Portuguese Bend Landslide Mitigation Project
City Council Meeting
December 17, 2019
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: ydrology study and engineering design
for drcunage and dewatering (Hydraugers).

®* Two outreach meetings were held on May 29, 2019 and October 7, 2019.

®* Hydrology study and design efforts were coordinated with PVPLC, IMAC Landflow
Subcommittee, and the City Council Subcommittee and incorporated the feedback from
residents who attended the outreach meetings, and the design efforts are complete
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ote: Staff is NOT requesting the City Council to approve the

roject for construction at this time.
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City Council Meeting
Portuguese Bend Landslide Complex
Water Balance and Hydrology

City of Rancho Palos Verdes, California

Daniel B. Stephens & Associates, Inc.
December 17, 2019




Hydrologic Analysis Objectives
Understand and Quantify Watershed

* Characterize
-precipitation
-irrigation
-stormwater flowpaths

* Map Stormwater Flowpaths

* Map Stormwater Recharge

* Calculate Groundwater Recharge

* Calculate Groundwater Balance
(input and output)
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Topographic Analysis
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* Delineate watershed
boundary, drainage network, & B
and impounded areas * @6 gy 25

* Primary flow paths
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Watershed Sitewalks

Inset A

* Upper canyon soil samples i

* April - May 2019

* Irrigation practices &5 ’ Yo

----------

* Dewatering wells B e
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« Surface water flowpaths acer
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Watershed characteristics e
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Impoundments/Fonding Areas

Site Features and Observations



Aerial Survey for Fractures




Watershed Model
Surface Water Runoff

ft/yr

in high-flow areas

Approx 20 ac
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Runoff

15.0 - 23.5




Watershed Model
Groundwater Recharge

Deep Percolation (in/yr)

0.00 - 1.00

1.00-2.00
2.00-5.00

5.00 - 10.00
10.00 - 25.00
25.00 - 50.00

85 ac-ft/yr in model (average)

ft/yr at impoundments

+28 ac-

50.00 - 100.00
100.00 - 119.40

 1.4-2.9inches per year percolation

* Approx 100 inches per year in some

* Highest in drainage channels and at

impoundments




Watershed Model - Groundwater Recharge 2009 - 2018

Acre-feet

er year
pery § oo < Impoundments
I < Watershed Area
2009 2014

2013




Groundwater Balance

Range (ac-ft/yr)

Precipitation recharge

Irrigation recharge

Septic systems

Flow from Altamira Complex

Total

Pumping for dewatering

Subsurface flow to Ocean

Total




Summary

Stormwater and Recharge mapped
High stormwater runoff in lower Paint
Brush Canyon along Peppertree Trail
Groundwater Recharge

<30 ac-ft/yr in drier years

>200 ac-ft/yr in the wettest years
Groundwater Recharge highest in lower
drainage channels, at impoundments, and
in fractures
Most groundwater recharge from deep
percolation of precipitation
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Site Location

Portuguese Bend Landslide
Complex (magenta outline)

PBLC Key figures:

« 240 acres

« 38 million cubic yards

 Moving up to 11 ft per year

e $640k+ annual maintenance
(PVDS roadway)

« $500k+ annual maintenance
(sewer forcemain)
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Causes of Movement

To be addressed by proposed mitigation

/1. Perched water above slip\
surface (upper zone)

Ocean

Pressurized water below
Movement f f T ? W ‘\ \ \ slip surface (lower zone)j

Weak soil along slip surface

N

W

Direction

Schematic cross-section 4. Erosion at landslide toe
through landslide
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Effects of Movement

R R Unsafe traffic
== 1 conditions Forcemain
= ~ T Eee L < ST T , continuous
o R - — gk maintenance
e k

A
> »

Disconnected | SASS

drainage lines

Roadway
continuous
repaving

Looking east along Palos Verdes Drive South

Geo-Logic
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Phased Mitigation Approach

1. Fracture Infill
Reduce perched

> water recharge

2. Surface Water Improvements (Upper zone)

-

. Reduce existing
3. Groundwater Pressure Relief water pressure

(lower zone)
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Fracture Infill - Key Issues

Surface fracture

expression:
Example
fractures | Grol:mdwater
Fractures rec a}rge
intersect | * Impaired

Drone photo, late spring 2018, east side of landslide

emergency vehicle
access

Slip / trip / fall
hazard

Geo:-Logic
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Fracture Infill — Design ODbjectives

1. ldentify candidate fracture areas
2. Evaluate fracture dimensions

3. Seal fractures using flowable slurry
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Surface Water - Key |

Example
erosion
feature

Recurrent erosion

Geo-Logic
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Surface Water — Design Objectives

1. Minimize habitat impact
2. Minimize erosion - engineered swales

3. Minimize infiltration -> impervious lining
(flow reduction area only)

4. Minimize cost - refurbish existing facilities &
work with existing terrain
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Surface Water Improvements

T — - — oo oo — o
N ’ . R CANYON ! CAN
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Surface Water — Engineered Swales

— VEGETATION

/

SRS NA844 Hy
(L LT ERTY — TOPSOIL/

L Y SILT DEPOSIT
L f F L

~
[ 3% ~— GEOCELL WITH
GRAVEL INFILL
GEOTEXTILE —/
UNDER GEOCELL
~— PREPARED
SUBGRADE

“Geocell” - high-strength plastic
. cells with soil / gravel infill

eell eploymnt

(top)
Vegetated geocell channel

Geo-Loglc
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Surface Water — Flow Reduction Area

ladaatata < Vegetation

Protective
Cover Soil
GCL
e Prepared
B Subgrade
Geosynthetic Clay Liner (GCL) Protective soil layer over GCL can be
to minimize infiltration vegetated to minimize habitat impact

Geo-Logic
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Surface Water — Flow Reduction Area

Advantages:

. Environmentally Friendly

. Much less erosion

. Reduction of flow and discharged velocity

Improved water quality
Much less expensive

lternative:

Adding 4 box culverts under PVDS

Upgrade the pipe downstream of PVDS

3. Very expensive; Agency review intensive

4. Very disruptive environmental & road impact
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Groundwater - Key Issues

1. Perched water -
buoyancy effect

Ocean

EEEEEE 2. Confined water -

Movement uplift effect
——-
Direction @ P
Schematic cross-section Both effects reduce

through landslide o .
sliding resistance
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Groundwater — Design ODbjectives

1. “Relieve” artesian
condition down-slope —

2. “Intercept”
recharge up-slope —

3. Numerous successful
applications in CA

-Big Rock Mesa, Malibu (34 hydraugers)
-Paseo Del Mar (San Pedro)

Hydrauger

Existing sform drain
cafch basin

Conveyance Line

ssssssssss 32 geo-logic.com



Groundwater — Horizontal Drains

suasub5(

'...,
R

PdRIUG SE

SEAWARD

“Reheve

NN \LANDSLID7 COMPLEX "

¥ EAST;&ENTRAL

; SUBSL\DE N

BEND

SUBSUDE

* Six possible drain
array locations

* Five drains proposed
per array

LENGTH OF HYDRAUGERS. FILL COLOR DENOTES TYPE OF
PROPOSED HYDRAUGER.

\\ ’// PROPOSED HYDRAUGER ARRAY LOCATION. BOX REPRESENTS
WORK LOCATION, RED LINE REPRESENT DIRECTION AND
’

TYPE OF HYDRAUGER

DIRECTIONAL / GRAVITY FLOW

DIRECTIONAL / PUMP ASSISTED FLOW

HORIZONTAL / GRAVITY FLOW

Geo-Loglc
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Groundwater — Horizontal Drains

LENGTH OF HYDRAUGERS. FILL COLOR DENOTES TYPE OF
PROPOSED HYDRAUGER.

\\ ,// PROPOSED HYDRAUGER ARRAY LOCATION. BOX REPRESENTS
WORK LOCATION, RED LINE REPRESENT DIRECTION AND
N1
AB

TYPE OF HYDRAUGER

* Curved well alignment
« Specialty equipment

DIRECTIONAL / GRAVITY FLOW

. DIRECTIONAL / PUMP ASSISTED FLOW

Straight well alignment
“Conventional” equipment
Cost savings

Geo-Logic
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3D Slope Stability & Seepage Modeling

==  Calculated Slices showing head contours
L piezometric surface

= Computer modeling to
evaluate drains’ effect on
stability

e mStep 1 - seepage model using
desianlocations 0= | Finite Element Method (top)

mStep 2 - slope stability model
using 3D Limit Equilibrium
(bottom)

15
AQ) SVSLOPE
AN 2030 UM EQuILIBRIUM
WP SLOPE STABILITY ANALYSIS
.

Geo-Logic
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Groundwater — Horizontal Drains Sequencing

(1st) Relatively cheap
& easy installation,
but less effective

e “TUGL]#SE BEND'
N ,\LANDSLID7COMPLEX

\]\,

=2 ey ¥ | (2nd) More difficult
¥/ == N4 )] installation, but more
S | effective

Geo-Loglc —
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Metrics for Successful Project

Short-term

1. Installed drains (hydraugers) produce water

2. Reduced water pressure observed at instrumented
locations

Medium-to long-term
1. Slowed movement at GPS monitoring points
2. City observes reduced maintenance costs
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RETETT

Discussio

PORTUGUESE BEND LANDSLIDE COMPLEX MITIGATION MEASURES
oy

OF RANCHQ PALOS VERDES, CAUIFORNA
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