnical factors considered in our ranking include the
bluff height and gradient, the location of the existing tracks in relation to the bluff top and toe, coastal
erosion and bluff retreat, and geologic factors such as the various soil types, areas of ground water and
existing improvements.

Our risk assessment matrix is presented as Table 10 (Appendix C) for the year 2000, and as Table 11
(Appendix C) for the year 2020. In order to prepare the matrix, we selected 28 locations along the alignment
and ranked each site on the factors described above. In addition, we reviewed the areas where slope stability
analyses were performed and compared the calculated factor of safety to the assigned risk. Factor of safety
was not a criteria utilized in our risk matrix because slope stability analyses were performed on only
selected cross sections which may not be representative of an entire section of bluff. In our opinion, the
slope height, setback from rail, and the projection from the track to toe (track-bed support line), incorporate
the slope stability concerns into the matrix.

The 28 “risk matrix sites” we utilized are indicated on Plates 1 through 5, Site Pan and Geologic Maps. For
each identified condition, we have ranked the sites on a 1 to 5 basis, with 5 having the highest risk. We have
then totaled the scores for all of the sites with the highest scores indicating the areas of highest risk. Finally,
based on our knowledge of the site conditions, we have defined the limits of the areas that are representative
of each risk and included those limits on the geotechnical maps. The areas with the highest risk are therefore
the sites most likely to be impacted within the 20-year period we were provided.

A summary of the entire alignment is presented as follows with the lateral limits shown on the site plans

and Geotechnical Maps. For convenience, a reduced copy of the maps is included as Appendix C and
illustrated in Appendix F.

4.1 Mile Post Area-by-AreaReview

Area from MP 244.10 to 244.19

Risk Priority Low
Risk Matrix Sites Included: 1
Cross-SectionsIncluded: None
Slope Stability Analyses Included: None

This area is generally low risk priority due to the wide distance from the track to the blufftop. In
addition, the area provides adequate track bed support. Seepage is minor and foot traffic on the
bluff face does not occur. Localized areas of ponding and poor surface drainage are present. A storm
drain outlet at the north end is causing some accelerated erosion.
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Area from MP 244.19 to 244.43

Risk Priority High

Risk Matrix Sites Included: 2,3,4,5, 6and 7

Cross-Sections Included: J-P,K-K’, I-I’, Q-Q’, T-T’,R-R’ and S-S’
Slope Stability Analyses Included: J-7,K-K’,Q-Q’,R-R’ and S-S’

This area is high risk due to the proximity of the bluff top to the existing track, as little as 10 feet.
Over-steepening occurs in several areas. The track-bed support line extends beyond the toe of the
bluff. Seepage is generally moderate and slope failures have previously occurred in the area. A
major top of slope wall and subdrain system are present in the southern portion. There does not
appear to be adequate lateral support for the top of slope wall foundation.

Area from MP 244.43 to 244.46

Risk Priority Medium

Risk Matrix Sites Included: 8
Cross-SectionsIncluded: P-P’ and V-V’
Slope Stability Analyses Included: None

This area is medium risk as there is only 10 feet between the tracks and the bluff top. The geologic
unit is artificial fill (sand-cement), which increases the surficial stability, and appears to have been
affective in reducing erosion on this steep slope. In addition, no seepage, foot traffic or existing
bluff failures occur on the bluff face. The site of past failures, this section has been downgraded to
medium risk because of the construction of a sand-cement buttress that has performed well to date.
The track-bed support line extends beyond the toe of slope. The toe of slope protection was not
upgraded with the recent buttress construction.

Area from MP 244.46 to 244.51

Risk Priority High
Risk Matrix Sites Included: 9

Cross-SectionsIncluded: H-H’
Slope Stability Analyses Included: H-H’

This area is high risk due to the presence of existing slope failures and over-steepened areas.
Seepage and foot traffic are heavy in this area. This is also a major pedestrian access area. The track-
bed support line extends beyond the toe. MP 244.47 has the highest total risk of all the sites due to
the aforementioned conditions.
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Area from MP 244.51 to 244.69 (High Bluff Area)

Risk Priority Medium
Risk Matrix Sites Included: 10,11 and 12
Cross-SectionsIncluded: L-L’,G-G”’
Slope Stability Analyses Included: L-L’

This area is overall medium risk due to adequate setback from the top of bluff to the tracks. Over-
steepening and moderate seepage occur on the bluff face. Potentially a high-risk area, the general
70-foot track to bluff top increases stability of track bed. The track-bed support line is generally
behind the toe of slope. The high bluff has over-steepenedareas and seepage zones. Block falls are
anticipated but, not expected to impact rail operations due to setbacks. Water ponds along the tracks
from runoff and storm drain discharge.

Area from MP 244.69 to 244.8

Risk Priority High

Risk Matrix Sites Included: 13, 14, and 15
Cross-SectionsIncluded: U-U’, F-F, and M-M’
Slope Stability Analyses Included: F-F and M-M’

This area is high-risk due to heavy seepage on the bluff face and storm drain discharge on the top of
bluff at the northerly end. Moving southerly to MP 244.76, seepage ends, but the track-bed support
line protrudes beyond the toe, maintaining high risk. Major erosion occurs at the undersized storm
drain outlet (MP 244.7). Previous failures in this area have been repaired. A soldier pile wall is
present in southern section from the 1978 repair and some toe protection exists on the beach.

Area from MP 244.8 to 244.89

Risk Priority Medium
Risk Matrix Sites Included: 16 and 17
Cross-SectionsIncluded: E-E’
Slope Stability Analyses Included: None

This area is medium risk. The track-bed support line extends behind the toe. The area is not over-
steepened, seepage does not occur and foot traffic is moderate. This section has adequate track to top
distance and adequate track bed support.
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Area from MP 244.89 to 244.92

Risk Priority Medium
Risk Matrix Sites Included: 18
Cross-SectionsIncluded: None
Slope Stability Analyses Included: None

This area is medium risk due to the presence of a large erosional gully resulting from removal of a
storm drain. The area near the tracks has been backfilled. Over-steepening is moderate and seepage
and foot traffic are minor. The track-bed support line is behind toe of bluff; however, a large eroded
area reduces lateral support and is of higher priority.

Area from MP 244.92 to 245.21

Risk Priority Medium

Risk Matrix Sites Included: 19,20,21,22 and 23
Cross-SectionsIncluded: D-D’ and C-C’
Slope Stability Analyses Included: D-D’

This area is medium risk due to moderate over-steepening of the bluff face. The track to bluff top
distance ranges from 150 feet to 105 feet. The track-bed support line is well behind toe of slope.
Seepage is minor (possibly due to past drainage improvements)and foot traffic is absent. It should
be noted that in the northerly and southerly ends of the area the slope to the east of the tracks
presents some risk, even though it is excluded from this study. A +10 foot wall at storm drain outlet
MP 256.16 protects the fill area from erosion. The wall has performed well-to-date but, on-going
maintenance is critical

Area from MP 245.21 to 245.37

Risk Priority High

Risk Matrix Sites Included: 24 and 25
Cross-SectionsIncluded: B-B’,N-N’ and A-A’
Slope Stability Analyses Included: N-N’

This area is high risk due to moderate over-steepening of the bluff face and the close proximity of
the track to the top of the bluff. The projection of the track-bed support line extends beyond the toe
of the bluff. In addition, the track to top of bluff distance decreases to 15 feet in the southerly end of
this area. Seepage is minor and foot traffic and bluff face over-steepening are generally moderate.
Again, a major wall protects the fill area at Anderson Canyon from erosion. The wall has performed
well but its maintenance s critical.
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Area from MP 245.37 to 245.70

Risk Priority Low

Risk Matrix Sites Included: 26,27 and 28
Cross-SectionsIncluded: 0-0’

Slope Stability Analyses Included: None

This area is low risk due to several factors including: slightly lower bluff heights and neither significant
seepage nor foot traffic are present below the tracks. Seepage from the bluffs above the tracks requires
mitigation to keep the track bed from being saturated. Minor over-steepening of the bluff face is present
and the area has an average track to top of bluff distance of 45 feet. The track-bed support line is well
behind toe of slope.

42

Summary of Risk Assessment

It should be understood that the ranking of the individual site factors is in a large part based on our
engineeringand geologic judgements of the conditions observed and studied at the site.

As previously noted, coastal erosion is quite often controlled by episodic events and the actual extent
of bluff failures and coastal erosion may vary somewhat from our model risk assessment and
analyses. The bluff retreat rates presented in this report are average rates; as a result, there can be
essentially no erosion for a number of years and then several feet of retreat may occur in one event.
In addition, changes to the surface conditions on the bluff top and to the east, whether by nature or
by the acts of man, more accelerate or decrease the degradation of the bluff and impact the rail
alignment.

This document has been prepared as a planning tool to help organize and facilitate preservation of
the rail alignment for the next 20 years. Conceptual repair alternatives are presented under separate
cover as Part 2 of the Del Mar Bluffs Geotechnical Study. It should be understood that additional
investigation and design work is intended to be included as part of the selected preservation
alternatives.

-35-




= -
s, ]

Project No.

040151-001
Date

banadsli b b
o -

Hlrep LAy O

cep |
Ry Pes' Faomal

o Tin b

:M\""".‘\E

Limduviern Furnat

Talm B

A=t

Hirgrh smmid

Al apd lupewnh
siml Jrpend Latesl

—
EXPLANATION

| G#

]

]

o
i |

1

-

P

1-7-01

i

Leighton and Associates, Inc. ~ Figure No. 2

PR




EXPLANATION i

Fuult traces are indicated by sclid lines where
well lecatad, by  dashed  loes  where
approzimate or infarred, by dotted lines where
concealed and «querisd whers uncermin
Coloring and highlighting indicale the age or

regency of displacement:

PINK Faults that show displacemani
during histozie time (ie lnsl
200 years)

ONANGE  Faults that show displacement
during Holeene (e losl
10,004) yemrs)

GREEN Faulis thal show displacement
during late Ouaternary (ie.
last 700,000 years)

TURPFLE Faults thor show displacement
during (naternary (Le. last Lo
millin years)

BLACK Fault without recogmized
Quaternary displacement
{considered inactive fauls)

:
Adapted from Jennings, 1994, Fault Activity
: Map of Califomia and Adjacent mﬁm&t
M CDM3, California Geologic Data Map Serics,
LA 1 f Faulis, i merthern Bags Cal 0rrla ars shiws rmere eviecsively on Flas | in posket ef 5 Voo e L Map No. & FET

- { e e e | Tibered, duzeriond md refemerd 0w Asesndises. [ L i |

REGIONAL FAULT LOCATION MAP ey Iﬁn
i 0AD i —
DEL MAR BLUFFS Engr fGeol. SAC/MRS
Dratted By KAD_ 1048 889
DEL "AR' C.ALIFOHHLA Date 4.7.m Figure No. 3 |




T .M E..U -«
' ! o
AT e = £
- 2 ] m-___ W
e _. F VI |2
| .
f . _
_ | o w 2
1 25 g
_.nNi o
Hogne o n
H I.Ml m
| =3 |8
. S WO s e
g o933 3
; | TAS 12
] = o
; =] =
1 = |a&
4
k 5 —
] HEM E
rE o |1
e 0.7 § |8
48 PSP o =
Ny . - 3
z |

HR
= e

3l

.,.5.._
a

r%|..n.w+n__--. o

: e ael 58 NOIIYNDT
JLet §

12445 3l s o oz

i L BT 4480 Dy

TR S DR v ER e e mm o e

mLH
T oo [

— e E S

SRRt OEVI TS T T

. JL=1%
ez 345 Frg oL

ep— [Rep—— o R e Y L]

. . -
L ..J_..... D m..

. ] ] 3 - L
-“ .ﬂ..._n N R S

T TTE etk A L
1=, L R Rt e N

. PRESENT MAIN TRACK CENTERLINE
C

P |

- -..ﬂ .l-ﬂ n = l..l - = = h —_— _
< a8/ et | 1
' ¥ - —
M ..Fm_ et Ll : ._ H.
o e k. P Ui -.-“ m_ =l £ m.& - — o = L e 5 g
“ TEF AT e L P AR BT AR A
1T . . . w __\ LI _u._-ﬁ.. M .w.,_
1 » y |
Q, e v\ A £ m
. R |
D m - .-..-_j-l..-.rl....-. _ —l—r-. lnﬂ”
——a b I ' T rm i .
> == o = i : |
T H
o

=% ____
= B __..mlﬂ.lh_-._|.|l-,..ﬁ

. | I o A RULE 13 - U
l‘ull-f!lr . . | | I.H_..hm o

. - ¥O al

....i-.u..._.-.. .r.-ufl-!l e I...a.l_..r..w._mhmmqhm.:wi--

- T Ll | T

. -n-l.r.-l.rr ll.r..urufl- o .ﬂ_i._.ﬂ ¥e .HPH [

u.rj.-.--in -I.-__...ﬂ.ﬂwlﬂm.lwlﬂu...ml.,n“l

h
]

=Mk
.ELn s lpi Bl lw

i i kHEl1 A

..ﬁﬂ.




1910 RAILROAD CONSTRUCTION

Del Mar Bluffs
Del Mar, California

Figure No. §



Terrace Deposits removed
during railroad canstruction

Area of soil cement
buttress - 13th Street

= ldentical points

View north from approximately same location at

“Matatorium” in both 1885 and 2000.

Figure No. &



Hote berm of air dum material Photo by William D, Widdleton from Sanfa Fe.
PHOTO : c I RCA 1 940 ped the Raflroad Gateway to the Amerfcan West by

along top of bluff.

M.P. 244.2 bonala duke

Del Mar Bluffs
Del Mar, California




SEQUENCE | N BLUFF RETREAT
W THOUT TOE EROSI ON

Terrace Deposits (Qt)

I
Belach Y

0
| SoE LI T A
'l B R

T L. ot I,
Delmar
Formation
(Td)

~— Tensional
fractures

develop

Beach Talus thickens and
' steepens until
| slide occurs

More bluff

face exposed
/ after slide

3| TALUS FAILS

BLUFF CONTINUES TO FAIL
CREATING MORE TALUS.

Piping erodes terrace

Ul - TH

w" 1 -
LR N B §

g ag gt
: .__-_.'_E.\'-Eul'_.—i;
= gy S g e

\Failure occurs
/ along fractures

Debris
accumulates

2| BLUFF FAILURE

4| TEMPORARY BLUFF

TALUS SUBJECT TO
ADDITIONAL FAILURES.

SEQUENCE | N BLUFF RETREAT
W TH TOE EROSI ON

NOTE: SI M LI AR SEQUENCE OCCURS AT M DSLOPE
ELEVATI ONS WHERE GROUNDWATER | S PERCHED.

Terrace Deposits (Qt)

Beach
1 =
| : ,-.‘
I =_¢I: :
1
| Talus
| Delmar.
| Formation
| (Td)
I Resistant

base

\_ Resistant

layers

1| TEMPORARY BLUFF

Fractures
! develop above
| oversteepened

1 area

1

I \
o

»
\__ Resistant

layers

3| FRACTURES DEVELOP

Beach
! O
| & H "-50-'1
1
1
1
i Sand removed .
, from beach IRa?/SelrSstam
1
' \ %
1
| -
1

N\

Notch eroded
into resistant
layer

2 | EROSION AT BASE

Fractures develop
Beach in oversteepened

upper portions\ —— ;

Lower portion of
' bluff fails, Talus
' deposited at

base of bluff

»
\__ Resistant

layers

LOWER PORTION FAILS,
4| FRACTURES DEVELOP IN
UPPER PORTION

TYPlI CAL STAGES
OF BLUFF RETREAT

Proj ect No. 040151-001

Scal e Not to scale

Engr./ Geol . SAC/MRS &
Drafted By KAM

Dat e 1-7-01

Leighton and Associates, Inc. Figure No. 8




Where the "Track-Bed Support Line" is

above toe of bluff, additional lateral support

or shoring is recommended. Q
|
|
|

Where the top of bluff is within 10 feet of the o
"Track-Bed Support Line", additional lateral Existing
support or shoring is recommended.

Existing ground profile

Subgrade
elevation

top of bluff

s
Pid allowance
s

7
7

A
s
Ve
s
P
Vg Track bed support

line (1.5:1)

Toe of bluff

Additional su

ort
required for tﬁp

IS area

Modified from: State of California, Department of Transportation Trenchi
and Shoring Manual, January 1990, Revised December 1996.

Proj ect No.

040151-001 &
TRACK- BED SUPPORT LI NE Dat e I.

January 2001

Leighton and Associates, Inc. Figure No. 9




A A' L EGEND

] [ " Artificial fill soils
Existing m Landsl i de deposits

tracks

80 - ~- 80 m Beach deposits
pr Bay Point Formation
Td Del mar Formati on

Exizting
retaining

40 - wall

View north - M.P. 245.36

120 - - 120
80 - — 80
CROSS- SECTI ONS
40 - w0 A-A" AND B-B
________ Del Mar Bl uffs
Qb ———————— - Del Mar, California
e~ Creep Project No.__ 040151-001
0 - e P s 0 Scal e 1"=40' .
— Engr./ Geol . __SAC/MRS
View north - M.P. 245.26 Drafied by —_KAM
Dat e 1-7-01
Leighton and Associates, Inc. Fi gure No. 10|




O

120 -

Qs
N

_,-"' ~4
.-I-. —+

Resistant
lawyer

AN

= -0

View north - M.P. 245.19

120 - 120
Existing
tracks pr
8” - B-6P - 8“
Concrete
drainage ditch
Resistant ]
“ - layer — + Vvery hard B “
TD=28 -I-d
0 — 0

View north - M.P. 245.04

See Fgure No. 10 for Legend.

CROSS- SECTI ONS
C-C AND D-D

Del Mar Bl uffs
Del Mar, California

Proj ect No. 040151-001

Scal e 1"=40' .
Engr./ Geol . SAC/MRS
Drafted By KAM

1-7-01

Dat e

Leighton and Associates, Inc. Figure No. 11




120 - - 120
Existing
trachs

80 - . J - 80

_— — - _— —_— — — — —

:: o
40 - Iw — 40
Qb e d
=l b h
(= By
T4
n —t e i | n

View north - M.P. 244.8 1

F F

Existing
tracks

80 - See Figure No. 10 for Legend.

CRGES- SECTI ONS

..-.-"
— Qb o TORTF TO7S = 1
40 Rl 40 EEE ANDF-F
& retaining Lo sadier Del Mar Bluffs
wall - ile = Td Del Mar, California
" (18" dia)

~4

. TORIEY] Proj ect No. 040151-001
0 - 0 Scal e 1"=40' .
View north - M.P. 244.78 N Iﬁ"
Drafted By KAM
Dat e 1-7-01

Leighton and Associates, Inc. Figure No. 12




@

Existing
Seepage tracks
80 — 80
Hard |/ T T T T T T T T T T T T T T
resistant
40 - 'ayer — 40
Al
0 0
View north - M.P. 244.68
H : H'
Existing
tracks
LB-2
(proj. 25"
- B-13 —
80 (proj. 25" 0
Cher- ,r"g Qm
ste epenead - - _ o e
“ _ area I - A L A B L - ‘0
Creep _Ef
Hux ImEpagE
w Zone - eN. ¥y amspag
Hand — ~ Wi ml indui almd
pit ;
n _ o ———— T e + = _f?’# TEIE ___IF Td —n
L Td TORED

View north - M.P. 244.47

See Fgure No. 10 for Legend.

CRGOSS- SECTI ONS
GG AND HH

Del Mar Bl uffs
Del Mar, California

Proj ect No. 040151-001
Scal e 1"=40'

Engr./ Geol . SAC/MRS
Drafted By KAM
Dat e 1-7-01

Leighton and Associates, Inc. Figure No. 13




Existing
tracks
80 - - 80
214
‘;—//S“Tp‘
- 40
0 0

View north - M.P. 244.37

o
| G

Existing
tracks

_ ponded |
80 / water 80

40 - TE b R Bt b b - -1 40
R See Figure No. 10 for Legend.
0 o CROSS- SECTI ONS
R d I-1' AND J-J'
Del Mar Bl uffs
Del Mar, California
40 - —-40 Project No. __ 040151-001
Scal e 1"=40' .
View north - M.P. 244.2 Engr./Geol . _ SACIMRS
Drafted By KAM
Dat e 1-7-01
Leighton and Associates, Inc. Figure No. 14




Existing
tracks

View north - M.P. 244.3

See Agure No. 10 for Legend.

CROSS- SECTI ON K- K

Del Mar Bl uffs
Del Mar, California

Proj ect No. 040151-001

Scal e 1"=40' .
Engr./ Geol . SAC/MRS
Drafted By KAM

1-7-01

Dat e

Leighton and Associates, Inc. Figure No. 15




-

_— — = — —

Seepage along
contact \
Fesistant

lawer

Existing
tracks

—_— e TEn e e s e el e Y o -"aln L A

1d

L

View north - M.P. 244.64

See FAgure No. 10 for Legend.

CROSS- SECTI ON L- L

Del Mar Bl uffs

Del Mar, California
Proj ect No. 040151-001
Scal e 1"=40' .
Engr./ Geol . SAC/MRS
Drafted By KAM
Dat e 1-7-01
Leighton and Associates, Inc. Figure No. 16




—_  —_— — —— ——

Concrete
drainage
ditch

Existing
tracks

LE3

¥ -_[13duisd, aeEpags

TS e 1

TO=gd

View north - M.P. 244.79

See Fgure No. 10 for Legend.

CRGSS- SECTI ON M- M

Del Mar Bl uffs
Del Mar, California

Proj ect No. 040151-001

Scal e 1"=40'
Engr ./ Geol . SAC/MRS
Drafted By KAM

Dat e 1-7-01

Leighton and Associates, Inc. Figure No. 17




— — — ——— — ——

Exi=ting
trachs
LBS
[proj. aa" MW Concratea
drainage

smale

"Ir-""l11'-Tf..-’ Rl
7 1d

L
-~

X))((;{%%X Fiaduima

—_— = — — — —

View north - M.P. 245.28

See FAgure No. 10 for Legend.

CRGOSS- SECTI ON N- N

Del Mar Bl uffs
Del Mar, California

Proj ect No. 040151-001

Scal e 1"=40' .
Engr./ Geol . SAC/MRS
Drafted By KAM

1-7-01

Dat e

Leighton and Associates, Inc. Figure No. 18




O

OI

- 120

View north - M.P. 245.39

See FAgure No. 10 for Legend.

CRGSS- SECTION O- O

Del Mar Bl uffs

Del Mar, California
Proj ect No. 040151-001
Scal e 1"=40' .
Engr ./ Geol . SAC/MRS Iﬁ"
Drafted By KAM
Dat e 1-7-01

Leighton and Associates, Inc. Figure No. 19




0

I
i

Existing
Slope prior to construction tracks
of soil cement buttress

Profile
(15204517

Exizting 2" high
retaining wall

-

iy
" PR Appros, con@ct from
“

slide of 1961

Td

View north - M.P. 244.44

Q Q'

| - 120
Profile | Existing
(4121/41) | profile
[
Existing
tracks
— 80
Profile
(12007 )
a' retaill'uing Td 40
mwa \
Approx. contact
from slide of 1973
R -0

View north - M.P. 244.33

See FAgure No. 10 for Legend.

CROSS- SECTI ONS
P-P AND Q Q

Del Mar Bl uffs
Del Mar, California

Proj ect No. 040151-001
Scal e 1"=40'
Engr./ Geol . SAC/MRS
Drafted By KAM

Dat e 1-7-01

Fi gure No. 20

Leighton and Associates, Inc.




120 -

Retaining
wall
(1961)

Plugged weep
pipe (1961)

Top afbreak

(19617
BEsi=ting T

ground pr-:-ﬁle

Ground profile
(dan. 1961;
post failure’

Euisting 2' +-
retaining wall

I
I
| Existing
I profile
Existing
tracks

|

Toe of break
(18617

Tar

- 120

View north - M.P. 244.42

-------

Buisting 3" +-
retaining wall

: - 120
Existing !
profile |
Existing
tracks
— 80
Ground gr-:-ﬁle Ill
(19627
— 40

4" iron pipe
[19620

;;;;;

View north - M.P. 244.40

See FAgure No. 10 for Legend.

CROSS- SECTI ONS
R-R AND S-§

Del Mar Bl uffs
Del Mar, California

Proj ect No. 040151-001
Scal e 1"=40'
Engr./ Geol . __SAC/MRS
Drafted By KAM

Dat e 1-7-01

Leighton and Associates, Inc.

Fi gure No. 21




I
i

U|

120 — ! —120 120 — — 120
| Existing
| profile
' Existing
I tracks
_ Existing -
80 tracks - 80 80 - 80
pr Existing
profile
...... Ground profile
Existing storm i 40 (2/26/58) \\\ Evisting
= -_— = ret
40 drain headwall : 40 \ . manar;'a'?":ﬂ-) - 40
SR R P
e Cortact 1952
S -~z land slide
— : \‘x (o ground
0 - I|3:hr'-a:-un-é| Figzéﬁegf -0 0 - Td profile) -0
n-h,
View north - WP. 244,37 View norfh - W.P. 244.7¢
\' -V
120 — i — 120
|
[
Existing
tracks
80 - o
Slope prior to 80
construction of
=0il, cament ¥
butiress See Figure No. 10 for Legend.
40 - - 40 1
CROSS- SECTIONS T-T'
U-U AND V-V
Del Mar Bluffs
(32662 . .
= Del Mar, California
0 - \"« Exizting 2 +- Td —0
retaining wall
Proj ect No. 040151-001
Scal e 1"=40 .
Engr./ Geol . __SACI/IMRS
\ﬂi'l I'Il.'ll'l1 - “. F. i“.“ Drafted By KAM
Dat e 1-7-01
Leighton and Associates, Inc. Figure No. 22




b
:\;\\éTREES ( 795

LOW RISK HIGH RISK

fport; low bluff height; Minimal track setback on top; oversteepened at toe; moderate slope failures; mid—slope seepage; track bed
Q@y@ ajn issues at north end support extends beyond toe; area of previous landsliding; existing sea walls inadequate for large waves

N/
AN
R

) \ \ ~4= K/ -"4 aass ."
\ 5 \\\\’
........... ~J : S0 ] b
......................... ‘ . \ '} i X N » ) “ ' .v q ‘r:"v
il
0’;

R

\)
i
DA
N
N

AR

Y T
T
T§§5;§§§&§§§§§S§:N;

sl
S

=Sy NV,
== ‘g _\.\\

Track ked
support line

LEGEND -

Concrete

MATCHLINE (SEE SHEET 2 OF 5)

. re ’ - - - S
GEOLOGIC UNITS retalring < Storn droi =
Af  Artificial fill — =0 i |
T
Qls Landslide deposit 0 . - T
T v Track ked =
Qb Beach deposit 0 QQPMW support Lline 2
. ]
Qbp Bay Point Formation O =0 “‘*““““\\ i
N\
Tt Torrey Sandstone — 0 I TR — %
Td De lmar Formation J o 0 T
MAP SYMBOLS () -
P 0—
LB=6 Approx. loc. of Llarge-diameter exploratory koring
@ by Leighton and Associates
PB-4 Approx. loc. of previous small-diameter exploratory koring
D by Leighton (1978
B-16 Approx. loc. of previous small-diameter borings by MAH (1998)
D (borings converted to piezometers indicated by “"P" —— i.e. B-11P>
GENERATED GEOLDGIC DESCRIPTIONS UTILIZED IN MAPPING
—— "7 Approx. loc. of geologic contoact (dotted where buried, ‘ ‘ ‘ o
’ Greenish gray clayey siltstone, moderately stiff, damp to moist (infractures),
{0 @ iron oxide clay along dominant joint sets, generally more lithified K
/ Strike and dip of bedding south of MP. 24478 with lesser clay content
@ Yellowish light brown fine sandy silt, stiff to very stiff, dry to Sl damp,
s lithifed in areas as morker bed
g Strike and dip of bedding, uncertain
2 Non-lithified version of 2
el Stike and dip of undulatory bedding
38 ‘ ‘ .
e Strike and di P of JOI nts @ Reddish brown fine to medium sandstone with trace silt,
67 very loose to very dense dry to damp
/ Fault, showing trend and plunge
Gray/light brown fine to medium sandstone,
1 Seepage @ dense, damp, gradual fining upwards
J’ 040151-001
Geologic cross-section NDTE
! PLATE NO 1
J |
B 2 ST PLAN
Subdrains shown on mckp‘ boased on review‘oF ATSE N %m %:En{ . AN D SCALE
Risk motrix site Zocgmenﬁg (LQTSF, ‘1978% not all subdrains okserved i Engingering, Inc i GEOLOG‘ C M AP
uring rie mapp ing LEIGHTON AND ASSOCIATES, INC. éﬁé;g:o& 92868 /‘ O 4 O ’
urphy Canyon Roa —
N 6 T B | 7" (Coast Blvd. to MP 244.4)
an Diego, CA 92123
DELMAR BLUFFS GEOTECHNICAL INVESTIGATION January 2001




See Plate No. 1 for Legend.
Oﬁfh

HGHR“<,+&WDUMR9<‘ -~ HIGH RISK MEDIUM RISK - HIGH RISK

Minimum setback from Major oversteepened area; heavy Moderate seepage; minor failures; moderate oversteepening; some ponding along tracks; Adequate setback at top; heavy seepage; storm
top of bluff, area of seepage; high foot traffic; major ex. adequate track setback to top of bluff; adequate lateral support at toe; high cliffs drain discharge at top; storm drain undersized (?);
previous landsliding; failures; track bed support line extends major erosion at stormdrain outlet; track bed
soil cement buttress in beyond toe support extends beyond toe; area of previous
place; track bed support landsliding

line extends beyond toe

MATEHLINE (SEE SHEET 3 OF 5)

° ° S‘TE PLAN PLATE NO 2

o HER AND SCALE
e £ Ggosou evard! et GEOLOGIC MAP

I 11 . .

)

Northern bluff Central bluff ° ° IR A SSOCTATES, | Brange,” Ca 9268 (VP 244.4 to WP 244.75) 1 ”:407
S@Ct i oM S@Ct i OM San n?Zéﬁ,E oh seiza : :

SN
Lo
=
LB-2? — =
L 2 o - n iy N
— IUE\ /’; L] L]
O L R4V’ 3/3/ i Lo . o
8 L] 0 g = - L] —
| < Bsceey 5)6eo V) ) - o
| -
| — E - =
| O A -+ i
_ L / ; O - T -
O z / / =y %
— R X3 = — o 00
ASPH. N / N drl NS S | — N "
68.6X X | 55 6 i DENSE | - ‘ ——— %
— X g L TREES 88.6y | X ~ X807 85.3 N
L‘J X68.3 —r—— DENSE / 8572 —__ Nl
T TREES II ~C | O
= [
5 BN | cone. | | | ASPH |
m sy z == ) | >~ CONC. \ = w\—ﬁ
L S~ TP 244 o i 762 e | AshH. | B CONC. —\=
JS = % S T | 05 - \/ ~
=2 Ty g BN o ASPH. o A 1 \
— Z — ‘ < X A
L =8 22 1 L | =~ | DENSE 2
: o = r? CONC TREES & :
St O A Wi / / BN
retainify wa %) I Sp———— I XS/‘ 6 G —~ (¢ DENS
< == = — ™
= - 821 — = TREESY — — ==
MH D P——= i ——— =
N ° o | @% = e =
= S loo \ X81.8 % X78.6 ) — @)'5
T X TS, ) - / =
—_— = Qbp 79.7 ! ' —
FYRrVES ANt ~ N — N M Ll \AJ W\ X —
' AN jw‘,fﬂ@h N Mﬁb < ) (X
~ / f —— M / / / / / fc— 1l / 631 / / / / / / / Heo W055./‘ ] 644 ] 1—
Z B I = ] : : : X 60 .4 — ; S : ; ; ; ; ; : H- 63,725 L / /
e = | gt — =65 - ARPLET: TP —12 : ! ’ - ~ ~ =Y —
N NN R T g 70 ° 0 > ||
S [ e T i D g == Qlp X O () =
- — N e et ) y — . 20.6
—N\e—. R\ R | e A- L >< 779 1
ST T e f ~ 72y ’
ide o Ny N R P oy gy AN W = | b Storm drain
Jonuitroy‘ eof 191 \\““\.. 8 — —8 L~ = = = ‘ = l_>< o] S ), cischarge -~
Slde of Ho T — 22 =l | : B 7 ‘ —— S
orc 9%, T T N 69E" < = = i - 082 — = - S K=
March 14, 1962 Qb O @ — — == 0 == = = —_— — L ~__—==7 :
j WP 244.44 and pi S’ dee T = = = — o — gy
e 0 Trock ked Dgtmgr pggg(rggido% (?()i) | L @ @ b N . T — — = - ¥ < — T 1
su ort Llime otton e T IS A~ L — - - = - - a - - —_—
e 4.7 ‘ . ~£f ———T : e — - P : |
Q — | \/ . —= e 70 =il e “ ! 34 : Lo/ P10V January 1958
7 5 — X438 (@ S : = ‘
B P 244.48' 65 - -~ Qb - Xlpgw -
o0 Aperox toe SRELER LT — 0PRSS line
Hand pit @5’ deep) Track ked
R -0 - R - Delnar Fok:g%;%omn (T support Llime o 0 B
WP 24447 ‘ - — e = T — 0 -0 - T
- — —
I T — 0 - =
\ I
I Approx. NG\WVD WP 244.64
‘ 0.0 comtour
v S ACIFTIC OCEAN
|
P 244.56 i
|
| )
® °
! App’rox‘ tocqﬂo’n of 1885 L
‘ P Notatorium” pilings °
® °
| [ J [ J
‘ ° °
|
‘ ° ° 040151-001
|
|
|
|
|

DELMAR BLUFFS GEOTECHNICAL INVESTIGATION January 2001




See Plate No.

1 for Legend.

Offh

I1
Center bluff
SectTion

IT1
Southern Bluff
Section

(SEE SHEET 4 OF 5)

HDR Engineering, Inc.

One City Boulevard West
Sitre sbg GeOLOGIC MAP
LEIGHTON AND ASSOCIATES, INC. Orange, CA 92868

3934 Murphy Canyon Road

Son Diego. Ca 52123 (MP 244.75 to MP 245.06)

L*\\\\\j 2 ER EST%$E§AN
L

PLATE NO. 3

SCALE
1"=40

DELMAR BLUFFS GEOTECHNICAL INVESTIGATION

January 2001

HIGH RISK + MEDIUM RISk )’*MEDUM RISK
Minimal track setback in north; existing soldier piles in north; Adequate setback at top; track bed support line well behind toe; no foot traffic;
adequate setback in the south; track bed support line at or well behind toe; minor seepage; some oversteepening
ocalized seepage; existin allures in e sou
| lized pag ting fail th th
—4
1) = &4
= h{%e‘é’f“w —
32 to 40
— T F* 31 F*
L] | L] 42 856 = L]
L
PN s Lo N T L1
e L] v e26’ o0 N Ad e
LIAD LLJ<1 > — ~ 1 7 — 2 e — —
— - v 16 - A A 2 %
(. 5 (Y ) 8a7 0
—r ] C L] - C
1O< 19 - T - - -
O\ - & 0 <
108.2
ll\g\igg‘ Ny \ \ ! I ] ——
e —
| &
C\\i 86.4
KT -
|
85.3 |
i, S5
Tk VB
I DECK
) B = e
) o —— e ——
79.9(%)
1] —
N 3é’deép,18' dianet
L PB-3 Vi N y 1996 Drainage Improvements —
(/_) 1 lide af | | 648 | MOWLQ | ’|—:MB_‘ 65/‘ | | * | | | : | | | | | \\ ; | MPQMS:[ T 'F T |‘1‘; T 1 1 — | | 667 | | | | | |“:MP2450 | i i i g | | 65 [
! 1o | TP R—p X | il 1 | - ! ! |\ ! ! ! ! I T [ | | | ! ! ! ! ! ! ! ! ! I ! , , , ! % '
Il - :ﬂ :F -!-!\- _:\H T 1 - ~ T T - T T 1 = ‘[‘MP 1 5![ T T i T T T T 65 T ‘\\ ; T | | /_\ T T 8' W T T T T T T T T T 8 CMP T T I66'9 &' Cup 668 T \‘Tu”‘
v: %%72; | Approx. top B4 , QWM
Etoining wall uf/uu > 59 3 5 ‘OLL/H':P Ew @ 65 . EB B - 6 P | —
— — ',/ A B*Q%é | | - b} Qﬂé > o 2?DV‘OX‘PJC
2. 7 . ] NP 245,04 .
50_" _ ; /p ; - > 8 ‘ 59 9 50 B=S  fpe p”:%é? 60.5
RS ~ \’// ). //l—-_ = % removed Trock ked T~ z
AR 2l ===~ PR, Qop 559 N i SENCEN SN~
‘/\_\ 7 o m T /-\ /\j - p X60.2
. /’/ //-§\\\i S | ) Af L @bp 58.7 - g \¥60 '\1 & n .
9 S 3 / s 4 \\\_ { o) / ‘ ' , X ) ] . j 3 B*ik:woc‘h‘CMP ot /‘ v \ ) L T : . 90
+ oy e 1 S iy = = . Al R 9 : ", /) e . subdrain outle o N |-
4 .E./.L. X F-JEI\; |- / — - \-H\., EES‘ (3 Td T~ . — f/ N = ’/e‘ AKX E— B AN \.,.H -_, > &) T NNy = 2 05 2
%ﬂ'w i e ~ N2 o L‘ AN ————— = Td e 3 - . - — e 0 ) = _ T = — =
- 5b /’ 3 N \ < \J\ﬂ — = — -
Q Q& Active v = \ = S—_/, % 0
steep - < = // 20
WP 2478 o 6 “o s /4, — 17 — T
. = £ \ -
— J T Hond it 25 deep) E: \&Q\ = 60/80v < - - 17 Trock ked 7
/ / elmar Formation s : ; = T T | Suppor ™ e
{ ’j / / otton \ @ 4 - - - = \5“\‘ / | 6 I
0 Ve / | X Qb - \ / \ —_— N
S/ 8 7/ ———
P ﬁ’_—\ e % R IStrean|
= S : ‘ 7 B
) o MP244.85|
LB-3 25 10 35 - — ! CRPL e °F
70E —0-
14 Q/\Q‘ P19’ | o o o
4%/ 25 t0 35 ‘ - o - 00—
65W
3?*@2/ 8?9 I 0 ~ O/
\ -
D \ S ACIFIC OCEZ AN
o Y e S -
60W 5 — . . — 0 o
L e ‘ .5 - \ I .
ees’ ‘ I 0 -
|
|
|
|
040151-001
|
|
|

MA TCHLIN




>ee Plate No. 1 for Legend. \
NGT
L

| MEDIUM RISKC ,FH%RSK iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii ,Ft@wwy iiiiiiiiiii

Adequate setback at top; track bed support line well behind toe; no foot traffic; Adequate setback at track; track bed support line extends beyond toe; maintenance of sea wall Adequate setback at top; latera
minor seepage; moderate oversteepening; minor existing failures at Anderson Canyon critical; moderate oversteenening; 1.4:1 to 0.9:1; minor seepage support line generally behind toe;
moderate foot traffic; moderate oversteepening; track bed support line extends beyond toe minor oversteepening; no seepage,

no foot traffic

ANDERSON
CANYON

| r—
= -M§wﬂﬁ“§§@mmww

MATCHLINE (SEE oHEET 5 OF 5)

! | .
— i \
K ]
\\ - N
Hapd pit G deep) / \ /—
eacn san o} 1 \
totol depth / ! T / WP 24536
| \ suUuppor Tt e —_
/ \ -_—
1 \
1 \
| ~ A
1

BR 245.10

NP 245.28

LB-5

7’ /
/ /
; /
- S/ / Hand pit (30" deep)
o / / Beach sand to \

. ' : / L —
0 "
— / / total depth
A JAR 4 1 e
C C O C E N 4% s / 0 / WP 245,30 ADN@
675 - .

@35’

10w
6\&/ 37\@28 ’ ™~
LB-6

{W@?’ N e (e v

N 3 €26’
47 /
e R
40

ele’

040151-001

S‘TE PLAN PLATE NO 4

AU ER AND SCALE
GEOLOGIC MAP

LEIGHTON AND ASSOCIATES, INC.| Oprange, CA 92868 W v 403
an n O —_—

N G T [ | ®"Ewser ™ (MP 245.06 to MP 245.4)

San Diego, CA 92123

Y

DELMAR BLUFFS GEOTECHNICAL INVESTIGATION Joanuary 2001




N 7924500

TToLOW RISK L ]

Adequate setback at top; bluff setback line behind tog,Mmnor oversteepening;
no seepage westaf fracks; moderate seepage egét of tracks; no foot traffic

A L/Ej
o Approximgte top/of bluff
///’

N /
N _CONC,

Al 1310 X1315 o

56.1
40 X ; :
30 : . = . - Il |
W D — ) NRLCEI = — -‘-.l—, ’-"._II W | < I |
"0 x5 R—— - 10 T |
: — —— TP R e S umk ey =T
T 4//// | .
PACIFIC T ;D """"""""""""""" .
OCEAN Olszg o M\“"““‘~~~~\,\\\1 g :
R ' Track bed support line
. gggggggggggg
e —— 0959595959450
52009690969
+ n7ORO5es9050:
; LT IE— T
5 Riprap at base of bluff T —
Approximate toe of bluff

LIMITS OF EXISTING MAPPING

LIMITS OF TOPO USA USGS MAPPING
(1997)

040151-001
PLATE NO 3

SITE PLAN

& ER AND
%m EEE E?%;”EECLS%WQ”EM GEOLOGIC MAP WS”CAW LQEQ :

Y

Suite 900
LEIGHTON AND ASSOCIATES, INC| Orange, CA 92868
N ¢ T [ 39;;MD“;”:ZEZ%“znoyf;;:;d (MP 245.4 to Hwy. 101 Overcrossing)
January 2001

DELMAR BLUFFS GEOTECHNICAL INVESTIGATION




APPENDIX A

REFERENCES




040151-001
APPENDIX A
REFERENCES
AREMA, American Railway Engineering and Maintenance-of-Way Association, Manual of Railway
Engineering, 2000.
Ashford, Scott A., 1995, Seismic Coefficients for Steep Slopes, Seventh International Confercnce on Soil
Dynamics and Earthquake Engineering, Soil Dynamics and Earthquake Engineering VII,

Computational Mechanics Publications, Southampton, 1995.

Ashford, Scott A., 1995, Topographic Amplification in Steep Slopes, Earthquake Geotechnical
Engineering, A.A. Belkema Publishers, Rotterdam, Netherlands, 1995.

Bennett and Griggs, Coastal Protection Structures and Their Effectiveness, UCSC.

Benumof, Benjamin T., and Griggs, Gary B., 1999, The Dependence of Seacliff Erosion Rates on Chiff
Material Properties and Physical Processes: San Diego, California, Shore & Beach, Vol. 67, No.
4, October 1999.

Benumof, Moore, and Griggs, Fema and State of the Art Coastal Erosion Mapping Along the San Diego
County, California Coastline.

Blake, 1996, EQFAULT, Version 2.2.

California Building Standards Commission (CBSC), 1998, California Building Code, Volumes 1 and 2.
California Coastal Commission, California Coastal Commission of 1976, December 1984.

California Coastal Commission, 1985, A Conference on Coastal Erosion, California’s Battered Coast.

California Department of Boating and Waterways, 1994, Shoreline Erosion Assessment and Atlas of the
San Diego Volume I, December 1994.

California Department of Boating and Waterways, 1994, Shoreline Erosion Assessment and Atlas of the
San Diego Volume II, December 1994.

California Department of Transportation, 1996, Trenching and Shoring Manual, dated February 1990,
Revised December 1996.

California Department of Transportation (Caltrans), 1999, Section 3-6, Guidelines for Foundation
Investigations and Reports, Caltran Engineering Service Center, dated May 26, 1999.

California Department of Transportation, Engineering Service Center, 2000, Review of Geotechnical
Study-Geotechnical Evaluation and Conceptual Repair Alternatives, dated October 18, 2000.

California, Division of Mines and Geology, 1996, Probabilistic Seismic Hazard Assessment for the State of
California, Open File Report 96-08.

A-1




040151-001
References (Continued)
California Division of Mines and Geology (CGMD), 1997, Guidelines for Evaluating and Mitigating
Seismic Hazards in California, Special Publication 117, March 13, 1997.

Coastal Environments, 2000, Peer Review of Del Mar Bluffs Geotechnical Study Volumes I and II by
Leighton & Associates, CE reference no. 00-32, dated October, 16, 2000.

Duke, Donald, 1995, Santa Fe: The Railroad Gateway to the American West, Golden West Books, San
Marino, Califorma, 1995.

Ewing, 1988, Del Mar, Looking Back, The Del Mar Historical Society.
Ewing and Sherman, 1997, California’s Coastal Natural Hazards.
Fraser Engineering, 1993, Del Mar Drainage and Hydrology Studies.
Gaal and Kuhn, Sea Cliff Erosion at South Solana Beach, California.

Gregory, Gary, Van Aller, Harald, 1999, GSTABL7 with STEDwin, Slope Stability Analysis System,
Program Manual, October 1999.

Griggs, 1997, California’s Coastline: El Nino, Erosion and Protection, UCSC.

Hart, E.W., 1997, Fault-Rupture Hazard Zones in California, Alquist-Priolo Earthquake Fault Zoning with
Index to Special Study Zones Maps: Department of Conservation, Division of Mines and Geology,
Special Publication 42.

Inman, Douglas, Budget of Sand in Southern California, River Discharge vs. CLiff Erosion.

International Conference of Building Officials, 1997, Uniform Building Code.

Jennings, C.W., 1994, Fault Map of California: Faults, Volcanoes, Thermal Springs, and Thermal Wells,
California Division of Mines and Geology, Geologic Data Map No. 1, Scale 1:750,000.

Kennedy, M.P., 1975, Geology of the San Diego Metropolitan Area, California Section A-Western San
Diego Metropolitan Area: California Division of Mines and Geology Bulletin 200, 38p.

Kuhn,G.G. and RH. Osborne, 1987, Sea Cliff Erosion in San Diego County, California. Coastal
Sediments, ASCE, Vol. 2, pp. 1839-1854.

Lee, Pinckney, and Bemis, 1976, ASCE National Water Resources and Ocean Engineering Convention,
Sea Cliff Base Erosion, San Diego, California, dated 5-8, 1976.

Leighton & Associates Inc, 1979, Geotechnical Investigation, Condominium Bluff Site, Southwest Corner
of 4® and H Streets, Encinitas, California, Project no. 479062-01, dated March 27.

A-2




040151-001
References (Continued)
. 1978, Preliminary Geotechnical Investigation of Landslides at Seventh and Thirteenth Streets
Del Mar Bluffs, Project No. 478008-1, dated January 30, 1978.

1978, Lateral Earth Pressures Considerations Proposed Sea Wall Structure at Toe of 13" Street
Bluff Failure, Del Mar, California, Project No. 478008-3, dated March 7, 1978.

Lough, C., San Diego County Coastal Erosion: Policy and Practice Paper Not Available.

Medall, Aragon, and Higley (MAH), 1998, Del Mar Bluffs Geotechnical Investigation(DRAFT), Volume
I, dated November 11, 1998

Mualchin, L., 1996, A Technical Report to Accompany the Caltrans California Seismic Hazard Map, July
1996.

Munasinghe and Rosenberg, 1996, Geology and Natural Resources of Coastal San Diego County,
California, September 1996.

National Oceanic and Atmospheric Administration, 1980, A Climatology and Oceanic Analysis of the
California Pacific Outer Continental Shelf Region, 1980.

North County Transit District, 2000, North County Transit District Review, dated November 24, 2000.
Coastal Environments, 2000, Peer Review of Del Mar Bluffs Geotechnical Study Volumes I and 11
by Leighton and Associates, dated October 16, 2000.

Pradel, Daniel, 1998, Procedure to Evaluate Earthquake-Induced Settlements in Dry Sands, UGGE, April,
1998.

San Diego Association of Governments, 1993, Shoreline Preservation Strategy for the San Diego Region,
July 1993.

Seible, F. and Ashford, S., 2000, Independent Peer Review of Leighton and Associates Del Mar Bluffs
Geotechnical Study, November 1, 2000 (Draft).

Seible, F. and Ashford, S., 2000, Request for Clarifications from Leighton and Associates regarding Del
Mar Bluffs Geotechnical Study, October 9, 2000.

SEQAD, Independent Peer Review of the Leighton et al Del Mar Bluffs Geotechnical Study for NCTD,
dated November 2000.

Southern California Chapter, American Public Works Association and Southern California Districts,
Associated General Contractors, 1997, “Green Book™ Standard Specifications for Public Works

Construction with 1999 Supplement.

The AT&SF, Ry. Co., 1978, Study of the Bluffs and Roaded Stability at Del Mar, Californma.

A-3




040151-001

References (Continued)

The City of Del Mar, 1993, Land Use Plan, City of Del Mar Local Coastal Program, dated March 18,
1993,

U.S. Army Corps of Engineers (USCOE), 1984, Shore Protection Manual, Volumes I-II, dated 1984.

, 1996, Reconnaissance Report, Encinitas Shoreline, San Diego County, California, dated
March 1996.

. 1995, Engineering and Design, Coastal Geology, Engineer Manual 1110-2-1010 dated
January 31, 1995.

, 1995a, Engineering and Design, Design of Coastal Revetments Seawalls and Bulkheads,
Engineer Manual 1110-2-16H, dated June 30, 1995.

U.S. Fish & Wildlife Service, and San Dieguito River Park Joint Powers Authority, 2000, Environmental
Impact Report/Environmental Impact Statement (EIR/EIS) for the San Dieguito Wetland
Restoration Project, January 2000.

Youd, Leslic T., 1998, Screening Guide for Rapid Assessment of Liquefaction Hazard at Highway Bridge
Sites, Technical Report MCEER-98-005, June 16, 1998.

Youd, L.T., Hansen, C.M. and Barlett, S.F., 1999, Revised MLR Equations for Predicting Lateral Spread
Displacement, Proceedings of the Seventh U.S.-Japan Workshop on Earthquake Resistant Design
of Lifeline Facilities and Countermeasures against Soil Liquefaction, August 15-17, Seattle
Washington, Multidisciplinary Center for Earthquake Engineering Research, Technical Report,
MCEER-99-0019, November 19, 1999.

Aerial Photographs

Agency Date Flight No. Photo Nos.
GTI July 29, 1990 41-44, 49-51, 54-60
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GTI November 26, 1969 15 37a BU, 37b BU
USDA 1953 AXN-8M 82 and 84
GTI November 25, 1969 15 37a BU, 37b BU




APPENDIX B

SITE PHOTOGRAPHS




PHOTO NO. 1
Areas of water-loving plants in narthern bluff section,

PHOTO NO. 2

Ponded water east of tracks, northern section.




PHOTO NO. 3
Erosional gulley near tracks, northem section.

PHOTO NO. 4
View north from the central section. Mote wide beach, soil cement buttress, and areas of dense vegetation.




PHOTO NO. 5
Close proximity of tracks to bluff top, northem section.

PHOTO NO. &
Wall supporting tracks, northemn section.




PHOTO NO. 7

PHOTO NO. 8
Wooden seawall, northern section. Mote resistant layer at base of bluff.




PHOTO NO. 9
Dense vegetation on bluff. Note resistant basal layer in foreground.

PHOTO NO. 10

Resistant unit at base of bluff, dense vegetation above.




PHOTO NO. 11
View of flat shore platform in central bluff section.

PHOTO NO. 12

Haorizontal shore platform in central bluff section. Note wooden pilings from 1885 "Natatorium”.




PHOTO NO. 13
Erosional gulley in central section resulting from concentrated surface runoff.

PHOTO NO. 14
Erosion along footpath to beach.




PHOTO NO. 15
Erosion caused by bluff seepage; red sand generated from erosion of terrace deposits.

PHOTO NO. 16
Evidence of ponding on east side of tracks in central bluff section.




PHOTO NO. 17
Localized area of notching in central section of bluff,

PHOTO NO. 18

Fost construction erosion at base and side of structure in southem section of bluff. Post construction erosion
measured at 16 to 18 inches.




PHOTO NO. 19
View of southern section. Note slight embayment.

o

PHOTO NO. 20
Geologist standing on level shore platfarm,




PHOTO NO. 21

View of southern section. Note how beach forms partial embayment.

PHOTO NO. 22
iew from central section to the south.




PHOTO NO. 23
Debris resulting from block fall from upper section. Note seepage at base of terace deposits.

PHOTO NO. 24

View of bluff at southem end of central section. Note lack of vegetation to the south.




PHOTO NO. 25
View of 8-inch CMP subdrain discharging water at bluff top.

PHOTO NO. 26
Typical weathering of exposed bedrock (Delmar Formation).
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PHOTO NO. 27
Storm drain discharging to east side of tracks in southem section.

PHOTO NO. 28
Concrete drainage ditch in southern section. Note seepage at weep holes.
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PHOTO NO. 29
Failure in upper portion of bluff.

PHOTO NO. 30

Bowl-shaped erosion in southern section, caused by now remaved storm drain. Note that erosion stopped at resistant
layer that extends acrass base of bluff,




PHOTO NO. 31
— Storm drain discharging at top of bluff MP 244.7. Qutlet structure requires upgrading and repair.
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PHOTO NO. 32

Eluff south of Anderson Canyon in southern section. Note resistant layer at base of bluff.
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PHOTO NO. 41
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RISK PRIORTITY




Risk Matrix Table Y ear 2000 Table No. 10
# Location Track Bluff Distance Distance Projection Estimated Bluff Geologic Existing Foot Seepage Over Other Existing Total Risk
(Mile Post) Elev. Top from Track from Track 10 feet W of Retreat Unit Failures Traffic Steepened Improvements Risk Ranking
Elev. to Bluff Top to Bluff Toe Track to Toe Rate on Bluff Face Area Rank
(ft) (ft) (ft) R (ft) R | (tyear) | R R R R R R R R | SR's
A.C. layer at
1 244.15 44.5 35 85 120 311 0.5 3 | Qbp/Td None None 1 [Minor None 1 top of bluff | -2 12 Low
2 244.20 47.0 49 20 4 55 1.3:1 4 0.5 Qbp/Td Moderate | 3 |None 1 [Moderate | 3 |Moderate 3 24 High
Mid slope
244.25 48.5 47 35 75 1.5:1 0.5 Qbp/Td Minor 2 [None 1 [Moderate | 3 |At Toe 4 wall 0 23 High
244.28 50.0 48 35 4 70 1.4:1 0.5 Af/Td Minor None 1 [Moderate Minor 22 High
Moderate
5 244.32 52.5 50 18 65 1.1:1 5 0.5 Af 4 |None None 1 [None 1 [Erosion Seawall 0 23 High
6 244.36 54.5 52 20 4 70 1.1:1 5 0.5 Qbp/Td Major 4 |None 1 |Heavy 5 |Moderate 3 28 High
SD.
7 244.40 56.0 55 12 5 70 1.3:1 4 0.5 3 Af 4 |Erosion 3 |None 1 [Moderate | 3 |Moderate 3 |wall at track| -3 [Seawall 0 23 High
Af (sail
8 244.45 59.0 55 10 5 80 1.4:1 4 0.5 3 | cement) | 1 |None 1 |None 1 [None 1 [None 1 Seawall 0 17 Med
9 244.47 60.0 56 30 4 80 1.4:1 4 0.5 3 | Qbp/Td | 3 [Major 5 |Heavy 4 |Heavy 5 [Major 5 33 High
10 24454 61.0 73 80 2 115 1.6:1 3 0.5 3 | Qbp/Td | 3 [Minor 2 [None 1 [Moderate | 3 |Moderate 3 20 Med
11 244.60 62.0 78 60 3 115 1.6:1 3 0.5 3 | Qbp/Td | 3 [Minor 2 |None 1 [Moderate | 3 [Moderate 3 21 High
12 244.67 63.0 73 80 2 130 2.2:1 1 0.5 3 | Qbp/Td | 3 [Minor 2 [None 1 [Moderate | 3 |Moderate 3 18 Med
Storm Drain
Discharge on
13 244.70 64.0 59 65 3 115 3.2:1 1 0.5 3 | Qbp/Td | 3 [Minor 2 [Minor 2 |Heavy 5 |Storm Drain 3 [Top of Bluff 3 25 High
14 244.75 64.5 59 30 80 1311 4 0.5 Qbp/Td | 3 [Moderate | 3 |Moderate Minor Minor 24 High
15 244.78 65.0 60 30 90 1.7:1 0.5 Af None Minor None None Soldier Piles| 0 |Wall at toe 0 19 Med
16 244.80 65.0 59 40 105 1.7:1 0.5 Qbp/Td Minor Minor Minor Minor 20 Med
17 244.85 66.0 58 70 140 2.6:1 0.5 Qbp/Td Minor None Moderate Moderate 19 Med
Erosional Drain
18 244.90 66.0 59 85 2 160 2.9:1 1 0.5 3 | Qbp/Td | 3 [None 1 |Minor 2 |Minor 2 |Moderate 3 |Gully 2 |removed 0 19 Med
Sub Drain
19 244.97 67.0 60 100 2 150 2.6:1 1 0.5 3 | Qbp/Td | 3 [Minor 2 |None 1 |[Minor 2 [Moderate 3 [Outlet 2 19 Med
20 245.04 67.0 60 75 3 118 2.1:1 1 0.5 3 | Qbp/Td | 3 [Minor 2 [None 1 [Minor 2 |Moderate 3 18 Med
21 245.11 65.0 60 80 2 125 2.1:1 1 0.5 3 | Qbp/Td | 3 [Minor 2 [None 1 [Minor 2 |Minor 2 16 Med
22 245.15 64.0 61 50 2 115 2.1:1 1 0.5 3 Af 4 |None 1 |None 1 [None 1 [None 1 Seawall 0 14 Med
23 245,19 63.0 61 50 3 105 1.8:1 2 0.5 3 | Qbp/Td | 3 [Moderate | 3 [None 1 [Minor 2 [Moderate 3 20 Med
24 245.25 59.0 56 27 4 80 1.6:1 3 0.5 3 | Qbp/Td | 3 |Moderate | 3 [None 1 |Minor 2 |Moderate 3 22 High
25 245.36 53.0 52 15 5 63 0.9:1 5 0.5 3 Af 4 [None 1 [Moderate | 3 |None 1 |None 1 Seawall 0 23 High
26 245.39 52.0 51 45 3 95 2.0:1 1 0.5 3 Td 2 |None 1 |None 1 [None 1 |Minor 2 14 Low
27 245.50 50.0 50 40 3 120 2.1:1 1 0.5 3 Td 2 |None 1 |None 1 [None 1 |Minor 2 14 Low
28 245.60 48.0 48 50 3 150 3.0:1 1 0.5 3 Td 2 |None 1 |None 1 [None 1 |Minor 2 14 Low
Risk Ranking
0-15 Low
16-20 Medium
R = Risk Ranking (1-5), Higher Number Indicates Increased Risk >20 High

Lowest Possible Score = 9



Risk Matrix Table Y ear 2020 Table No. 11
# Location Track Bluff Distance Distance Projection Estimated Bl uff Geologic Existing Foot Seepage Over Other Existing Total Risk
(Mile Post) Elev. Top from Track from Track 10 feet W of Retreat Unit Failures Traffic Seepened Improvements Risk Ranking
Elev. to Bluff Top* | to Bluff Toe* Track to Toe * Rate on Bluff Face Area Rank
(ft) (ft) (ft) R (0 R| (uyear) |[R R R R R R R R | SR's
A.C. layer at
1 244.15 44.5 35 75 2 110 2.9:1 1 0.5 3 | Qbp/Td None None 1 [Minor None 1 top of bluff | -2 12 Low
2 244.20 47.0 49 10 5 45 1.1:1 5 0.5 Qbp/Td Moderate | 3 |None 1 [Moderate | 3 |Moderate | 3 26 High
Mid slope
244.25 48.5 47 25 65 131 0.5 Qbp/Td Minor 2 [None 1 [Moderate AtToe 4 wall 0 24 High
244.28 50.0 48 25 4 60 1.2:1 0.5 Af/Td Minor None 1 [Moderate Minor 22 High
Moderate
5 244.32 52.5 50 8 5 55 0.9:1 5 0.5 Af 4 |None None 1 [None 1 [Erosion Seawall 0 23 High
6 244.36 54.5 52 10 60 0.9:1 0.5 Qbp/Td Major 4 |None 1 |Heavy 5 |Moderate | 3 29 High
SD.
7 244.40 56.0 55 2 5 60 1.1:1 5 0.5 3 Af 4 |Erosion 3 |None 1 [Moderate | 3 |Moderate | 3 |Wall attrack | -3 |Seawall 0 24 High
Af (soil No lateral support
8 244.45 59.0 55 0 5 70 1.2:1 4 0.5 3 | cement) | 1 |None 1 |None 1 [None 1 [None 1 |@track 5 |Seawall 0 22 High
9 244.47 60.0 56 20 5 70 1.2:1 4 0.5 3 | Qbp/Td | 3 [Major 5 |Heavy 4 |Heavy 5 [Major 5 34 High
10 24454 61.0 73 70 2 105 1.4:1 4 0.5 3 | Qbp/Td | 3 [Minor 2 [None 1 [Moderate | 3 |Moderate | 3 21 High
11 244.60 62.0 78 50 3 105 141 4 0.5 3 | Qbp/Td | 3 [Minor 2 |None 1 |Moderate | 3 |[Moderate | 3 22 High
12 244.67 63.0 73 70 2 120 2.0:1 2 0.5 3 | Qbp/Td | 3 [Minor 2 [None 1 [Moderate | 3 |Moderate | 3 19 Med
Storm Drain
Discharge on Top
13 244.70 64.0 59 55 3 105 3.0:1 0.5 3 | Qbp/Td | 3 [Minor 2 [Minor 2 |Heavy 5 |StormDrain | 3 |[of Bluff 3 25 High
14 244.75 64.5 59 20 70 1.1:1 5 0.5 Qbp/Td | 3 [Moderate Moderate Minor Minor 26 High
15 244.78 65.0 60 20 80 1.5:1 0.5 Af None Minor None None Soldier Piles | 0 [Wall at toe 0 20 Med
16 244.80 65.0 59 30 95 1.5:1 0.5 Qbp/Td Minor Minor Minor Minor 21 High
17 244.85 66.0 58 60 3 130 241 0.5 Qbp/Td Minor None Moderate Moderate 19 Med
Erosional Drain
18 244.90 66.0 59 70 2 150 2.7:1 1 0.5 3 | Qbp/Td | 3 [None 1 |Minor 2 |Minor 2 |Moderate | 3 |Gully 2 |removed 0 19 Med
Sub Drain
19 244.97 67.0 60 90 2 140 2.4:1 1 0.5 3 | Qbp/Td | 3 [Minor 2 |None 1 [Minor 2 [Moderate | 3 |Outlet 2 19 Med
20 245.04 67.0 60 65 3 108 1.9:1 2 0.5 3 | Qbp/Td | 3 [Minor 2 [None 1 [Minor 2 |Moderate | 3 19 Med
21 245.11 65.0 60 70 3 115 1.9:1 2 0.5 3 | Qbp/Td | 3 [Minor 2 [None 1 [Minor 2 |Minor 2 18 Med
22 245.15 64.0 61 40 3 105 1.9:1 2 0.5 3 Af 4 |None 1 |None 1 [None 1 [None 1 Seawall 0 16 Med
23 245.19 63.0 61 40 3 95 1.6:1 3 0.5 3 | Qbp/Td | 3 [Moderate | 3 [None 1 [Minor 2 |Moderate | 3 21 High
24 245.25 59.0 56 17 5 70 1.4:1 4 0.5 3 | Qbp/Td | 3 |Moderate | 3 [None 1 |Minor 2 |Moderate | 3 24 High
25 245.36 53.0 52 5 5 53 0.7:1 5 0.5 3 Af 4 [None 1 [Moderate | 3 |None 1 |None 1 Seawall 0 23 High
26 245.39 52.0 51 35 4 85 1.8:1 3 0.5 3 Td 2 |None 1 |None 1 [None 1 |Minor 2 17 Med
27 245,50 50.0 50 30 4 110 1.9:1 2 0.5 3 Td 2 |None 1 |None 1 [None 1 |Minor 2 16 Low
28 245.60 48.0 48 40 3 140 2.8:1 1 0.5 3 Td 2 |None 1 |None 1 [None 1 |Minor 2 14 Low
* Note: Matrix Assumed 10 Feet of Additional Bluff Retreat by Y ear 2020
Risk Ranking
0-15 Low
16-20 Medium
R = Risk Ranking (1-5), Higher Number Indicates Increased Risk >20 High

Lowest Possible Score = 9



WEEFR

LOW RISK HIGH RISK

; low bluff height; Minimal track setback on top; oversteepened at toe; moderate slope failures; mid—slope seepage; track bed
issues at north end support extends beyond toe; area of previous landsliding; existing sea walls inadequate for large waves
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