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BEACON’S BEACH ACCESS RECONSTRUCTION PROJECT
ENCINITAS, CALIFORNIA
AECOM Project No. 60539890

Dear Mr. Magdosku:

As requested, this report provides AECOM Technical Services, Inc.’s (AECOM’s) summary
assessment of the existing landslide at Beacon’s Beach. Recognizing the hazard posed by the
existing landslide conditions, we understand the City of Encinitas (City) desires to go forward
with the proposed beach access reconstruction project as soon as possible. Therefore the City is
considering an emergency CEQA exemption per CEQA 15269 (c). According to the City, a
primary issue for the CEQA emergency exemption is whether the landslide presents a "clear and
imminent danger demanding immediate action."

Our supplemental geotechnical report (dated May 30, 2018) provides additional information for
the current site conditions with updated geologic assessments and geotechnical evaluations of the
coastal bluff and landslide. Based on our updated stability analyses, the landslide and upper bluff
are only marginally stable, i.e., the site factors of safety are low; this condition has been apparent
for some time as previously reported (URS, 2003). However, the current site conditions have
become increasingly more precarious with further decreased geologic stability as a result of
several decades of erosion and landslide movements. It should be recognized that natural,
ongoing coastal erosion and the seismic setting of the site present risks that could trigger
instability in the short term. Therefore, in our opinion, the CEQA exemption conditions are valid
and appropriate, as summarized below.

1) The collapse of the bluff could cause damage to life, health, or property.

A potentially deep landslide as a result of renewed movement of the existing landslide, or
slumping of the upper bluff could encroach into the westerly portion of the parking lot. The top
section of the trail presents a safety hazard due to slumping that could occur in the oversteepened
upper bluff. Landslide movements or slumping of the upper bluff could cause damage to vehicles
or harm to people occupying the western edge of the parking lot and cause bluff materials to
topple onto people using the access trail.

2) The existing conditions on the project site involve a clear and imminent danger that
demands immediate action to prevent or mitigate the loss of, or damage to life, health,
property, or essential public services.
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Two events are potentially hazardous: namely: 1) minor earthquake shaking and 2) continued
upper bluff erosion. These events present the risk of renewed landslide movement and instability
of the upper bluff that could occur in the short term, as described below.

Renewed Landslide Movement

Based on engineering analyses and monitoring of the landslide over the years, earthquake
shaking is believed to be a likely landslide failure trigger. Slope stability analyses were
performed on the same cross sections provided previously (URS, 2003) using updated
topography; locations of the sections are shown on Figure 1*. Factors of safety were analyzed for
potential deep landsliding and for upper bluff instability.

The analyses indicate the upper bluff is only marginally stable (factor of safety at or less than
1.1) for “static” (without seismic shaking) conditions with potential failures extending to the top
of the bluff’. The potential deep landslide (i.e., landslide movement involving a deeper portion of
the bluff beyond the active landslide) is also marginally stable, with factors of safety ranging
between 1.04 (at Section D-D’) and 1.25 (Section C-C’, where the existing landslide is deeper).
Table 1 summarizes the stability analyses.

Table 1. Summary of Stability Analyses

Factor of Safety, F.S.
Cross-Section Analysis Conditions Static Pseudo-static
D-D’ Existing conditions, upper bluff stability 1.05 0.77
D-D’ Existing conditions with a B.P.S. failure 1.04 0.74
c-Cc’ Existing conditions, upper bluff stability 1.10 0.80
c-C’ Existing conditions with a B.P.S. failure 1.25 0.90
B-B’ Existing conditions, upper bluff stability 1.10 0.81
B-B’ Existing conditions with a B.P.S. failure 1.10 0.79
A-A Existing conditions, upper bluff stability 0.99 Not analyzed
A-A Existing conditions with a B.P.S. failure 124 0.99
Notes:
a. A seismic coefficient of K, = 0.18g (1/2 of the design earthquake peak ground acceleration)
was selected for pseudo-static analyses according to procedures outlined by the U.S.
Department of Transportation Federal Highway Administration (FHWA, 2011) using the
maximum probable earthquake.
b. “B.P.S” refers to “bedding plane shear” the same failure plane as at the Beacon’s Landslide
and landsides just south of Beacon’s. (URS, 2003).

! Graphic depictions of the slope stability models, including subsurface geology, groundwater and material properties are
shown on Figures A-1 through A- 15 in Attachment A. The background for development of the stability sections is provided in
AECOM'’s 2018 updated geotechnical report.

2 A factor of safety greater than one generally implies a stable slope, failure of which should not occur assuming the slope is
undisturbed. A factor of safety of 1.5 for static conditions is commonly used in practice.
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Pseudo-static stability analyses (i.e., analyses considering seismic shaking) were performed to
evaluate the effects of potential seismic shaking. The previous seismic hazard assessment (URS,
2003) indicated the expected level of peak ground acceleration associated with about a 10
percent probability of being exceeded in a 50-year period is estimated to be 0.36g>. As shown on
Table 1, using this approach, all of the factors of safety for the maximum probable earthquake
are well below 1.0.

Seismic shaking at relatively low levels (i.e., lower than the maximum probable earthquake)
could also create instability. Additional pseudo-static stability analyses were also performed to
estimate the minimum “threshold” level of seismic shaking that would trigger instability. Those
analyses indicate that relatively low seismic shaking as low as 0.24g or less would produce a
factor of safety of 1.0 (indicating incipient failure). Seismic shaking at relatively low levels could
originate from moderate earthquakes on nearby faults, or a more distant large earthquake.
Moderate earthquakes occur more frequently than large earthquakes.

The system of active faults comprising the continental border land offshore from Beacon’s
Beach is an active tectonic setting capable of moderate to large earthquakes. The 1986
“Oceanside” earthquake (M5.5) was felt strongly along the North County coastline, but the
earthquake epicenter was far enough offshore to not cause significant damage along the coast.
Given the site seismic setting, earthquake shaking could occur at any time. Relatively low
seismic shaking levels could cause the landslide to be reactivated, or the upper bluff to fail

Upper Bluff Instability

The upper bluff at Beacon’s Beach is a landslide headscarp that will erode and flatten with time
and could slump even without renewed movement of the deeper landslide. Due to the
headscarp’s very steep inclination, upper bluff instability poses a hazard to persons using the
existing beach access trail. Upper bluff instability could also damage the parking lot, vehicles in
the lot, and harm people in the lot.

To help evaluate the risk of instability due to erosion, site topographic data bases were compiled
from surveys in 2002 and repeated in 2017. Figure 2 is a comparison of the 2002 and 2017
topography for the site with the data sets compiled as overlays. The topographic analysis
indicates negative changes in ground elevations (i.e., the ground surface has lowered;
representing erosion), shown as varying shades of red. Areas of with positive elevation change
(the ground surface has gone up) have received subaerial eroded sediment derived from the
headscarp (shown in blue). Areas with only small topographic changes, estimated at less than 0.5
feet are shown in green. Labels are shown on the figure for increased clarity.

The topographic analysis indicates, over the past 15 years the upper bluff slope, i.e., the landslide
headscarp, has eroded landward between 4 and 5 feet above and below the beach access trail, and
more than 10 feet below the north portion of the parking lot*. The subaerial (non-marine) erosion
rate of the terrace deposits (which underlie and form the oversteepened head scarp slope) ranges

® A 10 percent probability of being exceeded in a 50-year period is a typical seismic design consideration in building
codes, in this case the seismic shaking level is also considered the “maximum probable earthquake”.

“The erosion indicated for the past 15 years is a minimum amount inasmuch as detailed site topography is not
available for the time frame prior to 2002 (the landslide occurred in 1982/83).
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between 0.3 feet per year (about 4-inches per year) and more than 1-foot per year near the upper
northerly switch back of the beach access trail. The landslide materials have accumulated a
several foot thickness of loose eroded/sloughed sandy material derived from the landslide head
scarp.

Some amount of elevation change is due
to regrading to maintain the trail.
According to the City, minor sloughing of
the slope just below the top switchback
has temporarily closed the trail and
required the path to be regraded (notched)
several feet landward. The uppermost
portion of the trail (just below the highest
switch back) has been built up several feet
with fill soil to create a relatively uniform
grade (indicated by blue contours, Figure
2). In effect, the upper trail is maintained
with a thin fill slope placed along the edge
of the naturally eroded, partially man-
made cut made along the over steepened
landslide head scarp (see photo at right).

It will be difficult to keep the trail open at
the top section with continuing natural
erosion and slope sloughing (URS letter ©
to CCC dated February 16, 2016).
Sections of the trail are also becoming
increasingly unstable due to the increased
accumulation of loose, sloughed material Iy A [
upslope of the trail. Tension cracks have ‘( /'»)| Photo taken January, 2016.
been recently observed within these Ll O e S
materials after rain (AECOM, 2017).

The average erosion rate measured at the site over the past 15 years is likely to continue in the
short term. Above average weather and/or wave conditions could easily accelerate the average
erosion rate. The upper bluff slope can only accommodate minor additional erosion induced
steepening until either: 1) the currently over steepened landslide headscarp (below the trail)
becomes vertical and collapses, 2) slumping occurs along the crest of the headscarp (above the
trail), or 3) the terrace deposits supporting the trail erode and the trail becomes impassable. In
each case, the top section of the trail currently presents a safety hazard where it traverses the
oversteepened landslide headscarp.

The current landslide conditions and over steepened upper bluff present a clear and imminent
danger that demands immediate action to prevent loss of, or damage to life, health, property, or
essential public services, i.e., public beach access.
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3) The project would mitigate an emergency situation that has a high probability of
occurring in the short-term.

The existing Beacon’s Landslide was an emergency situation creating an unstable geologic
landform that was never mitigated for public beach access. The current site conditions at
Beacon’s have become increasingly more precarious with further decreased geologic stability as
a result of erosion and landslide movements over the past 35 years. The marginally stable site
conditions have worsened from the site instability initiated by the unexpected landslide
movement in the early 1980’s. Ongoing coastal bluff erosion and instability at Beacon’s Beach,
like similar coastal settings tend to be episodic and can occur in response to waves, rainfall,
and/or progressive weathering with steepening of the slope. These naturally recurring conditions
are almost certain to happen in the short term. Based on over 15 years of site monitoring,
continued average erosion that will further degrade the upper bluff has a high probability of
occurring in the short term.

Landslide movements and bluff instability can occur in the short term and are difficult to monitor
and predict in the coastal setting. The proposed beach access reconstruction project will increase
the parking lot-bluff setback distance, avoid the over steepened landslide headscarp and will
stabilize a small portion of the existing landslide. Therefore the project will mitigate an
emergency situation that has a high probability of occurring in the short-term.

We appreciate providing this assessment of the existing landslide at Beacon’s Beach.
Sincerely,

AECOM Technical Services, Inc.

David L. Schug, C.E.G. 1212 Steven M. Fitzwilliam, G.E. 2501
Senior Principal Engineering Geologist Principal Geotechnical Engineer
Attachments

Figure 1 Site Plan and Geologic Map
Figure 2 Erosion Assessment (2002-2017)
Attachment A- Stability Sections

U:\Projects\City of Encinitas\60539890_Beacons Beach_Access Reconstruction\400-Technical\418 Geotechnical\CEQA Exemption\Beacons
CEQA Landslide Assessment AECOM 7-5-2018.docx



APPENDIX A - Geotechnical Report

A=COM
Coastal Bluff and Landslide Stability

July 5, 2018
Page 6

References

AECOM, 2017 Update Geologic Reconnaissance, Proposed Beacon’s Beach Access, Encinitas,
California, prepared for City of Encinitas, AECOM Project No. 60539890.

AECOM 2018, Supplemental Geotechnical Report, Beacon’s Beach Access Reconstruction
Project, Encintas, CA, prepared for City of Encinitas, AECOM Project No. 60539890,
dated May 30, 2018.

Schug, D.L., 2012, “The Beacon’s Beach Landslide” in Waiting for Tsunami: Coastal Hazards of
Northern San Diego County, California. Editor: C. Gomes, ed. San Diego Association of
Geologists, September.

URS, 2003 Geotechnical Investigation, Beacon’s Beach Access, Encinitas, CA, prepared for
Schmidt Design Group, Inc., Project No. 27644559.00001.

URS 2014. Update Geotechnical Feasibility Study Beacon’s Beach Access, Encinitas, CA.
Report prepared for City of Encinitas.

URS 2016. Additional Geotechnical Considerations: Responses to California Coastal
Commission, Proposed Beacon’s Beach Access, Encinitas, California. Letter prepared for
Lisa Rudloff, City of Encinitas dated February 16, 2016.

Woodward-Clyde, 1990 Geotechnical Feasibility Study, Beacon’s Beach Access, Leucadia State
Beach, prepared for City of Encinitas, Community Services Department, Project No.
9051220D-GEO1

U:\Projects\City of Encinitas\60539890_Beacons Beach_Access Reconstruction\400-Technical\418 Geotechnical\CEQA Exemption\Beacons
CEQA Landslide Assessment AECOM 7-5-2018.docx



LEGEND

INDICATES APPROXIMATE
4 LOCATION OF TEST BORING
(URS, 2003)

¢ INDICATES APPROXIMATE
LOCATION OF TEST BORING

WITH INCLINOMETER AND
PIEZOMETER (URS, 2003)

-‘} INDICATES APPROXIMATE
LOCATION OF MONITORING WELL

(URS, 2003)

INDICATES APPROXIMATE
LOCATION OF SLOPE
MONITORING POINT (URS, 2003)

INDICATES APPROXIMATE
LOCATION OF TEST PIT

XISTING BEACH ACCESS T =g : 55 INDICATES APPROXIMATE
: LOCATION OF PREVIOUS TEST

BORING (WCC, 1986)

INDICATES APPROXIMATE
LOCATION OF GEOLOGIC CROSS
SECTION (URS, 2003)
INDICATES BEDDING STRIKE AND
B-4 DIP
INDICATES APPROXIMATE
LOCATION OF BLUFF EDGE

INDICATES GEOLOGIC CONTACT
APPROXIMATE BOUNDARY OF

T \ LANDSLIDE LOBE
R LOOSE TALUS : A W
it g (Ardath Shale) (Ardath Shale) m APPROXIMATE LIMITS,

= & e BEACH SAND
\ Qls APPROXIMATE LIMITS, ACTIVE
LEUCADIA BEACH LANDSLIDE
STATE PARK BOUNDARY
Qt INDICATES QUATERNARY
TERRACE DEPOSITS
T INDICATES TERTIARY ARDATH
da SHALE
/// OVERSTEEPENED NEAR VERTICAL
HEADSCARP
®ecee BLUFF TOP SETBACK
g e TOPOGRAPHIC MAP SOURCE: Right—Of-Way
J LU Engineering, 2017.

SITE PLAN AND GEOLOGIC MAP
BEACON'S BEACH ACCESS RECONSTRUCTION PROJECT
ENCINITAS, CALIFORNIA

=COM 20 0 20 40 | CHECKED BY: DLS | DATE: 3-21-2018 | FiG. NO:
A— SCALE: 1°= 40° PM: DLS | PROJ. NO: 60539890 1

U:\Projects\City of Encinitas\60539890_Beacons Beach_Access Reconstruction\900—-Work\910-CAD\25—Sketches\60539890—-C—~EXHB—ABCD SECTIONS_DR edits.dwg Mar 21, 2018 - 11:44am



AutoCAD SHX Text
W

AutoCAD SHX Text
A

AutoCAD SHX Text
A

AutoCAD SHX Text
B

AutoCAD SHX Text
C

AutoCAD SHX Text
D

AutoCAD SHX Text
B

AutoCAD SHX Text
C

AutoCAD SHX Text
D

AutoCAD SHX Text
NEPTUNE AVENUE

AutoCAD SHX Text
GV

AutoCAD SHX Text
GV

AutoCAD SHX Text
WV

AutoCAD SHX Text
G

AutoCAD SHX Text
G

AutoCAD SHX Text
G

AutoCAD SHX Text
G

AutoCAD SHX Text
G

AutoCAD SHX Text
G

AutoCAD SHX Text
G

AutoCAD SHX Text
G

AutoCAD SHX Text
G

AutoCAD SHX Text
G

AutoCAD SHX Text
VAULT

AutoCAD SHX Text
W

AutoCAD SHX Text
W

AutoCAD SHX Text
W

AutoCAD SHX Text
W

AutoCAD SHX Text
W

AutoCAD SHX Text
W

AutoCAD SHX Text
W

AutoCAD SHX Text
W

AutoCAD SHX Text
W

AutoCAD SHX Text
W

AutoCAD SHX Text
NUT EL=94.37'

AutoCAD SHX Text
0

AutoCAD SHX Text
PM:

AutoCAD SHX Text
CHECKED BY:

AutoCAD SHX Text
DATE:

AutoCAD SHX Text
PROJ. NO:

AutoCAD SHX Text
FIG. NO:

AutoCAD SHX Text
20

AutoCAD SHX Text
20

AutoCAD SHX Text
  40

AutoCAD SHX Text
SCALE:  1"= 40'

AutoCAD SHX Text
3-21-2018

AutoCAD SHX Text
DLS

AutoCAD SHX Text
DLS

AutoCAD SHX Text
60539890

AutoCAD SHX Text
TOPOGRAPHIC MAP SOURCE:  Right-Of-Way Engineering, 2017.

AutoCAD SHX Text
INDICATES APPROXIMATE

AutoCAD SHX Text
LOCATION OF TEST BORING

AutoCAD SHX Text
(URS, 2003)

AutoCAD SHX Text
INDICATES APPROXIMATE

AutoCAD SHX Text
LOCATION OF TEST BORING

AutoCAD SHX Text
WITH INCLINOMETER AND

AutoCAD SHX Text
PIEZOMETER (URS, 2003)

AutoCAD SHX Text
INDICATES APPROXIMATE

AutoCAD SHX Text
LOCATION OF MONITORING WELL

AutoCAD SHX Text
(URS, 2003)

AutoCAD SHX Text
INDICATES APPROXIMATE

AutoCAD SHX Text
LOCATION OF SLOPE

AutoCAD SHX Text
MONITORING POINT (URS, 2003)

AutoCAD SHX Text
INDICATES APPROXIMATE

AutoCAD SHX Text
LOCATION OF TEST PIT

AutoCAD SHX Text
INDICATES APPROXIMATE

AutoCAD SHX Text
LOCATION OF PREVIOUS TEST

AutoCAD SHX Text
BORING (WCC, 1986)

AutoCAD SHX Text
INDICATES APPROXIMATE

AutoCAD SHX Text
LOCATION OF GEOLOGIC CROSS

AutoCAD SHX Text
SECTION (URS, 2003)

AutoCAD SHX Text
INDICATES BEDDING STRIKE AND

AutoCAD SHX Text
DIP

AutoCAD SHX Text
INDICATES APPROXIMATE

AutoCAD SHX Text
LOCATION OF BLUFF EDGE

AutoCAD SHX Text
INDICATES GEOLOGIC CONTACT

AutoCAD SHX Text
APPROXIMATE BOUNDARY OF

AutoCAD SHX Text
LANDSLIDE LOBE

AutoCAD SHX Text
APPROXIMATE LIMITS,

AutoCAD SHX Text
BEACH SAND

AutoCAD SHX Text
APPROXIMATE LIMITS, ACTIVE

AutoCAD SHX Text
LANDSLIDE

AutoCAD SHX Text
INDICATES QUATERNARY

AutoCAD SHX Text
TERRACE DEPOSITS

AutoCAD SHX Text
INDICATES TERTIARY ARDATH

AutoCAD SHX Text
SHALE

AutoCAD SHX Text
OVERSTEEPENED NEAR VERTICAL

AutoCAD SHX Text
HEADSCARP

AutoCAD SHX Text
BLUFF TOP SETBACK


¥ 3 gl
- 5 - : .
w | i — — F———
) il .
=z ] =) = i
- : N
| fak 3 b ; ¥
‘&'.l- "“- Ul A -
!- : . , ) =
m-=1k
St
m—— y
T e, .- M
T e g _4
—4 -5
= = +2 n —4
-5
+3 : = 2] —b
+2
_10 - s +2
+3
% B ~ K 2
5 3 : -
' — = = —4
< viar - i ‘:g‘ = o
# . i
&/ N\ 3 —2 - 1 5 v ) L ¥
vafe l'l‘m.'h ; z e S X 4 = = Wi X
. 1 o i o | [ 7
2 Iy = 13 e =1\ - =
bor = o ‘Lt L ;’!‘ * =7 Fign i . o =
b= = ) X " 2T = s r) — E - £ = b = X o ¥ : e :
; ek - - f ur 5 ; = - ==
e v T — i el S N
T s B ~ 2] =
* - — e -
= % #r r -
i 3 -
o] -
F__F = a4 2
il 100 Sl N

P ' L - LI e
#P'P'ENBH - ocutlcurintar RCpult

== e
e
AN
&
-3
+2
't -3
-2 fa
-t "I-. - .1- - 0,
. L
oy - ) >
=g -
3 s ]
.
- L

e
e
£ Contours Table (feet)
o ___l Number | Minimum Elevation | Maximum Elevation | Color
. 1 —14.231 -12.500 [ |
2 -12.500 —11.500 [ ]
3 -11.500 -10.500 [ |
< 4 -10.500 -9.500 [ |
: 5 -9.500 —8.500 | ]
6 -8.500 ~7.500 [ |
7 —7.500 —6.500 [ |
8 —6.500 —5.500 B
9 ~5.500 —4.500 [ |
10 -4.500 -3.500 [ |
1 —3.500 —2.500 [ |
12 -2.500 -1.500 [ |
13 -1.500 -0.500 [ |
14 -0.500 0.500 [ |
15 0.500 1.500 [ |
: 16 1.500 2.500 B
17 2.500 3.500 [ |
] 18 3.500 4.500 [ ]
19 4.500 5.500 [ |
2 20 5.500 6.113 [ ]
! Pl
s i =
_;1 i g TN
2 . =
i 4 e
= LY
1! .
XN
Jot A
a e

TOPOGRAPHIC MAP SOURCE: Right—Of-Way Engineering, 2017.

LEGEND

/

e
—

T

EROSION BOUNDARY
LANDSLIDE LIMITS
BLUFF EDGE (2002)

EROSION ASSESSMENT (2002-2017)

BEACON'S BEACH ACCESS RECONSTRUCTION PROJECT
ENCINITAS, CALIFORNIA

A=COM

20 Q 20
SCALE:

40 FT | CHECKED BY: DS | DATE: 05-15-2018

PM: DL | PROJ. NO: 60539890

17= 40

FIG. NO:

2

U:\Projects\City of Encinitas\60539890_Beacons Beach_Access Reconstruction\900-Work\310—-CAD\25-Sketches\60539890—-C—EXHB—CUT FILL CONTOURS.dwg

Apr 04, 2018 - 12:23pm




APPENDIX A - Geotechnical Report

A=COM i
Coastal Bluff and Landslide Stability

June 20, 2018
Page 7

Attachment A- Stability Sections
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3 [] Weathered Ardath Shale
125 — 7 0.768 & Clayey B.P.S. (within the existing slide) — 1125
ks ® ] Clayey B.P.S. (beyond the existing slide)
> _ ] Unweathered Ardath Shale
g Name: Terrace Deposits (] Sloughed Material
00— i Unit W.elglht: 110 pcf 1 100
< ' ton > Co_he3|on: 100 psf
Phi': 33 °
Name: Sloughed Material
S Unit Weight: 125 pcf 7
Cohesion': 0 psf
Phi: 33 ° Name: Landslide Deposits
0 | Name: Weathered Ardath Shale Unit Weight: 110 pcf g
Unit Weight: 133 pcf Cohesion'": 100 psf
CEES i AL [ Phi 33 ° Name: Beach Sand
__P_h'_l:_?’_?’_o ________ Unit Weight: 125 pcf
25 Cohesion': 0 psf — 25
Phi: 33 °
4
ol Name: CI%yey B.P.S. (beyond the existing slide) _ - Rivinndededededes 0
Unit Weight: 125 pcf Name. Qlayey B.P.S. (within the existing slide)
Cohesion": 0 psf Unit W.elght: 125 pcf
Phi" 14 ° Name: Unweathered Ardath Shale Cohesion': 0 psf
s | Unit Weight: 133 pcf Phi: 8 ° i
Cohesion': 57,600 psf
0 | | | | | | | | | | | 0
0 25 50 75 100 125 150 175 200 225 250 275 300

Horizontal Distance (feet) Figure A-3



Elevation (feet, MSL)

0 25 50 75 275 300
175 ‘ ‘ ‘ ‘ 175
Section D-D', B.P.S. Failure
Existing Conditions (2017 Topo) N
150 — Input — 150
X
<
=
Q
i . .
125 — n ~ | Materials — 125
o ¢ P [J Beach Sand
g Name: Terrace Deposits.- \ > o Landslide Deposits
100 W Unit Weight: 110 pcf - < ] Terrace Deposits 100
o S Cohesion': 100 psf I - ~ ) < (] Weathered Ardath _Shale o - o
<40 ft—— Phi" 33 ° e . ~| @ Clayey B.P.S. (within the existing slide)
- N S ] Clayey B.P.S. (beyond the existing slide
] Bedrock
Name: Sloughed Material-. .
75 . — 75
Unit Weight: 125 pcf ] Sloughed Material
Cohesion': 0 psf _ _
Phi" 33 ° Name: Landslide Deposits
sl Name: Weathered Ardath Shale N\, Unit Weight: 110 pcf 5
Unit Weight: 133 pcf Cohesion': 100 psf
CENESE 100[2S) Phi': 33 ° Name: Beach Sand
‘ _f)fl_ff ______________________ Unit Weight: 125 pcf
25 Cohesion': 0 psf —1 25
Phi: 33 °
ol Name: C%yey B.P.S. (beyond the eX|st|ngsI|de) """" - ) I
Unit Weight: 125 pcf Name: C_:Iayey B.P.S. (within the existing slide)
Cohesion": 0 psf Unit Welght: 125 pcf
Phi": 14 ° Cohesion'": 0 psf
' Name: Unweathered Ardath Shale Phi" 8 °
25 1 Unit Weight: 133 pcf o IR
Cohesion': 57,600 psf
0l | | | | | | | | | | | |
0 25 50 75 100 125 150 175 200 225 250 275 300
Horizontal Distance (feet) Figure A-4



Elevation (feet, MSL)

0 25 50 75 100 275 300
175 ‘ ‘ ‘ ‘ ‘ 175
Section D-D', B.P.S. Failure
Existing Conditions (2017 Topo)
150 | Static Case — 1150
X
©
=
q) /
-c .
125 — n Materials —1 125
8 ] Beach Sand
S Name: Terrace Deposits M Landslide Deposits
Y Unit Weight: 110 pcf L] Terrace Deposits
100, — Cohesion”: 100 psf [ Weathered Ardath Shale —| 100
<401t Phi" 33 ° Clayey B.P.S. (within the existing slide)
) O] Clayey B.P.S. (beyond the existing slide)
: | Bedrock
75 | Name: Sloughed Materia [] Sloughed Material —1 75
Unit Weight: 125 pcf
Cohesion': 0 psf . .
Phi": 33 ° Name: Landslide Deposits
50 | Name: Weathered Ar Unit Weight: 110 pcf 150
Unit Weight: 133 pcf Cohesion': 100 psf
gﬁi'?_e?fg’[‘ - L0 p Phi": 33 © Name: Beach Sand
e Unit Weight: 125 pcf
25 Cohesion": 0 psf — 2
Phi": 33 °
: : : : : : : lllllllllllllllllll ) - een.am \
N4 T .
0 Name: Clayey B.P.S. (beyond the existing slide) L A 0
Unit Weight: 125 pcf Name: C.:Iayfay B.P.S. (within the existing slide)
Cohesion': 0 psf Unit W.elght. 125 pcf
Phi": 14 ° Cohesion': 0 psf
’ Name: Unweathered Ardath Shale Phi": 8 °
25 Unit Weight: 133 pcf R
Cohesion': 57,600 psf
50 | | | | | | | | | | | 50
0 25 50 75 100 125 150 175 200 225 250 275 300

Horizontal Distance (feet)

Figure A-5
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0 25 50 75 100 275 300
175 | | | | | 175
Section D-D', B.P.S. Failure
Existing Conditions (2017 Topo)
Pseudo-Static Case
150 ™~ Horizontal Seismic Coefficient: 0.18 — 150
3
=
(]
© .
125 |— n Materials — 125
o [] Beach Sand
= Name: Terrace Deposits Landslide Deposits
W Unit Weight: 110 pcf ] Terrace Deposits
100, — S [] Weathered Ardath Shale — 100
— Cohesion': 100 psf . - .
— <401t Phi" 33 ° @ Clayey B.P.S. (within the existing slide)
) ' ] Clayey B.P.S. (beyond the existing slide
= _ [ Bedrock
= 7B Name: Sloughed Material [ Sloughed Material — 75
% Unit Weight: 125 pcf
N Cohesion'": 0 psf
c Phi": 33 ° Name: Landslide Deposits
O gy | Name:Weathered Ardat Unit Weight: 110 pcf 50
?E Unit Weight: 133 pcf Cohesion’; 100 psf
Cohesion': 100 psf i“33°
Q Phi" 33 ° . Phi': 33 Name: Beach Sand
L e aaa Unit Weight: 125 pcf
25 Cohesion': 0 psf — 25
Phi': 33 °
\1/ : : : : .: :.: : : ! LN D O R N R RO D N R R R N B B | i& - encn.am.
o |- Name: Clayey B.P.S. (beyond the existing slide) - T 0
Unit Weight: 125 pcf Name: Clayey B.P.S. (within the existing slide)
Phi": 14 ° Cohesion': 0 psf
Name: Unweathered Ardath Shale Phi": 8 °
25 Unit Weight: 133 pcf —1-%5
Cohesion'": 57,600 psf
50 | | | | | | | | | | | 50
0 25 50 75 100 125 150 175 200 225 250 275 300

Horizontal Distance (feet) Figure A-6
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0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340
180 180
| | | | | | | | | | | | | | | |

Section C-C'
160 | :Ems'ilng Conditions (2017 Topo) Materials | 160
npu [ ] Beach Sand
X M Landslide Deposits
140 — g [ ] Terrace Deposits — 140
2 [ ] Weathered Ardath Shale
%) _] Clayey B.P.S. (beyond the existing slide)
120 |— 5 L] Unweathered Ardath Shale 1 120
S
iy
100 — 100
Name: Terrace Deposits
Unit Weight: 110 pcf
80 I Cohesion': 100 psf — 80
Phi: 33 °
60 |— Name: Landslide Deposits — 60
Name: Weathered Ardath Shale Unit Weight: 110 pcfp
Unit Weight: 133 pcf Cohesion’: 100 psf
I Ic:’:r(:i'h'e3silio‘?: 100 et Phi 33 © Name: Beach Sand %
Unit Weight: 125 pcf
20 ‘f Cohesion": 0 psf — 20
1 Phi’; 33 °
0 \\Na.me: C;Iayey B.P.S. (beyond the existing slide) Nerrer Unineen ne e AR B el —— - jo
Unit Weight: 125 pef Unit Weight: 133 pcf
CoPesm:m: ot Cohesion': 57,600 psf
o R | | | | | | | | | | | | 0
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340
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Figure A-7
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120 140 160 180 200 220 240 260 280 300 320 340
180
| | | | | | | | | | | | | | |
Section C-C'
Existing Conditions (2017 Topo) Materials 160
Static Case (] Beach Sand
« Landslide Deposits
- c_g L] Terrace Deposits 140
@) [] Weathered Ardath Shale
& 1081 [T Clayey B.P.S. (beyond the existing slide)
. S [ [] Unweathered Ardath Shale 120
S
ie]
w
— : LLi 100
< 80 ft > Name: Terrace Deposits
Unit Weight: 110 pcf
— Cohesion': 100 psf 80
Phi': 33 °
T i e Al S Name: Landslide Deposits 60
Ua_m\‘/*\} _ ‘;a_ gg fr ath shale Unit Weight: 110 pcf
g _elg i pc Cohesion'": 100 psf
— Cohesion': 100 psf Phi 33 ° 40
Phi": 33 ° : Name: Beach Sand
Unit Weight: 125 pcf
Cohesion'": 0 psf 20
Phi": 33 °
|~ Name: Clayey B.P.S. (beyond the existing slide) N [estieres] AR T e e 0
Unit Weight: 125 pcf Unit Weight: 133 pcf
Cohesion’: 0 psf Cohfzsion‘: 57,600 psf
Phi:14° | | | | | | | | | | | | 20
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Horizontal Distance (feet)

Figure A-9

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340
180
Secti(\m oo | | | | | | | | | | | | | | |
Existing Conditions (2017 Topo) .
. Material
— Pseudo-Static Case s — 160
Horizontal Seismic Coefficient: 0.18 ] Beach Sand
« B Landslide Deposits
— Tg [] Terrace Deposits — 140
@) 1 Weathered Ardath Shale
& 0.802 [T Clayey B.P.S. (beyond the existing slide)
. S [ [] Unweathered Ardath Shale 1 120
S
©
w
[ : + — 100
< 80 ft > Name: Terrace Deposits
Unit Weight: 110 pcf
— Cohesion': 100 psf — 80
Phi: 33 °
[ (et W] Aol Sl Name: Landslide Deposits — 60
Ua_rt“\‘f\} _ i";‘ gg fr ath shale Unit Weight: 110 pcf
n _elg ’ pC Cohesion": 100 psf
[ Cohesion': 100 psf Phi 33 ° —1 40
Phi": 33 ° : Name: Beach Sand
Unit Weight: 125 pcf
[ ‘l : Cohesion': 0 psf —1 20
] Phi 33 °
|\ Name: Clayey B.P.S. (beyond the existing slide) Name: Unweathered Arda 0
Unit Weight: 125 pcf Unit Weight: 133 pcf
Cohesion’: 0 psf Cohesion': 57,600 psf
Phi:[14 ° \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ 20
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340
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0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340
180 180
| | | | | | | | | | | | | | | |

Section C-C' w/ B.P.S. Failure
160 :Emsilng Conditions (2017 Topo) Materials 1160
npu
P [] Beach Sand
x M Landslide Deposits
140 — g [ Terrace Deposits —1 140
9 [] Weathered Ardath Shale
) . [] Clayey B.P.S. (beyond the existing slide)
120 | 5 P [1 Unweathered Ardath Shale. 1 120
(] /\/\;f/\x\f\%\?\/\\;f{\;\ ~
=] = Xxf\xf\/\%\\//\/\/\}: —~ >
5 e —
L T TS T T
100 oo TS T — 100
~ ~ S >
Name: Terrace Deposits —
Unit Weight: 110 pcf
80 | — Cohesion'": 100 psf — 80
N\ Phi:33°
60 | — N et A S Name: Landslide Deposits — 60
Ua_rt“\‘j\} _ i‘i‘tgg fr ath Shale Unit Weight: 110 pcf
n .elg ’ pC Cohesion": 100 psf
40 | Cohesion': 100 psf Phi" 33 ° — 40
Phi 33 ° - Name: Beach Sand
Unit Weight: 125 pcf
20 ! Cohesion': 0 psf 1920
) Phi: 33 °
NName: Clayey B.P.S. (beyond the existing slide) * ° INalmel: Ulnvvlea:[helre NTET Shle e jo
Unit V\{elqht. 125 pcf Unit Weight: 133 pcf
Cohesion': 0 psf o
phij14° | | | | Cohgslon* 57,600 pst, | | | | | | |
-20 - % -20
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340
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Figure A-10
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Figure A-11

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340
180
| | | | | | | | | | | | | | | |
Section C-C' w/ B.P.S. Failure
| Existing Conditions (2017 Topo) Materials —1 160
Static Case ] Beach Sand
o M Landslide Deposits
- IS [ ] Terrace Deposits — 140
% [] Weathered Ardath Shale
& [ Clayey B.P.S. (beyond the existing slide)
- 5 [J Unweathered Ardath Shale. 1120
S
©
L
| — 100
< 80 ft
Unit Weight: 110 pcf
— Cohesion': 100 psf — 80
Phi': 33 °
— Name: Landslide Deposits — 60
Name: Weathered Ardath Shale Unit Weight: 110 pcf
Unit Weight: 133 pcf Cohesion': 100 psf
| Co.hesmn: 100 psf Phi: 33 ° N . Beach Sand — 40
Phi: 33 ° ame: Beach San
Unit Weight: 125 pcf
Cohesion'": 0 psf 120
Phi': 33 °
——t O
N P . T (] v v v v v N ——
|\ Name: Clayey B.P.S. (beyond the existing slide) Nares Urncaheee) AeET Sk 0
Unit Weight: 125 pcf Unit Weight: 133 pcf
Cohesmn -0 psf Cohf—,-sion': 57,600 psf
Phi:[14° | \ \ \ \ \ \ \ | | | | | | 20
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Horizontal Distance (feet)

Figure A-12

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340
180
| | | | | | | | | | | | | | | |
Section C-C' w/ B.P.S. Failure
Existing Coqdmons (2017 Topo) Materials 160
Pseudo-Static Case
Horizontal Seismic Coefficient: 0.18 [l BeachSand
X M Landslide Deposits
— g [] Terrace Deposits — 140
2 [] Weathered Ardath Shale
» [ Clayey B.P.S. (beyond the existing slide)
— kS ] Unweathered Ardath Shale. 1120
S
©
w
— 100
Name: Terrace Deposits
Unit Weight: 110 pcf
[ Cohesion': 100 psf — 80
Phi': 33 °
I (s e AT Name: Landslide Deposits — 60
Ua.rtn\(/a\} . (::':_ 1(;r3e fr a Unit Weight: 110 pcf
! _elg ’ pe Cohesion': 100 psf
L Cohesion'": 100 psf Phi 33 © —1 40
Phi': 33 ° ' Name: Beach Sand
Unit Weight: 125 pcf
- ! \ Cohesion'": 0 psf — 20
; Phi: 33 °
D D e H ) ' ' ' ' ' ' ' “b
|\ Name: Clayey B.P.S. (beyond the existing slide) Name: Unweathered Ardath Shale 0
Unitieight: 125 pef Unit Weight: 133 pcf
Cohesnon 0 el Cohf—,-sion': 57,600 psf
Phizl14° | | | | | | | | | | | | | | 20
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340
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60 80 100 120 140 160 180 200 220 240 260 280 300 320 340
180 ] | | | | | | | | | | | | | | | 180
Section B-B'
Existing Conditions (2017 Topo)
160 — Input — 160
=
S
140 — = — 140
[}
S
n
120 — o Name: Existing Fill _ — 120
2  Unit Weight: 125 pcf Materials
100 L Cohesion': 0 psf [ ] Beach Sand 100
le« 75751 ‘I;\ Phi 32°  Name: Terrace Deposits E lé?(?s?isr:idiiﬁeposns
"N Unit Weight: 110 pcf 9 .
_ hesion" | Terrace Deposits
80 | Co_| esion- 100 psf [] Weathered Ardath Shale — 80
3 Phi: 33 [ Clayey B.P.S. (beyond the existing slide)
Name: Landslide Deposits [ ] Unweathered Ardath Shale
60 |— N - N s eyt D Unit Weight: 110 pcf — 60
ame: Clayey B.P. . (beyond the existing slide) Cohesion”: 100 psf
Unit Weight: 125 pcf Phi" 33 °
40 | Cohesion': 0 psf . Name: Beach Sand — 40
Phi 14 ° k\ Unit Weight: 125 pcf
} v Cohesion': 0 psf
20 Phi': 33 ° —1 20
1 / Name: Weathered Ardath Shale _— =
0 Unit Weight: 133 pcf Name: Unweathered Ardath Shale
Cohesion': 100 psf Unit Weight: 133 pcf
| | I?hi': 88 °‘ | | | Cohe‘sion': 57[600 psf | | | | | | |
-20 4 -20
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340
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0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340
10 | | | | | | | | | | | | | | | | 160
Section B-B’
Existing Conditions (2017 Topo)
160 ™ gstatic case — 160
=
L [ _
140 S 140
S
& ‘1.107
120 — S Name: Existing Fill _ — 120
-UE,J” Unit Weight: 125 pcf Materials
« 7575 L Ph|': 32 ° Name: Terrace Depoglts _ Lands“de .DepOSI'[S
Unit Weight: 110 pcf L Existing Fill
.lh- cohesion” 100 nsf [] Terrace Deposits
80 |— A P [J Weathered Ardath Shale — 80
Phi': 33 ] Clayey B.P.S. (beyond the existing slide)
Name: Landslide Deposits 1 Unweathered Ardath Shale
60— N .l BPS. (b dth st lid Unit Weight: 110 pcf — 60
ame. _ayey .P.S. (beyond the existing slide) Cohesion': 100 psf
Unit Weight: 125 pcf Phi" 33 ©
40 | Cohesion': 0 psf ' Name: Beach Sand 140
Phi" 14 ° ‘\ Unit Weight: 125 pcf
v, Cohesion'": 0 psf
20 = Phi: 33 ° —1 20
/ Name: Weathered Ardath Shale § !
o = Unit Weight: 133 pcf Name: Unweathered Ardath Shale =~~~ ------=========
Cohesion': 100 psf Unit Weight: 133 pcf
Phi': 33 ° Cohesion': 57,600 psf
20 | | | | | | | | | | | | | | | | 20
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0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340
180
Secti(‘)n BB | | | | | | | | | | | | | | |
Existing Conditions (2017 Topo)
— Pseudo-Static Case — 160
Horizontal Seismic Coefficient: 0.18
=
— g — 140
= 0.813
e o
— o Name: Existing Fill _ — 120
2 Unit Weight: 125 pcf Materials
A L Cohesion": 0 pSf [ ] Beach Sand ! 100
< 75.75ft L Phi: 32°  Name: Terrace Deposits m Landslide Deposits
Unit Weight: 110 pcf ) Existing Fill
L .Ib» Cohesion': 100 psf | Terrace Deposits _]
. ['] Weathered Ardath Shale 80
Phi': 33 ° [ Clayey B.P.S. (beyond the existing slide)
Name: Landslide Deposits L] Unweathered Ardath Shale
— . _ Unit Weight: 110 pcf — 60
Name: C_:Iayey B.P.S. (beyond the existing slide Cohesion': 100 psf
Unit Weight: 125 pcf Phi- 33 ° _
| Cohesion": 0 psf Name: Beach Sand 1 a0
Phi" 14 ° ‘\ Unit Weight: 125 pcf
v Cohesion'": 0 psf
| Phi': 33 ° —120
/ Name: Weathered Ardath Shale y
E Unit Weight: 133 pcf Name: Unweathered Ardath Shale - -—---—==——=ecc======
Cohesion': 100 psf Unit Weight: 133 pcf
Phi': 33 ° Cohesion': 57,600 psf
| | | | | | | | | | | | | | | | 20
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0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340
10 | | | | | | | | | | | | | | | | 10
Section B-B' w/ B.P.S. Failure
Existing Conditions (2017 Topo)
160 — |nput — 160
=
L ® |
140 g 140
(]
S
@)
120 — “qo: Name: Existi — 120
_L%n Unit Weigﬁt. Materials
100M Cohesion": 0 pS N D Beach Sand | 100
" Phi"32°  Name: M Landslide Deposits
. [ Existing Fill
S [ Terrace Deposits
80 | Co.i'w-esmf + 100 st [J Weathered Ardath Shale — 80
Phi: 33 I Clayey B.P.S. (beyond the existing slide)
Name: Landslide Deposits [J Unweathered Ardath Shale
60 |— NI e I Unit Weight: 110 pcf — 60
ame. _ayey .P.S. (beyond the existing slide) Cohesion': 100 psf
Unit Weight: 125 pcf  am o
. Phi": 33 Nam
40 |- Cohesion': 0 psf _ —1 40
Phi" 14 ° Unit Weight: 125 pcf
Cohesion'": 0 psf
20 Phi': 33 ° —1 20
/ Name: Weathered Ardath Shale _— " — ‘
0 Unit Weight: 133 pcf Name: Unweathered Ardath Shale i
Cohesion': 100 psf Unit Weight: 133 pcf
Phi': 33 ° Cohesion': 57,600 psf
0l | | | | | | | | | | | | | | | | |
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0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340
150 | | | | | | | | | | | | | | | | 150
Section B-B' w/ B.P.S. Failure
Existing Conditions (2017 Topo)
160 I static Case — 160
=
L ® |
140 g 140
[
S
n
(] .
100 Cohesion: 0 p [] Beach Sand | 100
o Phi=32°  Name: B Landslide Deposits
' ] Existing Fill
L] Terrace Deposits
80 |— S [] Weathered Ardath Shale — 80
Phi": 33 _ [ Clayey B.P.S. (beyond the existing slide)
Name: Landslide Deposits [] Unweathered Ardath Shale
60 — - S T o Unit Weight: 110 pcf — 60
Name. C_:ayey B.P.S. (beyond the € Cohesion’: 100 psf
Unit Weight: 125 pcf Qg o
) Phi': 33 Nam
40 |— Cohesion": O psf : _ — 40
Phi" 14 ° Unit Weight: 125 pcf
Cohesion': 0 psf
20 Phi: 33 ° —120
Name: Weathered Ardath Shale
0| Unit Weight: 133 pcf Name: Unweathered Ardath Shale ~ — ~ === === ===s========
Cohesion': 100 psf Unit Weight: 133 pcf
Phi': 33 © Cohesion': 57,600 psf
20 | | | | | | | | | | | | | | | | 20
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Figure 15

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340
180
Sectic‘:n B-B'V\‘//B.P.S.‘Failure | | | | | | | | | | | | |
Existing Conditions (2017 Topo)
— Pseudo-Static Case — 160
Horizontal Seismic Coefficient: 0.18
=
— g — 140
3
n
- 5 iy — 120
_Cé’a Unit Wei ‘ Materials
' /Cohesion’: 0 [] Beach Sand | 100
575 1 Phi: 32 © n Landslide Deposits
L] Existing Fill
[ Terrace Deposits
— [] Weathered Ardath Shale — 80
[ Clayey B.P.S. (beyond the existing slide)
Name: Landslide Deposits 1 Unweathered Ardath Shale
* _ Unit Weight: 110 pcf — 60
Name. C_:Iayey B.P.S. (beyond th Cohesion': 100 psf
Unit Weight: 125 pcf Phi 33 °
- Cohesion": O psf : Nam 40
Phi" 14 ° Unit Weight: 125 pcf
Cohesion': 0 psf
. Phi': 33 ° — 20
Name: Weathered Ardath Shale )
- Unit Weight: 133 pcf Name: Unweathered Ardath Shale ~— ~  ~ ~ -~~~ TTTss==== sesee=== 0
Cohesion': 100 psf Unit Weight: 133 pcf
Phi': 33 © Cohesion': 57,600 psf
| | | | | | | N | | | | | | | | 20
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