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Portuguese Bend Landslide

Background

The City currently spends between $600,000 to $800,000 per year to maintain a safe,
passable roadway through the Portuguese Bend Landslide Area. This constant repaving
of Palos Verdes Drive South has been going on for approximately 40 years. It's
estimated that this has cost the City approximately $40M. The cause is reactivated
landslides within the greater Ancient Altamira Landslide Complex, which encompasses
over two of the City's roughly fourteen square miles, and moves at rates between
hundredths of an inch per year and tens of feet per year. Regular travelers through the
area are familiar with the frequent need to repair cracks and smooth out the roadway,
and the disruption it brings to daily commutes. Furthermore, they present a

challenge to City Public Works staff who are tasked with maintaining safe access
through this area for the public, and especially in case of emergencies. Los Angeles
County maintains above-grade, pressurized sanitary sewer lines which run through the
landslide and are placed next to an arterial roadway. The pipes need constant
inspection, monitoring and maintenance. These sewer lines are approximately 12
inches in diameter and are located along the roadway next to the ocean.

Solutions

The City sought to develop a comprehensive program that would ultimately result in
stabilizing the extensive landslide complex that exists in the Portuguese Bend area.
The consultant, Daniel B. Stephens and Associates, examined the area firsthand,
reviewed prior studies, and updated the existing feasibility study. A Final Feasibility
Study was presented to the City Council and several remedies were approved by the
City Council to be implemented: subsurface dewatering, storm water control,
engineered slope stabilization measures, and eliminating septic system discharge into
the landslide.

Specifically, the design for the lower portion of the landslide would convey the drainage
runoff to the ocean directly; as well as include groundwater extraction horizontal drains
(hydro-augers). The installation of hydro-augers will provide passive dewatering without
the requirement of surface mounted equipment. Additionally, a hydrologic study and
engineering analysis of the canyons will be performed to identify where, how, and to
what extent the storm water infiltrates into the groundwater in the Portuguese Bend
Landslide Complex.

Currently, the project is in the design phase and there will be a Public Outreach meeting
on May 29, 2019. The City is also negotiating with the City of Rolling Hills to address
and resolve the runoff as well as sanitary sewer effluent generated by septic tanks and
private treatment systems within the City of Rolling Hills which contribute to landslide
movement.
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Survey Report

of the

Portuguese Bend Landslide 2018-2019 Monitoring Surveys

Dated: June 11, 2019, Revised July 9, 2019
: ! for the
City of Rancho Pales Verdes

prepared by
McGee Surveying Consulting

The Portuguese Bend Landslide is monitored on a tri-annual basis beginning with the initial
survey of all current monitoring points at the beginning of the rainy.season in September-
October of each year and two subsequent partial monitoring surveys of a subset of points in
mid-winter and mid- spring. The initial survey is addressed in this Report and the partial
surveys are addressed as Addendums at the end of this Report. The average date of each survey
follows.

Initial Survey - October 10, 2018 Full Monitoring Survey - No. 22
Second Survey - January 29, 2019 Partial Monitoring Survey - No. 23
Third Survey - May 7, 2019 Partial Monitoring Survey - No. 24

INDEX
Page Subject
2 PROJECT OVERVIEW
3 HISTORY o
3 PROJECT DATUMS, REFERENCE SYSTEM
4 FIELD SURVEYS, DATA COLL_ECTION, EQUIPMENT & PROCESSING
6 MONITORING NETWORK AERIAL MAP
6 GNSS NETWORK DIAGRAM
8 MONITORING POINT HISTORY & STATUS

9 ADJUSTMENTS & ANALYSIS

10 ACCURACY
11 QUALITY CONTROL - QUALITY ASSURANCE (QAQC) ANALYSIS

11 SUMMARY
12 RECOMMENDATIONS & SURVEYOR’s STATEMENT

APPENDIX

13- Table of Horizontal and Vertical Movements
14- Aerial Photo of Monitoring Points with Movements and Contours

15- Monitoring Point Status f _
16- Coordinate List for the Oct. 10, 2018 Survey: NAD83 (2007) Epoch 2007.00 Geodetic, Grid, NAVD88

17- ADDENDUM No. 1: Second Survey — January 29, 2019 Partial Monitoring Survey No. 23
17- ADDENDUM No. 2: Third Survey —May 7, 2019 Partial Monitoring Survey No. 24
18- Table of Partial Monitoring Survey Horizontal and Vertical Movements

ATTACHMENT: “PB MOVEMENT DATA POSTING 2007-201 8.10.xlsx” (Overall & Annual Movements)



McGEE SURVEYING CONSULTING

5290 Overpass Road, Ste#107, Santa Barbara, CA 93111

Survey Report
ofthe '
Portuguese Bend Landslide Monitoring Survey
October 10, 2018 Initial Monitoring No. 22
for the
City of Rancho Palos Verdes
Prepared June 11, 2019, Revised July 9, 2019
by
McGee Surveying Consulting

PROJECT OVERVIEW:

McGee Surveying Consulting (MSC) performed a landslide monitoring survey in October 2018, January and
May 2019 at Portuguese Bend on behalf of the City of Rancho Palos Verdes. The City of Rancho Palos Verdes
assumed responsibility for monitoring the Portuguese Bend Landslide Complex circa 1994 from the County of
Los Angeles. The surveys are planned, coordinated and executed by Michael McGee, PLS3945 of MSC who is
responsible for the processing of the observations, network adjustments, analysis and reports.

The survey determined precise positions on an array of monitoring points to assess their periodic movements
and overall movements since the date of establishment. The resulls of the initial Seplember-October survey of
65 points are described in this Report and in the attached annual spreadsheet titled “PB MOVEMENT DATA
POSTING 2007-2018.10 rev.xlsx”. Two subsequent partial monitoring surveys of a sub-set of about 30 points
are conducted in the following winter and spring. The results are reported here as addendums.

The Global Navigalion Satellile Syslem (GNSS) formerly referred to as GPS is used Lo measure posilions of
points because of its high accuracy and cost efficiency. The horizontal and vertical positions of the monitoring
points are based on the North American Datum of 1983 (NAD83) and the North Ametican Vertical Datum of
1988 (NAVD 88). The survey is referenced to physical monuments known as California CGPS (Continuous
GPS) Stations in the region which are permanently mounted GPS and GNSS receivers tracking satellites 24
hours a day for monitoring seismic activity. The CGPS in California are comparable to the national CORS
(Continuously Operated Reference Stations) Network.

The accuracy standard for these surveys follows. Points that move 5 centimeters (0.16 feet or 2 inches) or less
per year are surveyed to meet an accuracy standard of one centimeter (0.033 feet) at the 95% Level of
Confidence. Where the movements are greater, the accuracy standard is two centimeters (0.066 feet) at the 95%
Level of Confidence. Field procedures are designed to accomplish this purpose and Quality Control-Quility
Assurance (QAQC) processes discussed hereafter are incorporated to verify these accuracies are attained.

Prior to September 2007, successive coordinate differences were used by others to compute moveménts;
however, arithmetic differences do not provide statistical information about the relative movement accuracies.
Beginning with the initial survey by MSC in the 2007 survey, field and office procedures were designed to
assure the accuracy and reliability of measurements and provide for queries between epochs that include
statistical information and relative precisions of the reported movements. The temporal movements and
statistical data are based on a rigorous simultaneous least-squares adjustment of multiple observations at two
different epochs.



McGEE SURVEYING CONSULTING

5290 Overpass Road, Ste#107, Santa Barbara, CA 93111

HISTORY

This monitoring survey is a continuation of a program initiated by the County of Los Angeles and taken over by
the City of Rancho Palos Verdes circa 1994. McGee Surveying Consulting has conducted the field surveys and
reporting since September 2007. The monitoring surveys have occurred annually since 2007, semi-annually
since 2012 and three times a year beginning with the September 2014 survey. See the annual Survey Reports on
file with the City Engineering Department commencing in 2007. The present status of monitored points is
provided in the Appendix under "Monitoring Point Status". See the September 2007 Survey Report for a history
of the previous survey process between 1994 and 2007. The historical 1994-2006 positions of all points are
listed in the Charles Abbott Associates Inc. file "ALL POINTS MOST RECENT OBSERVED POSITION AS
OF SEPTEMBER 15, 2006.xls". This file was attached as an electronic file to the 2007 Survey Report.

PROJECT DATUMS, REFERENCE SYSTEM

Horizontal Datum: The North American Datum of 1983 is the horizontal datum as established by the National
Geodetic Survey (NGS) referred to as NAD83 (2007) Epoch 2007.00. The NADS83 (2007) Epoch 2007.00
Adjustment is one of a series of national adjustments of the NADS83 Datum since its adoption in 1986 and is the
realization used for these monitoring surveys beginning in 2007. The positions of the CGPS Stations listed
below were obtained in September 2007 from the California Spatial Reference Center (CSRC). The CSRC
provides California Public Resources Code sanctioned positions for the CGPS Stations. The current national
realization of NADS3 is the 2011 Adjustment published by the NGS and referred to as the NAD83 (2011)
Epoch 2010.00 Adjustment. The CSRC published an updated adjustment of the CGPS stations in California
known as the NAD83(201 1) Epoch 2017.50 Adjustment. However, the above referenced NAD83 (2007) Epoch
2007.00 realization is retained by this survey to be consistent with prior reporting and the primary purpose of
determining relative movements over time since the difference in epochs causes a 4.4 centimeter shift per year.

Reference Network: This survey is referenced to the CGPS Stations PVE3, PVHS, PVRS & VTIS shown and
listed below. For more information see NGS Data Sheets for the PID's listed below and the CSRC website.

CGPS Stations (north up)

J "'?*::'-"wp.__._...___..

=
2
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NADS3 (2007) Epoch 2007.00 - Units: Feet

CGPS Latitude (dms) Longitude (dms) EH (feet) NGS PID NAME

PVE3 33 44 35.853290 -118 24 15.26%036 235.42 None PATOS VERDES CORS
PVHS 33 46 46.020150 -118 22 19.741258 853.99 AJ1915 PENINSULA HIGH SCH
PVRS * 33 46 25.891904 -118 19 14.067218 198.63 AJ1916 PALOS VERDES RES
VTIS 33 42 45.489584 -118 17 37.712290 197.52 AJ1936 MARINE EXCHANGE

* Falls in the proximity of a Fault Line as shown above but appears unaffected to date
Note: Some Stations are occasionally off-line during a monitoring campaign as stated in the reports.

Vertical Datum: The North American Vertical Datum of 1988 (NAVD88) established by the NGS.

Reference Network: CGPS Station VTIS is also a Second Order leveled benchmark and the original basis for
the elevations in this survey. The Elevations of CGPS stations following,.

CGPS __ NAVDB8 Ht. (Feet)

PVE3 235.421 Determined by this Survey based on VTIS and agreeing with NGS BM at Hawthorne & PVDS
PVHS 872.1 Based on a Refined Geoid Model

DPVRS 316.37 Based on Second Order Leveling by CSRC

VTIS 315.26 Based on Second Order Leveling by CSRC and the basis for NAVDB8 for this survey

Geoid Model: Geoid03 was the available model at the time of the initial 2007 survey. The Geoid09 Model
became available from the NGS in 2009 and Geoid12B in 2012; however, Geoid03 is retained to be consistent
with prior reported heights and the primary purpose of determining relative height changes over time.

Projection: Plane coordinates are NAD83 California State Plane Coordinates Zone 5 in US Feet: The State
Plane Coordinate Parameters follow: The average Scale Factor is 1.00007543 and the Height Reduction Factor
based on the average ellipsoid heights is 0.99999092, therefore the average Combined Grid Factor is
1.00006635. Distances in this survey are grid. To obtain ground distances divide grid distances by the above
Combined Grid Factor. Grid bearings resulting from this survey must be rotated by a Convergence Angle to
obtain geodetic (true) bearings. The average convergence angle is -0°12°-30+ (rotate left 0°12°307).

Datum Stability: The City of Rancho Palos Verdes sits on the Pacific Plate which in this vicinity is moving
west-northwesterly relative to the North American Plate about 4.4 centimeters (0. 14 feet) per year. The area
southwesterly of the Fault Lineishown on the above map includes the City and is moving at a near constant rate
as exhibited by the International Terrestrial Reference Frame (ITRF) north, east-and up velocities of the CGPS
Stations obtained from SOPAC and listed below.

ANNUAL VELOCITIES (mtzrs) ANAstzé PERIOD
SITE N E Up START - DATE - END 4
PVE3 0.019 -0.040 -0.000 2000.73 2019.36 ki
PVHS 0.019° <0.040° 0.000 1999,51 2019,36
PVRS 0.019 -0.039 = 0.000 189909 2019.36
VIIS 0.019 =-0.039  -0.001 1998.94 2019.36

These CGPS Stations surroundthe Portuguese Bend Landslide and provide a rigid reference frame from which
to validate the stability of the monitoring network during each survey campaign. See the MSC September 2007
Monitoring Survey Report.and the adjustment esults below for validation of network stability.

FIELD SURVEYS-. B TA COLLECTION, B! . E T & P OCESSING

Two Leica GS15 gad%!etic GNSS nEcexvers/antennas hsted below were mountedion two-meter fixed height poles
to collect satellite signal data. The receivers tracked the Global Nav1gat10n Satefite Sysétems (GNSS) consisting
of Navstar GPS, GLONASS, and Galileo satellites. A calibration of the polesWasieonducted to verify their
heights and plumb are wi in 0.003 feet (1 mm) consistent with prior years. There were 1o equipment failures.

65 monitoring points'were occupied and reposted in this'October 2018 su_rvey, Site photographs and recovery
sheets detailing the tocation, character of the monumerts-and obstructiotis were updated. See the Appendix for

4
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"Monitoring Point Status”. Point AB61, established in September 2007 sits on Portuguese Point above a stable
basalt formation and was used as the primary base station up through October 2018. In January 2019, Point
AB20 became the primary base station because of its central location, secured access and no impact on the eco-
system; however, future surveys will continue to be referenced to AB61 and PVE3 as described herein.

The October 2018 field survey commenced each day by setting a Leica GS15 GNSS receiver in static mode on a
fixed height pole at AB61. A roaming GS15 operating in static mode collected observations on a fixed height

pole at the remaining 64 points.

Points with annual movements less than 5 centimeters were measured with two or more independent
occupations by each roving receiver resulting in a minimum of two vectors to each point from AB61. An
independent occupation means the points were occupied under a different constellation of satellites usually on a
different day. Residuals in the measured vectors within 0.03 feet (1 cm) horizontally are accepted, otherwise
additional measurements are required. Expetience has shown the measurements generally agree less than 0.02
feet. The CGPS stations were connected with nine 2-7 hour observations collected over eight days. Points in the
active areas with annual movements greater than 5 eentimeters were single oceupied by each roving receiver and
a comparison with the linear movements fromyprior years was miade to'verify the measurement accuracy. AB12
was single occupied due to restricted access. AB12 will be replaced with AB70 in the October 2019 Survey.

Trees and foliage that over-shadow points interfere with signals received from satellites and affect the quality of
measurements. Toipbtain the best possible accuracies, the varying satellite constellation is compared with
obstruction diagrargs to estimate the best time for observing the,greatest niimber of satellites. To improve the
accuracy of the meagurements; satellites that are obstructed by trees and foliage are either turned off during the
observation or noted for removal i postsprocessing. Generally, 12 or more un-obstructed satellites are available
supporting a static type:salution based ol 15 minuites of data collection If the satellite geomefry and number of
satellites are insufficient thien the receiver is moved to arother point and returned fater when satellite availability
improves. i " y :

Date of Survey: Mzz'i;agmij 3418 and 10/07-13/18 (thean date 10/10/2018) between®700-1800 PDST (+7 hrs for UTC).

GNSS Survey Parameter ; t s -
Constellation: 31" .NA?SJ;A-R GPS satellites, 24 Russian GLONASS anl (3 Galileo Satellites.
Observables: L1 & L2 Cargier Waves on GPS and GLONASS, and four Cairier Waves on Galileo Satellites
Epoch Rate - Occupation Tires: 15 second epoch rate for 5 migut&ocﬁhp%ﬁhns-.at witonitoring points and nine 2-7 hour
occupations at the base-station AB61. - i ; o 8 ¢ b Ao :
Satellites: 15-24; GROP =< 3; Elevation Mask for'Data Collection af 15° EAEgS AR
Ephemeris: Precise for Static Post-Pracessing of CGPS baseline ¢onnections and Broadcast for onsite baselines.
Weather: Mostly clear skies, tempi@ratiire 66°-75° F; no significant weather. t g
Space Weather: Boulder K Tndex 3-;5‘? ' iﬁ’gm%3 (gauges ionpspheric activity.onascale of 0-9; less than 6 preferred)
Equipment: ¢ % o - : W N et
GNSS Base Receiver Unit Noyi M8, Opst ﬁ?f-M.'McGée_. PLS; 6’§:cupiejd Base Station: A:ﬁ“éﬁ K

Make & Model: LeicaGSI5 with integtated Anfenna; Mount: Fixed Height Pole #1; Antenna Height: 1.801m
GNSS Rover Receiver Unit No.: M9, Opetatot: M. MeGee, PLS " 3

Make & Model: Leica 6515 with integrated Antenna; Mount: Fixed Height Pole #3; Antenna Height; 1.800m

L 2, .

=
{ L et

Rinex files (satellite ﬁbsi_!_"‘_{ﬁﬁbr@'_ i _'__‘Cﬁ}}!ﬁ"sta-ti_qns}i\rere ;__j_o&m!h_g@:&gm' the SOPAT website. Vectors were
processed using Leica [nfitity ¥3.0 poSt pral essing software with Absolute Antennia Models o taingd from the NGS
website. Network adjustments 4id analysis weigperformed with Starnct-PRO” version 9.%.4.7868 Sofiware.
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5290 Overpass Road, Ste#107, Santa Barbara, CA 93111

NETWORK

AB61 is the primary Base Station situated on Portuguese Point a relatively stable location and the focal point of
the network connecting the monitoring points and CGPS Stations. Sixty-five points and four CGPS Stations
were connected with 140 measured vectors. See the following Aerial Network Maps.

The monitoring plan utilizes the CGPS Stations to verify the stability of the reference frame. PVE3 is the
primary CGPS Station used to control this survey. PVE3 is located south of RPV City Hall and 1.8 miles west-
northwest of Base Station AB61. CGPS Stations PVE3, PVRS and VTIS are used to validate the stability of the
network. Note: Some Stations are occasionally off-line during a monitoring campaign as stated in the reports.

CGPS Stations & Monitoring Network (north left)
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MONITORING POINT HISTORY & STATUS

The October 2018 survey is the 22nd Monitoring Survey. For data mapagement purposes during the field survey
and data processing, the pornt names are preﬁxed with a sequential number to distinguish, between monitoring
surveys: For example, on.the 6™ momtormg survey AB61 was named M 16AB61 where M16 indicates the
sequenice numﬁhr since the rm’q;aﬁ‘oi@l Septeraber ZQO’QMogrtormgSurvey The prefix is str1pped in the
“COdRDlNA'EES LIST" and “PQM@VEME DATA P0§TJNG” documents :

¥
2007: Between 1994 and 2006 149 momtorrng pomts were estabhshed totrnomtor the Poriuguese Bend
Landshde.sa' many. of whrch were lost ot destroyed Sixty of the orrgmal points were el overed in 2007. Eight of
the 60 points yvere deleted becauseﬂthey were fear, other pomts better surted for GNSS 'é'ft‘ tlite measurements

leav;n%le ginal poir ‘reportsd: ; Sgpte?rx _erzﬂﬂﬁ*and
Septe “ %& wei'e &5»15‘._ ; % ' 2
time an; ue‘f‘ce } r suited for satellite o 'spw

set and surveyed?m 2@07 and had therr movements reported for the first time in the followmg December 2008
suryey. ¥ ,: &

200 In December. 200& 49 orrgmal and 18 new purnts were: surveyed for a tutaltm 67 momtormb points, In
December it was noted that ABO3. had been disturbed by amowing machme ‘ABOS was found chipped and
[eamng’to southerly about 0.4 ,;l" ‘he movement reportmg fesumed in- 2009 Analy51s of the movement and
hrstorrc data made it'possible.to estrmate the disturbance to wrthrn 0.05". The original 1995 position of A\BOS

was re~referenced Sl4°E 0. 29 to be consrstent thh the drsturbed posmon resultmg in correct overall reported

Ee!’ ZO{}S’ thls surveyﬁ’fdunda ‘Blkfﬁ‘d pﬁ#lwé.[y rgegrblerbrass qap in ﬁenerete -5
N il R RIES869.1956 STA 27IELDS" '831°W.1 48 feet from  the M dPfused by on the
BYS. Si;ﬁaf. em&eprernher 2007 MSE. survey used'the. 1P -;sﬂ@Se,queﬂI_st)}’véys will
ncyf. 'The eriginal 1994 position of KCO1 (brass cap)\was re—referenced to the 1™ [P,
1 by )iu}eht‘as reportet! bfthis survey. i
PB¢ was»s?t east 0@ “‘Range to replace’ PBG?F(set in 2007) whrch had. become unsafe to access
d'y %ﬁﬁﬂm :?;B,ﬁ, sgpoﬂeﬂfar the first l;me in October 2010.
ZU'LQ'gPomts AB03 and BB25 were discontinued. ABO3 is on the edge of a cliff 192 feet west—southwest of
ABG‘f m_cakmg.rt r’éidun'dant-iand BB25 isona freestandrng rock;susceptrble to drsturbance by waveiaetron Inthe
summer of 2010, PB62 was destroyed bt) road,construction. and in Qctober 2010, ‘PB65 was set 24°. south— x
southWest of PBéng locatrof? Land; reported for the first time i Ogtober 2011. The fd'l‘lowmg ‘points may have

been d pr th“e’ 2010 survey: ‘S\Bﬂa appears iﬁ@ve been disturbed by mower machinery,
Aﬁ A »--s- eter’b ven v%‘gg vghicles eccasio abcessntg an adjacen; field;. 'and‘KC 2
GIPin a fster box) is' par n by vehrcl‘es ceessing the beach.

A y
20#[‘ Tn'Oc h.""' new points AB&2 and AB63 (uuﬁ'ally referred‘to as*AB62R and AB63RY Wé eﬁﬁt to replace
AB% and A ﬁ?’wﬁadh were hazaﬁﬁous to occupy die to their locatron neat thertrapﬂgd way. 0 Pa.[os Verde
Drive Sotith 5
2012: In*September prior to mrtratmg the survey ‘erght new monuments ABG4 AB65, AB66, AB67 AB68
CR53 KC17 and’fPB66 “were constructed to replace, AB54, AB18; AB52, AB55, AB15, CR52; KC04 and PB53

les’pe we}v . leolmmenfs were teplaced becauisg of’iador skywisibility exgept for Kdﬂﬂ ‘which #as dlﬁ';ctift

toa swhich was destr 3‘6}* ohillg in'the past.year. Monumems were set with the following
desi “Pomf D&mpno mmn et in soil are 1" X5’ GIP driven flushiand encase in 4
6" F ollar dewn 12:18". N numents set in asphalt are IFB“ X 2 rebar ngen

%m collar enéased i in oiicrete, Points ABIS, ABI8, AB32, / AB54
- : d and reported) “for the tast time, i in 20 12 andxdlsciﬁhnattéd
2013: BBSZ 1S ond freestanédmg rock’ susceptrble to disturbance by‘wave action-and was monitored for the last
time #n October and drsconitmueg"’ ,f ¢ '

2014: In April 31364 was mgnrtored for the lasf trme due to unsafe access conditions and PB67 (a5’ t- bar steel
post. drrven 3 into the ground) was set ‘north- northwesterly about 250" as a replacement and reported for the first
time in September 2014 after 4.5 months whereas all other poinls in the “PB MOVEMENT DATA POSTING”

are reported for 11.5 months since October 2013, In September, AB69 located about 260" NE of AB12 and
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AB70 located about 150° SE of AB12 were set as potential replacements; however, AB69 was destroyed by lot
improvements and AB70 proved to be too obstructed for accurate results.
2015: In April, new points PB68, PB69 and PB70 were set to monitor movements of “Palos Verdes Drive
South” and reported in October. In October, Monitoring Point AB56 was found disturbed by construction and
AB71 (magnetic nail in AC) was set as a temporary replacement. In October, the steel post for PB67 was not
found (removed by others) therefore an inconspicuous %” x 4’ rebar was set flush in its place. Because of the
large movement in this area a more permanent monument is not necessary.
2016: In October, the temporary point set for AB71 in October 2015 was determined to have been destroyed by
road work. AB71 was reset 12° easterly with a 2” screw and brass washer drilled into a granite curb on the south
side of Vanderlip Road. Movement information will be available in the fall of 2017.
KC16 was raised about 0.29’ to the surface of the road by others between the two occupations in October 2016.
2017: Movement of AB71 (replacement for AB56) reported for the first time in October.
2018: KC 14 was raised 0.19’ to the surface of the road by others on 11/15/17. PB25 was deleted from the
monitoring since PB26 nearby provides the similar movement information.
2019: AB12 is difficult to access because it is in a horse corral and on private land. AB70 was set in 2014 as a
future replacement for AB12 in a cul-de-sac at the southeast end of Figtree Road. AB70 is an obstructed site;
however, improvements in receiver technology now make accurate measurements possible; therefore, AB70 was
measured May 20, 2019 and found to be S33-30E 148.26 and 29.1° lower than AB12. The velocity of AB12
over the last 4.2 years was S24W 0.12’ per year and at AB70 was S25W 0.09" per year. AB70 will be

substituted on future surveys.

ADJUSTMENTS & ANALYSIS

Adjustment 1: An adjustment to develop NAD83 (2007) 2007.00 Epoch Latitude, Longitude, Ellipsoid
Heights and State Plane Coordinates. CGPS Station PVE3 was fixed at its published NAD83 (2007) Epoch
2007.00 position listed above in a Minimally Constrained Adjustment to determine positions of points in this
survey and verify its stability relative to other CGPS stations. PVE3 is located 1.8 miles westerly of and outside
the influence of the slide area and has been fixed in all adjustments since 2007. The SOPAC published Time
Series indicates the horizontal and vertical position of PVE3 is stable. The on-site base station(s) and other
operating CGPS Stations are measured relative to PVE3 and used to assess stability of the survey reference
frame. The results are listed in the Coordinate List in the Appendix. Differences between surveys for key points

are listed in the table below in feet.

Original 9/2007 Positions to 10710/2018 10/04/2017 Positions to 10/10/2018

ID dN dE dz ID dN dE dz

ABO1 0.013 -0.084 -0.039 ABO1 -0.002 0.004 -0.096
AB17 -0.025 -0.024 -0.074 ABl17 0.001 -0.010 -0.104
AB61 -0.017 -0.003 -0.008 AB61 -0.008 -0.010 -0.083
CR50 -0.035 -0.017 -0.053 CR50 -0.002 0.004 -0.060
CR51 -0.033 0.006 -0.183 CR51 0.003 -0.001 -0.096
KC1l6 -0.001 -0.004 0.311 KC16 0.013 0.003 -0.070
PVE3 -0.000 -0.000 -0.000 < Fixed PVE3 -0.000 -0.000 -0.000
PVHS -0.004 0.010 -0.000 PVE3RP 0.008 -0.009 0.003
PVRS -0.007 0.023 -0.009 PVHS -0.002 -0.006 0.035
VTIS 0.004 0.001 -0.014 PVRS 0.001 0.006 -0.022

VrIS  0.004 -0.009 -0.014

Comments: There are no significant horizontal differences at the Base Station AB61 compared to the October
2017 and 2007 surveys. Given that PVE3 agrees with AB61 and the other CGPS Stations, the survey reference
frame is deemed stable and successfully recovered. The vertical differences between 2017 and 2018 will have to
be analyzed by the City Geologist; however, this survey included sufficient redundant measurements to assure
the differences reported here with the accuracy requirement. An adjustment constrained to the other CGPS
Stations is not necessary because the purpose here is to track the relative monitoring point movements over time
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and test the stability of the monitoring network reference frame. See the appended “COORDINATE LIST” and
prior Survey Reports for prior years coordinate lists.

Adjustment 2: An adjustment to develop NAVD88 Orthometric Heights (Elevations). The CGPS Station
PVE3 was fixed horizontally at its NAD83 position and vertically at its NAVD88 Height determined in the
September 2007 Survey. The 2007 Height was based on the published 2*¢ Order NAVD88 Height of CGPS
Station VTIS. This Adjustment combines the measured ellipsoid height differences with the NGS Geoid03
Model (models the separation between the ellipsoid and geoid surfaces) to determine the NAVD88 orthometric
heights of the CGPS Stations and monitoring points. See the appended Coordinate List for NAVD88 Heights.

ACCURACY

This survey conforms to the intent of the California Spatial Reference Center and California Lands Surveyors
Association’s “GNSS Surveying Standards and' Specifications, 1.1” (2014) and the Federal Geodetic Control
Subcommittee (FGCS) “Specifications for GPS Relative Positioning” (1988).

Vector Residuals: The vector lengths, two dimensional residuals and the absolute value of the vertical residuals
are listed below in feet. Vectors to single occupied points are excluded to avoid optimistically skewing the
results; however, the statistics given below are applicable to all measurements. Analysis:of residuals resulting
from minimally constrained Adjustment #1 led to the rejection of 10 of 33 vectors connecting the CGPS
Stations to the Base Station and 8 out of 107 on-site vectors connecting the Base Station to Monitoring Points.

Vector Lengths Two Dimensional Residuals Vertical: Residdals (ébsorute)
Network vVary Average Average Std.Dev. Maximum Average Std.Dev. Range
Mon. Pts 13-9396 . 3972 0.009 0.006 0.029 0.008 0.008 -0.034 to +0.024
CGPS 9397-26102 16935 0.010 0.007 0.034 .0.004 0.016 -0.029 to +0.032

Movement Accuracy: The relative movements reported between October 4, 2017 and October 10, 2018 (12.2
months) statistically attained an average accuracy of 0.03 feet at the 95 % Level of Confidence. The actual
accuracy of measurements held to the “one-centimeter standard” are estimated to be less than 0.02 feet as
demonstrated by the vector residuals, repeatability of measurements at points considered stable, and deflection
analysis. Refer to the sections titled ACCURACY and QAQC ANALYSIS in this Report for more information.

As a matter of information, the probability at the 95% level of confidence is that movement (signal) has
occurred at a point when the horizontal distance between two epochs is greater than the 95% Error (noise). No
movement is considered detected unless the movement exceeds the 95% Error for individual points. See the
attached “PB MOVEMENT DATA POSTING 2007-2018.10.xlsx” for the relative movements and the
estimated error at the 95% Level of Confidence for individual points.

NAVDSS8 Heights: The North American Vertical Datum of 1988 orthometric heights resulting from
Adjustment #2 are derived from the difference in ellipsoid heights combiried with the Geoid03 Mode! and
constrained to the NAVD88 height of PVE3. The NAVD88 Height was determined in 2007 based on the second

order orthometric height of CGPS Station VTIS. The relative accuracy of the heights is expected to be 0.03 feet,
or greater at obstructed sites. The absolute accuracy of the heights relative to the datum is dependent on the
published orthometric height on the Station VTIS. Up until October 2011 there were no specific requirements
for vertical accuracies. In October 2011, a 0.03-foot relative vertical accuracy preference was introduced for
points AB17, AB57, CR07, CR50 and CR51. inthe September 2012 and subsequent surveys, the preference
was extended to include all points.
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QUALITY CONTROL - QUALITY ASSURANCE (QAQC) ANALYSIS

To ensure the accuracy and validity of the measurement systems used in these GNSS monitoring surveys, an
independent test was conducted in 2007 using conventional terrestrial based instruments as reported in the
“QAQC ANALYSIS” section of the September 2007 Monitoring Survey Report. Comparing the results of the
GNSS systems with conventional instrumentation found horizontal measurements agreed 0.01 feet on average.
In November 2011, the GNSS instruments and fixed height poles used in this survey were calibrated on the
National Geodetic Survey’s Santa Maria Baseline and found to agree 0.003 to 0.006 feet with the published
distances. In February 2018, the GNSS instruments and fixed height poles were calibrated on the NGS
Camarillo Baseline and found to agree 0.003 feet with the published distances.

To validate the radial survey method used in these surveys to position points from base stations AB61 and/or
AB20, independent GNSS intra-net cross connections were measured and compared with the stand alone
computed inverse distances in the 2007, 2008 and 2009 surveys. The results found the two-dimensional
accuracy to agree 0.01 feet on average, indicating the radial method of measurements is reliable. Therefore, the
additional labor cost of measuring cross connection between points is of no benefit when it comes to the
integrity or accuracy of these surveys. See the “QAQC ANALYSIS” section of the September 2007 and the
December 2008 Monitoring Survey Reports for detailed analysis.

Deflection Analysis is a method established by this surveyor to assess the consistency of the direction of
movements reported from period to period with the overall. Assuming that movements are generally linear, the
separation or the deflection from the overall direction to the present direction is an implication of the accuracy
obtained with these procedures since the expectation is zero (no deflection). Analysis of the individual
movement deflections finds the implied aceuracy varies 0.01 to 0.02 feet:.

SUMMARY

Point movement ranges by landslide zones are listed below in feet:

(AB##) 0.00 te 0.11

(CR##) 0.00 to 0.06

(FT##) 0.02 to 0.12

(KC##) 0.01 to 0.08

(PB##) 0.07 to 1.34 and 3.94 at PB67
(UB02) 0.97

See the Appendix for a graphic of the horizontal movements depicted by 1 and 17 contours.

See the attached " PB MOVEMENT DATA POSTING 2007-2018.10.xlsx " spreadsheet for overall and periodic
movements of each point. The movements are given in north, east and up or down as well as a vector of distance
and direction relative to north. The direction is given as an azimuth in degrees where 0° is north and increases
clockwise (90° East, 180° South, 270° West). The overall movements listed in the spreadsheet are from the date

when a point was established to the present survey.

RECOMMENDATION

Re-locating obstructed monuments has long term benefits resulting in better accuracy and lower cost sutrveys
due to improved sky visibility for tracking satellites; however, alternate locations are not always suitable for
geological analysis. Points AB16, AB17, AB24, AB58 and PB18 have limited sky visibility and would benefit
from tree trimming. PB18 was completely overgrown in May 2019 and the adjacent shrubbery and Pepper Tree

must be cleared.
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ATTACHMENTS

The following document is attached to this Report: “PB MOVEMENT DATA POSTING 2007-2018.10.xlsx”
listing the coordinates of the initial positions and all subsequent monitoring surveys with the overall and
periodic movements of monitoring points since 2007.

SURVEYOR'S STATEMENT

This is a Report on the procedures, criteria and results of the City of Rancho
Palos Verdes Portuguese Bend Landslide Monitoring Surveys. This Report
includes the Initial Fall Survey, the Second Winter (Addendum No.1) and the
Third Spring Survey (Addendum No.2). This survey was conducted and the
report prepared by me at the request of Ron Dragoo, Principal Engineer of the
City of Rancho Palos Verdes. ==

et . B A — £/ 112219

Michael R. McGee P.L.S. 3945 ¢ Date

APPENDIX

13- Table of Horizontal and Vertical Movements

14- Aerial Photo of Monitoring Points with Movements and Contours

15- Monitoring Point Status

16- Coordinate List for the Oct. 10, 2018 Survey: NADS83 (2007) Epoch 2007.00 Geodetic, Grid, NAVD88
17- ADDENDUM No. 1: Second Survey — January 29, 2019 Partial Monitoring Survey No. 23

17- ADDENDUM No. 2: Third Survey — May 7, 2019 Partial Monitoring Survey No. 24

18- Table of Partial Monitoring Survey Horizontal and Vertical Movements
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Table of Annual Movements of Monitoring Points

Portuguese Bend Landslide Monitoring

Horizontal and Vertical Movements in Feet
October 4, 2017 to October 10, 2018 - 12.2 Months

Listed below are the horizontal movements and vertical (elevation) changes during the above annual period.
See the attached spreadsheet titled “PB MOVEMENT DATA POSTING 2007-2018.10.xIsx" for more details and
a history of movements. Note: The measurement confidence is 0.02' (1/4"); therefore, movements of 0.02" or

less are deemed to have not moved.

Point ID Horizontal Vertical Point ID Horizontal Vertical
Movements Changes Movements Changes
aBO1 0.00 -0.10 KCO1 0.08 -0.10
ABO2 0.01 -0.07 KC02 . 0.04 -0.09
ABO4 0.11 -0.11 KCO05 | 0.03 -0.09
ABO5 0.09 -0.10 KCO06 0.03 -0.08
AB12 0.08 -0.09 KCO7 0.01 -0.07
AB13 0.05 ~0.15 KC13 * 0.02 -0.12
AB16 0.02 -0.13 KC14 . 0.01 -ty 5.05
AB17 0.01 -0.10 'KC15 ~ 0.03 7 -0.09
AB20 0.06 -0.09 KC16 - 0.01 ~-0.07
AB24 §/% 5 0.86 -0.09 KC17 0.02 -0.10
AB50 0.05 -0.11 PBO4 0.34 -0.21
AB51 © 0.04 -0.14 PBO6 0.42 -0.11
ABS3 "~ 8.05 -0.11 PBO7 _ 0.54 -0.11
AB57 : 0407, g -0.12 _‘BBO8 0.44 -0.07
AB58 0.06 -0.14 PBO09 0.62 -0.20
AB59 .08 . -0.16. PB12 1.34% ~0.39
AB60 0.04 -0.11 PB13 N 0.94 -0.16
AB61 0.01 : -0.08 PB18 0.097 -0.15
AB62 S 0.1 -0.08 PB20 1.18 -0.38
AB63 0.07 -0.12 PB21 060 i W -0.27
aB64 0.02 : -0.12 PB26 it Ll ~ -0.10
AB65 - 0.02 . .=0.16 . ... PB27 X JE -0.34
AB66 T 0.04 0.02 pB29 0.92 . -0.37
AB67 "W D402.f . 4 -0.09 PB54 - 0.08 ‘o -0.12
AB68 0.04 < -0.11 PB55 0.54 =032
AB71 ; 0.04 -0.12 PB59 0.55 , -0.31
CRO7 .| .. 0.06 ¢ T 7 -0:.14 PB6S 0.13 50.12
CR50 | . 0.00 _ -+ =0.06 PB67 .. 3.94 “-0.69
CR51 FBLE0 5 8 Y =0.10 : PB68 0.29 -0.24
CR53 2506 0 DBe- T -0.09 PB6Y . 0:30 -0.20
FTO6 0.12 -0.15 PB70 0.26 -0.37
FT07 £ ME.08 i -0.06 UB02 0.97 . -0.08
FT08 . 0.02 -0.08 V4
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Aerial Photo of Monitoring Points with Movements
(north is left)

General Depiction of Horizontal Movements - October 4, 2017 to Oct. 10,2018

(Generalized depiction of movements and not to be used for planning or development purposes)

A = Approximate 1-inch Contour Movement Line

B = Approximate 12-inch (1 foot) Contour Movement Line

C = Maximum Measured Movement of 3.9 feet

D = Movements Vary 1 inch to 1 foot between Contours Lines A & B, 1 inch or less outside of A
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MCGEE SURVEYING CONSULTING

RANCHO PALOS VERDES - PORTUGUESE LAND SLIDE MONITORING POINT STATUS -Updated 06/11/19

Annual Comments
Obs. Date
09/01/07 71 Points Surveyed 60 old points found with 52 monitored plus 19 new points
12/01/08 67 Points Surveyed AB09, KC11, PB51 discontinned; BB53 destroyed; ABOS disturbed
11/01/09 68 Points Surveyed Set PB64 to replace PB63 destroyed subsequently
10/01/10 65 Points Surveyed Discontinued AB03, BB2S; set PB65 to replace PB62 destroyed by paving
10/03/11 69 Points Surveyed; Set AB62 & AB63 to replace AB06 & ABO7
09/14/12 72 Points Surveyed; Discontinued AB06, AB07; AB55 destroyed by trenching; Added 8 new points
10/06/13 65 Points Surveyed; Discontinued AB15, AB18, AB52, AB34, CR52, KC04, PB53
09/19/14 64 Points Surveyed; Discontinued BB52, PB67 set in April 2014; Added PVE3RP (reference to PVE3 antenna)
10/08/15 66 Points Surveyed; ABS6 Destroyed & Replaced by AB71A; PB68, PB69, & PB70 Set in April 2015
10/05/16 66 Points Surveyed; AB71A Destroyed & Replaced by AB71;
10/04/17 66 Points Surveyed; 30 Points to Survey in Feb 2018 and April 2018
10/10/18 65 Points Surveyed; 30 Points to Survey in Jan 2019 and May 2019
Pt ID Comments GNSS Pt ID Comments GNSS
ABO1 Base Station 1994-2006 G KCo1 NE'ly/2 monuments 1.5' apart, Access Issues G
ABO02 G KC02 G
AB64 G KC05 G
ABO5 G KC06 G
ABI12 To be replaced by AB70 Oct. 2019 G KCo7 G
AB13 F KC13 G
AB16 P KC14 Raised 0.19’ by others 11/2018 G
AB17 F KC15 F
AB20 Base Sta.. 2018-> G KC16 Raised 0.29° by others 10/2016 G
AB24 F KC17 Replaced KC04 G
AB50 G PBO4 G
ABS1 G PBO6 G
ABS3 F PB07 G
ABS7 G PB08 G
ABS8 P PB09 G
AB59 G PB12 G
AB60 G PB13 G
AB61 Base Sta.. 2007-2018 G PBI18 Overgrown P
AB62 G PB20 S'ly/ 2 monuments 5.3' apart G
AB63 G PB21 F
ABG64 G PB25 Deleted Oct. 2018 G
AB63 G PB26 F
AB66 G PB27 G
AB67 G PB29 G
AB68 G PB54 F
AB71 Replaced ABS6 10/2016 F PBS5 F
CRO7 G PB59 G
CR50 F PB65 G
CRS1 G PB67 G
CR53 G PB68 G
FT06 F PB69 G
FT07 Access Issues G PB70 G
FT08 G UB02 G
PVE3RP | Reference to CGPS Sta. PVE3 G

GNSS column indicates site is Good, Fair or Poor for Satellite Visibility Conditions
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10/10/2018 COORDINATE LIST

Portuguese Bend Landslide 10/10/2018 Monitoring Survey No. 22
Prepared by McGee Surveying Consulting: Document Date 06/11/2019, Revised Ortho Hts 07/09/19

Datum: Horizontal & EH are NAD83 (2007) 2007.00 Epoch; California State Plane Zone 5; Vertical: NAVD88
Note, Fixed CGPS Station PVE3 at Record 3D Position & NAVD88 Height per September 2007 Survey;
See 2007 and subsequent Survey Reports

Point Latitude Longitude EH(ft) North (ft) East(ft) OrthoHt({ft) Description

ABO1 33-44-38,30262 118-22-53.,05186 60,104 1729427.561 6445709.557 178,586 Punched 1/2" GIP in meter box
ABO2 33-44-13.84878 118-22-26.19243 -2.027 1726946.574 6447968 . 685 116,468 4" BC "SAN PEDRC 1936" on conc. block

ABO4 33-44-28.08740 118~22-36.29136 -51.326 1728389.556 6447121.139 67.131 BC "CO ENG STA 02.." on 2"GIP in mass of conc.

ABROS 33-44-24,98778 118-22-30,09445 -38,009 1728074.255 6447643.327 80.437 BC "CO ENG STA Q3.
AB12 33-44-38,27207 118-22-22,72226 164.812 1728414.862 6448270.932 283,156 BC "CO ENG STA 7A,." in mass of conc
ABR13 33-44-43,34312 118-22-23.16215 246.062 1729927.637 6448235.685 364,383 Punched 1/2" GIP in meter box
RR1G 33-44-47.578539 118-22-31,51215 258.044 173035€.430 6447532.124 376.381 Punched 1/2" GIP in meter box
AR17 33-44-58.06059 118-22-41.08432 324,389 1731421.085 6446727.749 442,722 Punched 1/2" GIP in meter box

' on 2"GIP in mass of conc.

AB20  33-44-37.77169  118-22-05.96679 277.933  1729359.059 6449685.775 396.204 BC “CO ENG $TA'W. FIX 1956.." in mass of conc.

AB24  33-44-42.35164  118-22-28,79605 217.345 1729829.177  6447759.527 335.697 Cotton spindle in conc. In road

MBS0  33-44-25,10987  118-22-22,94795 63.567 1728084,352 6448246.934 181.986 Nail in conc. cellar of well

ARS1  33-44-40,22836  118-22-34.15244 186,685 1729616,222 6447306.374 305.068 PK mag nail in plastic plug "LS6957"
BBS3  33-44-48.36522  118-22-05.70084 234.552 1730429.887 6449712,158 352.773 Chiseled + an s edge conc. Vault
BR57  33-45-03.16768 118-22-05.20509 446,464  1731926.129 6449759.504 564.621 6" mag nail & washer in conc. in 2"x
ABS8  33-44-55.14166  118-22-13.27639  287.290  1731117.277  6449074.935 405.515 Punched RR spike on s side zoad

AB59  33-44-52,53717  118-21-59.79470 315.889 1730849.811 6450212,464 434.066 6" mag nail & washer in conc, in 2'"x
ABRD  33-44-35 03927  118-22-26,06645 60 946 1729089.104  6447987.294 179.322 6" mag nail & washer in conc. in 2"x
AB61  33-44-18,57302  118-22-25.95810 21 990 1727424.479  6447990.253 140.458 6" mag nail & washer in conc. in 2"x
AB62  33-44-33.22730  118-22-38.63351 24,518 1728909.896 6446925,285 142,957 6" mag nail & washer in conc. in 1"x
AB63  33-44-34,71525  118-22-34.12239 62.288  1729058.887 6447306.826 180.698 Punched 1/2 x 40" rebar

in 1"GIP

3"

3gn
28"
24n
24n

GIP

GIP
GIP
GIP
GIP

ABG4 33-45-02.13621 118-22-33.46040 413.879 1731830.688 6447373.101 532.160 2" mag nail on NE side 2' conc. Collar/Well B12

AB65 33-45-00.93065 118-22-22,30363 340.232 1731705.496 6448264.115 458.474 2" mag nail & washer in conc. in 1"x

60"

GIP

AR66 33-44-44.53342 118-22-20,15045 255,993 1730047,022 6448490.470 374 296 1/2"x 24" punched rebar 1" below AC/collar
AB&7 33-44-55.71620 118-22-29,06610 286.975 1731180.298 6447741 .758 405.267 1/2"x 24" punched rebar 1" below AC/collar
AB6B 33-44-46.61069 118~-22-25.31254 275.041 1730258.633 6448055.312 393.357 1/2"x 24" punched rebar 1" below AC/collar
AB71 33-45-06.07024 118-22-19.51922 453.196 1732224.002 6448551.837 571.402 2"screw&brass washer"PLS3945" on VanderlipDr.
CRO7 33-45-00.26674 118-21-48.09396 513.776 1731627.613 6451203.390 631.873 6" mag nail & washer in conc. in old 1" IP

CR50 33-45-13.97072 118-21-50.11950 754.551 1733013.580 §451037.357 872,607 Tack & shiner on lower rock wall
CR51 33-45-14,49684 118-~21-34, 43628 858,075 1733062 ,-000 6452361 867 976.068 Tack & shiner on conc. pad

CR53 33-45-11,63350 118-21-59,73965 662,552 1732780,260 6450224 .153 780.654 2" mag nail & washer in conc. in 1"x
FT06 33-44-42.78113 118~-21-29.58706 370.304 1729854. 366 6452759.917 488.389 6" mag nail & washer in conc. in 2"x
FTO7 33-44-36.86787 118-21-13,66370 470,487 1729251.825 6454102.549 588.530 6" mag nail & washer in conc. in 2"x
FTO8 33-44-38.19499 118-21-22.57468 540.327 1729388.643 6453350.473 658.401 6" mag nail & washer in conc. in 2"x
Kcol 33-44-29.13021 118-21-33.11100 194.041 1728475.441 6452457,387 312.217 6" mag nail & washer in conc. in old
KCo2 33-44-14.54586 118-21-37.05776 -104.533 1727002.286 6452118.782 13.734 Punched 1/2" GIP in meter box

KC05 33-44-15.36968 118-21-24.51039 109.253 1727081.787 6453178.808 227.454 Punched 1/2" GIP in meter box

KCO06 33-44-22.33144 118-21-21.96762 181.634 1727784.797 6453396, 059 299.790 Punched 1/2" GIP in meter box

KCo7 33-44-22.09042 118-21-18.55895 195.305 1727759.414 6453683.857 313.447 Punched 1/2" GIP in meter box

KC13 33-44-10.41116 118-21-25,78304 72.835 1726580.9086 6453069, 541 1891.067 Cotton spindle in AC turnout

son
36n
3gm
36"
1w

GIP
GIP
GIP
GIP
IP

KC14 33-44-12.03469 118-21-17.07086 141.912 1726742.425 6453805.947 260.097 Brass pin&washer "LSB773" set above spike in CL

KC15 33-44-20 39681 11R=-21-25 21860 16R 797 1727590 198 6453120.798 286.976 Cotton spindle in cul-de-sac

KClé 33-44-20.55016 118-21-13, 64610 209.087 1727602.245 6454098.230 327.215 Brass pin&washer "L§B773" set above spike in Xn

Kc17 33-44-17.54890 118-21-26.32512 97.017 1727302,632 6453026, 322 215,216 2" mag nail & washer in conc. in 1"x
PRO4 33-44-20.94634 118-22-15.81599 47.124 1727661.226 6448847.713 165,533 Nail & tag "RCE26120" in conc. in 3"
DPBO6 33-44-23.64938 118-22-05.05432 58.330 1727931.138 6849757.607 176.676 Punched cap on 2" GIP

PRO7 33-44-25.62730 118-21-59.69421 78.757 1728129.433 6450211.029 197.069 Brass tag "LA CO DPW" in conc. in 2"
PEO8 33-44-26,27316 118-21-56.725862 76.035 1728193.6812 6450461.980 194.331 Punched cap on 2" GIP

PBD9 33-44-26.72963 118-21-52,15220 69,568 1728238.553 6450848.396 187.841 Punched cap on 2" GIP in cable box
DPB12 33-44-26.80852 118-21-43,48951 63,459 1728243.884 6451580.032 181.693 Punched cap on 2" GIP in cable box
PR13 33-44-24.76021 118-21-36.79748 87.873 1728034.787 6452144.4865 206.088 Punched cap on 2" GIP in cable box
pB18 33-44-48.40713 118-21-53.76901 244.8605 1730430.449 6450719, 804 362,774 Punched 1/2" GIP in meter box

PB20 33-44-31.61892 118-21-48.93357 111.831 1728731.832 6451122.013 230.056 Punched cap on 2" GIP in cable box
PB21 33-44-36.60570 118-21-48.27840 153,263 1729235.751 6451179.167 271.462 Punched cap on 2" GIP in cable box
PB2§& 33-44-39,63236 118-21-35,58808 164.722 1729537.863 6452251.988 282.851 Brass tag "LA CO DPW" in conc. in 2"
PB27 33-44-36.59731 118-21-40.42530 151.2399 1729232.512 6451842.376 269.462 Punched cap on 2" GIP in cable box
PB29 33-44-32.65891 118-21-37.47877 49.847 1728833.482 6452089.789 168,116 Brass tag "LA CO DPW" in conc. in 2"
PB54 33-44-41.07534 118-21-56.95141 239,384 1729690.248 6450448 .356 357.599 PK mag nail in plastic plug "LS&957"
PBSS 33-44-31.97349 118-21-52.73767 120.236 1728768.840 6450800,873 238,476 PK mag nail in plastic plug "LS6957"

PBS9 33-44-21.83751 118-22-18.06146 37.880 1727752.017 6448658,401 156.294 PK mag nail in plastic plug "LS?" in

s0"
Pip

GIP

GIP
a

GIP

GIP

in
in
1w

1"GIP
1"GIP
GIP

PRE5 33-44-28.81264 118-22-05.67003 169.206 1728453.288 6449707.519 287,529 2"alum.cap "PL83945" on 5/8"x 24"rebar flush/AC

PBE7 33-44-20.41096 118-21-52.06211 -47.648 1727599.765 6450853 .688 70.657 1/2" x 3' rabar

PB68 33-44-20.97329 118-22-14.21575 53.928 1727663.452 6448982 .873 172,330 2" Alum Cap "PLS3945" in 1"x 30" GIP
PB69 33-44-22.12891 118-22-16.64848 45.470 1727781.034 6448777.845 163,877 2" Alum Cap "PLS3945" in 1"x 30" GIP
PB70 33-44-22,83743 118-22-18,53442 35.609 1727853.247 6448618.830 154,021 2" Alum Cap "PLS3945" in 1"x 30" GIP
UB02 33-44-19, 46177 118-22-00,45747 -55,762 1727506.389 6450144 ,293 62.586 PK mag nail in plastic plug "?" in 1'

'GIP

PVE3 33-44-35.85329 118-24-15.26904 235.421 1729207.091 6438765.184 354.360 CGPS Pos. Fixed in 2007 and subsequent surveys

PVE3RP 1729195.880 6438764.665 346,877 PK in Conc. Base, RP to PVE3

DPVHS 33-46-46.02015 118-22-19.74135 854,021 1742328.079 6448570. 488 972,037 CGPS Pos. Determined as by this Survey
PVRS 33-46-25.89196 118-19-14.06707 198.587 1740239.295 6464237.900 316.295 CGPS Pos. Determined as by this Survey
VTIS 33-42-45.48970 118-17-37.71231 197.499 1717933.689 6472307.221 315,244 CGPS Pos. Determined as by this Survey
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Addendum No. 1

Monitoring Survey No. 23 Report
Portuguese Bend Landslide Monitoring
January 29, 2019 Partial Monitoring Survey
for the
City of Rancho Palos Verdes
by
McGee Surveying Consulting

Addendum No. 1 Report briefly describes the second tri-annual Portuguese Bend Monitoring Survey M23. The
field survey took place January 28-31, 2019 (average date 01/29/19). This partial survey included 30 points
which are a sub-set of the full monitoring array reported in October 2018. A Minimally Constrained Adjustment
was processed to develop NADS3 (2007) Epoch 2007.00 Geodetic and State Plane Coordinates in feet. The
adjustment fixed CGPS Station PVE3 and included two other CGPS Stations PVRS and VTIS with three 3-9
hour observations (PVHS not operating). The CGPS stations are known to be stable over time and indicated the
survey reference frame was stable and successfully recovered.

For a detailed history of the program and surveys see “History” above and the Monitoring Survey Repotts by
MSC dating back to 2007. The Field Surveys, Equipment, Data Collection and Network Design were as
described in the above Report with the following addition.

A new Leica GS18T GNSS Receiver was acquired for this project with the future expectation of improving
productivity. The GS18 was used to duplicate the survey effort by double occupying all points as a test to
compare the accuracy of the GS18 with GS15 Receivers used since 2010. The GS18 incorporates an advanced
algorithm with an Inertial Measurement Unit (IMU) to eliminate the need for leveling the instrument.
Comparing the results of the two independent surveys found an increase in production with the GS18 with a
small loss in accuracy. The results will be addressed in the October 2019 Survey Report. Movements are
summarized in the “Periodic Horizontal & Vertical Movement in Feet” below.

Addendum No. 2

Monitoring Survey No. 24 Report
Portuguese Bend Landslide Monitoring
May 7, 2019 Partial Monitoring Survey

Addendum No. 2 Report briefly describes the second tri-annual Portuguese Bend Monitoring Survey M24. The
field survey took place May 5-8, 2019 (average date 05/07/19). This partial survey included 28 points which are
a sub-set of the full monitoring array reported in October 2018. Points AB04, FT07, PB12 and PB18 were
overgrown dnd not accessable. AB12 has access issues as it is located on private land used for a horse corral
with guard dogs. AB70 established in 2014 was recovered and will be used as a future substitute for AB12 as
noted in “History” above. A Minimally Constrained Adjustment was processed to develop NADBS3 (2007)
Epoch 2007.00 Geodetic and State Plane Coordinates in feet. The adjustment fixed CGPS Station PVE3 and
included two other CGPS Stations PVHS and VTIS with four 3-7 hour observations. The CGPS stations are
known to be stable over time and indicated the survey reference frame was stable and successfully recovered.

For a detailed history of the program and surveys see “History” above and the Monitoring Survey Reports by

MSC dating back to 2007. The Field Surveys, Equipment, Data Collection and Network Design were as
described in the above Report with the following addition.

17



McGEE SURVEYING CONSULTING

5290 Overpass Road, Ste#107, Santa Barbara, CA 93111

The Leica GS18T GNSS Receiver discussed above was used to doublc and triple occupy all points in this survey
utilizing a GS15 receiver as a base station. The results of the January 2018 survey with the GS18 were found to
be similar to past results with the GS15. Based on the January test results, the GS18 Receiver was substituted on
this survey for the roaming GS15 Receiver used since 2010. On the next monitoring survey in October 2019 the
application of the GS18 will be fully implemented which will increase production with little loss in precision
resulting in an accumulated cost savings for the City over the next few years. Movements are summarized in the
“Periodic Horizontal & Vertical Movement in Feet” below.

Note: Columns 4-7 revised 07/09/19

PORTUGUESE BEND LANDSLIDE “PARTIAL MONITORING” MOVEMENTS

Oct. 2018 to May 2019 Periodic Horizontal & Vertical Movements in Feet

10/10/2018 (M22) to 01/29/2018 (M23) to 10/10/2018 (M22) to
01/29/2019 (M23) = 3.6 mo 05/07/2019 (M24) = 3.3 mo 05/07/2019.(M24) = 6.9 mo
Mon.Pt. Movement Elevation Movement Elevation Movement Elevation
Distance Change Distance Change Distance Change
AB04 0.12 0.09 Not Observed Not Observed Not Obscrved Not Observed
ABI12 0.05 0.07 0.10 -0.09 0.16 -0.01
ABI13 0.06 0.07 Not Observed Not Observed 0.09 0.00
AB16 0.02 0.11 0.00 -0.06 0.03 0.05
AB17 0.03 0.16 0.01 -0.06 0.02 0.10
AB20 0.08 0.07 0.12 -0:09 0.17 -0.02
ABS0 0.05 0.08 0.04 -0.06 0.07 0.02
AB59 0.05 0.17 0.12 -0.12 0.16 0.04
AB60 0.07 0.10 0.08 -0.13 0.15 -0.02
AB61 0.02 0.12 0.01 -0.14 0.00 -0.02
AB6S 0.05 0.12 0.03 -0.08 0.08 0.04
CR07 0.02 0.08 0.06 -0.15 0,08 -0.07
CRS0 0.02 0.07 0.01 -0.13 0.03 -0.05
FT06 0.04 0.05 0.13 -0.15 0.17 -0.10
FT07 0.02 0.06 Not Observed Not Observed Not Observed Not Observed
KCo06 0.04 0.09 0.01 -0.13 0.02 -0.04
KC07 0.05 0.11 0.02 -0.12 0.03 0.00
KC13 0.03 0.11 0.08 1 +0:09 0.06 0.02
KC16 0.04 0.10 0.03 -0.11 0.00 -0.01
KC17 0.01 0.06 0.03 - <0.09 0.04 -0.03
PB04 0.29 0.01 . 0.45 -0.27 0.77 -0.26
PB12 0.50 0.00 Not Observed | Not Observed | ‘Not Observed Not Observed
PB13 0.36 0.07 © 044 ©-0.13 0.86 -0.06
PB18 0.02 0.14 Not Observed Not Observed Not Observed Not Observed
PB26 0.07 0.11 0.15 -0.14 0.21 -0.02
PB3S 0.28 0.26 0.34 -0.20 0.63 0.05
PBS9 0.45 -0.08 0.68 -0.37 1.15 -0.46
PB67 1.14 -0.13 1.96 -0.44 3.18 -0.57
PB68 0.24 0.02 0.37 -0.26 0.62 -0.25
PB69 0.25 -0.02 0.43 -0.25 0.70 -0.27
PB70 0.23 -0.22 0.36 -0.55 0.61 -0.77

Note: Movements of 0.03 feet (3/8"') or greater are deemed to have actually moved.

See "PB MOVEMENT DATA POSTING 2007-(Present).xlsx" for the Oct. 2017 to Oct. 2018 annual summary
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of the

Portuguese Bend Landslide 2017-2018 Monitoring Surveys

Dated: December 4, 2017, Appended March 23, 2018 and April 23, 2018
for the

City of Rancho Palos Verdes

prepared by
McGee Surveying Consulting

The Portuguese Bend Landslide is monitored on a tri-annual basis beginning with the primary
survey of 66 Monitoring Points at the beginning of the rainy season in September-October of
each year. The primary survey is addressed in this Report and two subsequent partial
monitoring surveys of 30 Points conducted in mid-winter and mid- spring are addressed as
Addendums No. 1 and No. 2 to this Report. Consequently, this Report is issued three times with
the third being the final Report for the rainy season. The average date of each survey follows.

s
5

Initial Survey - October 4, 2017 Full Monitoring Survey No. 19 Report
Second Survey - February 12, 2018 Partial Monitoring Survey No. 20 Report
Third Survey - April 16, 2018 Partial Monitoring Survey No. 21

INDEX
Subject

O G0 ~1 N LN

—_———
—_o O

PROJECT OVERVIEW

HISTORY

PROJECT DATUMS, REFERENCE SYSTEM

FIELD SURVEYS, DATA COLLECTION, EQUIPMENT & PROCESSING
NETWORK DESCRIPTION

GNSS NETWORK DIAGRAM

MONITORING POINT HISTORY & STATUS

ADJUSTMENTS & ANALYSIS

ACCURACY

QAQC ANALYSIS (QUALITY CONTROL - QUALITY ASSURANCE)
SUMMARY

RECOMMENDATIONS & SURVEYOR’s STATEMENT

APPENDIX

12- Aerial Photo of Monitoring Points with Movements and Contours

13- Table of Horizontal and Vertical Movements

14- Monitoring Point Status

15- Coordinate List for the Oct. 4, 2017 Survey: NAD83 (2007) 2007.00 Epoch Geodetic, Grid, NAVDSS8
16- ADDENDUM No. 1: Second Survey — February 12, 2018 Partial Monitoring Survey No. 20

17- ADDENDUM No. 2: Third Survey — April 16, 2018 Partial Monitoring Survey No. 21

18- ADDENDUM No. 1 & 2: Table of Partial Monitoring Survey Horizontal and Vertical Movements

ATTACHMENT: “PB MOVEMENT DATA POSTING 2007-2017.10.xlsx” (Overall & Annual Movements)



McGEE SURVEYING CONSULTING

5290 Overpass Road, Ste#107, Santa Barbara. CA 93111

Survey Report

of the

Portuguese Bend Landslide Monitoring Survey
October 4, 2017 Initial Monitoring No. 19
for the

City of Rancho Palos Verdes
Prepared December 4, 2017 Revised March 23, 2018
by
McGee Surveying Consulting
PROJECT OVERVIEW:

McGee Surveying Consulting performed a landslide monitoring survey in October 2017 at Portuguese Bend on
behalf of the City of Rancho Palos Verdes. This survey established positions on monitoring points to determine
overall and periodic movements. The results of the survey are described in this Report and in the attached
annual spreadsheet titled “PB MOVEMENT DATA POSTING 2007-2017.10 rev.xIsx”. Two partial monitoring
surveys follow in the winter and spring and are reported as addendums to this Report.

The field surveys are planned, coordinated and executed by Michael McGee, PLS3945 of McGee Surveying
Consulting who is also responsible for the final processing of the observations, network adjustments, analysis
and reports. Sixty-six monitoring points covering a 1.5 by 2 mile area were measured to determine the rate and
extent of ground movement as reported herein. The City of Rancho Palos Verdes assumed responsibility for
monitoring the Portuguese Bend Landslide Complex circa 1994 from the County of Los Angeles. The Global
Navigation Satellite System (GNSS) formerly referred to as GPS technology is used to measure positions of
points because of its high accuracy and cost efficiency. The horizontal and vertical positions of the monitoring
points are based on the North American Datum of 1983 (NAD83) and the North American Vertical Datum of
1988 (NAVD 88). The survey is referenced to physical monuments known as California CGPS (Continuous
GPS) Stations in the region which are permanently mounted GPS and GNSS receivers used for monitoring
seismic activity. The CGPS in California are comparable to the national CORS (Continuously Operated
Reference Stations) network.

Points that move a few inches or less per year are surveyed to meet an accuracy standard of one centimeter
(0.033 feet) at the 95% Level of Confidence. In the active slide area where the movements are greater than 0.25
feet per year (PB and UB points), the accuracy standard is two centimeters (0.066 feet) at the 95% Level of
Confidence. Field procedures are designed to accomplish this purpose and Quality Control-Quality Assurance
(QAQC) processes discussed hereafter are incorporated to verify these accuracies are attained.

Prior to September 2007, successive coordinate differences were used to compute movements; however,
arithmetic differences do not provide statistical information about the relative movement accuracies. Beginning
with the initial 2007 survey, field and office procedures were designed to assure the accuracy and reliability of
measurements and provide for queries between epochs that include statistical information about the relative
precisions of the reported movements. Measurements of temporal movements and statistical analysis are based
on a rigorous simultaneous least squares adjustment of multiple observations at two different epochs for each
monitoring point.

HISTORY

This monitoring survey is a continuation of a program initiated by the County of Los Angeles and taken over by
the City of Rancho Palos Verdes circa 1994. McGee Surveying Consulting has conducted the field surveys and
reporling since Seplember 2007. The monitoring surveys have occurred annually since 2007, semi-annually

since 2012 and three times a year beginning with the September 2014 survey. See the September 2007 Survey
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Report for a history of the previous survey process between 1994 and 2007. See the Survey Reports on file with
the City commencing in 2007 for details of each monitoring campaign.

PROJECT DATUMS. REFERENCE SYSTEM

Horizontal Datum: The horizontal datum is the North American Datum of 1983 established by the National
Geodetic Survey (NGS) referred to as NADS83 (2007) 2007.00 Epoch. The NAD83 (2007) 2007.00 Epoch
adjustment is one of a series of national adjustments of the NAD83 Datum since its adoption in 1986 and is the
realization used for these monitoring surveys beginning in 2007. The positions listed below were obtained in
September 2007 from the California Spatial Reference Center (CSRC). The CSRC provides California Public
Resources Code sanctioned positions for the California CGPS Stations. The current national realization of
NADS3 is the 2011 adjustment published by the NGS and referred to as the NAD83 (2011) 2010.00 Epoch
Adjustment. The CSRC published an updated adjustment of the CGPS stations in California known as the
NADS83(2011) 2017.50 Epoch Adjustment. However, the above referenced NADS83 (2007) 2007.00 Epoch
realization is retained by this survey to be consistent with prior reporting and the primary purpose of
determining relative movements over time.

Reference Network: The survey is referenced to the CGPS Stations (continuously operating GPS & GNSS
receivers). For more information see NGS Data Sheets for the PID's listed below (no data sheet exists for PVE3)

and the CSRC website.

Units: Feet
NADS3 (2007) 2007.00 Epoch

CGPS Latitude (dms) Longitude (dms) EH (feet) NGS PID NAME

PVE3 33 44 35.853290 -118 24 15.26%036 235.42 none PALOS VERDES CORS
PVHS 33 46 46.020150 -118 22 19.741258 853.99 AJ1915 PENINSULA HIGH SCH
PVRS** 33 46 25.891904 -118 19 14.067218 198.63 AJ1916 PALOS VERDES RES
VTIS 33 42 45.489584 -118 17 37.712290 197.52 AJ1936 MARINE EXCHANGE

*# Falls in the proximity of a Fault Line as shown below but appears unaffected to date
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Vertical Datum: The North American Vertical Datum of 1988 (NAVD88) established by the NGS.
Reference Network: CGPS Station VTIS is also a Second Order leveled benchmark and the original basis for
the elevations in this survey. See the Record Elevations of CGPS stations following.

CGPS NAVDBB Ht. (Feet)

PVE3 none

PVHS 972.1 Based on a Refined Geoid Model

PVRS 316.37 Based on Second Order Leveling by CSRC

VTIS 315.26 Based on Second Order Leveling by CSRC and basis for this survey

Geoid Model: Geoid03 available at the time of the initial 2007 survey. Note the Geoid09 Model became
available from the NGS in 2009 and Geoid 2B in 2012; however, Geoid03 is retained to be consistent with prior
reported heights and the primary purpose of determining relative height changes over time.

Projection: Plane coordinates are NAD83 California State Plane Coordinates Zone 5 in US Feet: The State
Plane Coordinate Parameters follow: The average Scale Factor is 1.00007543, the Height Reduction Factor
based on the average ellipsoid heights is 0.99999092, and the average Combined Grid Factor is 1.00006635.
Distances in this survey are grid. To obtain ground distances divide grid distances by the Combined Grid Factor.
Grid bearings resulting from this survey must be rotated by a Convergence Angle to obtain geodetic (true)
bearings. The average convergence angle is -0-12-30+ (rotate left 0-12-30).

Datum Stability: Rancho Palos Verdes sits on the Pacific Plate which is moving west-northwesterly relative to
the North American Plate about 4 centimeters (0.14 feet) per year. The area southwesterly of the Fault Line
shown on the above map includes the City and is moving at a constant rate as exhibited by the International
Terrestrial Reference Frame (ITRF) north, east and up velocities of the CGPS Stations obtained from SOPAC
and listed below.

ANNUAL VELOCITIES (mtrs) ANALYSIS PERIOD
SITE N B Up START DATE END_DATE
PVE3 0.019 -0.040 -0.000 2000.731 2017.828
PVHS 0.01% -0.040 0.001 1999.511 2017.828
PVRS 0.019 -0.038 0.000 1999.095 2017.828
VIIS 0.019 -0.039 -0.001 1998.938 2017.828

These CGPS Stations surround the Portuguese Bend Landslide providing a rigid reference frame from which to
validate the stability of the network during each monitoring campaign. See the September 2007 Monitoring
Survey Report by McGee Surveying Consulting and the Adjustment results below for validation of network
stability.

FIELD SURVEYS, DATA COLLECTION, EQUIPMENT & PROCESSING

Two Leica geodetic GNSS receivers/antennas listed below were mounted on two-meter fixed height poles to
collect satellite signal data. The GS15 receivers tracked Navstar GPS, GLONASS, Galileo and BeiDou
satellites. A calibration of the poles is conducted to verify their heights and plumb. The poles were found to be
plumb within 0.003 feet consistent with prior years. There were no equipment failures.

Sixty-six monitoring points were occupied and reported in this survey. Site photographs and recovery sheets
detailing the location, character of the monuments and obstructions were updated. See the Appendix for
"Monitoring Point Status”. AB61, established in September 2007 on Portuguese Point, is used as the primary
base station in each survey because it sits above a stable basalt formation.

The field survey commenced each day by setting a Leica GS15 GNSS receiver on a fixed height pole at AB61
while a second GS15 GNSS receiver roamed freely collecting observations on a fixed height pole at the
remaining 65 points. Points with annual movements less than 0.2’ were measured with two or more independent
occupations resulting in a minimum of two vectors to each point from AB61. An independent occupation means
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the points were occupied under a different constellation of satellites usually on a different day. If the two
measurements are within 0.03 feet (1 cm) horizontally, they are accepted, otherwise a third measurement is
required. Experience has shown the two measurements are generally less than 0.015 feet. AB61 and the CGPS
stations were connected with 4-10 hour observations averaging 8 hours collected over six days. Points in the
active areas with annual movements greater than 0.2° were single occupied. AB12 was single occupied due to
restricted access. A comparison with the [inear movements from prior years is made to verify their accuracy.

Trees and foliage that over-shadowed points interfere with signals received from satellites and affect the quality
of measurements. To obtain the best possible accuracies, the satellite constellation is compared with obstruction
diagrams to estimate the best time for observing un-obstructed satellites. To improve the accuracy of the
measurements, satellites that are obstructed by trees and foliage are either turned off during the observation or
noted for removal in post-processing. Generally, if six or more un-obstructed satellites with a GDOP of less than
four (measure of the geometry or strength of figure of the constellation) are available, then the measurement
commences for a minimum of 15 minutes of data collection. If the geometry and number of satellites are
insufficient then the receiver is moved to another point and returned later when satellite availability improves.

Date of Survey: 10/01/17 to 10/07/17 (mean date 10/04/2017) between 0600-1800 PDST (+7 hrs for UTC).

GNSS Survey Parameters:
Constellation: 31 US NAVSTAR GPS satellites, 24 Russian GLONASS, 14 Galileo and 18 Beidou Satellites.

Observables: L1 & L2 Carrier Waves on GPS, GLONASS and Beidou, and four Carrier Waves on Galileo Satellites
Epoch Rate - Occupation Times: 15 second epoch rate for 15-minute occupations at monitoring points and six 4-10 hour

occupations at the base station AB61.
Satellites: 17-21; GDOP =< 2; Elevation Mask for Data Collection at 15° and Processing at 15°

Ephemeris: Precise for Static Post-Processing of CGPS connections and Broadcast for onsite.
Weather: Mostly clear skies, temperature 60°-90° F, no significant weather.
Space Weather: Boulder K Index was 0-3 averaging 1-2 (gauges ionospheric activity on a scale of 0-9; less than 6
preferred)
Equipment:
GNSS Base Receiver Unit No.: M8, Operator: M. McGee, PLS; Station Occupied: AB61 (Basel)
Make & Model: Leica GS15; Antenna Leica GS15; Mount: Fixed Height Pole #1; Antenna Height: 1.803m
GNSS Rover Receiver Unit No.: M9, Operator: M. McGee, PLS;
Make & Model: Leica GS15; Antenna Leica GS15; Mount: Fixed Height Pole #3; Antenna Height: 1.800m

Rinex files (satellite observations) for the CGPS Stations werc downloaded from the SOPAC website. Vectors
were processed using Leica Infinity v2.4 post processing software with Absolute Antenna Models obtained from
the NGS website. Network adjustments and analysis were performed with "Starnet-PRO” version 9.0 software.

NETWORK

The primary Base Station AB61 is situated on Portuguese Point and is the focal point of the static network
connecting the monitoring points and CGPS Stations. Sixty-six points and three CGPS Stations were connected
with 130 vectors. See the following Network Maps and the Aerial View in the Appendix.

The monitoring plan utilizes the CGPS Stations to verify the stability of the reference frame. PVE3 is the
primary CGPS Station used to control this survey located just south of City Hall and 1.8 miles west-northwest of
Base Station AB61. CGPS Stations PVE3, PVRS and VTIS were used to validate the stability of the network.
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Monitoring Network and CGPS Stations (north up)
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MONITORING POINT HISTORY and STATUS

This is the 19" Monitoring Survey. For data management purposes during the field survey and data processing,
the point names are prefixed with a sequential number to distinguish between monitoring surveys. For example,
on the 16 monitoring survey AB61 was named M16AB61 where M16 indicates the sequence number since the
initial September 2007 Monitoring Survey. The prefix is stripped in the “COORDINATES LIST” and “PB
MOVEMENT DATA POSTING” documents.

Between 1994 and 2006, 149 monitoring points were established to monitor the Portuguese Bend Landslides,
many of which were lost or destroyed. Sixty of the original points were recovered in 2007. Eight of the 60 points
were deleted because they were near other points better suited for GNSS satellite measurements leaving 52
original points monitored and reported between September 2006 and September 2007. Three of the 52 points
(AB09, KC11 & PB51) were monitored in September 2007 for the last time and replaced by new points, set
nearby and better suited for satellite observations.

2007: Eighteen new points were set in 2007 and had their movements reported for the first time in the following
December 2008 survey. In September, it was noted that KCO1 was previously reported by others on 9/14/2006
to have moved N 29°E 1.24' from its 12/09/2005 position. In September 2008, this survey found a buried
partially illegible brass cap in concrete stamped "COUNTY ENGINEER RE8869 1956 STA ??IELDS" S31°W
1.48 feet from the 1" TP used by the previous survey and this survey in the initial September 2007 and
subsequent surveys. The original 1994 position of KCOI (brass cap) was re-referenced to the 1” IP, resulting in a
correct overall movement as reported by this survey.

2008: In December 2008, 49 original and 18 new points were surveyed for a total of 67 monitoring points. In
December, it was noted that ABO5 had been disturbed by a mowing machine. AB05 was found chipped and
leaning to southerly about 0.4’. The movement reporting resumed in 2009. Analysis of the movement and
historic data made it possible to estimate the disturbance to within 0.05°. The original 1995 position of AB05
was re-referenced S14°E 0.29° to be consistent with the disturbed position, resulting in correct overall reported
movements.

2009: PB64 was set east of the Archery Range to replace PB63 (set 2007) which had become unsafe to access
and was lost in 2010. PB64 was reported for the first time in October 2010.

2010: Points AB03 and BB25 were discontinued. ABO3 is on the edge of a cliff 192 feet west-southwest of
AB61 making it redundant, and BB25 is on a freestanding rock susceptible to disturbance by wave action. In the
summer of 2010, PB62 was destroyed by road construction and in October 2010, PB65 was set 24 south-
southwest of PB62’s location and reported for the first time in October 2011. The following points may have
been disturbed prior to the October 2010 survey: ABO5 appears to have been disturbed by mower machinery,
ABI15 (4 GIP in a meter box) is driven over by vehicles occasionally accessing an adjacent field, and KC02
(4" GIP in a meter box) is occasionally parked on by vehicles accessing the beach.

2011: In October, new points AB62 and AB63 (initially referred to as AB62R and AB63R) were set to replace
ABO06 and AB07 which were hazardous to occupy due to their location near the traveled way of Palos Verde
Drive South.

2012: In September, prior to initiating the survey, eight new monuments AB64, AB65, AB66, AB67, AB6S,
CRS53, KC17 and PB66 were constructed to replace AB54, AB18, AB52, ABS55, AB15, CR52, KC04 and PB53
respectively. The monuments were replaced because of poor sky visibility except for KC04 which was difficult
to access and ABSS which was destroyed by trenching in the past year. Monuments were set with the following
design. Monuments set in soil are 1” x 5* GIP driven flush and encase in a 6” PVC pipe sitting on a concrete
collar down about 18”. Monuments set in asphalt are 1/2” x 2 rebar driven below the surface inside a free
floating 2” plastic collar encased in concrete.

2013: Points AB15, AB18, AB52, AB54, CR52, KC04 and PB53 were surveyed for the last time in2012 and
discontinued. BB52 is on a freestanding rock susceptible to disturbance by wave action and was monitored for
the last time in October and discontinued.

2014: In April PB64 was monitored for the last time due to unsafe access conditions and PB67 (a 5’ t-bar steel
post driven 3’ into the ground) was set north-northwesterly about 250’ as a replacement and reported for the first
time in September 2014 after 4.5 months whereas all other points in the “PB MOVEMENT DATA POSTING”
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are reported for 11.5 months since October 2013. In September, AB69 located about 260’ NE of AB12 and
AB70 located about 140’ SE of AB12 were set as potential replacements; however, AB69 was destroyed by lot
improvements and AB70 proved to be too obstructed for accurate results.
2015: In April, new points PB68, PB69 and PB70 were set to monitor movements of “Palos Verdes Drive
South” and reported in October. In October, Monitoring Point AB56 was found disturbed by construction and
AB71 (magnetic nail in AC) was set as a temporary replacement. In October, the steel post for PB67 was not
found. An inconspicuous %" x 4’ rebar was set flush in its place. Because of the large movement in this area a
more permanent monument is not necessary.
2016: In October, the temporary point for AB71 was destroyed by road work prior to this survey. AB71 was
reset 12’ easterly with a 2” screw and brass washer drilled into a granite curb on Vanderlip Road. No movement
information will be available until the fall 2017. KC16 was raised about 0.29” to the surface of the road by
others between the two October 2016 occupations.
2017: Movement of AB71 (replacement for AB56) reported for the first time in October.

ADJUSTMENTS & ANALYSIS

Adjustment 1: An adjustment to develop NADS3 (2007) 2007.00 Epoch Latitude, Longitude, Ellipsoid
Heights and State Plane Coordinates. CGPS Station PVE3 was fixed at its published NAD83 (2007) 2007.00
Epoch position listed previously in a Minimally Constrained Adjustment to determine positions of points in this
survey and verify its stability relative to other CGPS stations. PVE3 is located 1.8 miles westerly of and outside
the influence of the slide area and has been fixed in all adjustments since 2007. The SOPAC published Time
Series indicates the horizontal and vertical position of PVE3 is stable. The primary base station AB61 and other
operating CGPS Stations were measured relative to PVE3 and used to assess stability of the survey reference
frame. The positions are based on six 4-10 hour occupations (observations). The results are listed in the
Coordinate List in the Appendix. Differences between surveys for key points are listed in the table below in feet.

09/2014 Positions to 10/2015 9/2007 Positions to 10/2015

ID dN dE dz ID dN dE dz

PVE3 -0.000 -0.000 -0.000 < Fixed > PVE3 -0.000 -0.000 -0.000
PVRS 0.001 0.007 0.016 PVRS -0.004 0.016 0.000
VTIS 0.003 0.005 0.049 VTIS ~-0.000 0.017 -0.007
AB17 0.015 -0.017 0.042 AB17 -0.004 -0.022 -0.020
AB61 -0.007 0.003 -0.001 <Base Station> AB61 -0.005 0.007 -0.055
CR51 0.011 0.005 0.017 CR51 -0.028 0.014 -0.112
KC1l6 0.014 0.008 0.010 KC1l6 0.013 -0.005 -0.048
10/2015 Positions to 10/2016 9/2007 Positions to 10/2016

ID dN dr dz ID dN di dz

PVE3 -0.000 -0.000 -0.000 < Fixed > PVE3 -0.000 -~0.000 -0.000
PVHS -0.007 0.000 0.024 <10/2013 PVHS -0.006 0.011 0.042
PVRS 0.000 0.003 0.019 PVRS -0.003 0.019 0.018
VTIS -0.001 -0.010 0.009 VTIS -0.002 0.006 0.002
ABR17 -0.019 -0.010 0.051 AB17 -0.023 -0.032 0.031
AB61 0.000 -0.002 0.016 AB61 -0.004 0.005 -0.038
CR51 -0.014 -0.011 0.012 CR51 -0.042 0.002 -0.09°
KC16 ~-0.022 0.001  ===== KC16 -0.009 =-0.003  =====
10/2016 Positions to 10/2017 9/2007 Positions to 10/2017

ID dN dE dzZ ID dN dE dz

PVE3 -0.000 -0.000 -0.000 < Fixed > PVE3 -0.000 -0.000 -0.000
PVRS -0.004 -0.001 -0.007 PVRS -0.008 0.018 0.012
VTIS 0.002 0.003 -0.001 VTIS 0.000 0.008 0.000
AB17 -0.001 0.018 -0.001 <Base Station> AB1l7 -0.025 -0.013 0.029
AB61 -0.004 0.000 0.112 AB61 -0.008 0.006 0.074
CR51 0.004 0.004 0.013 CR51 -0.037 0.007 -0.087
KC16 -0.004 -0.003 0.059 KC16 -0.014 -0.006 0.381
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Comments: The Base Station AB61 has no significant differences since October 2016 and 2007 as referenced to
PVE3. Given that PVE3 and AB61 agree, the survey reference frame is deemed stable and successfully
recovered. An adjustment constrained to the other CGPS Stations is not necessary because the purpose here is to
track their movements over time to test the stability of the reference frame and validate the measured
movements. See the “COORDINATE LIST” in the Appendix for a list of coordinates resulting from this
adjustment. See prior Survey Reports for coordinates resulting from earlier surveys.

Adjustment 2: An adjustment to develop NAVD88 Orthometric Heights (Elevations). The CGPS Station
PVE3 was fixed horizontally at its NADS83 position and vertically at its NAVD88 height determined in the
September 2007 survey. The 2007 height was based on the published 2™ Order NAVD88 Height of CGPS
Station VTIS. This Adjustment combines the measured ellipsoid height differences with the NGS Geoid03
Model (models the separation between the ellipsoid and geoid surfaces) to determine the NAVDE8 orthometric
heights of the CGPS Stations and monitoring points. The results are listed in the Coordinate List in the

Appendix.

ACCURACY

This survey conforms to the intent of the California Spatial Reference Center & California Lands Surveyors
Association’s “GNSS Surveying Standards and Specifications, 1.1” (2014) and the Federal Geodetic Control
Subcommittee (FGCS) “Specifications for GPS Relative Positioning” (1988).

Vector Residuals: The vector lengths, two dimensional residuals and the absolute value of the vertical residuals
are listed below in feet. Analysis of residuals resulting from minimally constrained Adjustment #1 led to the
rejection of 4 out of 21 vectors connecting the CGPS Stations to the Base Station AB61 with 4-10 hour
observations and 0 out of 108 vectors connecting AB61 to monitoring points with 15 minute observations.
Vectors to single occupied points are excluded to avoid optimistically skewing the results; however, the
statistics given below are applicable to all measurements.

Vector Lengths Two Dimensional Residuals Vertical Residuals (absolute)
Network Vary Average Average Std.Dev. Maximum Average Std.Dev. Range
Mon. Pts 479-7182 3849 0.007 0.004 0.017 0.009 0.008 -0.038 to +0.033
CGPS 9397-35383 19436 0.007 0.005 0.016 0.007 0.005 -0.017 to +0.016

Local Accuracy: The relative accuracy of points resulting from the minimally constrained Adjustment #1 is
estimated at the 95% Level of Confidence in feet.

Monitoring Points CGPS Stations
2D Vertical 2D Vertical
Average 0.013 0.028 0.006 0.007

Movement Accuracy: The relative movements reported between October 5, 2016 and October 4, 2017 (12.0
months) statistically attained an average accuracy of 0.016 feet at the 95% Level of Confidence and range 0.006
to 0.024 feet. The actual accuracy of measurements held to the “one-centimeter standard” are estimated to
approach 0.01 feet as demonstrated by the vector residuals, repeatability of measurements at points considered
stable, and deflection analysis. Refer to the sections tited ACCURACY and QAQC ANALYSIS in this Report

for more information.

Statistically, the probability at the 95% level of confidence is that movement (signal) has occurred at a point
when the horizontal distance between two epochs is greater than the 95% Error (noise). No movement is
considered detected unless the movement exceeds the 95% Error for individual points. Applying this criterion, 5
points have not moved. See the attached “PB MOVEMENT DATA POSTING 2007-2017. 10.xIsx” for the
relative movements and the estimated error at the 95% Level of Confidence for individual points.
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NAVDS88 Heights: The North American Vertical Datum of 1988 orthometric heights resulting from
Adjustment #2 are derived from the difference in ellipsoid heights combined with the Geoid03 Model and
constrained to the NAVD88 height of PVE3 determined in 2007 based on the second order orthometric height of
VTIS. The relative accuracy of the heights is expected to be 0.03 feet or better, but can be greater at obstructed
sites. The absolute accuracy of the heights relative to the datum is dependent on the published orthometric
height on the CGPS Station VTIS. Up until October 2011 there were no specific requirements for vertical
accuracies. In October 2011, a 0.03-foot relative vertical accuracy preference was introduced for points AB17,
AB57, CR0O7, CR50 and CRS51. In the September 2012 and subsequent surveys the preference was extended to
all points.

QUALITY CONTROL - QUALITY ASSURANCE (QAQC) ANALYSIS

To ensure the accuracy and validity of the measurement systems used in these GNSS monitoring surveys, an
independent test was conducted in 2007 using conventional terrestrial based instruments as reported in the
“QAQC ANALYSIS” section of the September 2007 Monitoring Survey Report. Comparing the results of the
GNSS systems with conventional instrumentation found horizontal measurements agreed 0.01 feet on average.
In November 2011, the GNSS instruments and fixed height poles used in this survey were calibrated on the
National Geodetic Survey’s Santa Maria Baseline and found to agree with published distances 0.003 to 0.006
feet. [n February 2018, the GNSS instruments and fixed height poles were calibrated on the NGS Camarillo
Baseline and found to agree with published distances 0.003 feet.

To validate the radial survey method used in these surveys to position points from base stations AB61,
independent GNSS intra-net cross connections were measured and compared with the stand alone computed
inverse distances in the 2007, 2008 and 2009 surveys. The results found the two-dimensional accuracy to agree
0.01 feet on average, indicating the radial method of measurements is reliable and the additional labor cost of
measuring cross connection between points is not warranted. See the “QAQC ANALYSIS” section of the
September 2007 and the December 2008 Monitoring Survey Reports for detailed analysis.

Detflection Analysis is a method established by this surveyor to assess the consistency of the direction of
movements reported from period to period. Assuming that movements are generally linear for points moving
less than a foot, the separation or the deflection between the direction of the previous and present periods taken
over the moved distance implies the accuracy obtained with the equipment, methods and procedures. Analysis
of individual deflections found the separations and implied accuracy varied 0.01 to 0.02 feet.

SUMMARY

Point movement ranges by slide zones are listed below in feet:

(AB##) 0.00 to 0.29

(CR##) 0.00 to 0.13

(E'T##) 0.04 to 0.29

(KC##) 0.00 to 0.25

(PB##) 0.19 to 2.43 and 12.44 at PB67
(UB02) 2.78

See the Appendix for a graphic of the horizontal movements depicted by 1” and 1” contours.

See the attached " PB MOVEMENT DATA POSTING 2007-2017.10.xlsx " spreadsheet for overall and petiodic
movements of each point. The movements are given in north, east and up or down as well as a vector of distance
and direction relative to north. The direction is given as an azimuth in degrees where 0° is north and increases
clockwise (90° East, 180° South, 270° West). The overall movements listed in the spreadsheet arc from the datc
when a point was first set to the present survey.
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The present status of monitored points is provided in the Appendix under "Monitoring Point Status". The
historical status of all monitoring points is provided in the September 2007 Survey Report. The historical 1994-
2006 positions of all points are listed in the Charles Abbott Associates Inc. file "ALL POINTS MOST RECENT
OBSERVED POSITION AS OF SEPTEMBER 15, 2006.xIs". This file was attached as an electronic file to the

2007 Survey Report.

RECOMMENDATION

An ongoing re-location program for monuments has long term benefits resulting in better accuracy and lower
cost surveys due to improved sky visibility for tracking satellites. No monuments were re-located during this
survey. Points AB16, AB17, AB24 and AB58 have limited sky visibility and are candidates for re-location or
deletion. AB12 is in a horse corral and is difficult to access; however, there are no nearby alternatives.

Two points could be substantially improved by tree trimming along public roads where there are no adjacent
residences by trimming the Pepper Trees northeast and southwest of AB17 on Fruit Tree Road and northeast of

AB58 on Narcissa Drive.
Attachments: The following document is attached to this Report.
“pPB MOVEMENT DATA POSTING 2007-2017.10.xIsx” listing the coordinates of the initial positions. the

overall and periodic movements of monitoring points since 2007.

SURVEYOR'S STATEMENT

Phis is 3 Repon on thie provedures, eriteria end resalts of the City of Rancho Palos
Verdes Portugucse Bond b nndstide Monhorisyg Sarvevs, Uhis Report ingludes the
Inétied Survey conducted o the falt, the Sevond Survey Addendum Mo d added in
the winler and the Third Survey Addendum No.2 added i the spring. 1Ts survey
svas gonaducted and e seport prepared by me ak the request ol Ron braygan,
Principal Engineer of the Cily of Rancho Palos Verdes.

Initizl Suryey - Full Monitoring Signatung

; Date :

Michael R, McGee P.L.S, 3943
Second Survey - Partial Monitoring Signature

Michacl R. McGiee PLLL.S. 3945 Date

Third Survey - Partial Monitpring Signature

Hliailor L Bri e 4S2%)%

Michuel R. McGee P.1..S. 39435 Dare

APPENDIX

12- Aerial Photo of Monitoring Points with Movements and Contours
13- Table of Horizontal and Vertical Movements

14- Monitoring Point Status
15- Coordinate List for the Oct. 4, 2017 Survey: NAD83 (2007) 2007.00 Epoch Geodetic, Grid, NAVD88

16- ADDENDUM No. 1: Second Survey — February 12, 2018 Partial Monitoring Survey No. 20

17- ADDENDUM No. 2: Third Survey — April 16, 2018 Partial Monitoring Survey No. 21
18- ADDENDUM No. 1 & 2: Table of Partial Monitaring Survey Horizontal and Vertical Movements
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Aerial Photo of Monitoring Points with Movements and Contours
(north is left)

General Depiction of Horizontal Movements - October 5, 2016 to Oct. 4, 2017

(Generalized depiction of movements and not to be used for planning or development purposes)

A = Approximate 1 inch Contour Line

B = Approximate 12 inch or 1 foot Contour Line

C = Maximum Measured Movement of 12.4 feet

D = Movements Vary 1 inch to 1 foot between Lines A & B

AB24%0.14 = Typical Point ID with Movement in Feet
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Table of Movements at Monitoring Points

Portuguese Bend Landslide Monitoring

Horizontal and Vertical Movements in Feet
October 5, 2016 to October 4, 2017 - 12.0 Months

Listed below are the horizontal movements and vertical (elevation) changes in the last annual period. See the attached
spreadsheet titled “PB MOVEMENT DATA POSTING 2007-2017.10.xlsx" for more details and a history of movements.
Note: The measurement confidence is 0.02° (1/4"): therefore, movements greater than 0.02' are deemed to have actually

moved.

Point ID Horizontal Vertical Point ID Horizontal Vertical
Movements Changes Movements Changes
ABO1 0.02 0.09 KcCo1 0.25 0.03
ABO02 0.01 0.08 KCo02 0.11 0.11
AB04 0.29 0.07 KCo05 0.06 0.08
ABO5 0.19 0.11 KCo6 0.09 0.02
AB12 0.18 0.09 KCo07 0.01 0.06
AB13 0.13 0.08 KC13 0.07 0.11
ABI16 0.04 0.11 KC14 0.02 0.05
AB17 0.02 0.00 KC15 0.09 0.04
AB20 0.20 0.06 KC16 0.01 0.06
AB24 0.14 0.05 KC17 0.09 0.10
AB50 0.13 0.10 PB04 1.12 -0.26
AB51 0.09 0.08 PB06 1.00 -0.06
ABS3 0.18 0.05 PB0O7 1.21 -0.05
AB57 0.11 0.00 PBO8 1.10 0.11
ABS58 0.14 0.08 PB09 1.32 -0.11
ABS9 0.18 0.04 PB12 2.43 -0.38
AB60 0.17 0.12 PB13 1.76 -0.01
AB61 0.00 0.11 PB18 0.19 0.09
AB62 0.20 0.07 PB20 2.02 -0.34
AB63 0.20 0.06 PB21 1.22 0.00
AB64 0.03 0.08 PB25 0.26 0.01
AB65 0.10 0.14 PB26 0.28 0.05
ABG66 0.12 0.03 PB27 2.16 -0.30
ABG67 0.04 0.03 PB29 1.70 -0.31
AB68 0.11 0.05 PB54 0.21 0.07
AB71 0.09 -0.01 PB55 1.31 -0.13
CRO7 0.13 -0.04 PBS9 1.67 -0.60
CR50 0.01 0.02 PB65 0.34 0.06
CR51 0.01 0.01 PB67 12.44 -1.97
CRS3 0.05 0.04 PB68 0.94 -0.21
FT06 0.25 -0.05 PB69 0.99 -0.27
FTO07 0.29 0.02 PB70 0.82 -0.91
FT08 0.04 0.05 UB02 2.78 0.10
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MCGEE SURVEYING CONSULTING

RANCHO PALOS VERDES - PORTUGUESE LAND SLIDE MONITORING POINT STATUS Prepared 12/04/2017

Notes: 180+/- Monitoring Points established since 1994 through 2016

09/01/07 71 Points Surveyed 60 old points found with 52 monitered plus 19 new points

12/01/08 67 Points Surveyed AB09, KC11, PB51 discontinued; BB53 destroyed; AB05 disturbed

11/01/09 68 Points Surveyed Set PB64 to replace PB63 destroyed subsequently

10/01/10 65 Points Surveyed Discontinued AB03, BB25; set PB65 to replace PB62 destroyed by paving

10/03/11 69 Points Surveyed; Set AB62 & AB63 to replace AB06 & ABO7

09/14/12 72 Points Surveyed; Discontinued AB06, AB07; ABS5 destroyed by trenching; Added 8 new points

10/06/13 65 Points Surveyed; Discontinued AB15, AB18, AB52, AB54, CR52, KC04, PB53

09/19/14 64 Points Surveyed; Discontinued BB52, PB67 set in April 2014; Added PVE3RP (reference to PVE3 antenna)

10/08/15 66 Points Surveyed; AB56 Destroyed & Replaced by AB71A; PB68, PB69, & PB70 Set in April 2015

10/05/16 66 Points Surveyed; AB71A Destroyed & Replaced by AB71;

10/04/17 66 Points Surveyed; 30 Points to Survey in Feb 2018 and April 2018

PtID Last Obs'd Comments GNSS | PtID | LastObs'd Comments GNSS
ABO1 10/04/2017 Base Station 1994-2006 G KCo01 10/04/2017 NE'ly/2 monuments 1.5" apart G
ABO2 “ G KC02 4 G
AB04 N G KCo05 N G
ABO0S " G KCo06 " G
AB12 “ G KCo07 i G
ABI13 “ F KC13 bl G
ABl16 “ P KC14 “ G
AB17 N F KC15 “ F
AB20 «“ NE'ly/ 2 monuments G KC16 " Raised 0.29" by others 10/2016 G
AB24 “ F KC17 “ Replaced KC04 G
ABS0 ® G PB04 " G
ABS51 “ G PB06 e G
ABS3 “ F PB07 ® G
AB57 “ G PB0S “ G
ABSS . I ¢ PB0OY * G
ABS9 N G PBI12 “ G
AB60 N G PB13 L G
AB61 - Base Sta.. 2007-Present G PB18 ¥ G
AB62 “ G PB20 i S'ly/ 2 monuments 5.3" apart G
AB63 “ G PB21 “ F
AB64 b G PB25 = G
AB65 «“ G PB26 * F
ABG6 K G PB27 * G
AB67 b G PB29 i G
AB68 « G PB54 N F
AB71 “ Replaced ABS6 10/2016 F PB55 " F
CRO7 W G PB5Y “ G
CR50 “ F PB65 - G
CRS1 * G PB67 ® G
CR33 " G PB68 b2 G
FT06 * F PB69 b G
FT07 " G PB70 " G
FT08 10/04/2017 G UBO02 10/04/2017 G
GNSS column indicates site is Good, Fair or Poor for Satellite Visibility Conditions
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10/04/17 COORDINATE LIST

Portuguese Bend Landslide 10/04/2017 Monitoring Survey No. 19
Prepared by McGee Surveying Consulting: Document Date 12/04/2017 Rev. 03/23/18

Datum; Horizontal & EH are NAD83 (2007) 2007.00 Epoch; California State Plane Zone §; Vertical: NAVD88
Note, Fixed CGPS Station PVE3 at Record 3D Position & NAVD88 Height per September 2007 Survey;
See 2007 and subsequent Survey Reports

Point

ABOLl
ABO2
ABO4
ABO5
AB12
AB13
AEB16
ABR17
AB20
AB24
AR50
ABS51
ARB53
AR57
ARS8
AB59
ARBG0
AB61
AB62
AB63
ARG4
AB65
AB66
ABB7
ABGE
AB71
CRO7
CR50
CR51
CR53
FT06
FTO7
ETOB
KCO01
KC02
KC05
KC06
KCo07
KC13
KC14
KC15
KC1l6
KC17
PBO4
PBO6
PBO7
DROS
PBOS
PB12
PE13
PB18
PB20
PE21
PB25
PB26
PB27
PB29
PB54
PR55
PB59
PBE5S
PB67
PE68
PB69
PB70
UBD2
BVE3
DVHS
DVRS
VTIS

Latitude

33-44-38.

33-44-13
33-44-28

33-44-24.
33-44-38.

33-44-43

33-44-47.

33-44-58

33-44-37.
33-44-42,
33-44-25.
33-44-40.
33-44-48,
33-45-03.
33-44-55.
33-44-52.
33-44-35.
33-44-18.
33-44-33,
33-44-34,
33-45-02.
33-45-00.

33-44-44
33-44-55

33-44-46.

33-45-06

33-45-00,
33-45-13.
33-45-14.

33-45-11

33-44-42,
33-44-36.
33-44-38,
33-44-29.

33-44-14

33-44-15.
33-44-22.
33-44-22.
33-44-10.
33-44-12,
33-44-20.
33-44-20.
33-44-17.
33-44-20.
33-44-23.
33-44-25.
33-44-26.

33-44-26

33-44-26.

33-44-24

33-44-48.
33-44-31.
33-44-36.

33-44-40

33-44-39.
33-44-3s6.
33-44-32.
33-44-41,
33-44-31.
33-44-21.
33-44-28.
33-44-20.
33-44-20.
33-44-22.
33-44-22,
33-44-15.
33-44-35,

33-46-25.
33-42-45.

30264
84885
08825
98844
27281
34363
57883
06058
77222
35218
11020
22869
36573
16837
14231
53793
03968
57310
22832
71584
13598
93070
53376
71641
61108
07061
26727
97074
49681
63359
782286
86844
19515
13081
54623
36995
33164
09033
41128
03472
39699
55003
54910
94963
65349
63253
27748
73575
82104
76864
40781
63026
61155
92754
63338
60985
66740
07614
976884
84289
81389
44978
97613
13163
83979
47128
85329

89195
49966

Longitude

118-22-53

118-22-26

118-22-36.
118-22-30.
118-22-22.
118-22-23.
118-22-31.
118-22-41.
118-22-05

118-22-28.
118-22-22.
118-22-34.
118-22-05.
118-22-05.
118-22-13

118-21-59.
118-22-26.
118-22-25.
118-22-38.
118-22-34.
118-22-33.
118-22-22.
118-22-20.
118-22-29
118-22-25.
118-22-19.
118-21-48.
118-21-50.
118-21-34
118-21-59.
118-21-29.
118-21-13

118-21-22,
118-21-33,
118-21-37.
118-21-24,
118-21-21
118-21-18
118-21-25,
118-21-17.
118-21-25.
118-21-13.
118-21-26.
118-22-15

118-22~05.
118-21-59.
118-21-56,
118-21-52.
116-21-43.
118-21-36

118-21-53

118-21-48.
118-21-48,
118-21-38,
118-21-35.
118-21-40

118-21-37.
118-21-56.
118-21-52.
118-22-18.
118-22-05,
118-21-52.
118-22-14.
118-22-16.
118-22-18

118-22-00.
11B-24-15

118-19-14.
118-17-37.

05190
19248
25052
09368
72200
162186
51213
08420
96721
79581
94748
15228
70081
20529
27651
79463
06633
95798
63305
12199
46046
90337
15074

06611

31252
51937
09417
11955

.43627

73971
58686
66300
57469
11047
05778
51042

.96741

55899
78319
47094
21829
64613
32512
81517
05375
69309
72479
15204
48444
79290
76880
93012
27938
74199
58778
42532
47488
95133
73767
06036
66966
05737
21541
64715
53308
45904
26904

06714
71221

EH (ft)

60.

-1,
=51

278

217.

63

186.

234

4486,
287.
316.
.056
.073
.598

61
22
24

62,
413,
-395

340
255

287.
.153
.316
513.
-612

275
453

754

858.
662,
-450
.552
.411
.13%

370
470
540
194

—-104.

109.
.710
.374
=951

iBl
195
72

141.
169.
.157

209

97,

47
58
79

76.
69.
63.

a8

244,

112

153.

207

164.
151,

50.
239.

120
38

169.
-46.
.166

45.

35.
-55.
235.

54

198

197.

200
955

.221
=37
164.
246.
258.
324,
.027

911
904
207
174
493

438
672
829
659
587
427
046

411
997

978

060

912

171
€46

440
343

776
882

120
338
437

.868

109
770
850
034
758
213
538
808
825
634
318
500
556
1B6
322
962

670
879
686
421

-609

513

North (£t)

1728427.
1726946,
1728389,
1728074,
1729414,
1729827,
1730358.
1731421,
1729359,
1729829,
1728084,
1729616,
1730429.
1731926.
1731117.
1730849,
1729089.
1727424,
1728909,
1729058,
1731830,
1731705,
1730047,
1731180.
1730258,
1732224,
1731&27,
1733013,
1733061.
1732780,
1729854,
1729251,
1729388.
1728475.
1727002,
1727081,
1727784.

1727759

1726580
1726742,
1727590.
1727602,
1727302,
1727661,
1727931,
1728129.
1728194.
1728239,
1728245,
1728035,

1730430

1728732,

1729236
1729669

1729537.
1729233,
1728834,
1729690,
1728769,
1727752,
1728453,
1727603.
.740

1727663

1727781.
1727853,
1727507,
1729207,

1740239,
1717933,

563
981
642
322
936
688
454
094
113
231
385
255
939
199
340
:1:E:]
145
487
999
946
665
500
056
319
673
039
667
582
996
269
480
883
659
502
323
814
a18
405
919
428
216
232
651
559
553
962
248
172
148
639
518
977
343

.749

968
780
339
329
381
560
414
687

308
485
351
091

294
684

East (ft)

6445708.
6447968.
6447121,
6447643,
6448270,
6448235
6447532,
6446727,
6449685,
6447759,

6448246
6447306

6449712,
6449759,
6449074.
6450212,

6447987
6447990

6446925,
6447306

6447373
6448264

6448490

6447741

6448055.

6448551

§451203.
6451037,

6452361

6450224.
6452759,

6454102
6453350

6452457,
6452118.
6453178.
6453396,
6453683,
6453069,
6453805,
6453120,
6454098.
6453026.
6448847,
6449757,
6450211,
6450462,
6450848.
6451580.
6452144.
6450719.
6451122,
6451179,
6451986.
6452252.
6451842,
6452090.
6450448.
6450800.
6448658.
.551
-103
6448982,
6448777,
.945
.164

6449707
6450854

64468618
6450144

6438765,

6464237

6472307

15

554
680
211
392
954
684
126
759
739
547
974
387
181
488
926
470
304
262
324
BE0
095

+137

446
758
314
B24
373
353
868
148
935
608
472
432
780
806
077
853
529
940
825
227
322
783
8657
126
052
411
464
855
822
309
087
108
014
379
121
364
875
496

903

958

184

B35S
229

orthoHt (£t)

178.
116.

67.

B0.
2B3.
364.
376.

442

396.
335.
182.
305.
352.

564
405

434
179.
.54

140

143.
180.

532

458,
374.
405.
393,

571

632,
872,
976.
780,
488,

588

658 .
312,

13
227

299.

313

191,
259.
287.
327.
215.
165.

176

197.
194.

iss

182,
206.
362.
230.
271.
325.
282,

269

168,
357.
23B.
156.
287.

71.

172
164
154

316.
315.

68
54
24
54
25
53
51
B3
30
79
09
21
:12)
74
65
22
43

04
82
28
64
28
35
47
52
01
67
16
75
53
60
49
az
83
55
87
52
18
96
06
29
32
75
78
18
41
04
o8
25
93
44
74
95
95
8o
49
72
80
60
64
34
57

.08
.39

62.
354.

66
36

32
26

Description

Punched 1/2" GIP in meter box
4" BC "SAN PEDRO 1936" on conc. block

BRC "CO ENG STA Q2,." on 2"GIP in mass of conc
BC "CO ENG STA Q3.." on 2"GIP in mass of conc.

BC "CO ENG STA 7A.." in mass of conc
Punched 1/2" GIP in meter box
Punched 1/2" GIP in meter box
Punched 1/2" GIP in meter box

BC "CO ENG STA W. FIX 1956.." in mass of conc

Cotton spindle in conc, In road

Nail in cone. collar of well

PK mag nail in plastic plug "LS6957" in
Chiseled + on s edge conc. Vault

6" mag nail & washer in conc. in 2"x 36"

Punched RR spike on s side road

6" mag nail & washer in conc. in 2"x 36"
& washer in conc. in 2"x 28"
& washer in conc. in 2"x 24"
6" mag nail & washer in conc. in 1"x 24
x

6" mag nail
6" mag nail

Punched 1/2 48" rebar

1"GIP

GIP

GIP
GIP
GIP
GIP

2" mag nail on NE side 2' conc. Collar/Well B12

2" mag nail & washer in conc. in 1"x &0"

GIP

1/2"x 24" punched rebar 1" below AC conc. collar
1/2"x 24" punched rebar 1" below AC conc. collar
1/2"x 24" punched rebar 1" below AC conc. collar
2"screw&brass washer"PLS3945" on VanderlipDr.

6" mag nail & washer in cone. in old 1"
Tack & shiner on lower rock wall
Tack & shiner on conc. pad

2" mag nail & washer in conec. in 1"x 60"
6" mag nail & washer in conc. in 2"x 36"
6" mag nail & washer in conec, in 2"x 36"
6" mag nail & washer in cone. in 2"x 36"

6" mag nail & washer in conc. in old 1"
Punched 1/2" GIP in meter box

Punched 1/2" GIP in meter box

Punched 1/2" GIP in meter box

Punched 1/2" GIP in meter box

Cotton spindle in AC turnout

Punched spike in center road

Cotton spindle in cul-de-sac

Ip

GIP
GIP
GIP
GIP
ip

Brass pin&washer "LS8773" set above spike in Xn

2" mag nail & washer in cenc. in 1"x 50"

GIP

Nail & tag "RCE26120" in conc., in 3" pipe

Punched cap on 2" GIP

Brass tag "LA CO DPW" in conc. in 2" GIP

Punched cap on 2" GIP

Punched cap on 2" GIP in cable box
Punched cap on 2" GIP in cable box
Punched cap on 2" GIP in cable box
Punched 1/2" GIP in meter box
Punched cap on 2" GIP in cable box
Punched cap on 2" GIP in cable box
Punched cap on 2" GIP in cable box

Brass tag "LA CO DPW" in conc. in 2" GIP

Punched cap on 2" GIP in cable box

Brass tag "LA CO DPW" in conc. in 2' GIP

PK mag nail in plastic plug "LSE6957" in
PK mag nail in plastic plug "L§6957" in
PK mag nail in plastic plug "LS?" in 1"
2" alum, cap "MCGEE SURVEYING" on 5/8"x
1/2" x 3' rebar

2" Alum Cap "PLS3945" in 1'"x 30" GIP

2" Alum Cap "PLS3945'" in 1"x 30" GIP

2" Alum Cap "PLS3945" in 1"x 30" GIP

PK mag nail in plastic plug "?" in 1"GIP

1"GIP
1"GIP
GIP
24"rebar

CGPS Pos. Fixed in 2007 and subsequent surveys

CGPS Non-Operational
CGPS Pos, Determined as by this Survey
CGPS Pos. Determined as by this Survey
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5290 Overpass Road, Ste#107, Santa Barbara, CA 93111

Addendum No. 1

Monitoring Survey No. 20 Report

Portuguese Bend Landslide Monitoring

February 12, 2018 Partial Monitoring Survey
for the

City of Rancho Palos Verdes
b

y
McGee Surveying Consulting

Overview:

This Addendum No. 1 Report describes the February 12, 2018 (average date) tri-annual Portuguese Bend
Monitoring Survey. This partial survey included 30 points which are a sub-set of the full monitoring set reported
above. AB13 was substituted for AB12 due to access issues on private land used as a horse corral with guard
dogs. Reviewing the movements ot AB12 and AB13 over the last 10 years tinds the movements are consistent
in direction, and the distance at AB12 is generally about equal or up to 1/3 greater than at AB13. It is
recommended AB13 be substituted for AB12 and that AB12 be monitored once a year during the primary fall
survey.

This survey followed the procedures described in previous surveys. For a detailed history of the program and
surveys see “History” above and Monitoring Survey Reports by this surveyor dating back to 2007. The field
survey took place February 11-13, 2018. The Field Surveys, Equipment, Data Collection and Network Design
were as described in the above Report. Four continuously operating GPS stations (CGPS) were connected to this
survey with three 4-8 hour observations.

The movements reported between October 4, 2017 and February 12, 2018 (4.3 months) statistically attained an
average accuracy of 0.019 feet at the 95% Level of Confidence. The vectors residuals follow: the 2D averaged
0.007’ with a maximum of 0.021” and the vertical averaged 0.011” with a maximum of 0.075".

A Minimally Constrained Adjustment was processed to develop NAD83 (2007) 2007.00 Epoch Geodetic and
State Plane Coordinates in feet. CGPS Station PVE3 was fixed and the differences in north, east and up from the
10/04/2017 survey to the 02/12/2018 survey are listed in feet below.

10/04/2017 to 02/12/2018

Station dN dE dz

ABO4 -0.057 -0.044 ~0.034
AB13 -0.035 0.004 -0.051
ABl6 -0.028 -0.005 -0.037
AB17 -0.008 -0.003 0.012
AB20 -0.044 -0.011 ~0.025
AB50 -0.018 -0.023 -0.027
AB59 -0.044 0.008 -0.006
AB6O ~0.042 -0.014 -0.026
AB61 -0.009 0.004 -0.016
AB65S -0.006 -0.003 -0.050
CRO7 -0.032 0.010 -0.021
CR50 -0.010 -0.006 -0.001
FTO6 -0.072 -0.003 -0.038
FTO7 -0.019 ~0.042 -0.0198
KC06 -0.011 -0.009 0.011
KCo7 -0.000 0.010 -0.014
KC13 -0.017 0.000 -0.015
KC16 0.005 0.001 -0.006
KC17 -0.014 0.004 -0.031
PBO4 -0.158 -0.033 -0.082
PB12 -0.587 -0.177 -0.196
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PB13 -0.380
PB18B -0.031
PB26 -0.072
PB55 -0.263
PB59 -0.242
PB&7 -1,812
PB68 -0.134
PB6S -0.124
PB70 -0.114
PVE3 -0.000
PVRS ~0.016
VTIS 0.001
The differences
PVRS -0.024
VTIS 0.002

-0.

-0

-0.

-0.
-0.
-0.
-0.
=-0.
-0.

Q.

from

McGEE SURVEYING CONSULTING

5290 Overpass Road, Ste#107, Santa Barbara. CA 93111

182 -0.063
.001 -0.028
013 0.009
.022 0.110
039 -0.116
196 -0.300
010 -0.089
055 -0.068
053 ~-0.156
000 -0.000
000 -0.025
.003 -0.026

the original 2007 positions below

.018 -0.013
.013 -0.026

As a standard procedure the adjustment was constrained to the CGPS station PVE3 and finds no difference,
within the accuracy of the measurement system, in the positions of the primary base station AB61 and the
positions of the CGPS stations PVRS and VTIS. The CGPS stations and KC16 are known to be stable over time
and indicate the survey reference frame was stable and successfully recovered.

The Movement Distances and Elevation Changes are summarized in the “Periodic Horizontal & Vertical

Movement in Feet” below.
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Addendum No. 2

Monitoring Survey No. 21 Report

Portuguese Bend Landslide Monitoring

April 16, 2018 Partial Monitoring Survey
for the

City of Rancho Palos Verdes
by
McGee Surveying Consulting

Overview:

This Addendum No. 2 Report describes the April 16, 2018 (average date) tri-annual Portuguese Bend
Monitoring Survey. This partial survey included 30 points which are a sub-set of the full monitoring set reported
ahove.

This survey followed the procedures described in previous surveys. For a detailed history of the program and
surveys see “History” above and Monitoring Survey Reports by this surveyor dating back to 2007. The field
survey took place April 15-17, 2018. The Field Surveys, Equipment, Data Collection and Network Design were
as described in the above Report. Four continuously operating GPS stations (CGPS) were connected to this
survey with three 5-8 hour observations.

The movements reported between February 12, 2018 and April 16, 2018 (1.6 months) statistically attained an
average accuracy of 0.02 feet at the 95% Level of Confidence. The vectors residuals follow: the 2D averaged
0.005’ with a maximum of 0.016’ and the vertical averaged 0.009° with a maximum of 0.031".

A Minimally Constrained Adjustment was processed to develop NADS3 (2007) 2007.00 Epoch Geodetic and
State Plane Coordinates in feet. CGPS Station PVE3 was fixed and the differences in north, east and up from the
02/12/2018 survey to the 04/16/2018 survey are listed in feet below.

02/12/2018 to 04/16/2018

Station dN dE dz

ABRO4 0.00 -0.01 0.01
AB13 0.00 0.00 -0.01
AB16 0.01 0.00 -0.02
ABR17 0.01 0.00 0.01
AB20 -0.01 -0.01 0.03
AB50 0.00 -0.01 0.01
AB59 0.00 0.00 0.02
AB60O 0.01 0.00 0.00
ARGl 0.01 -0.01 0.01
AB65 0.01 -0.01 0.01
CRO7 0.01 0.01 0.01
CR50 0.03 0.00 0.01
FTO6 -0.01 0.00 0.02
FTO7 -0.01 -0.03 0.05
KCO06 0.00 -0.01 -0.01
KCo7 0.01 Q.00 0.03
KC13 0.00 0.01 0.01
KC1l6 0.00 0.00 0.01
KC17 0.01 -0.01 0.01
PBO4 -0.03 -0.01 -0.01
PB12 -0.22 -0.10 0.01
PB13 -0.16 -0.08 0.02
PB18 -0.01 -0.01 0.03
PB26 0.00 -0.01 ~0.02
PB55 -0.05 -0.05 -0.07
PB59 -0.09 -0.0? -0.03
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PB67 -0.62 -0.05 -0.10
PB6B -0.04 0.00 0.00
PB69 -0.04 -0.02 0.00
PB70 -0.03 -0.03 -0.06
PVE3 0.00 0.00 0.00
PVRS 0.03 .01 0.01
VTIS 0.00 0.00 0.03

As a standard procedure the adjustment was constrained to the CGPS station PVE3 and finds no difference,
within the accuracy of the measurement system, in the positions of the primary base station AB61 and the
positions of the CGPS stations PVRS and VTIS. The CGPS stations and KC16 are known to be stable over time
and indicate the survey reference frame was stable and successfully recovered.

The Movement Distances and Flevation Changes are summarized in the “Periodic Horizontal & Vertical
Movement in Feet” below.
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PORTUGUESE BEND LANDSLIDE MONITORING

Partial Monitoring Horizontal & Vertical Movements in Feet

10/04/2017 to

02/12/2018 to

10/04/2017 to

02/12/2018 = 4.3 months

04/16/2018 = 1.6 months

04/16/2018 = 5.9 months

Mon. Pt. Movement Elevation Movement Elevation Movement Elevation
Distance Change Distance Change Distance Change
AB04 0.07 -0.03 0.01 0.01 0.08 -0.02
AB13 0.04 -0.05 0.00 -0.01 0.03 -0.06
ABl6 0.03 -0.04 0.01 -0.02 0.02 -0.06
AB17 0.01 0.01 0.01 0.01 0.00 0.02
AB20 0.05 -0.03 0.01 0.03 0.06 0.00
AB30 0.03 -0.03 0.01 0.01 0.04 -0.02
AB39 0.04 -0.01 0.00 0.02 0.05 0.01
AB60O 0.04 -0.03 0.01 0.00 0.04 -0.03
AB61 0.01 -0.02 0.01 0.01 0.00 0.00
ABG65 0.01 -0.05 0.02 0.01 0.01 -0.04
CRO7 0.03 -0.02 0.01 0.01 0.03 -0.01
CRS50 0.01 0.00 0.03 0.01 0.02 0.01
FTO06 0.07 -0.04 0.01 0.02 0.08 -0.02
FTO07 0.05 -0.02 0.03 0.05 0.08 0.03
KCo06 0.01 0.01 0.01 -0.01 0.02 0.00
KC07 0.01 -0.01 0.01 0.03 0.02 0.01
KC13 0.02 -0.02 0.01 0.01 0.02 0.00
KC16 0.01 -0.01 0.00 0.01 0.01 0.00
KC17 0.01 -0.03 0.01 0.01 0.01 -0.02
PB04 0.16 -0.08 0.03 -0.01 0.20 -0.10
PB12 0.61 -0.20 0.24 0.01 0.85 -0.19
PB13 0.42 -0.06 0.18 0.02 0.60 -0.05
PB18 0.03 -0.03 0.01 0.03 0.04 0.01
PB26 0.07 0.01 0.01 -0.02 0.07 -0.01
PB55 0.26 0.11 0.07 -0.07 0.31 0.05
PBS59 0.25 -0.12 0.09 -0.03 0.34 -0.15
PB67 1.82 -0.30 0.62 -0.10 2.45 -0.41
PB68 0.13 -0.09 0.04 0.00 0.18 -0.09
PB69 0.14 -0.07 0.05 0.00 0.18 -0.07
PB70 0.13 -0.16 0.04 -0.06 0.17 -0.21

Note: The measurement confidence is 0.02° (1/4”); therefore, movements greater than 0.02" are deemed

to have actually moved. See "PB MOVEMENT DATA POSTING 2007-(Present).xlsx" for details.
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Survey Report

of the

Portuguese Bend Landslide Monitoring Surveys

Dated: January 30, 2017, Appended March 15 and July 6, 2017
for the

City of Rancho Palos Verdes

prepared by
McGee Surveying Consulting

The Portuguese Bend Landslide is monitored on a tri-annual basis beginning with the rainy
season. The initial survey of 66 monuments is conducted in the in September-October and
reported herein. Two subsequent partial monitoring surveys of about 30 monuments are
conducted in mid-winter and mid- spring. The second and third surveys are reported as
Addendums No. I and No. 2 to this Report. Therefore, this Report is issued three times a year
with the third being the final for the rainy season. The average date of each survey follows.

&
Q
@

Initial Survey - October 5, 2016 Full Monitoring Survey No. 16 Report
Second Survey - February 24, 2017 Partial Monitoring Survey No. 17 Report
Third Survey — May 03, 2017 Partial Monitoring Survey No. 18

INDEX
Subject

0 1O\ AW NN

— et D
—_ 0 O

PROJECT OVERVIEW

HISTORY

PROJECT DATUMS, REFERENCE SYSTEM

FIELD SURVEYS, DATA COLLECTION, EQUIPMENT & PROCESSING
NETWORK DESCRIPTION

GNSS NETWORK DIAGRAM

MONITORING POINT HISTORY & STATUS

ADJUSTMENTS & ANALYSIS

ACCURACY

QAQC ANALYSIS (QUALITY CONTROL - QUALITY ASSURANCE)
SUMMARY

RECOMMENDATIONS & SURVEYOR’s STATEMENT

APPENDIX

13- Aerial Photo of Monitoring Points & Graphic of the Horizontal Movements Depicted by Zones

14- Table of Horizontal and Vertical Movements in Last Year

15- Monitoring Point Status

16- Coordinate List for the Oct. 5, 2016 Survey: NAD83 (2007) 2007.00 Epoch Geodetic, Grid, NAVD88
17- ADDENDUM No. 1: Second Survey - February 24, 2017 Partial Monitoring Survey No. 17 Report
19- ADDENDUM No. 2: Third Survey — May 3, 2017 Partial Monitoring Survey No. 18 Report

21- ADDENDUM No. 2: Table of Horizontal and Vertical Movements for the Partial Monitoring Surveys

ATTACHMENT: “PB MOVEMENT DATA POSTING 2007-2016.10.xlsx” (Overall & Periodic Movement)
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Survey Report

of the

Portuguese Bend Landslide Monitoring Survey

October 5, 2016 Primary Monitoring
for the

City of Rancho Palos Verdes

prepared by
McGee Surveying Consulting
January 30, 2017
PROJECT OVERVIEW:

McGee Surveying Consulting performed a landslide monitoring survey in October 2016 at Portuguese Bend on
behalf of the City of Rancho Palos Verdes. This survey established positions on monitoring points to determine
overall and periodic movements. The results of the survey are described in this Report and in the attached
spreadsheet titled “PB MOVEMENT DATA POSTING 2007-2016.10.xlsx”. Two partial monitoring surveys
are performed in the winter and spring and reported as addendums to this Report.

The field survey was planned, coordinated and executed by Michael McGee, PL.S3945 of McGee Surveying
Consulting who was also responsible for the final processing of the observations, network adjustments, analysis
and reports. The monitoring points cover a 1% mile square area and are measured to determine the rate and
extent of ground movement. The area has been monitored by the City of Rancho Palos Verdes circa 1994 having
been taken over from the County of Los Angeles. The Global Navigation Satellite System (GNSS (formerly
referred to as GPS)) technology is used to measure positions based on the North American Datum of 1983
(NADS3) and the North American Vertical Datum of 1988 (NAVD 88). This survey is referenced to California
CGPS (Continuous GPS) Stations in the region which are permanently mounted GPS and GNSS receivers used
for monitoring seismic activity. The CGPS in California are similar to the national CORS (Continuously
Operated Reference Stations).

Points that move a few inches or less per year are required to meet an accuracy standard of one centimeter
(0.033 feet) at the 95% Level of Confidence. In the active slide area where the movements are greater than 0.25
feet per year (PB and UB points), the accuracy standard is two centimeters (0.066 feet) at the 95% Level of
Confidence. Field procedures are designed to accomplish this purpose and Quality Control-Quality Assurance
(QAQCQC) processes discussed hereafter are incorporated to verify these accuracies are attained.

Prior to September 2007, successive coordinate differences were used to compute movements; however,
arithmetic differences do not provide statistical information about the relative movement accuracies. Beginning
with the initial 2007 survey, field and office procedures were designed to assure the accuracy and reliability of
measurements and provide for queries between epochs that inciude statistical information about the relative
precisions of the reported movements. Measurements of temporal movements are based on a rigorous
simultaneous least squares adjustment of multiple observations at two different epochs for each point.

HISTORY

This monitoring survey is a continuation of a program initiated by the County of Los Angeles and taken over by
the City of Rancho Palos Verdes circa 1994. McGee Surveying Consulting has conducted the field surveys and
reporting since September 2007. The monitoring surveys have occurred annually since 2007, semi-annually
since 2012 and three times a year beginning with the September 2014 survey. See the September 2007 Survey
Report for a history of the previous survey process between 1994 and 2007. See the Survey Reports on file with
the City after 2006 for details of each monitoring campaign.
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PROJECT DATUMS, REFERENCE SYSTEM

Horizontal Datum: North American Datum of 1983 established by the National Geodetic Survey (NGS)
referred to as NADS83 (2007) 2007.00 Epoch. The NAD83 (2007) 2007.00 Epoch adjustment is one of a series
of national adjustments of NADS3 since its adoption in 1986 and is the realization used for these monitoring
surveys since 2007. The latest realization of NADS83 is the 2011 adjustment referred to as NADS3 (2011)
2010.00 Epoch; however, the above referenced 2007 realization is retained to be consistent with prior reporting
and the primary purpose of determining relative movements over time.

Reference Network: The survey is referenced to the CGPS Stations (continuously operating GNSS receivers).
For more information see NGS Data Sheets for the PID's listed below (no data sheet exists for PVE3). The
positions listed below were obtained in September 2007 from the California Spatial Reference Center (CSRC).
The CSRC provides CA Public Resources Code sanctioned positions for the California CGPS Stations.

Units: Feet

CGPS Latitude (dms) Longitude (dms) EH (feet) NGS PID NAME

PVE3 33 44 35.853290 -118 24 15.269036 235.42 none PALOS VERDES CORS
PVHS 33 46 46.020150 -118 22 19.741258 853.99 AJ1915 PENINSULA HIGH SCH
PVRS** 33 46 25.891904 -118 19 14.067218 198.63 AJ1916 PALOS VERDES RES
VTIS 33 42 45.489584 -118 17 37.712290 197.52 AJ1936 MARINE EXCHANGE

## Falls in the proximity of a Fault Line as shown below but appears unaffected to date

CGPS Stations (north up)

Vertical Datum: North American Vertical Datum of 1988 (NAVD88) established by the NGS.
Reference Network: CGPS Station VTIS is also a Second Order leveled benchmark and the original basis for
the elevations in this survey. See the Record Elevations of CGPS stations following.

(0%}
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CGPS NAVD88 Ht (feet)

PVE3 none

PVES 972.1 Based on a Refined Geoid Model

PVRS 316.37 Based on Second Order Leveling by CSRC

VTIS 315.26 Based on Second Order Leveling by CSRC and basis for this survey

Geoid Model: Geoid 03: Note Geoid09 became available from the NGS in 2009 and Geoid12A in 2012;
however, Geoid03 is retained to be consistent with prior reported heights and the primary purpose of
determining relative height changes over time.

Projection: Plane coordinates are NAD83 California State Plane Coordinates Zone 5 in US Feet: The State
Plane Coordinate Parameters follow: The average Scale Factor is 1.00007543, the Height Reduction Factor
based on the average ellipsoid heights is 0.99999092, and the average Combined Grid Factor is 1.00006635.
Distances in this survey are grid. To obtain ground distances divide grid distances by the Combined Grid Factor.
Grid bearings resulting from this survey must be rotated by a Convergence Angle to obtain geodetic (true)
bearings. The average convergence angle is -0-12-301 (rotate left 0-12-30).

Datum Stability: Rancho Palos Verdes sits on the Pacific Plate which is moving west-northwesterly relative to
the North American Plate about 4 centimeters (0.14 feet) per year. The area southwesterly of the Fault Line
shown on the above map includes the City and is moving at a constant rate as exhibited by the International
Terrestrial Reference Frame (ITRF) north, east and up velocities of the CGPS Stations listed below. Note, there

was no change.
ANNUAL VELOCITIES/METERS ANALYSIS PERIOD
SITE N E Up START DATE END_DATE
PVE3 0.019 -0.039 -0.000 2000.7312 2017.0151
PVHS 0.019 -0.040 0.001 1999.5112 2017.0151
PVRS 0.019 -0.039 0.000 1995.0946 2017.0151
VTIS 0.01¢ -0.039 -0.001 1998.9380 2016.8105

These CGPS Stations provide a rigid reference frame for the Portuguese L.andslide Monitoring Program that is
validated during each monitoring campaign. See the Adjustments results below and the September 2007
Monitoring Survey Report by McGee Surveying Consulting for additional information.

FIELD SURVEYS, DATA COLLECTION, EQUIPMENT & PROCESSING

Three Leica geodetic GNSS receivers/antennas listed below were mounted on two-meter fixed height poles or
tripod/tribrach to collect satellite signal data. The GS15 receivers tracked Navstar GPS, GLONASS and BeiDou
satellites. Prior to initiating the field observations, a calibration of the poles and tribrach was conducted to verify
their heights and plumb. The poles were found to be plumb within 0.003 feet consistent with prior years. There
were no equipment failures.

Sixty-six monitoring points were occupied and reported in this survey. Site photographs and recovery sheets
detailing the location, character of the monuments and obstructions were maintained and updated. See the
Appendix for "Monitoring Point Status”. Monument AB61, established in September 2007 on Portuguese Point,
is used as the primary base station in each survey because it sits above a stable basalt formation. AB20 serves as
a secondary base during each survey.

The field survey commenced each day by setting a Leica GS15 GNSS receiver on a fixed height pole at AB61
and on a tribrach/tripod at AB20 while a third GS15 GNSS receiver roamed freely collecting observations on a
fixed height pole at the remaining 64 points. Points with annual movements less than 0.25° were measured with
two or more independent occupations resulting in a minimum of four vectors to each point from AB61 and
AB20. An independent occupation means the points were occupied under a different constellation of satellites
usually on a different day. If the two measurements are within 0.03 feet (1 cm) horizontally, they are accepted,
otherwise a third measurement is required. AB61, AB20 and the CGPS stations were connected with 8 hour
(average) observations collected over a six-day period. Nineteen points in the active areas with annual
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movements greater than 0.25° were single occupied. AB12 was single occupied due to restricted access. A
comparison with the linear movements from prior years was made to verify their accuracy.

Many of the points are over-shadowed by mature trees and shrubberies which interfere with signals received
from satellites and affect the quality of measurements. To obtain the best possible accuracies, the satellite
constellation is compared with obstruction diagrams to estimate the best time for observing un-obstructed
satellites. To improve the accuracy of the measurements, satellites that are obstructed by foliage and trees are
either turned off during the observation or noted for removal in post-processing. If six or more un-obstructed
satellites with a GDOP of less than three (measure of the geometry or strength of figure of the constellation) are
available, then the measurement commences for a minimum of 15 minutes of data collection. If the geometry
and number of satellites are insufficient then the receiver is moved to another point and returned later when

satellite availability improves.

Date of Survey: 09/27-28/2016 and 10/9-12/16 (mean date 10/05/2016) between 0600-1800 PDST (+7 hrs for UTC).
GNSS Survey Parameters:

Constellation: 30 US NAVSTAR GPS satellites and 24 Russian GLONASS satellites.

Observables: GPS L1 & L2 and GLONASS L1 & L2 Carrier Waves

Epoch Rate - Occupation Times: 15 second epoch rate - 15 minute occupations at monitoring points and six 8 hour

occupations at base stations.

Satellites: 11-18; GDOP =< 2; Elevation Mask for Data Collection at 15° and Processing at 15°

Ephemeris: Rapid for Static Post-Processing of CGPS connections and Broadcast for onsite.

Weather: A mixture of clear and cloudy skies with marine layer on the last two days, temperature 70°-85° F, no significant

weather.
Space Weather: Boulder K Index (gauges ionospheric activity on a scale of 0-9; prefer less than 5 to avoid noisy data)
was 4-6 on 09/27-28/2016. When the K factor reached 6 the survey was suspended until 10/09-12/2016 when it ranged 0-3.
Equipment:
GNSS Base Receiver Unit No.: M8, Operator: M. McGee, PLS; Station Occupied: AB61 (Basel)
Make & Model: Leica GS15; Antenna Leica GS15; Mount: Fixed Height Pole #1; Antenna Height: 1.803m
GNSS Rover Receiver Unit No.: M9, Operator: M. McGee, PLS;
Make & Model: Leica GS!5; Antenna Leica GS15; Mount: Fixed Height Pole #3; Antenna Height: 1.800m
GNSS Rover Receiver Unit No.: M7, Operator: M. McGee, PLS, Station Occupied: AB20 (Base2)
Make & Model: Leica GS15; Antenna Leica GS15; Mount: Tribrach on Tripod; Antenna Height: varies

Vectors were processed using Leica LGO v8.4 post processing software. Analysis of residuals led to the
rejection of 3 out of 48 vectors connecting the CGPS Stations to AB61 and AB20, and 0 out of 222 vectors
connecting monitoring points. Network adjustments and analysis were performed with "Starnet-PRO” version
8.2.3 software. Rinex files of the satellite measurements for the CGPS Stations were downloaded from the
SOPAC website. The Rapid Ephemeris and Absolute Antenna Models were obtained from the NGS website.

NETWORK

The primary Base Station is AB61, which sits on Portuguese Point, is the focal point of the static network
connecting the monitoring points and CGPS Stations. AB20, a second Base Station is centrally located sitting on
top of a high bluff overlooking Portuguese Bend. Sixty-six points and four CGPS Stations were connected with
270 vectors. See the following Network Maps and the Aerial View in the Appendix.

The monitoring plan utilizes the CGPS Stations to verify the stability of the reference frame. The primary CGPS
Station used to control this survey is PVE3 located just south of City Hall and 1.8 miles west-northwest of Base
Station AB61. CGPS Stations PVHS, PVRS and VTIS are used to validate the stability of the network.
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MONITORING POINT HISTORY and STATUS

This is the 16™ Monitoring Survey. For data management purposes during the field survey and data processing,
the point names are prefixed with the sequential number to distinguish between monitoring surveys. For
example, on the 16™ monitoring survey, AB61 was named M16AB61 where M16 indicates the sequence
number since the initial September 2007 Monitoring Survey. The prefix is stripped in the “COORDINATES
LIST” and “PB MOVEMENT DATA POSTING 2007-2016.10.xIsx”.

Between 1994 and 2006, 149 monitoring points were established to monitor the Portuguese Bend Landslides,
many of which were lost or destroyed. Sixty of the original points were recovered in 2007. Eight of the 60 points
were deleted because they were in close proximity of other points better suited for GNSS satellite measurements
leaving 52 points monitored and reported between September 2006 and September 2007. Three of the 52 points
(AB09, KC11 & PB51) were monitored in September 2007 for the last time and replaced by new points, set
nearby and better suited for satellite observations.

2007: Eighteen new points were set in 2007 and had their movements reported for the first time in the following
December 2008 survey. In September, it was noted that KCO1 was previously reported by others on 9/14/2006
to have moved N 29°E 1.24' from its 12/9/2005 position. In the September 2008 survey, a buried partially
illegible brass cap in concrete stamped "COUNTY ENGINEER RE8869 1956 STA ??IELDS" was found
S31°29°W 1.48 feet from the 1" IP used by the previous survey and this survey in the initial September 2007
and subsequent surveys. The original 1994 position of KCO1 was re-referenced to the 17 IP, resulting in correct
overall reported movements.

2008: In December 2008, 49 original and 18 new points were surveyed for a total of 67 monitoring points. In
December, it was noted that ABO5 had been disturbed by a mowing machine. AB0O5 was found chipped and
leaning to southerly about 0.4°. The movement reporting resumed in 2009. Analysis of the movement and
historic data made it possible to estimate the disturbance to within 0.05°. The original 1995 position of AB05
was re-referenced S14°02°E 0.29’ to be consistent with the disturbed position, resulting in correct overall
reported movements.

2009: PB64 was set east of the Archery Range to replace PB63 (set 2007) which had become unsafe to access
and was lost in 2010. PB64 was reported for the first time in October 2010.

2010: Points AB03 and BB25 were discontinued. AB03 is on the edge of a cliff 192 feet west-southwest of
AB61 making it redundant, and BB2S5 is on a freestanding rock susceptible to disturbance by wave action. In the
summer of 2010, PB62 was destroyed by road construction and in October 2010, PB65 was set 24” south-
southwest of PB62’s location and reported for the first time in October 2011. The following points may have
been disturbed prior to the October 2010 survey. ABO5 appears to have been disturbed by mower machinery,
AB15 (%” GIP in a meter box) is driven over by vehicles occasionally accessing an adjacent field, and KC02
(4” GIP in a meter box) is occasionally parked on by vehicles accessing the beach.

2011: In October, new points AB62 and AB63 (initially referred to as AB62R and AB63R) were set to replace
ABO6 and AB07 which were hazardous to occupy due to their location near the traveled way of Palos Verde
Drive South.

2012: In September, prior to initiating the survey, eight new monuments AB64, AB65, AB66, AB67, AB6S,
CR53, KC17 and PB66 were constructed to replace AB54, AB18, AB52, AB55, AB1S5, CR52, KC04 and PB53
respectively. The monuments were replaced because of poor sky visibility except for KC04 which was difficult
to access and ABS5 which was destroyed by trenching in the past year. Monuments were set with the following
design. Monuments set in soil are 1” x 5° GIP driven flush and encase in a 6” PVC pipe sitting on a concrete
collar down about 18”. Monuments set in asphalt are 1/2” x 2’ rebar driven below the surface inside a free
floating 2” concrete encased plastic collar.

2013: Points AB15, AB18, AB52, AB54, CR52, KC04 and PB53 were surveyed for the last time in 2012 and
discontinued. BB52 is on a freestanding rock susceptible to disturbance by wave action and was monitored for
the last time in October and discontinued.

2014: In April PB64 was monitored for the last time due to unsafe access conditions and PB67 (a 5’ t-bar steel
post driven 3’ into the ground) was set NNW’ly about 250 as a replacement and reported for the first time in
September 2014 after 4.5 months whereas all other points in the “PB MOVEMENT DATA POSTING 2007-
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2016.10.xlsx” are reported for 11.5 months since October 2013. In September, AB69 located about 260° NE of
AB12 and AB70 located about 140" SE of AB12 were setl as polential replacements; however, AB69 was
destroyed by lot improvements and AB70 proved to be too obstructed for accurate results.
2015: In April, new points PB68, PB69 and PB70 were set to monitor movements of “Palos Verdes Drive
South” and reported in October. In October, Monitoring Point AB56 was found disturbed by construction and
AB71 (magnetic nail in AC) was set as a temporary replacement. In October, the steel post for PB67 was not
found. An inconspicuous %” x 4’ rebar was set flush in its place. Because of the large movement in this area a
more permanent monument is not necessary.
2016: In October, the temporary point for AB71 was destroyed by road work prior to this survey. AB71 was
reset 12’ easterly with a 2” screw and brass washer drilled into a granite curb on Vanderlip Road. No movement
information will be available until the fall 2017. KC16 was raise to the surface of the road by others between the
two occupations by this survey. Estimated height changed +0.33’+/-.

See the "Monitoring Point Status” in the Appendix for the present status of monitoring points.

ADJUSTMENTS & ANALYSIS

Adjustment 1: An adjustment to develop NAD83 (2007) 2007.00 Epoch Geodetic, Ellipsoid and State Plane
Coordinates. CGPS Station PVE3 was fixed at its published NAD83 (2007) 2007.00 Epoch position listed above
in a Minimally Constrained Adjustment to determine positions of points in this survey and verify its stability
relative to other CGPS stations. PVE3 is located 1.8 miles westerly of and outside the influence of the slide area.
PVE3 has been fixed in all adjustments since 2007. The CSRC publishes a Time Series representing the
horizontal and vertical stability of PVE3 which indicate the position is stable. The primary base station AB61
and three other operating CGPS Stations were measured relative to PVE3 and used to assess stability of the
survey reference frame. The positions are based on 8 hour (average) observations for six days. Differences in
feet from one monitoring survey to another for key points are listed in the table below.

10/2013 Positions to 09/2014 9/2007 Positions to 09/2014

ID dN dE dz ID dN dE dz

PVE3 0.000 0.000 0.000 < Fixed > PVE3 0.000 0.000 0.000
PVRS -0.011 -0.011 -0.003 PVRS -0.005 0.009 -0.01le6
AB17 0.004 0.029 -0.078 AB17 -0.019 -0.005 -0.062
AB61 0.019 -0.005 -0.005 <Base Station> AB61 0.002 0.004 -0.054
CR51 0.001 -0.006 -0.047 CR51 -0.038 0.010 =-0.129
KCl6 0.004 -0.023 -0.038 KC16 -0.001 -0.013 -0.058
09/2014 Positions to 10/2015 9/2007 Positions to 10/2015

ID dN dE dZ ID dN dE dz

PVE3 -0.000 -0.000 -0.000 < Fixed > PVE3 -0.000 -0.000 -0.000
PVRS 0.001 0.007 0.016 PVRS -0.004 0.016 0.000
VTIS 0.003 0.005 0.049 VTIS -0.000 0.017 -0.007
AB17 0.015 =-0.017 0.042 AR17 -0.004 -0.022 -0.020
AB61 -0.007 0.003 -0.001 <Base Station> AB61 -0.005 0.007 -0.055
CR51 0.011 0.005 0.017 CR51 -0.028 0.014 -0.112
KC1l6 0.014 0.008 0.010 KCl6 0.013 -0.005 -0.048
10/2015 Positions to 10/2016 9/2007 Positions to 10/2016

ID dN dE dz ID dN dE dz

PVE3 -0.000 -0.000 -0.000 < Fixed > PVE3 -0.000 -0.000 -0.000
PVHS -0.007 0.000 0.024 <10/2013 PVHS -0.006 0.011 0.042
PVRS 0.000 0.003 0.019 PVRS -0.003 0.019 0.019
VTIS -0.001 -0.010 0.008 VTIS -0.002 0.006 0.002
AB17 -0.019 -0.010 0.051 AR17 -0.023 -0.032 0.031
AB61 0.000 -0.002 0.016 AB61 -0.004 0.005 -0.038
CR51 -0.014 -0.011 0.012 CR51 -0.042 0.002 -0.099
KC1l6 -0.022 0.001  ====- KC16 -0.009 -0.003  =====
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Comments: The Base Station AB61 has no significant difference since October 2015 and 2007 as referenced to
PVE3. Given that PVE3 and AB61 are in agreement, the survey reference frame is deemed stable and
successfully recovered. An adjustment constrained to the other CGPS Stations is not necessary because the
purpose here is to track their movements over time to test the stability of the reference frame and validate the
measured movements. See the “COORDINATE LIST” in the Appendix for a list of coordinates resulting from
this adjustment. See prior Survey Reports for coordinates resulting from earlier surveys.

Adjustment 2: An adjustment to develop NAVD88 Orthometric Heights (Elevations). The CGPS Station
PVE3 was fixed horizontally and vertically at its NAVD88 height determined in the September 2007 survey.
The 2007 height was based on the published 2™ Order NAVD88 Height of CGPS Station VTIS. This
Adjustment combines the measured ellipsoid height differences with the NGS Geoid03 Model (models the
separation between the ellipsoid and geoid surfaces) to determine the NAVD88 orthometric heights of the CGPS
Stations and monitoring points.

ACCURACY

This survey conform to the intent of the California Spatial Reference Center & California Lands Surveyors
Association’s “GNSS Surveying Standards and Specifications, 1.1” (2014) and the Federal Geodetic Control
Subcommittee (FGCS) “Specifications for GPS Relative Positioning” (1988).

Vector Residuals: The vector lengths, two dimensional residuals and the absolute value of the vertical residuals
resulting from minimally constrained Adjustment #1 are listed below in feet. Three vectors to CGPS Stations
were removed due to large residuals. Forty vectors to single occupied monitoring points are not included
because they have no independent residuals and would optimistically skew the results. The statistics given
below are applicable for all points.

Vector Lengths Two Dimensional Residuals Vertical Residuals (absolute)
Network Vary Average Average Std.Dev. Maximum Average Std.Dev. Range
Mon. Pts 479-7182 3171 0.007 0.005 0.037 0.012 0.010 -0.058 to +0.036
CGPS Sta's 9397-26102 17525 0.006 0.003 0.014 0.012 0.009 ~0.035 to +0.032

Local Accuracy: The relative accuracy of vectors resulting from the minimally constrained Adjustment #1 is
estimated at the 95% Level of Confidence in feet.

Monitoring Points CGPS Stations

2D Vertical 2D Vertical
Average 0.010 0.021 0.004 0.005
Maximum 0.018 0.046 0.004 0.007

Network Accuracy: The network accuracy of the coordinates derived from Adjustment #1 relative to the
NADS83 Datum fixed at the CGPS Station PVE3 are estimated at the 95% Level of Confidence in feet.

Monitoring Points CGPS Stations

2D Vertical 2D Vertical
Average 0.010 0.022 0.004 0.005
Maximum 0.019 0.0486 0.005 0.008

At the 95% confidence level, the average coordinate has a horizontal radius of circular error is 0.010 feet and a
vertical of 0.022 feet with a max of 0.019 and 0.046 feet respectively.

Movement Accuracy: The relative movements reported between October 8, 2015 and October 5, 2016 (12.0
months) statistically attained an average accuracy of 0.014 feet at the 95% Level of Confidence and range 0.005
to 0.020 feet. The actual accuracy of measurements held to the “one-centimeter standard” are estimated to
approach 0.01 feet as demonstrated by the vector residuals, repeatability of measurements at points considered
stable, and deflection analysis. Refer to the sections titled ACCURACY and QAQC ANALYSIS in this Report

for more information.
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Statistically, the probability at the 95% level of confidence is that movement (signal) has occurred at a point
when the horizontal distance between two epochs is greater than the 95% Error (noise). No movement is
considered detected unless the movement exceeds the 95% Error for individual points. Applying this criterion, 6
points have not moved. See the attached “PB MOVEMENT DATA POSTING 2007-2016.10.xlsx” for the
relative movements and the estimated error at the 95% Level of Confidence for individual points.

NAVDS8S8 Heights: The North American Vertical Datum of 1988 orthometric heights resulting from
Adjustment #2 are derived from the difference in ellipsoid heights combined with the Geoid03 Model and
constrained to the NAVDS88 height of PVE3 determined in 2007. The relative accuracy of the heights is
expected to be 0.03 feet or better, but can be greater at obstructed sites. The absolute accuracy of the heights
relative to the datum is dependent on the published orthometric height on the CGPS Station VTIS. Up until
October 2011 there were no specific requirements for vertical accuracies. In October 2011, a 0.03-foot relative
vertical accuracy preference was introduced for points AB17, AB57, CR07, CR50 and CR51. In the September
2012 and subsequent surveys the preference was extended to all points.

QUALITY CONTROL - QUALITY ASSURANCE (QAQC) ANALYSIS

To ensure the accuracy and validity of the measurement systems used in these GNSS monitoring surveys, an
independent test was conducted in 2007 using conventional terrestrial based instruments as reported in the
“QAQC ANALYSIS” section of the September 2007 Monitoring Survey Report. Comparing the results of the
GNSS systems with conventional instrumentation found horizontal measurements agreed 0.01 feet on average.
In November of 2011 the GNSS instruments and fixed height poles used in this survey were calibrated on the
Santa Maria National Geodetic Survey Baseline and found to agree with published distances 0.003 to 0.006 feet.

To validate the radial survey method used in these surveys to position points from base stations AB61 and
AB20, independent GNSS cross connections were measured and compared with the stand alone computed
inverse distances in the 2007, 2008 and 2009 surveys. The results found the two dimensional accuracy to agree
0.01 feet on average, indicating the radial method of measurements is reliable and the additional labor cost of
measuring cross connection between points is not warranted. See the “QAQC ANALYSIS” section of the
September 2007 and the December 2008 Monitoring Survey Reports for detailed analysis.

Deflection Analysis is a method established by this surveyor to assess the consistency of the direction of
movements reported from period to period. Assuming that movements are generally linear for points moving
less than a foot, the separation or the deflection between the direction of the previous and present periods taken
over the moved distance implies the accuracy obtained with the equipment, methods and procedures. Analysis
of individual deflections found the separations and implied accuracy varied 0.01 to 0.02 feet.

SUMMARY

Point movement ranges by zones are listed below in feet:
(AB##) 0.00 to 0.06

(PB##) 0.04 to 1.60 and 9.73 at PB67
(KC##) 0.02 to 0.03
(CR##) 0.00 to 0.02
(FT##) 0.02 to 0.04

(KC##) 0.00 to 0.05
See the Appendix for a graphic of the horizontal movements depicted by zones ranging 0” to 1, 1” to 1’ and
1’to 10°.
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See the attached " PB MOVEMENT DATA POSTING 2007-2016.10.xisx " spreadsheet for overall and periodic
movements of each point. The movements are given in north, east and up or down as well as a vector of distance
and direction relative to north. The direction is given as an azimuth in degrees where 0° is north and increases
clockwise (90° East, 180° South, 270° West). The overall movements are from the date when a point was first
set listed in the spreadsheet to the present survey.

The present status of monitored points is provided in the Appendix under "Monitoring Point Status". The
historical status of all monitoring points is provided in the September 2007 Survey Report. The historical 1994-
2006 positions of all points are listed in the Charles Abbott Associates Inc. file "ALL POINTS MOST RECENT
OBSERVED POSITION AS OF SEPTEMBER 15, 2006.xls" attached as an electronic file to the 2007 Report.

RECOMMENDATION

An ongoing re-location program for monuments has long term benefits resulting in better accuracy and lower
cost surveys due to improved sky visibility for tracking satellites. No monuments were re-located during this
survey; however, Point AB56 was destroyed prior to the October 2015 monitoring and replaced. It was
destroyed again prior to the October 2016 monitoring and replaced by AB71. Points AB16, AB17, AB24 and
ABS58 have limited sky visibility and are candidates for re-location or deletion. AB12 is in a horse corral and is
difficult to access; however, there are no nearby alternatives.

Attachments: The following document is attached to this Report.

“PB MOVEMENT DATA POSTING 2007-2016.10.xIsx” listing the coordinates of the initial positions, the
overall and periodic movements of monitoring points since 2007.

SURVEYOR'S STATEMENT

This is a Repost on the procedures, criteris and results of the City of
Rancho Palos Verdes Portuguese Bend Landslide Menitoring Surveys.
This Report includes the Initial Monitoring Survey conducted in the fali
and two Partial Moniwring Surveys added 10 the report as Addendum
No.l and Addendum No.2 in the following winter and spring. This
surnvey was performed and the report prepared by me at the regucst of
Ron Dragoa. Principal Engineer of the City of Rancho Palos Verdes.

Initial Monitoring Survey No. 16
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Addendum No. 1 - Partial Monitoring Survey No. 17
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Addendum No. 2 - Partial Monitoring Survey No. 18
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APPENDIX

13- Aerial Photo of Monitoring Points & Graphic of the Horizontal Movements Depicted by Zones

14- Table of Horizontal and Vertical Movements in Last Year

15- Monitoring Point Status

16- Coordinate List for the Oct. 5, 2016 Survey: NADS83 (2007) 2007.00 Epoch Geodetic, Grid, NAVDS88
17- ADDENDUM No. 1: Second Survey - February 24, 2017 Partial Monitoring Survey No. 17 Report
19- ADDENDUM No. 2: Third Survey — May 03, 2017 Partial Monitoring Survey No. 18 Report

21- ADDENDUM No. 2: Table of Partial Monitoring Survey Horizontal and Vertical Movements
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Aerial View of the October 2016 Monitoring Points (North is left)
and

General Dipiction of Horizontal Movements by Zones - October 8, 2015 to Oct. 5, 2016
(The zones shown here are a generalized depiction of movements
and are not to be used for planning or development purposes)
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McGEE SURVEYING CONSULTING
5290 Overpass Road, Ste#107, Santa Barbara, CA 93111
Table of Movements at-Monitoring Survey Points
Listed below are the movements and elevation changes in the last annual
period. See the attached spreadsheet titled “PB MOVEMENT DATA
POSTING 2007-2016.10.xlsx” for the history of annual movements.

PORTUGUESE BEND LANDSLIDE MONITORING
Horizontal & Vertical Movements in Feet
Full Monitoring: 12.0 months
Oct. 8, 2015 to Oct. 5, 2016

Point ID Mc.>ven_1entA Elevation Point ID Mo.vement Elevation

Distance Change Distance Chang_e_.
ABO1 0.03 0.06|kcO1 | 0.05°  0.01
ABO2 0.00 0.03|kco2 0.03  -0.02
ABO4 0.05  0.01|KCOS 0.02  0.00
ABOS 0.04 0.00|KCo6 0.02 0.02
AB12 0.05  0.00|kcO7 0.00  0.03
AB13 0.03 0.01|rc13 0.02 0.00
AB16 0.05  -0.01|KC14 0.01 0.03
AB17 0.02.  0.05|Kc15 0.02 0.02
AB20 0.04:  0.04|KC16 0.02
AB24 0.04 0.05|KC17 0.03 0.02
AB50 0.04 0.03|PBO4 0.7,  -0.25
AB51 0.02  0.02|PBO6 0.68  -0.09
AB53 0.03  -0.02|PBO7 0.78  -0.07
AB57 0.06 0.06|PBO8 0.68  -0.02
ABS8 0.03 0.01|PROY 0.87| '=0.16
AB59 0.05  -0.01|pB12 1.60 -0.35
AB60 "0.03| 0.00|PB13 1.06/ .-0.07
AB61 0.00 0.02|pB18 0.04  -0.02
AB62 0.03 0.01|pB20 1.34  -0.29
AB63 0.05 0.00|PB21 0.80 -0.06
AB64 0.02 0.04|pB25 0.06 0.01
AR65 0.03 0.06|PB26 0.08 0.03
AB66 0.04 0.02|pB27 1.39  -0.19
AB67 0.02  0.04[pB29 1.09  -0.34
AB68 0.03  0.02|pB54 0.05  -0.04
AB71 PB55 0.76  -0.21
CRO7 0.04 -0.02|PB59 1.08  -0.49
CR50 0.00 0.02|PB65 0.11 0.00
CR51 0.02  0.01|pB67 9.73  -1.24
CR53 0.01 0.00|pBe8 0.52  -0.28
FT06 0.04 -0.02|PB69 0.61 -0.25
FTO7 0.04 0.01|pB70 0.53 -0.66
FTO8 0.02 0.03|uR02 2.55 0.00
Note: Movements greater than 0.02’ (1/4") are deemed to have actually moved.
See “PB MOVEMENT DATA POSTING 2007-(present)" for annual summary
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McGEE SURVEYING CONSULTING

5290 Overpass Road, Ste#107, Santa Barbara. CA 93111

MCGEE SURVEYING CONSULTING

RANCHO PALOS VERDES - PORTUGUESE LAND SLIDE MONITORING POINT STATUS for 2017 Prepared 01/26/2017

Notes: 162+ Monitoring Points established since 1994
09/01/07 71 Points Surveyed 60 old points found with 52 monitored plus 19 new points
12/01/08 67 Points Surveyed AB09, KC11, PB51 discontinued; BB53 destroyed; AB0S disturbed
11/01/09 68 Points Surveyed Set PB64 to replace PB63 destroyed subsequently
10/01/10 65 Points Surveyed Discontinued AB03, BB25; set PB63 to replace PB62 destroyed by paving
10/03/11 69 Points Surveyed; Set AB62 & AB63 to replace AB06 & ABO7
09/14/12 72 Points Surveyed; Discontinued AB06, AB07; ABS5S destroyed by trenching; Added 8 new points
10/06/13 65 Points Surveyed; Discontinued AB15, AB18, AB52, ABS4, CR52, KC04, PBS3
9/19/14 64 Points Surveyed; Discontinued BB52, PB67 set in April 2014; Added PVE3RP (reference to PVE3 antenna)
10/08/15 66 Points Surveyed; AB56 Destroyed & Replaced by AB71A; PB68, PB69, & PB70 Set in April 2015
10/05/16 66 Points Surveyed; AB71A Destroyed & Replaced by AB71;

30+/- Points to Survey in Feb 2017 and April 2017
PtID Last Obs'd Comments GNSS | PtID | Last Obs'd Comments GNSS
ABO1 10/05/2016 Base 1994-2006 G KCo01 10/05/2016 NE'ly/2 pipes 1.5' apart G
ABO02 “ G KCo02 N G
AB04 “ G KCo05 N G
ABO5 “ G KCo06 B G
ABI12 “ G KCo07 & G
AB13 “ F KC13 = G
AB16 “ P KC14 “ G
AB17 “ F KC15 “ F
AB20 “ NE'ly/ 2 monuments G KCl16 “ Raised 0.33° by others G
AB24 “ F KC17 “ Replaced KC04 G
AB50 * G PB04 = G
AB51 “ G PB06 < G
AB53 10/05/2016 F PBO7 “ G
ABS57 10/05/2016 G PB08 “ G
ABS8 i P PB09 “ G
ABS9 “ G PB12 “ G
AB60 “ G PB13 “ G
AB61 “ BASE 2007-Present G PB18 = G
AB62 “ G PB20 = S'ly/ 2 pipes 5.3' apart G
AB63 " G PB21 & F
AB64 i G PB25 N G
AB65 “ G PB26 N F
AB66 “ G PB27 N G
AB67 N G PB29 = G
ABGS N G PB54 = F
AB71 10/05/2016 Replaced AB56 10/2016 F PBSS “ F
CRO7 “ G PB59 = G
CRS50 “ F PB65 10/05/2016 G
CR51 “ G PB67 10/05/2016 G
CR53 “ G PB68 & G
FT06 N F PB69 £ G
FT07 N G PB70 = G
FT08 10/05/2016 G UB02 10/05/2016 G

GNSS column indicates site is Good, Fair or Poor for Satellite Visibility Conditions
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McGEE SURVEYING CONSULTING

5290 Overpass Road, Ste#107, Santa Barbara, CA 93111

10/05/16 COORDINATE LIST

Portuguese Bend Landslide 10/05/2016 Monitoring Survey No. 16
Prepared by McGee Surveying Consulting: Document Date: 01/26/2017

Datum: Horizontal & EH are NAD83 (2007) 2007.00 Epoch; California State Plane Zone 5; Vertical: NAVD88
Note, Fixed CGPS Station PVE3 at Record 3D Position & NAVD88 Height per September 2007 Survey; See
2007 and subsequent Survey Reports

Point Latitude Longitude EH (ft) North (£t) East (ft) OrthoHt(ft) Description
ARD1 33-44-38.30243 118-22-53.05177 €60.112 1729427.542 6445709.564 178.58 Punched 1/2" GIP in meter box
ABD2 33-44-13.84B%4 118-22-26.19241 -2.034 1726946.990 6447968.687 116.46 4" BC "SAN PEDRO 1936" on conc. block

ARD4 33-44-28.09039 118-22-36,28821 -51,292 1728385.858 6447121, 407 67.17 BC "CO ENG STA Q2.." on 2"GIP in mass
ABO5 33-44-24.98951 118-22-30.09180 -38.018 1728074.429 6447643.552 80.43 BC "CO ENG STA Q3.." on 2"GIP in mass
AB12 33-44-38.27444 118-22-22.72125 164,811 1729415.100 6448271.018 283.16 BC "CO ENG STA 7A.." in mass of conc.
AB13 33-44-43.34475 118-22-23.16141 246,126 1729927.601 6448235.749 364.45 Punched 1/2" GIP in meter box

ABLE 33-44-47.57918 118-22-31.51206 258,067 1730358.490 6447532.132 376.40 Punched 1/2" GIP in meter box

ABL7 33-44-58.06060 118-22-41.08442 324.494 1731421.096 6446727 .740 442.83 Punched 1/2" GIP in meter box

AB20 33-44-37.77406 118-22-05.96650 277.965 1729359.299 6449685,800 396.24 BC "CO ENG STA W. FIX 1956.." in mass
AB24 33-44-42,35338 118-22-28,79512 217.391 1729829.352 6447759, 606 335.74 Cotton spindle in conc. In road

ABS0 33-44-25.11088 118-22-22.94615 63.571 1728084.453 6448247.086 181.99 Nail in conc. collar of well

AR51 33-44-40,22951 118-22-34.15190 186,745 1729616.338 6447306.420 305.13 PK mag nail in plastic plug "LS6957"
AB53 33-44-48,36751 118-22-05,70040 234,604 1730430.119 6449712.196 352.83 Chiseled + on s edge conc. Vault

ABS7 33-45-03.16942 118-22-05.20559 446,588 1731926.305 6449759.462 5€64.75 6" mag nail & washer in conc. in 2"x
ABSE 33-44-55.14373 118-22-13.27646 287.343 1731117.484 6449074.930 405.57 Punched RR spike on s side road

AB59 33-44-52.53975 118~21-59,79466 316,002 1730850.072 6450212.469 434,18 6" mag nail & washer in conc. in 2"x

ARE0 33-44-35.04120 118-22-26.06547 60.932 1729089, 298 6447987.377 179.31 6" mag nail & washer in conc, in 2"x
AB61 33-44-18B.57315 118-22-25.95799 21.960 1727424492 6447990.262 140.43 6" mag nail & washer in cone. in 2"x
PALPA 33-44-33.23018 118-32-38,8321¢4 24,531 1728510.184 8444925, 400 142.97 8" mag nail & washer ln conc. in 1"x
ABG3 33-44-34,71763 118-22-34,12096 62,353 1729059, 127 6447306.948 1B0.76 Punched 1/2 x 48" rebar

AB64 33-45-02.13632 118-22-33.46048 413.914 1731830. 699 6447373,094 532,20 2" mag nail on NE side 2' conc. Colla
AB65 33-45-00.93166 118-22-22.90378 340.258 1731705,598 6448264.103 458.50 2" mag nail & washer in conc. in 1'"x

of conc,
of conc.

of conc.

in 1"GIP
36" GIP

36" GIP
28" GIP
24" GIP
24" GIP

r/Well Bl2
60" GIP

AB66 33-44-44.53481 118-22-20.15018 255,945 1730047.163 6448490.494 374.25 1/2"x 24" punched rebar 1" below AC conc. collar

ABG7 33-44-55,71879 118-22-29.06604 287.032 1731180.357 6447741.763 405,32 1/2"x 24" punched rebar 1" below AC a

onc. collar

ARGB 33-44-46.61213 118-22-25.31233 275,102 1730258.778 6448055.331 393.42 1/2"x 24" punched rebar 1" below AC conc. collar
AB71 33-45-06.07146 118-22-19.51955 453.324 1732224,125 6448551.809 571.53 2" screw & brass washer"PLS3945" on VanderlipDr.

CRO7 33-45-00.26859 118-21-48.08410 513.951 1731627,.800 6451203.379 632,05 6" mag nail & washer in conec. in old
CR50 33-45-13.97072 118-21-50.11938 754.594 1733013.578 6451037 .368 B872.65 Tack & shiner on lower rock wall
CR51 33-45-14.49676 118-21-34.43633 B58.158 1733061.991 6452361.863 976.15 Tack & shiner on conc. pad

CR53 33-45-11.63358 11B8-21-59.73908 662.607 1732780, 268 6450224.201 780.71 2" mag nail & washer in conc. in 1'"x
FT06 33-44-42.78457 118-21-29.58594 370.502 1729854, 713 6452760.013 488,59 6" mag nail & washer in conec. in 2"x
FTO07 33-44-36.86993 118-21-13.66002 470.535 1729252.032 6454102.861 588.58 6" mag nail & washer in cone. in 2"x
FTO8 33-44-38.18505 118-21-22.57428 540.359 17293688, 649 6453350.507 658.43 6" mag nail & washer in conc. in 2"x
KCOo1 33-44-29.13299 118-21-33.10907 194.105 1728475.722 6452457.551 312.28 6" mag nail & washer in conc. in old
KC02 33-44-14.54726 118-21-37.05739 -104.548 1727002, 428 6452118.814 13.72 Punched 1/2" GIP in meter box

KCO05 33-44-15.37036 118-21-24,.50986 108.265 1727081,8B56 6453178.853 227.47 Punched 1/2" GIP in meter box

Kcoa 33-44-22.33187 118-21-21.96636 181.692 1727784.841 6453396, 166 299.85 Punched 1/2" GIP in meter box

KCo7 33-44-22.09037 118-21-18.55891 195,313 1727759.409 6453683.860 313.45 Punched 1/2" GIP in meter box

KC13 33-44-10.41184 118~-21-25,78278 72.939 1726580.975 €6453069.563 181,07 Cotton spindle in AC turnout

KC14 33-44-12.03474 118-21-17.07070 141,728 1726742.430 6453805.961 259.91 Punched spike in center road

KC15 33-44-20.39755 118-21-25,21744 168,943 1727590.272 6453120.897 287.02 Cotton spindle in cul-de-sac

KC16 33-44-20.55008 118-21-13.64609 209.098 1727602.236 6454098.230 327.23 Brass pin&washer "LSB773" set above s
KC17 33-44-17.54973 118-21-26.32442 97.025 1727302.715 6453026.381 215.22 2" mag nail & washer in conc. in 1"x

PBO4 33-44-20.96037 118-22-15.81184 47.596 1727662.644 6448B48.068 166.01 Nail & tag "RCE26120" in conc. in 3"

PBO6 33-44-23.66322 118-22-05.05191 58.502 1727932.537 64489757.816 176.85 Punched cap on 2" GIP

PBO7 33-44-25.64426 118-21-59.68995 78,917 1728131.147 6450211.395 197.23 Brass tag "LA CO DPW" in conc. in 2"

PRO8 33-44-26.28816 118-21-56,72203 76.003 1728195.327 6450462.288 194.30 Punched cap on 2" GIP

PBOS 33-44-26.748739 118-21-52.15112 69,876 1728240.490 £§450848.494 188.15 Punched cap on 2" GIP in cable box
PBl12 33-44-26.84404 118-21-43.47589 64.231 1728247.471 64515681.195 182.47 Punched cap on 2" GIP in cable box
PB13 33-44-24.78439 118-21-36.784Q7 88.039 1728037.228 6452145, 606 206.25 Punched cap on 2" GIP in cable box
PB1B 33-44-48.40965 118-21-53,76858 244.669 1730430.705 6450719.6841 362.84 Punched 1/2" GIP in meter box

PB20 33-44-31.64967 118-21-48.92462 112.557 1728734.938 6451122.780 230.78 Punched cap on 2" GIP in cable box
PB21 33-44-36.62357 118-21-48,27985 153.542 1729237.558 €451179.051 271.74 Punched cap on 2" GIP in cable box
PB25 33-44-40.93012 118-21-38.74147 207.795 1729€670.010 6451986.151 325,93 Punched cap on 2" GIP in cable box
PB26 33-44-39.63607 118-21-35.58718 164,780 1729538.238 6452252, 065 282,91 Brass tag "LA CO DPW" in conc. in 2"
PR27 33-44-36.63122 118-21-40.42475 151.938 1729235.940 6451842.434 270.10 Punched cap on 2" GIP in cable box
PBR29 33-44-32.68293 118-21-37.46731 50.632 1728835.907 6452090.766 168.80 Brass tag "LA CO DPW'" in conc. in 2"
PB54 33-44-41.07810 118-21-56.95058 239.431 1729690.527 6450448.427 357.65 PK mag nail in plastic plug "LS6957"
PB55 33-44-31.99176 118-21-52.73585 120.680 1728770.6B6 6450801.033 238.93 PK mag nail in plastic plug "LS6957"
PB59 33-44-21.85908 118-22-18.05629 38.789 1727754.196 6448658,846 157.20 PK mag nail in plastic plug "LS?" in
PBE5 33-44-28.81717 118-22-05,66879 169.266 1728453.745 6449707 .626 287.59 2" alum. cap "MCGEE SURVEYING" on 5/8
PB67 33-44-20.57198 118-21-52.04031 -44.992 1727616.035 6450855.589 73.31 1/2" x 3' rebar

PB6B 33-44-20.98543 118-22-14.21438 54.377 1727664.679 6448982,994 172.78 2" Alum Cap "PLS3945" in 1"x 30" GIP
PB69 33-44-22.,14080 118-22-16.64302 45,944 1727782.234 6448778.311 164.35 2" Alum Cap "PLS3945" in 1"x 30" GIP
PB70 33-44-22.84715 118-22-18.52905 36.892 1727854.228 6448619.288 155.30 2" Alum Cap "PLS3945" in 1"x 30" GIP

1" Ip

60" GIP
36" GIP
36" GIP
36" GIP
i" IP

pike in Xn
50" GIP
pipe

GIP

GIP

GIP

in 1"GIP

in 1"“GIP

1" GIP

"x 24"rebar

UB02 33-44-19.49856 118-22-00,46352 -55.781 1727510.110 6450143.796 62.57 PK mag nail in plastic plug "?" in 1"GIP
PVE3 33-44-35,85329 118-24-15.26904 235,421 1729207.091 6438765,184 354,36 CGPS Pos. Fixed in 2007 and subsequent surveys

PVHS 33-46-46.02013 118-22-19.74133 854.064 1742328.077 6448570.490 972.08 CGPS Pos. Determined by this Survey
PVRS 33-46-25.89199 118-19-14.06712 198.616 1740235.299 6464237 .896 316.32 CGPS Pos. Determined by this Survey
VTIS 33-42-45.48963 118-17-37.71225 197.515 1717933, 682 6472307.226 315.286 CGPS Pos. Determined by this Survey
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McGEE SURVEYING CONSULTING

5290 Overpass Road, Ste#107, Santa Barbara, CA 93111

Addendum No.1
Monitoring Survey No. 17 Report

Portuguese Bend Landslide Monitoring

February 24, 2017 Partial Monitoring Survey
for the

City of Rancho Palos Verdes
by

McGee Surveying Consulting
March 14, 2017

Overview:

This Addendum No. 1 Report describes the February 2017 tri-annual Portuguese Bend Monitoring Survey. This
partial survey included 30 points which are a sub-set of the full monitoring set.

This survey followed the procedures described in previous surveys. For a detailed history of the program and
surveys see “History” above and previous Monitoring Survey Reports back to 2007. The field survey took place
February 23-25, 2017. The Field Surveys, Equipment, Data Collection and Network Design were as described in
the above Report. The survey included 30 onsite points, two of which were base stations AB61 and AB20
connecting each point with two to six vectors. An equipment issue occurred at the backup base AB20 resulting
in a reliance on vectors from AB61 with good results. Four continuously operating GPS stations (CGPS) were
connected to this survey with three 4-8 eight hours observations.

The movements reported between October 5, 2016 and February 24, 2017 (4.7 months) statistically attained an
average accuracy of 0.019 feet at the 95% Level of Confidence. The overall vectors residuals follow: the 2D
averaged 0.005” with a maximum of 0.016’ and the vertical averaged 0.009” with a maximum of 0.041".

A Minimally Constrained Adjustment was processed to develop NAD83 (2007) 2007.00 Epoch Geodetic and
State Plane Coordinates in feet. CGPS Station PVE3 was fixed and the differences are listed in feet from the
October 5, 2016 to the February 24, 2017 positions below.

10/05/2016 to 02/24/2017

Station dN dE dz
ABO4 -0.08 -0.06 0.01
AB12 -0.04 0.00 0.00
ABl6 -0.02 0.01 0.05
AB17 -0.02 0.03 -0.04
AB20 -0.05 -0.02 -0.01
AB50 -0.02 -0.03 -0.02
AB59 ~0.05 0.01 0.07
AB60 -0.07 -0.01 0.05
AB61 -0.01 0.01 0.11 Primary Base Station
AB65 -0.02 0.00 0.16
CRO7 ~0.03 -0.01 0.02
CR50 0.00 -0.01 0.03
FTO06 -0.07 -0.02 0.04
FTO7 -0.04 -0.06 0.01
KCO6 0.00 -0.02 -0.01
KCO7 -0.02 0.00 0.01
KC13 -0.02 ~-0.01 0.04
KC16 -0.01 0.00 -0.02
KC17 0.00 -0.01 0.02
PBO4 -0.44 -0.09 -0.12
PB12 ~0.78 -0.23 ~0.18
PH13 -0.54 =-0.28 =-0.01
PR1B ~0.05 0.00 0.04
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01 CGPS Station
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The adjustment, constrained to the CGPS station PVE3 as a standard procedure, finds no difference within the
noise level of the measurement system in the horizontal position at the primary base station AB61 nor with
CGPS stations PVHS, PVRS and VTIS as well as stations CR50 and KC16 considered to be fairly stable over
time. The survey reference frame was deemed stable and successfully recovered. The results are compiled

below.
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McGEE SURVEYING CONSULTING

5290 Overpass Road, Ste#107, Santa Barbara, CA 93111

Addendum No.2
Monitoring Survey No. 18 Report

Portuguese Bend Landslide Monitoring

May 3, 2017 Partial Monitoring Survey
for the

City of Rancho Palos Verdes
by

McGee Surveying Consulting
July 6, 2017

Overview:

This Addendum No. 2 Report describes the May 3, 2017 tri-annual Portuguese Bend Monitoring Survey. This
partial survey included 29 points which are a sub-set of the full monitoring set.

This survey followed the procedures described in previous surveys. For a detailed history of the program and
surveys see “History” above and previous Monitoring Survey Reports back to 2007. The field survey took place
May 1-6, 2017. The Field Surveys, Equipment, Data Collection and Network Design were as described in the
above Report. The survey included 29 onsite points, with a base station at AB61 connecting each point with one
to three vectors. Access to FTO7 was prevented due to hazardous conditions and will be resumed at the next
monitoring. Four continuously operating GPS stations (CGPS) were connected to this survey with four 2-8 eight

hours observations.

The movements reported between February 24, 2017 and May 3, 2017 (2.2 months) statistically attained an
average accuracy of 0.019 feet at the 95% Level of Confidence. The overall vectors residuals follow: the 2D
averaged 0.004’ with a maximum of 0.013” and the vertical averaged 0.005’ with a maximum of 0.027".

A Minimally Constrained Adjustment was processed to develop NAD83 (2007) 2007.00 Epoch Geodetic and
State Plane Coordinates in feet. CGPS Station PVE3 was fixed and the differences are listed in feet from the

February 24, 2017 to the May 3, 2017 positions below.

02/24/2017 to 05/03/2017

Station dN dE dz
ABO4 -0.07 -0.07 0.01
AB12 -0.05 -0.03 0.03
ABl6 -0.01 0.00 0.02
AB17 0.02 -0.01 0.02
AB20 -0.05 -0.02 0.01
AB50 -0.02 -0.04 0.04
AB5S -0.05 0.02 -0.04
AB60 -0.03 -0.03 0.01
AB61 0.00 0.00 -0.05 Primary Base Station
AB6S -0.03 0.01 0.06
CRO7 -0.05 0.00 -0.02
CR50 0.00 0.01 -0.01
FTO06 -0.07 -0.02 -0.05
KCO06 -0.03 -0.04 0.01
KCo7 -0.01 0.01 0.03
KC13 -0.03 -0.01 0.03
KC1l6 0.00 0.00 0.04
KC17 -0.05 -0.03 0.00
PBO4 -0.30 -0.09 -0.09
PB12 -0.64 -0.19 -0.09
PB13 -0.42 -0.23 0.03
PB18 -0.07 -0.02 0.02
PB26 -0.10 0.00 0.05
DBb5 =-0.34 =0.04 ~0.16
PB59 -0.50 -0.12 ~-0.18B
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McGEE SURVEYING CONSULTING

5290 Overpass Road, Ste#107, Santa Barbara, CA 93111

PB67 -3.21 -0.38 -0.52

PB6B -0.29 =0.03 -0.10

PB69 -0.27 -0.12 -0.09

EBT0 -0.24 -0.12 -0.28

PVE3 0.00 0.00 0.00 Fixed CGPS Station
PVHS 0.01 0.00 -0.03 CGPS Station

PVRS 0.02 0.01 0.05 CGPS Station

VTIS 0.01 0.00 0.04 CGPS Station

The adjustment, constrained to the CGPS station PVE3 as a standard procedure, finds no difference within the
noise level of the measurement system in the horizontal position at the primary base station AB61 nor with
CGPS stations PVHS, PVRS and VTIS as well as stations CR50 and KC16 considered to be fairly stable over
time. The survey reference frame was deemed stable and successfully recovered. The results are compiled
below.

Note: The movement of points in the last 7 months is nearly the same as in the previous 12 months.
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McGEE SURVEYING CONSULTING

5290 Overpass Road, Ste#107, Santa Barbara, CA 93111

PORTUGUESE BEND LANDSLIDE MONITORING

Periodic Horizontal & Vertical Movement in Feet

10/05/2016 to

02/24/2017 to

10/05/2016 to

02/24/2017 = 4.7 mo

05/03/2017 =2.2 mo

05/03/2017 = 6.9 mo

Mon.Pt. | Movement | Elevation Movement Elevation | Movement | Elevation
Distance Change Distance Change Distance Change

AB04 0.10 0.01 0.10 0.01 0.20 0.01
AB12 0.04 0.00 0.06 0.03 0.10 0.02
AB16 0.02 0.05 0.01 0.02 0.03 0.07
AB17 0.04 -0.04 0.02 0.02 0.02 -0.02
AB20 0.05 -0.01 0.05 0.01 0.10 0.00
AB50 0.03 -0.02 0.04 0.04 0.08 0.02
ABS9 0.05 0.07 0.06 -0.04 0.10 0.03
ABG60 0.07 0.05 0.05 0.01 0.11 0.06
AB61 0.02 0.11 0.00 -0.05 0.02 0.06
AB65 0.02 0.16 0.03 0.06 0.06 0.21
CRO7 0.03 0.02 0.05 -0.02 0.08 0.00
CR50 0.01 0.03 0.01 -0.01 0.00 0.01
FT06 0.07 0.04 0.07 -0.05 0.14 0.00
FT07 0.08 0.01

KCo06 0.02 -0.01 0.04 0.01 0.06 -0.01
KCo07 0.02 0.01 0.01 0.03 0.03 0.04
KC13 0.02 0.04 0.04 0.03 0.05 0.07
KC16 0.01 -0.02 0.00 0.04 0.02 0.02
KC17 0.01 0.02 0.06 0.00 0.06 0.02
PB04 0.44 -0.12 0.31 -0.09 0.76 -0.21
PB12 0.81 -0.18 0.67 -0.09 1.48 -0.27
PB13 0.61 -0.01 0.48 0.03 1.09 0.02
PB18 0.05 0.04 0.07 0.02 0.12 0.06
PB26 0.06 -0.03 0.10 0.05 0.16 0.03
PBSS 0.42 -0.04 0.35 -0.16 0.77 -0.20
PB5s9 0.65 -0.25 0.51 -0.18 1.16 -0.44
PB67 5.56 -0.96 3.23 -0.52 8.80 -1.48
PB68 0.36 -0.06 0.29 -0.10 0.64 -0.16
PB69 0.38 -0.15 0.29 -0.09 0.67 -0.24
PB70 0.27 -0.41 0.27 -0.28 0.54 -0.69

Note: Movements greater than 0.02’ (1/4"') are deemed to have actually moved.

See "PB MOVEMENT DATA POSTING 2007-(Present).xIsx" for annual summary
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Survey Report

of the

Portuguese Bend Landslide Monitoring Surveys

Dated: Feb. 3, 2016, Revised & Appended March 11, 2016, Appended April 22, 2016, Revised Aug. 9, 2016
for the

City of Rancho Palos Verdes

prepared by
McGee Surveying Consulting

The Portuguese Bend Landslide is monitored on a tri-annual basis beginning and ending with
the rainy season. The initial survey of about 70 monuments is conducted in the early fall and
reported below in detail. Two subsequent partial monitoring surveys of about 30 monuments
are conducted in mid-winter and early spring. The second and third surveys are reported as
Addendums No. I and No. 2 to this Report. Therefore, this Report is issued three times with the
third being the final for the particular rainy season. The average date of the surveys follows.

Initial Survey - Full Monitoring: October 8, 2015
Second Survey - Partial Monitoring: February 16, 2016
Third Survey - Partial Monitoring: April 19, 2016
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18- ADDENDUM No. 2: Third Report on the April 19, 2016 Partial Monitoring Survey
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Survey Report

of the

Portuguese Bend Landslide Monitoring Survey
October 8, 2015 Full Monitoring
for the
City of Rancho Palos Verdes
prepared by
McGee Surveying Consulting
February 3, 2016
PROJECT OVERVIEW:

McGee Surveying Consulting performed a landslide monitoring and control survey dated October 8, 2015 at
Portuguese Bend on behalf of the City of Rancho Palos Verdes. This survey established positions on monitoring
points to determine overall and periodic movements. The results of the survey are described in this Report and
in the attached spreadsheet titled “PB MOVEMENT DATA POSTING 2007-2015.10.x1sx”. Two partial
monitoring surveys will be performed in the winter and spring and reported as addendums to this Report.

The field survey was planned, coordinated and executed by Michael McGee, PLS3945 of McGee Surveying
Consulting who was also responsible for the final processing of the observations, network adjustments, analysis
and reports. The monitoring points cover a 1% mile square area and are measured to determine the rate and
extent of ground movement. This monitoring program has occurred annually since 2007, semi-annually since
2012 and three times a year beginning with the September 2014 survey. The area has been monitored by the
City of Rancho Palos Verdes since 1994 and prior by the County of Los Angeles. The Global Navigation
Satellite System (GNSS formerly referred to as GPS) technology was used to measure positions based on the
North American Datum of 1983 (NADS83) and the North American Vertical Datum of 1988 (NAVD 88). This
survey is referenced to the California CGPS (Continuous GPS) Stations in the region which are permanently
mounted GPS receivers used for monitoring seismic activity. The CGPS in California are similar to the national
CORS (Continuously Operated Reference Stations).

Points that move a few inches or less per year are required to meet an accuracy standard of one centimeter
(0.033 feet) at the 95% Level of Confidence. In the active slide area where the movements are greater than 0.25
feet per year (PB and UB points), the accuracy standard is two centimeters (0.066 feet) at the 95% Level of
Confidence. Field procedures are designed to accomplish this purpose and Quality Control-Quality Assurance
(QAQC) processes discussed hereafter are incorporated to verify these accuracies are attained.

Prior to September 2007, successive coordinate differences were used to compute movements which do not
provide statistical information about the relative movement accuracies. Beginning with the initial 2007 survey,
field and oftice procedures were designed to assure the accuracy and reliability of measurements and provide for
queries between epochs that include statistical information about the relative precisions of the reported
movements. Thereafter, measurements of temporal movements are based on a rigorous simultaneous least
squares adjustment of multiple observations at two different epochs for each point.

HISTORY

This monitoring survey is a continuation of a program initiated by the County of Los Angeles and taken over by
the City of Rancho Palos Verdes circa 1994. McGee Surveying Consulting has conducted the field surveys and
reporting since September 2007. See the September 2007 Survey Report for a history of the previous survey
process between 1994 and 2007. See the Survey Reports subsequent to 2007 for details of each monitoring
campaign. Beginning with the 2012 rainy season (begins in September) full monitoring continued as usual and a
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partial monitoring was initiated in the following winter-spring. Beginning in September 2014 a full monitoring
was conducted and a partial monitoring surveys were conducted in the February and April.

PROJECT DATUMS, REFERENCE SYSTEM

Horizontal Datum: North American Datum of 1983 established by the National Geodetic Survey (NGS)
referred to as NADS83 (2007) 2007.00 Epoch. The NAD83 (2007) 2007.00 Epoch adjustment is one of a series
of national adjustments of NAD83 since its adoption in 1986 and is the realization used for these monitoring
surveys since 2007. The latest realization of NAD83 is the 2011 adjustment referred to as NAD83 (2011)
2010.00 Epoch; however, the above referenced 2007 realization is retained to be consistent with prior reporting
and the primary purpose of determining relative changes over time.

Reference Network: The survey is referenced to the CGPS Stations (continuously operating GNSS receivers).
For more information see NGS Data Sheets for the PID's listed below (no data sheet exists for PVE3). The
positions listed below were obtained in September 2007 from the California Spatial Reference Center (CSRC).
The CSRC provides CA Public Resources Code sanctioned positions for the California CGPS Stations.

Units: Feet

CGPS Latitude (dms) Longitude (dms) EH(feet) NGS PID NAME

PVE3 33 44 35.853290 -118 24 15.269036 235.42 none PALOS VERDES CORS
PVHS* 33 46 46.020150 -118 22 19.741258 853.99 AJ1915 PENINSULA HIGH SCH
PVRS** 33 46 25.891904 -118 19 14.067218 198.63 AJ1916 PALOS VERDES RES
VTIS 33 42 45.489584 -118 17 37.712290 197.52 AJ1936 MARINE EXCHANGE

*  Not Operational During Survey
#* Falls in the proximity of a Fault Line as shown below but appears unaffected to date
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Vertical Datum: North American Vertical Datum of 1988 (NAVD88) established by the NGS.
Reference Network: CGPS Station V'I'LS is also a Second Order leveled benchmark and the original basis for
the heights by this survey.

CGPS NAVDB8 Ht (feet)

PVE3 none

PVHS 972.1 Based on a Refined Geoid Model

PVRS 316.37 Based on Second Order Leveling by CSRC

VTIS 315.26 Based on Second Order Leveling by CSRC and original basis for this survey

Geoid Model: Geoid 03; note Geoid09 became available from the NGS in 2009 and Geoid12A in 2012;
however, Geoid03 is retained to be consistent with prior reported heights and the primary purpose of
determining relative changes over time.

Projection: NAD83 California State Plane Coordinates Zone 5 in US Feet: The State Plane Coordinate
Parameters follow: The average Scale Factor is 1.00007543, the Height Reduction Factor based on the average
ellipsoid heights is 0.99999092, and the average Combined Grid Factor is 1.00006635. Distances in this survey
are grid. To obtain ground distances divide grid distances by the Combined Grid Factor. Grid bearings resulting
from this survey must be rotated by a Convergence Angle to obtain geodetic (true) bearings. The average
convergence angle is -0-12-30+ (rotate left 0-12-30).

Datum Stability: Rancho Palos Verdes sits on the Pacific Plate which is moving west-northwesterly relative to
the North American Plate about 4 centimeters (0.14 feet) per year. The area southwesterly of the Fault Line
shown on the above map includes the City and is moving at a constant rate as exhibited by the International
Terrestrial Reference Frame (ITRF) north, east and up velocities of the CGPS Stations listed below. Note, there

was no change.
ANNUAL VELOCITIES IN METERS
SITE N E 19) START DATE END_DATE
PVE3 0.019 -0.039 -0.000 2000.7327 2016.0397
PVRS 0.019 -0.039 0.000 1999.0948 2016.0397
VTIS 0.019 -0.039 -0.001 1998.9407 2016.0397

These CGPS Stations provide a rigid reference frame for the Portuguese Landslide Monitoring Program that is
validated during each monitoring campaign. See the Adjustments results below and the September 2007
Monitoring Survey Report by McGee Surveying Consulting for additional information.

FIELD SURVEYS, DATA COLLECTION, EQUIPMENT & PROCESSING

Three Leica geodetic GNSS receivers/antennas listed below were mounted on two meter fixed height poles or
tripod/tribrach to collect satellite signal data. The GS15 receivers track Navstar GPS and GLONASS satellites.
Prior to initiating the field observations a calibration of the poles and tribrach were conducted to verify their
heights and plumb. The top of the poles were found to be plumb within 0.003 feet of the bottom consistent with
prior years. There were no equipment failures.

Sixty-nine monitoring points were occupied and reported in this survey. Site photographs and recovery sheets
detailing the location, character of the monuments and obstructions were maintained and updated. See the
Appendix for "Monitoring Point Status”. Monument AB61, established in September 2007 on Portuguese Point,
is used as the primary base station in each survey because it sits above a stable basalt formation. AB20 serves as
a secondary base during the surveys.

The field survey commenced each day by setting a Leica GS15 GNSS receiver on a fixed height pole at AB61
and on a tribrach/tripod at AB20 while a third GS15 GNSS receiver roamed freely collecting observations on a
fixed height pole at the other 68 points. Points with annual movements less than 0.25° were measured with two
or more independent occupations resulting in a minimum of four vectors to each point from AB61 and AB20.
Independent occupations means the points were occupied under a different constellation of satellites usually on
a different day. If the two measurements were within 0.03 feet (1 cm) horizontally, they were accepted,

4



McGEE SURVEYING CONSULTING

5290 Overpass Road, Ste#107, Santa Barbara, CA 93111
otherwise a third measurement was required. On each day over a six day period, vectors based on 8 hours of
observations connected AB61, AB20 to the CGPS stations. Twenty points, in the active areas, with annual
movements greater than 0.25° were single occupied. A comparison with the linear movements from prior years

was made to verify their accuracy.

Many of the points are over-shadowed by mature trees and shrubberies which interfere with signals received
from satellites and affect the quality of measurements. To obtain the best possible accuracies, the satellite
constellation is compared with obstruction diagrams to estimate the best time for observing un-obstructed
satellites. To improve the accuracy of the measurements, satellites obstructed by foliage and trees are either
turned off during the observation or noted for removal in post-processing. [f six or more un-obstructed satellites
with a GDOP of less than three (measure of the geometry or strength of figure of the constellation) are available,
then the measurement commenced for a minimum of 15 minutes of data collection. If the geometry and number
of satellites are insufficient then the receiver was moved to another point and returned later when satellite

availability improved.

Date of Survey: 10/04/15 to 10/13/15 (mean date 10/08/2015) between 0600-1800 PDST (+7 hrs for UTC).
GNSS Survey Parameters:
Constellation: 30 US NAVSTAR GPS satellites and 24 Russian GLONASS satellites.
Observables: GPS L1 & L2 and GLONASS L1 & L2 Carrier Waves
Epoch Rate - Occupation Times: 15 seconds epoch rate - 15 minute occupations at monitoring points and six 8
hour occupations at base stations.
Satellites: 11-17; GDOP =< 2; Elevation Mask for Data Collection at 15° and Processing at 15°
Ephemeris: Rapid for Static Post-Processing of CGPS connections and Broadcast for onsite.
Weather: A mixture of clear and cloudy skies, temperature 68°-85° F, no significant weather.
Space Weather: Boulder K Index was 2-3 except 5-7 on 10/07/15, 3-5 on 10/12/15 and 4 on 10/13/15 (gauges
ionospheric activity on a scale of 0-9; prefer less than 5 to avoid noisy data).
Equipment:
GNSS Base Receiver Unit No.: M5, Operator: M. McGee, PLS; Station Occupied: AB61 (Basel)

Make & Model: Leica GS15; Antenna Leica GS15; Mount: Fixed Height Pole #1; Antenna Height: 1.803m
GNSS Rover Receiver Unit No.: M6, Operator: M. McGee, PLS;

Make & Model: Leica GS15; Antenna Leica GS15; Mount: Fixed Height Pole #3; Antenna Height: 1.800m
GNSS Rover Receiver Unit No.: M7, Operator: M. McGee, PLS, Station Occupied: AB20 (Base2)

Make & Model: Leica GS15; Antenna Leica GS15; Mount: Tribrach on Tripod; Antenna Height: varies

Vectors were processed using Leica LGO v8.4 post processing software. Analysis of residuals led to the
rejection of 5 out of 52 vectors connecting the CGPS Stations to AB61 and AB20, and 0 out of 226 vectors
connecting monitoring points. Network adjustments and analysis were performed with "Starnet-PRO” version
8.1.2 software. Rinex files of the satellite measurements for the CGPS Stations were downloaded from the
SOPAC website. The Rapid Ephemeris and Absolute Antenna Models were downloaded from the NGS website.

NETWORK

AB61, the primary Base Station, sits on Portuguese Point and is the focal point of the static network connecting
the monitoring points and CGPS Stations. AB20, a second Base Station is centrally located sitting on top of a
high bluff overlooking Portuguese Bend. Sixty-nine points and three CGPS Stations were connected with 278
vectors. See the following Network Maps and the Aerial View in the Appendix.

The monitoring plan utilizes the CGPS Stations to verify the stability of the reference frame. The primary CGPS
Station used to control this survey is PVE3 located just south of City Hall and 1.8 miles west-northwest of Base
Station AB61. CGPS Stations PVRS (3.9 miles northeast) and VTIS (4.9 miles east-southeast) are used to
validate the stability of the network. During this survey PVE3, PVRS and VTIS were operating.
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Monitoring Network and CGPS Stations (north up)
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MONITORING POINT HISTORY and STATUS

This is the 13™ Monitoring Survey. For data management purposes during the field survey and data processing,
the point names are prefixed with the sequential number of the survey to distinguish between monitoring
surveys. For example, on the 13" monitoring survey, AB61 was named M13AB61 where M13 indicates the
sequence number of the survey since the initial September 2007 Monitoring Survey. The prefix is stripped in the
COORDINATES LIST and FULL DATA POSTING.

Between 1994 and 2006, 149 monitoring points were established to monitor the Portuguese Bend Landslides,
many of which were lost or destroyed. Sixty of the original points were recovered in 2007. Eight of the 60 points
were deleted because they were in close proximity of other points better suited for GNSS satellite measurements
leaving 52 points monitored and reported between September 2006 and September 2007. Three of the 52 points
(AB09, KC11 & PB51) were monitored in September 2007 for the last time and replaced by new points, set
nearby and better suited for satellite observations.

2007: Eighteen new points were set in 2007 and had their movements reported for the first time in the following
December 2008 survey. In September, it was noted that KCO1 was previously reported by others on 9/14/2006
to have moved N 29°E 1.24' from its 12/9/2005 position. In the September 2008 survey, a buried partially
illegible brass cap in concrete stamped "COUNTY ENGINEER RE8869 1956 STA ??IELDS" was found
S31°29°W 1.48 feet from the 1" IP used by this survey in the initial September 2007 and subsequent surveys.
The original 1994 position of KCO1 was re-referenced to the 17 IP, resulting in correct overall reported
movements.

2008: In December 2008, 49 original and 18 new points wete surveyed for a total of 67 monitoring points. In
December, it was noted that ABO5 had been disturbed by a mowing machine. ABOS was found chipped and
leaning to southerly about 0.4°. The movement reporting resumed in 2009. Analysis of the movement and
historic data made it possible to estimate the disturbance to within 0.05°. The original 1995 position of AB05
was re-referenced S14°02°E 0.29° to be consistent with the disturbed position, resulting in correct overall
reported movements.

2009: PB64 was set east of the Archery Range to replace PB63 (set 2007) which had become unsafe to access
and was lost in 2010. PB64 was reported for the first time in October 2010.

2010: Points AB03 and BB25 were discontinued. ABO3 is on the edge of a cliff 192 feet west-southwest of
AB61 making it redundant, and BB25 is on a freestanding rock susceptible to disturbance by wave action. In the
summer of 2010, PB62 was destroyed by road construction and in October 2010, PB65 was set 24 south-
southwest of PB62’s location and reported for the first time in October 2011. The following points may have
been disturbed prior to the October 2010 survey. ABOS appears to have been disturbed by mower machinery,
ABI5 (% GIP in a meter box) is driven over by vehicles occasionally accessing an adjacent field, and KC02
(2" GIP in a meter box) is occasionally parked on by vehicles accessing the beach.

2011: In October, new points AB62 and AB63 (initially referred to as AB62R and AB63R) were set to replace
ABO06 and AB07 which were hazardous to occupy due to their location near the traveled way of Palos Verde
Drive South.

2012: In September, prior to initiating the survey, eight new monuments AB64, AB65, AB66, AB67, AB68,
CR53, KC17 and PB66 were constructed to replace AB54, AB18, AB52, AB55, AB15, CR52, KC04 and PB53
respectively. The monuments were replaced because of poor sky visibility except for KC04 which was difficult
to access and AB55 which was destroyed by trenching in the past year. Monuments were set with the following
design. Monuments set in soil are 1” x 5” GIP driven flush and encase in a 6” PVC pipe sitting on a concrete
collar down about 18”. Monuments set in asphalt are 1/2” x 2’ rebar driven below the surface inside a free
floating 2” concrete encased plastic collar.

2013: Points AB15, AB18, AB52, AB54, CR52, KC04 and PB53 were surveyed for the last time in 2012 and
discontinued. BB52 is on a freestanding rock susceptible to disturbance by wave action and was monitored for
the last time in October and discontinued.

2014: In April PB64 was monitored for the last time due to unsafe access conditions and PB67 (a 5’ t-bar steel
post driven 3” into the ground) was set NNW’ly about 250” as a replacement and reported for the first time in
September 2014 after 4.5 months whereas all other points in the “PB Movement Data Posting” are reported for
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11.5 months since October 2013. In September, AB69 about 260’ NE of AB12 and AB70 about 140’ SE of
AB12 were set as potential replacements; however, AB69 was destroyed by lot improvements and AB70 proved
to be too obstructed for accurate results,
2015: In April, new points PB68, PB69 and PB70 were set to monitor movements of “Palos Verdes Drive
South” and reported in October. In October, Monitoring Point AB56 was found disturbed by construction and a
magnetic nail in AC was set as a temporary replacement which was destroyed in the fall; therefore, no
movement information is available. In October, the steel post for PB67 was not found and an inconspicuous %"
x 4° rebar was set in its place. Because of the rapid movement in this area a more permanent monument is not
necessary.

See the "Monitoring Point Status” in the Appendix for the present status of monitoring points.

MINIMALLY CONSTRAINED ADJUSTMENTS & ANALYSIS

Adjustment 1: Adjustment to develop NAD83 (2007) 2007.00 Epoch Geodetic, Ellipsoid and State Plane
Coordinates. CGPS Station PVE3 was fixed at its published NAD83 (2007) 2007.00 Epoch position in a
Minimally Constrained Adjustment to determine positions and verify its stability relative to other CGPS

stations. PVE3 is located 1.8 miles west of and outside the influence of the slide area. PVE3 has been fixed in all
adjustments since 2007. The CSRC publishes a Time Series representing the horizontal and vertical stability of
PVE3 which indicate the position has been stable prior to 2007. The primary base station AB61 and two other
operating CGPS Stations were measured relative to PVE3 and used to assess stability of the survey reference
frame. The positions are based on 8 hours of observations collected daily for six days and three hours on the
seventh day. The coordinate differences from previous positions to the present are listed below in feet.

10/2013 Positions to 09/2014 9/2007 Positions to 09/2014

ID dN dE dz ID dN dE dZ

PVE3 0.000 0.000 0.000 < Fixed > PVE3 0.000 0.000 0.000
PVRS -0.011 -0.011 -0.003 PVRS -0.005 0.009 -0.016
AR17 0.004 0.029 -0.078 AR17 -0.019 -0.005 -0.062
ABG61 0.019 -0.005 -0.005 <Base Station> AB61 0.002 0.004 -0.054
CR51 0.001 -0.006 -0.047 CR51 -0.038 0.010 -0.129
KClé 0.004 -0.023 -0.038 KC16 -0.001 -0.013 -0.058
09/2014 Positions to 10/2015 9/2007 Positions to 10/2015

ID dN dE dz ID dN diE dz

PVE3 -0.000 -0.000 -~0.000 < Fixed > PVE3 -0.000 =-0.000 -0.000
PVRS 0.001 0.007 0.016 PVRS -0.004 0.016 0.000
VTIS 0.003 0.005 0.049 VTIS -0.000 0.017 -0.007
AR17 0.015 -0.017 0.042 AB17 -0.004 -0.022 -0.020
AR61 -0.007 0.003 -0.001 <Base Station> AB61 -0.005 0.007 -0.055
CR51 0.011 0.005 0.017 CR50 -0.038 -0.004 -0.026
KC1l6 0.014 0.008 0.010 KC1l6 0.013 -0.005 -0.048

Comments: The Base Station AB61 has no measureable horizontal difference since September 2014 and 2007 as
referenced to PVE3. The differences at CGPS Station PVRS and VTIS demonstrate a possible consistent
easterly shift and will be watched. PVRS and VTIS have no measureable vertical difference; however, the
differences at several monitoring points are down and up over the last year and down from the 2007 survey.
Notwithstanding the vertical is less precise than the horizontal positions, it would appear that there may be
indications of subsidence which is left to the Geologists for an opinion. Given that PVE3 and AB61 are in
agreement, the survey reference frame is deemed stable and successfully recovered. An adjustment constrained
to the other CGPS Stations is not preferred or necessary because the purpose here is to track their movements
over time to test the stability of the reference frame. See the “COORDINATE LIST” in the Appendix for a list
of coordinates resulting from this adjustment. See prior Survey Reports for coordinates resulting from earlier
surveys.
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Adjustment 2: Adjustment to develop Orthometric Heights (Elevations) in NAVD88. The CGPS Station PVE3
was fixed horizontally and vertically at its NAVD88 orthometric height determined in the September 2007
survey. The 2007 height was based on the published 2™ Order NAVDS88 Height of CGPS Station VTIS. This
Adjustment combined the measured ellipsoid height differences with the NGS Geoid 03 (models the separation
between the ellipsoid and geoid surfaces) to determine NAVD88 orthometric heights of the other CGPS Stations
and the monitoring points. Vertical differences (dZ) for at key points in this survey are listed in the table in
Adjustment #1 above.

ACCURACY

This survey conform to the intent of the California Spatial Reference Center & California Lands Surveyors
Association’s “GNSS Surveying Standards and Specifications, 1.1” (2014) and the Federal Geodetic Control
Subcommittee (FGCS) “Specifications for GPS Relative Positioning” (1988).

Vector Residuals: The number of vectors, vector lengths, two dimensional residuals and the absolute value of
the vertical residuals resulting from Adjustment #1 are listed below in feet. Thirty-three vectors to single
occupied monitoring points are not included because they have no independent residuals and would
optimistically skew the results. The statistics given below are applicable for alil points.

Vector Lengths Two Dimensional Residuals Vertical Residuals (absolute)
Network No. Vary Average Average Std.Dev. Maximum Average Std.Dev. Range
Monitoring Pt 193 479-7182 3333 0.009 0.005 0.037 0.011 0.011 -0,069 to +0.037
CGPS Sta’s 47 1931-27757 18467 0.009 0.005 0.023 0.011 0.008 -0.024 to +0.023

Local Accuracy: The precisions and accuracy of vectors resulting from the minimally constrained adjustment
at the 95% Level of Confidence are listed below in feet.

Relative Distance Error

Network Average Maximum Av.Precision
Monitoring Pt 0.009 0.016 1: 278,300
CGPS Sta’s 0.004 0.007 1:3,745,000

Coordinate Accuracy: The Standard Deviations (68% Level of Confidence) of the coordinates derived from
Adjustment #1, relative to the CGPS Station PVE3 follow in feet.

Monitoring Points CGPS Stations

North East Up North East Up
Average Standard Deviation 0.004 0.004 0.012 0.002 0.002 0.004
Maximum Standard Deviation 0.007 0.007 0.023 0.002 0.002 0.005

At the 95% confidence level, the average coordinate has a horizontal radius of circular error is 0.010 feet and a
vertical of 0.024 feet with a max of 0.017 and 0.046 feet respectively.

Network Accuracy: The network accuracy (absolute accuracy relative to the reference frame) is expected to be
less than 0.02 feet horizontal relative to the NAD83 Datum and Epoch based on the CGPS Stations.

NAVDS8 Heights: The North American Vertical Datum of 1988 orthometric heights resulting from
Adjustment #2 are derived from the difference in ellipsoid heights combined with the Geoid 03 model and
constrained to the height of PVE3 determined in 2007. The average relative accuracy of the heights is 0.03 feet
at the 95% level of confidence, but may be greater at obstructed sites. The absolute accuracy of the heights
relative to the datum is dependent on the published orthometric height on the CGPS Station VTIS. Although
relative elevation accuracies can be within 0.03 feet, up until October 2011 there were no requirements for
vertical accuracies. In October 2011, a preference of 0.03 foot relative vertical accuracy was instigated for the
following points: AB17, AB57, CR07, CR50 and CR51. In the September 2012 and subsequent surveys the
criteria was extended to all points.
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Movement Accuracy: For this period, 47 points are reported to have moved less than 0.30 feet with an average
movemenl of 0.03 feel and a range o 0.00 Lo 0.15 [eel. The relalive error al the 95% Level of Confidence
averaged 0.013 feet with a range of 0.005 to 0.019 feet. Overall, after removing outlier PB55 (severely
obstructed site), the estimated 95% relative movement error averaged 0.014 feet with a range of 0.005 to 0.019
feet. No movement is considered detected unless the movement exceeds the 95% Error for individual points. See
the attached “PB MOVEMENT DATA POSTING” for the estimated relative movement errors at the 95% Level
of Confidence for individual points.

QUALITY CONTROL - QUALITY ASSURANCE (QAQC) ANALYSIS

To ensure the accuracy and validity of the measurement systems used in these GNSS monitoring surveys, an
independent test was conducted in 2007 using conventional terrestrial based instruments as reported in the
“QAQC ANALYSIS” section of the September 2007 Monitoring Survey Report. Comparing the results of the
GNSS systems with conventional instrumentation found horizontal measurements agreed 0.01 feet on average.
In November of 2011 the GNSS instruments and fixed height poles used in this survey were calibrated on the
Santa Maria National Geodetic Survey Baseline and found to agree with published distances 0.003 to 0.006 feet.

To validate the radial survey method used in these surveys to position points from base stations AB61 and
AB20, independent GNSS cross connections were measured and compared with the stand alone computed
inverse distances in the 2007, 2008 and 2009 surveys. The results found the two dimensional accuracy to agree
0.01 feet on average, indicating the radial method of measurements is reliable and the additional labor cost of
measuring cross connection between points is not warranted. See the “QAQC ANALYSIS” section of the
September 2007 and the December 2008 Monitoring Survey Reports for detailed analysis.

Deflection Analysis is a method established by this surveyor to assess the consistency of the direction of
movements reported from period to period. Assuming that movements are generally linear for points moving
less than a foot, the separation or the deflection between the direction of the previous and present periods taken
over the moved distance implies the accuracy obtained with the equipment, methods and procedures. Analysis
of individual deflections indicates that for points with multiple occupations the separations varied 0.01 to 0.02
feet.

SUMMARY

The relative movements reported between September 19, 2014 and October 8, 2015 (12.6 months) statistically
attained an average accuracy of 0.014 feet at the 95% Level of Confidence for points occupied two or more
times. The actual accuracy of measurements held to the “one-centimeter standard” are estimated to approach
0.01 feet as demonstrated by the vector residuals, repeatability of measurements at points considered stable, and
the analysis of movement deflections over time. Refer to the sections titled ACCURACY and QAQC
ANALYSIS in this Report for more information.

Between September 19, 2014 and October 8, 2015 (12.6 months) point movements are reported as follows:
Portuguese Bend Landslide (PB##) moved 0.05 to 1.80 feet and 8.55 feet at PB67, Abalone Cove Landslide
(AB##) moved 0.02 to 0.05 feet, and Klondike Canyon (KC##) moved 0.02 to 0.03 feet. See the graphic
depiction of the Horizontal Movement in the Appendix.

Statistically, the probability at the 95% level of confidence is that movement (signal) has occurred at a point
when the horizontal distance between two epochs is greater than the 95% Error (noise). See the “Movement
Data Posting” for a listing of the 95% Etror estimates (range 0.011 to 0.019 feet not including single occupied
points). Applying this criteria, 11 points have not moved.
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See the attached "PB MOVEMENT DATA POSTING" spreadsheet for overall and periodic movements of each
point. The movements are given in north, east and up or down as well as a vector of distance and direction
relative to north. The direction is given as an azimuth in degrees where 0° is north and increases clockwise (90°
East, 180° South, 270° West). The overall movements are from the beginning position of each point which
varies between 1994 and the date for newly established points.

The present status of monitored points is provided in the Appendix under "Monitoring Point Status". The
historical status of all monitoring points is provided in the September 2007 Survey Report. The historical 1994-
2006 positions of all points are listed in the Charles Abbott Associates Inc. file "ALL POINTS MOST RECENT
OBSERVED POSITION AS OF SEPTEMBER 15, 2006.x!s" attached as an electronic file to the 2007 Report.

RECOMMENDATION

An ongoing re-location program for monuments has long term benefits resulting in better accuracy and lower
cost surveys due to improved sky visibility for tracking satellites. In this October 2015 survey, no monuments
were re-located. Points AB16, AB17, AB24 and AB58 have limited sky visibility and are candidates for re-
located or deletion. AB12 is in a horse corral and is difficult to access; however, there are no nearby alternatives.

Attachments: The following document is attached to this Report.

“PB MOVEMENT DATA POSTING” lists the coordinates of the initial positions, the overall and periodic
movements of monitoring point since 2007.

SURVEYOR'S STATEMENT

‘This is a Report on the procedures, criteria and results of the City ot Rancho Palos
Verdes Portuguese Bend Landslide Monitoring Surveys. This Report includes ihe
Initial Survey conducted in the tall, the Second Survey Addendum No.1 added in
the winter and the Third Survey Addendum No.2 added in the spring. This survey
was conducted and the report prepared by me at the request ot Ron Dragoo.
Principal Engineer of the City of Rancho Palos Verdes.

Initial Survey - Full Monitoring Signature

Lo iater pe 28 oo 02/u3 /1
Michael R. McGee P.L.S. 3945 Date

Second Survey - Partial Monitoring Signature

et s ot Pt e— 03/ 000
Michael R. McGee P.L.S. 3945 Dat

Third Survey - Partial Monitoring Signature

. - 22/1 6
Michael R. McGee P.L.S. 3945 Dat
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APPENDIX

12- Aerial Photo of Monitoring Points

13- Graphical Representation of the Horizonlal Movements

14- Table of Horizontal and Vertical Movements in Last Year

15- Monitoring Point Status

16- Coordinate List of the Oct. 8, 2015 Survey: NADS83 (2007) 2007.00 Epoch Geodetic, Grid, NAVDS88
17- ADDENDUM No. 1: Second Report on the February 16, 2016 Partial Monitoring Survey

18- ADDENDUM No. 2: Third Report on the April 19, 2016 Partial Monitoring Survey

19- ADDENDUM No. 2: Table of Partial Monitoring Survey Horizontal and Vertical Movements

Aerial View of Monitoring Points — (Photography Dated 03/23/2015) (north left)

(Red Line= Original Centerline PVDS)
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Horizontal Movements Sept. 19, 2014 to Oct. 8, 2013
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Table of Movements: The Table below lists the movements and elevation changes in
the last year. See the attached spreadsheet titled “PB MOVEMENT DATA POSTING
2007-(present)” for the overall and periodic movement history of each point.

PORTUGUESE BEND LANDSLIDE MONITORING
Horizontal & Vertical Movements in Feet
Full Monitoring: 12.6 months
Sept. 19, 2014 to Oct. 8, 2015
PointID | Movement | Elevation Point ID Movement Elevation
Distance Change Distance Change
ABO1 0.03 0.03 KCO01 0.04 0.01
ABQ2 0.02 0.00 KC02 0.01 0.03
ABO4 0.06 0.00 KCO05 0.01 0.00
ABOS 0.05 -0.02 KCO06 0.02 0.00
ABR12 0.03 0.01 RCO07 0.01 -0.01
AB13 0.02 0.02 KC13 0.03 0.01
ABl6 0.01 0.03 KC14 0.01 0.00
AB17 0.02 0.04 KC15 0.02 0.00
AB20 0.05 0.00 KC16 0.02 0.01
AB24 0.04 -0.01 KC17 0.02 0.01
ABS50 0.05 -0.02 PB04 0.79 -0.27
AB51 0.02 -0.01 PBO6 0.75 -0.10
ABS53 0.03 0.05 PBO7 0.88 -0.05
ABS7 0.02 -0.02 PBO8 0.76 0.06
ABS58 0.03 0.03 PBO9 0.97 -0.14
AB59 0.04 0.01 PB12 1.80 -0.41
AB6GO 0.03 0.00 PB13 1.17 -0.09
AB61 0.01 0.00 PB18 0.05 -0.04
AB62 0.01 0.00 PB20 1.56 -0.30
AB63 0.00 -0.01 PB21 0.83 -0.08
AB64 0.02 0.00 PB25 0.05 0.00
AB65 0.04 -0.03 PB26 0.07 -0.01
AB66 0.04 0.02 PB27 1.61 -0.27
AB67 0.03 0.01 PB29 1.21 -0.34
AB68 0.02 -0.01 PB54 0.05 0.08
CRO7 0.01 0.01 PB55 0.96 -0.07
CR50 0.01 0.04 PB59 1.31 -0.63
CR51 0.01 0.02 PB65 0.15 -0.02
CR53 0.02 0.01 PB67 8.55 -0.84
FTO6 0.06 -0.02 *PB68 0.25 -0.05
FTO7 0.04 -0.03 *PB69 0.24 -0.07
FTO8 0.03 0.00 *PB70 0.22 -0.28
UBO02 2.61 0.00
* = Points set in April 2015, Period = 5.7 Months
Note: Given the accuracies of the measurements, Movements & Elevation Changes at or
greater than 0.02° (1/4") and 0.04’ (1/2") respectively are deemed to have actually moved.
See “PB MOVEMENT DATA POSTING 2007-(present)” for more details.
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MCGEE SURVEYING CONSULTING

RANCHO PALOS VERDES - PORTUGUESE LAND SLIDE MONITORING POINT STATUS for 2016 Prepared 01/26/2016

Notes: 162+/- Monitoring Points established since 1994
09/01/07 71 Points Surveyed 60 old points found with 52 monitored plus 19 new points
12/01/08 67 Points Surveyed AB09, KC11, PB51 discontinued; BB53 destroyed; ABOS disturbed
11/01/09 68 Points Surveyed Set PB64 to replace PB63 destroyed subsequently
10/01/10 65 Points Surveyed Discontinued AB03, BB25; set PB65 to replace PB62 destroyed by paving
10/03/11 69 Points Surveyed; Set AB62 & AB63 to replace AB06 & ABO7
09/14/12 72 Points Surveyed; Discontinued AB06, AB07; ABS5 destroyed by trenching; Added 8 new points
10/06/13 65 Points Surveyed; Discontinued AB15, AB18, AB52, AB54, CR52, KC04, PBS3
9/19/14 64 Points Surveyed; Discontinued BBS2, PB67 set in April 2014; Added PVE3RP (reference to PVE3 antenna)
10/08/15 69 Points Surveyed; AB56 Destroyed & Replaced by AB71; PB68, PB69, & PB70 Set in April 2015
30+/- Points to Survey in Feb 2016 and April 2016
Pt ID Last Obs'd Comments GNSS | PtID Last Obs'd Comments GNSS
ABO1 10/08/2015 Base 1994-2006 G KCo1 10/08/2015 NE'ly/2 pipes 1.5' apart G
ABO02 “ G KC02 hos G
ABO4 “ G KCo05 N G
ABOS " G KCo06 N G
ABI2 L G KC07 ® G
ABI13 N F KC13 i G
ABI16 € P KC14 8 G
AB17 . F KC15 8 F
AB20 N NE'ly/ 2 monuments G KC16 2 G
AB24 w F KC17 B Replaced KC04 G
ABS0 G PB04 “ G
ABSI N G PBO6 " G
ABS3 10/08/2015 F PBO07 i G
AB36 04/2015 Destroyed prior to Oct. F PBOS8 S G
ABS7 10/08/2015 G PB09 = G
ABSS8 N P PB12 “ G
ABS9 “ G PB13 “ G
ABG60 - G PB18 * G
AB61 “ BASE 2007-Present G PB20 “ S'ly/ 2 pipes 5.3' apart G
ABG62 “ G PB21 " F
AB63 “ G PB25 " G
AB64 “ G PB26 “ F
ABG65 “ G PB27 . G
ABG6 S G PB29 . G
AB67 “ G PB54 “ F
AB68 N G PBS5 # F
AB71 10/08/2015 Replaced AB56 F PBS9 o G
CRO7 “ G PB64 “ G
CR50 . F PB65 “ G
CRS1 “ G PB66 «“ Discontinued G
CRS3 . G PB67 * G
FT06 “ F PB68 & G
FTO07 N G PB69 “ G
FTO8 10/08/2015 G PB70 L G
G UBO02 10/08/2015 G

GNSS column indicates site is Good, Fair or Poor for Satellite Visibility Conditions
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10/08/15 COORDINATE LIST

Portuguese Bend Landslide 10/08/2015 Monitoring Survey No. 13
Prepared by McGece Surveying Consulting: Document Date: 01/26/2016

Datum: Horizontal & EH NAD83 (2007) Epoch; California State Plane Zone 5; Vertical: NAVD83
Note, Fixed CGPS Station PVE3 at Record 3D Position & Orthometric Height per 09/2007 Survey; See 2007 and subsequent Survey

Reports

Point Latitu
ABO1 33-44-38
ABO2 33-44-13
ARO4 33-44-28
ABOS 33-44-24
AB12 33-44-38
AB13 33-44-43
ABl6 33-44-47
AB17 33-44-58
AB20 33-44-37
ARZ24 33-44-42
ABS0 33-44-25
ABS1 33-44-40
ABS53 33-44-48
ABS7 33-45-03
AR5B 33-44-55
AB59 33-44-52
AB60 33-44-35
ARG1 33-44-18
ABB2 33-44-33
AB&3 33-44-34
AB64 33-45-02
ABG5S 33-45-00
ABE6 33-44-44
AB67 33-44-55
ARG68 33-44-46
ABR71 33-45-06
CRO7 33-45-00
CR50 33-45-13
CR51 33-45-14
CR53 33-45-11
FTO6 33-44-42
FTO07 33-44-36
FT08 33-44-38
KCO01 33-44-29
Kco2 33-44-14
KC05 33-44-15
KCO06 33-44-22
KCO07 33-44-22
KC13 33-44-10
KC14 33-44-12
KC15 33-44-20
KC1l6 33-44-20
KC17 33-44-17
PB0O4 33-44-20
PRO6 33-44-23
PBRO7 33-44-25
PBOS 33-44-26
PEDS 33-44-26
PB12 33-44-26
PB13 33-44-24
PB18 33-44-48
PB20 33-44-31
PB21 33-44-36
PB25 33-44-40
PB26 33-44-3%
PB27 33-44-36
PB2S 33-44-32
PB54 33-44-41
PB55 33-44-31
PR59 33-44-21
PB65S 33-44-28
PB67 33-44-20
PB6GE 33-44-20
PB69 33-44-22
PB70 33-44-22
UB02 33-44-19
BVE3 33-44-35
PVE3RP 33-44-35
PVRS 33-46-25
VTIS 33-42-45

de

.30266
.84893
,09078
.98972
.27495%
.34502
.57965
.06080
.77443
.35371
.11110
.22966
.36782
.17002
.14402
.54025
. 04150
.57314
.23049
.71810
.13646
.931%4
.53517
.71700
.61240
.10137
.26894
.97070
.49690
.63371
.78497
.87027
.19526
-13340
54753
.37054
.33195
.09036
.41193
.03480
.39768
.55030
.54996
.96730
.66989
65185
.29486
.75741
85905
.79394
.40985
.66253
.63142
.93065
63682
.64499
.69288
.07858
99923
.86964
.81826
66776
.99054
.14652
.85189
.52348
85328
.74236
89193
48965

Longitude

118-22-53,
118-22-26.
118-22-36.
118-22-30

118-22-22.
118-22-23.
.51216

118-22-31
118-22-41.,
118-22-D5.
118-22-28,
118-22-22,
118-22-34,
118-22-05,
118-22-05.

118-22-13.
118-21-59.
118-22-26.
118-22-25.
.63210
.12089
.460864
.90391

118-22-38
118-22-34
118-22-33
118-22-22
118-22-20
118-22-29.
118-22-25.
118-22-19,
11B-21-48

118-21-50.
118-21-34
118-21-59.
118-21-29.
118-21-13.
118-21-22

118-21-33.
118-21-37.
118-21-24

118-21-21.

118-21-18,
118-21-25
118-21-17.

118-21-25.

118-21-13,
118-21-26.
118-22-15.
118-22-05.
118-21-59

118-21-56.
118-21-52.
118-21-43.
11B-21-36.
118-21-53.
118-21-48

118-21-489.
118-21-38.
118-21-35.
118-21-40.
118-21-37,
118-21-56.
118-21-52
118-22-18
118-22-05.
118-21-52
1l18-22-14
118-22-16.
118-22-18.
118-22-00.
118-24-15.
118-24-15,
118-19-14.
118-17-37

05152
19236
28778

.09139

72108
16135

08430
96637
79499
94576
15172
70054
20548
27631
79454
06536
95797

15015
06603
31211
67329
09414
11935

.43619

73912
58586
653877
57431
1oe84
05748

.50980

96617
55887

.78264

07058
21732
64611
32424
81024
05130
68828
72084
15117
46998
77901
76824
92075
28117
74108
58707
42451
46236
95056

.73597
.05451

66844
028682

.21459%

64080
52640
46842
26904
27474
06716
71213

EH(ft)

BO.

-2

-51.
.02
164.

-38

248

2E5B.
324.
277.
217,
63.
188
.63
446,
287.
3le
60.
21.
24.
62.
413.
340.
255.
287.
275.
453.
513.
754.
858.
662.
370.

234

470

540,
.08
-104,

194

109

181,
195.
72.
141.
168.
208.
97.
47,
58.
78,
76,
70.

64

88.
244.
112,
153,
207.
164.
152,

50.
239,
120.

39

169,
-43,
54.

486

37,
=55,

235

227.

198

197.

05
06
30

B2
12
oe
44
82
34
54
73

53
34
01
93
94
52
35
87
20
93
0o
08
72
98
58
15
61
52
53
33

53
26
67
29
84
70
83
73
0ol
B84
&0
99
02
04
59
11
69
85
61
78
75
13
98
47
S0
28
26
75
66
20
55
78
42
96
60
51

North (£t)

1729427,
1726946.
1728389,
.45
1729415.
1729927.
1730358.
1731421.
1729359,
1729829,
1728084.
1729616,
1730430.
1731926,
1731117.
1730850.
1729089,
.49

1728074

1727424

1728910.
1729059.
1731830.
1731705.

1730047
1731180
1730258
1732227
1731627
1733013
1733062

1732780,

1729854

1729252,
.67
1728475.
.46

1729388

1727002

1727081,
1727784.
1727759.
1726580,
1726742,
1727590,
1727602.
1727302,
1727663.
1727933,
1728131,
1728196.
.36

1728241

1728248,
1728038.
1730430,
1728736.
.35

1729238

1729670,
L31

1729538

1729237,
1728836.
1729690,
.44
1727755.
1728453,
1727625.
1727665,
1727782,
71

1728771

1727854

1727512,
1729207.
1729195.
1740239.
1717933.

57
99
90

15
83
54
12
34
39
48
35
15
37
51
12
33

22
17
71
63
20
38

.81
.20
.84
.58
.01

28
75
07

76

87
a5
41
98
44
29
26
74
34
21
Sl
00

99
19
73
24

06

33
9l
58

26
:19
72
20
81

63
09
g
30
68

East(ft)

6445709,
6447968.
6447121,
.59
6448271.
6448235,
6447532,
6448727.
6449685,
6447759,
6448247,
6447306.
6449712,
6449759,
.94
6450212,
6447987.
6447990,
6446925
6447306.
6447373,
6448264 .
6448490.
6447741.
6448055.
6448538,
6451203,
6451037 .
6452361.
6450224.
6452760 .
6454102.
6453350.
6452457,
6452118,

6447643

6449074

6453178

6452252

6451842,
6452091.
.43
6450801.
6448659 .
6449707,
6450856.
6448982.
6448778.
6448619.
6450143.
6438765,
6438764.
6464237,
6472307,

6450448

16

59
69
44

03
75
1z
75
81
62
12
44
19
a7

48
39
26
41
95
o8
09
50
76
35
B4
38
37
88
20
02
g8
51
57
8l

.86
6453396.
6453683,
6453069.
§453B805.
6453120.
6454098.
6453026.
6448848,
6449757 .
6450211.
6450462.
6450848.
6451581.
6452146.
6450719,
6451123.
6451178,
6451986.

18
86
58
97
91
23
40
21"
87
54
38
49
70
04
87
11
94
18
089
46
19

03
[+1s)
66
59
98
50
51
39
18
66
89
24

OrthoHt (£t) Description

178
116
87
a0

283,

364

376.
442.
396.
335.
is1.
305.
352,

564

405.

434

17s.
140.
142.
180.
532,

458
374
405

383,

571

632,
872,
976.
780.

488
588
658
312

13.
227.
299,
313.

191

259,
287,
326.
215.
166,
17s6.
197.
194.

188
i82

206.
362.
231.
271.
325.
282,
270,
169.
357.

239

157.
287.
74.

173
164

155.
62.

354

348,

3ls

315,

.53
.44
.15
.43
16
.44
41
78
20
69
86
11
85
.68
56
.18
a1
41
96
76
15
.44
.23
29
40
.93
07
63
14
71
.61
=57
.41
.27
74
46
83
43
.07
ee
o1
B6
21
25
94
3o
3z
.31
.82
32
86
08
Bl
92
BB
30
15
69
14
70
59
55
06
.60
96
57
.36
90
.30
25

Punched 1/2" GIP in meter box

4" BC "SAN PEDRO 1836" on conc. block

BC "CO ENG STA Q2.." on 2"GIP in mass of conc.
BC "CO ENG STA R3.." on 2"GIP in mass of conc.
BC "CO ENG STA 7A.." in mass of conc.

Punched 1/2" GIP in meter box

Punched 1/2" GIP in meter box

Punched 1/2" GIP in meter box

BC "CO ENG STA W, FIX 1956.." in mass of conc.
Cotton spindle in cone. In road

Nail & shiner in conc. collar of well

PK mag nail in plastic plug "LS&957" in 1"GIP
Chiseled + on s edge conc. Vault

6" mag nail & washer in conc. in 2"x 36" GIP
Punched RR spike on s side road

6" mag nail & washer in conc, in 2"x 36" GIP
6" mag nail & washer in conc. in 2"x 28" GIP
6" mag nail & washer in conc. in 2"x 24" GIP
6" mag nail & washer in cone, in 1"x 24" GIP
Punched 1/2 x 48" rebar

2" mag nail on NE side 2' conc. Collar/Well B12
2" mag nail & washer in conc. in 1"x 60" GIP
1/2" x 24" punched rebar 1" below AC conc. caollar
1/2" x 24" punched rebar 1" below AC conc. collar
1/2" x 24" punched rebar 1" below AC conc. collar
2" mag nail on § side Vanderlip Dr. (AC road)
6" mag nail & washer in conc. in old 1" IP
Tack & shiner on lower rock wall

Tack & shiner on conc. pad

2" mag nail & washer in cone, in 1"x 60" GIP
6" mag nail & washer in conc. in 2"x 36" GIP
6" mag nail & washer in conc. in 2"x 36" GIP
6" mag nail & washer in conc. in 2"x 36" GIP
6" mag nail & washer in conc. in old 1" IP
Punched 1/2" GIP in meter box

Punched 1/2" GIP in meter box

Punched 1/2" GIP in meter box

Punched 1/2" GIP in meter box

Cotton spindle in AC turnout

Punched spike in center road

Cotton spindle in cul-de-sac

Punched spike in intersection

2" mag nail & washer in conec. in 1"x 50" GIP
Nail & tag "RCE26120" in conc. in 3" pipe
Punched cap on 2" GIP

Brass tag "LA CO DPW" in conc. in 2" GIP
Punched cap on 2" GIP

Punched cap on 2" GIP in cable box

Punched cap on 2" GIP in cable box

Punched cap on 2" GIP in cable box

Punched 1/2" GIP in meter box

Punched cap on 2" GIP in cable box

Punched cap on 2" GIP in cable box

Punched cap on 2" GIP in cable box

Brass tag "LA CO DPW" in conc. in 2' GIP
Punched cap on 2" GIP in cable box

Brass tag "LA CO DPW" in conc. in 2" GIP

PK mag nail in plastic plug "LS6857'" in 1"GIP
PK mag nail in plastic plug "LS6957" in 1"GIP
PK mag nail in plastic plug "LS?" in 1" GIP

2" alum. cap "MCGEE SURVEYING" on 5/8"x 24"rebar
1/2" x 3' rebar

2" Alum Cap "PLS3945" in 1"x 30' GIP

2" Alum Cap "PLS3945" in 1"x 30" GIP

2" Alum Cap "PLS3945" in 1"x 30" GIP

PK mag nail in plastic plug "?" in 1"GIP

CGPS Pos. Fixed in 2007 and subsequent surveys
Reference Pt: Mag Nail in Conc. Base 11' S/ PVE3
CGPS Pos. Determined by this Survey

CGPS Pos. Determined by this Survey
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Addendum No.1
Second Survey Report

Portuguese Bend Landslide Monitoring

February 16, 2016 Partial Monitoring Survey
for the

City of Rancho Palos Verdes
by

McGee Surveying Consulting
March 11, 2016

Overview:

This Addendum No. 1 Report describes the February 2016 tri-annual Portuguese Bend Monitoring Survey. This
partial survey included a sub-set of 30 points of the full monitoring set. Monitoring point AB56 was destroyed
sometime after the April 2015 survey and AB71A was set in October as a replacement which was destroyed by
paving sometime in the fall. Therefore, two new points AB71B and AB71C were set as temporary replacements
until a permanent monument is set in the fall 2016 survey.

This survey followed the procedures described in the above October 8, 2015 Full Monitoring Report. For a
detailed history of the program and surveys see “History” above and previous Monitoring Survey Reports back
to 2007. The field survey took place February 15-18, 2016. The Field Surveys, Equipment, Data Collection and
Network Design were as described in the above Report. The survey included 30 onsite points, two of which
were base stations connecting each point with two to six vectors. Three continuously operating GPS stations
(CGPS) were connected to this survey with 4-6 eight hours vectors each. It is to be noted that solar activity was
high during the survey resulting in a minor increase in noise for the data collection.

The movements reported between October 8, 2016 and February 16, 2016 (4.3 months) statistically attained an
average accuracy of 0.012 feet at the 95% Level of Confidence. The overall vectors residuals follow: the 2D
averaged 0.005” with a maximum of 0.014’ and the vertical averaged 0.012° with a maximum of 0.049’.

A Minimally Constrained Adjustment was processed to develop NAD83 (2007) 2007.00 Epoch Geodetic,
Ellipsoid and State Plane Coordinates in feet. CGPS Station PVE3 was fixed and the differences are listed in
feet from the October 08, 2016 to the February 16, 2016 positions for the CGPS stations and points considered

to mostly stable.

10/2015 Positions to 02/2016

Station dN dE dz

AB17 -0.012 0.004 0.004

AB50 -0.010 ~-0.009 0.024

AB61 -0.001 0.001 0.009 Primary Base Station
CR50 -0.001 -0.004 0.045

KC1l6 -0.024 0.014 0.001

PVE3 0.000 0.000 0.000 Fixed CGPS Station
PVRS -0.011 -0.002 -0.011 CGPS Station

VTIS -0.007 -0.013 -0.007 CGPS Station

The adjustment, as a standard procedure, was constrained to the CGPS station PVE3 which finds no significant
difference as expected in the horizontal position at the primary base station ABG61. The difference at CGPS
stations PVRS is 0.01 feet compared to the October 08, 2016 position. The survey reference frame was deemed
stable and successtully recovered. The results are repotted below.
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Addendum No.2
Third Survey Report

Portuguese Bend Landslide Monitoring

April 19, 2016 Partial Monitoring Survey
for the

City of Rancho Palos Verdes
by

McGee Surveying Consulting
April 22,2016

Overview:

This Addendum No. 2 Report describes the April 2016 Portuguese Bend Monitoring Survey. This partial survey
included the same sub-set of 30 points reported in Addendum No.1.

This survey followed the procedures described in the above October 8, 2015 Full Monitoring Report. For a
detailed history of the program and surveys see “History” above and previous Monitoring Sutvey Reports back
to 2007. The field survey took place April 17-20, 2016. The Field Surveys, Equipment, Data Collection and
Network Design were as described in the above Report. The survey included 30 onsite points, two of which
were base stations connecting each point with two to four vectors. Two continuously operating GPS stations
(CGPS) were connected to this survey with eight 3-7 hours vectors. It is to be noted that solar activity was low
during the survey resulting in less noise for the field data collection.

The movements reported between February 16, 2016 and April 19, 2016 (2.0 months) statistically attained an
average accuracy of 0.012 feet at the 95% Level of Confidence. The overall vectors residuals follow: the 2D
averaged 0.005” with a maximum of 0.016” and the vertical averaged 0.008’ with a maximum of 0.037".

A Minimally Constrained Adjustment was processed to develop NADS3 (2007) 2007.00 Epoch Geodetic,
Ellipsoid and State Plane Coordinates in feet. CGPS Station PVE3 was fixed and the differences are listed in
feet from the February 16, 2016 to the April 19, 2016 positions for the CGPS stations and points considered to

mostly stable.
02/2016 Positions to 04/2016

Station dN dE dz

AB17 -0.002 0.005 0.025

AB50 -0.011 -0.011 0.009

AB61 -0.002 -0.001 0.008 Primary Base Station
CR50 0.005 0.002 0.075

KCl6é -0.007 ~0.004 0.021

PVE3 0.000 0.000 0.000 Fixed CGPS Station

PVRS 0.012 0.002 0.026 CGPS Station
VTIS (Not Operating during survey) CGPS Station

The adjustment, as a standard procedure, was constrained to the CGPS station PVE3 which finds no significant
difference as expected in the horizontal position at the primary base station AB61. The difference at CGPS
stations PVRS is 0.01 feet compared to the February 16, 2016 position and 0.00 feet compared to the October 8,
2015 position. The survey reference frame was deemed stable and successfully recovered. The results are
reported below.
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PORTUGUESE BEND LANDSLIDE MONITORING

Horizontal & Vertical Movements in Feet

Oct. 08, 2015 Feb. 16, 2016 Oct. 08, 2015
to Feb. 16,2016 to April 19, 2016 to April 19, 2016

Point ID | Movement|Elevation| Movement| Elevation| Move me nt| Ele vation
Distance | Change | Distance | Change | Distance | Change

ABO4 0.04| -0.01 0.01 0.02 0.05 0.01
AB12 0.03 0.02 0.02| -0.01 0.04 0.01
AB16 0.03| -0.01 0.00 0.02 0.04 0.01
AB17 0.01 0.00 0.01 0.02 0.02 0.03
AB20 0.01 0.03 0.01 0.02 0.02 0.05
AB50 0.01 0.02 0.02 0.01 0.03 0.03
AB59 0.01 0.02 0.01 0.01 0.02 0.04
AB60 0.02 0.01 0.01 0.01 0.03 0.01
AB61 0.00 0.01 0.00 0.01 0.00 0.02
AB65 0.03 0.07 0.01 0.03 0.04 0.11
CRO7 0.02 0.02 0.01 0.02 0.02 0.04
CR50 0.00 0.05 0.01 0.08 0.00 0.12
FTO6 0.02 0.02 0.01 0.03 0.03 0.05
FTO7 0.03 0.05 0.01 0.01 0.03 0.06
KCO06 0.01 0.03 0.01 0.01 0.02 0.04
Kco7 0.02 0.03 0.01 0.03 0.01 0.06
KC13 0.01 0.01 0.01 0.02 0.02 0.03
KC16 0.03 0.00 0.01 0.02 0.03 0.02
KC17 0.02 0.02 0.02 0.00 0.03 0.02
PBO4 0.34] -0.12 0.15| -0.04 0.49] -0.16
PB12 0.60| -0.12 0.33| -0.06 0.94| -0.18
PB13 0.40| -0.03 0.22 0.02 0.62| -0.01
PB18 0.02 0.00 0.01 0.04 0.03 0.04
PB26 0.04 0.02 0.02 0.03 0.06 0.05
PB55 0.26| -0.10 0.17| -0.05 0.43] -0.15
PB59 0.44| -0.21 0.27| -0.11 0.71] -0.32
PB67 3.03|] -0.36 2.62| -0.31 5.65| -0.67
PB68 0.21] -0.15 0.14] -0.04 0.35] -0.19
PB69 0.27| -0.12 0.14| -0.05 0.41) -0.17
PB70 0.23| -0.30 0.12] -0.14 0.36| -0.44

Note: Given the

accuracies of the measurements, Movements & Elevation

Changes at or greater than 0.02° (1/4") and 0.04’ (1/2") respectively are

deemed to have actually moved.

See

historical movements.

"PB MOVFMFENT DATA POSTING 2007-(present)"

for more
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Survey Report

of the

Portuguese Bend Landslide Monitoring Survey
September 19, 2013 Full Monitoring

for the

City of Rancho Palos Verdes
by
McGee Surveying Consulting

PROJECT OVERVIEW:

McGee Surveying Consulting performed a landslide monitoring and control survey in September 2014 at
Portuguese Bend on behalf of the City of Rancho Palos Verdes. This survey established positions on monitoring
points to determine overall and periodic movements. The results of the survey are described in this Report and
on an attached spreadsheet titled “MOVEMENT DATA POSTING.xlsx” hereafter referred to as the “Movement
Data Posting”. A two partial monitoring surveys will be performed in the winter and spring of 2015 and reported
as an addendum to this Report.

The field survey was planned, coordinated and executed by Michael McGee, PLS3945 of McGee Surveying
Consulting who was also responsible for the final processing of the observations, network adjustments, analysis
and reports. The monitoring points cover a 1'4 mile square area and are measured to determine the rate and
extent of ground movement. The monitoring has occurred annually since 2007, semi-annually for the last two
years and will be three times a year beginning with the September 2014 survey. The Global Navigation Satellite
System (GNSS formerly referred to as GPS) technology was used to measure positions based on the North
American Datum of 1983 (NADS83) and the North American Vertical Datum of 1988 (NAVD 88). This survey
is referenced to the California CGPS (Continuous GPS) Stations in the region which are permanently mounted
GPS receivers used for monitoring seismic activity. The CGPS in California are similar to the national CORS
(Continuously Operated Reference Stations).

Points that move a few inches or [ess per year are required to meet an accuracy standard of one centimeter
(0.033 feet) at the 95% Level of Confidence. In the active slide area where the movements are greater than 0.3
feet per year (PB and UB points in the central portion), the accuracy standard is two centimeters (0.066 feet) at
the 95% Level of Confidence. Field procedures are designed to accomplish this purpose and Quality Control-
Quality Assurance (QAQC) processes discussed hereafter are incorporated to verify these accuracies are
attained.

The movements reported between October 4, 2013 and September 19, 2014 (11.5 months) statistically attained
an average accuracy of 0.016 feet at the 95% Level of Confidence. The actual accuracy of measurements held to
the one centimeter standard are estimated to approach 0.01 feet as demonstrated by the vector residuals,
repeatability of measurements at points considered stable, and the analysis of movement deflections over time.
Refer to the sections titled ACCURACY and QAQC ANALYSIS in this Report for more information.

HISTORY

This monitoring survey is a continuation of a program initiated by the County of Los Angeles and taken over by
the City of Rancho Palos Verdes circa 1994. McGee Surveying Consulting has conducted the field surveys and
reporting since September 2007. See the September 2007 Survey Report for a history of the previous survey
process between 1994 and 2007. See the subsequent annual Survey Reports for details of each monitoring
campaign. Beginning with the 2012 rainy season (begins in September) full monitoring continued as usual and a
partial monitoring was initiated in the following winter-spring. Beginning in September 2014 a full monitoring
will be conducted and a partial monitoring will be conducted in the following January-February and April-May.
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PROJECT DATUMS, REFERENCE SYSTEM

Horizontal Datum: North American Datum of 1983 (NAD83) established by the National Geodetic Survey
(NGS); Epoch: 2007.00 referred to as NAD83 (2007); Units: Feet

Reference Network: The survey is referenced to the CGPS Stations (continuously operating GNSS receivers).
For more information see NGS Data Sheets for the PID's listed below (no data sheet exists for PVE3). The
positions listed below were obtained in September 2007 from the California Spatial Reference Center (CSRC).
The CSRC provides CA Public Resources Code sanctioned positions for the California CGPS Stations.

CGPS Latitude (dms) Longitude (dms) EH (feat) NGS PID NAME

PVE3 33 44 35.853290 -118 24 15.269036 235.42 none PALOS VERDES CORS
PVHS* 33 46 46.020150 -118 22 19.741258 853.99 AJ1915 PENINSULA HIGH SCH
PVRS** 33 46 25.891904 -118 19 14.067218 198.63 AJ1916 PALOS VERDES RES
VTIS* 33 42 45.48958B4 -118 17 37.712280 197.52 AJ1936 MARINE EXCHANGE

* Not Operational During Survey

** Falls in the proximity of a Fault Line as shown below but appears unaffected to date

CGPS Stations (north up)
B

i
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Vertical Datum: North American Vertical Datum of 1988 (NAVD88) established by the NGS.

Geoid Model: Geoid 03; note Geoid09 became available from the NGS in 2009 and Geoid12A in 2012;
however, Geoid03 is retained to be consistent with prior reported heights and the primary purpose of

determining relative changes over time.
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Reference Network: CGPS Station VTIS is also a Second Order leveled benchmark and the original basis for
the heights by this survey (see NGS Data Sheets for PID’s listed above)

CGPS NAVDBB Ht (feet)

PVE3 none

PVHES 972.1 Based on a Refined Geoid Model

PVRS 316.37 Based on Second Order Leveling by CSRC

VTIS 315.26 Based on Second Order Leveling by CSRC and original basis for this survey

Projection: NADS83 California State Plane Coordinates Zone 5: The State Plane Coordinate Parameters
follow: The average Scale Factor is 1.00007543, the Height Reduction Factor based on the average ellipsoid
heights is 0.99999092, and the average Combined Grid Factor is 1.00006635. Distances in this survey are grid.
To obtain ground distances divide grid distances by the Combined Grid Factor. Grid bearings resulting from this
survey must be rotated by a Convergence Angle to obtain geodetic (true) bearings. The average convergence
angle is -0-12-30% (rotate left 0-12-30).

Datum Stability: The NAD83 (2007) Epoch 2007.00 adjustment is one of a series of national adjustments of
NAD&3 since its adoption in 1986 and is the realization used for these monitoring surveys since 2007. Rancho
Palos Verdes sits on the Pacific Plate which is moving west-northwesterly relative to the North American Plate
about 4 centimeters (0.14 feet) per year. The area southwesterly of the Fault Line shown on the above map
includes the City and is moving at a constant rate as exhibited by the International Terrestrial Reference Frame
(ITRF) north, east and up velocities of the CGPS Stations listed below. These CGPS Stations provide a rigid
reference frame for the Portuguese Landslide Monitoring Program that is validated during each monitoring
campaign. See the Adjustment results below and the September 2007 Monitoring Survey Report by McGee
Surveying Consulting for additional information.
Annual Velocities in Meters

SITE END DATE N E U START DATE

PVE3 2014.863 0.019 -0.039 -0.000 2000.732

PVHS 2013.965 0.019 -0.040 0.001 1999.512

PVRS 2014.8B63 0.019 -0.039 0.000 1999.094
VTIS 2014.863 0.019 -0.039 -0.001 1988.940

FIELD SURVEYS, DATA COLLECTION, EQUIPMENT & PROCESSING

Three Leica geodetic GNSS receivers/antennas listed below were mounted on two meter fixed height poles to
collect satellite signal data. The GS15 receivers track Navstar GPS and GLONASS satellites. Prior to initiating
the field observations a calibration of the fixed height poles was conducted to verify their heights and plumb.
The top of the poles were found to be plumb within 0.003 feet of the bottom consistent with prior years. There
were no equipment failures.

Sixty-four monitoring points were occupied and reported in this survey. Site photographs and recovery sheets
detailing the location, character of the monuments and obstructions were maintained and updated. See the
Appendix for "Monitoring Point Status”. Monument AB61, established in September 2007 on Portuguese Point,
is used as the primary base station in each survey because it sits above a stable basalt formation. AB20 serves as
a secondary base for the surveys.

The field survey commenced each day by setting a Leica GS15 GNSS receiver on a fixed height pole at AB61
and on a tribrach on a tripod at AB20 while a third GS15 GNSS receiver roamed freely collecting observations
on a fixed height pole at the other 62 points. Points with annual movements less than 0.3” were measured with
two or more independent occupations resulting in a minimum of four vectors to each point from AB61 and
AB20. Independent occupations means the points were occupied under a different constellation of satellites
usually on a different day. If the two measurements were within 0.03 feet (1 cm) horizontally they were
accepted, otherwise a third measurement was obtained. On each day over a six day period, vectors based on 4-
10 hours of observations connected AB61, AB20 to the CGPS stations. Sixteen points, in the active areas, with
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annual movements greater than 0.3’ were single occupied. A comparison with the linear movements from prior
years was made to verify their accuracy.

Many of the points are over-shadowed by mature trees and shrubberies which interfere with signals received
from satellites and affect the quality of measurements. To obtain the best possible accuracies, the satellite
constellation is compared with obstruction diagrams to estimate the best time for observing un-obstructed
satellites. To improve the accuracy of the measurements, satellites obstructed by foliage and trees are either
turned off during the observation or noted for removal in post-processing. If six or more un-obstructed satellites
with a GDOP of less than four (measure of the geometry or strength of figure of the constellation) are available,
then the measurement commenced for a minimum of 15 minutes of data collection. If the geometry and number
of satellites are insufficient then the receiver was moved to another point and returned later when satellite

availability improved.

Date of Survey: 9/16/14 to 9/22/14 (mean date 9/19/2014) between 0600-1800 PDST (+7 hrs for UTC).
GNSS Survey Parameters:
Constellation: 30 US NAVSTAR GPS satellites and 24 Russian GLONASS satellites.
Observables: GPS L1 & L2 and GLONASS L1 & L2 Carrier Waves
Epoch Rate & Occupation Times: 15 seconds epochs for 15 minutes and 4-10 hours at base stations
Satellites: 12-17; GDOP < 2.1; Elevation Mask for Data Collection at 15° and Processing at 15°
Ephemeris: Rapid for Static Post-Processing of CGPS connections and Broadcast for onsite.
Weather: Generally clear skies, temperature 67°-80° F.
Space Weather: Boulder K Index was 1-3 except it reached 4 between 1 100-1400 hours on 9/19/14 (gauges
ionospheric activity on a scale of 0-9, 5 or greater can result in noisy dats).
Equipment:
GNSS Base Receiver Unit No.: M5, Operator: M. McGee, PLS; Station Occupied: AB61 (Basel)

Make & Model: Leica GS15; Antenna Leica GS15; Mount: Fixed Height Pole #1; Antenna Height: 1.803m
GNSS Rover Receiver Unit No.: M6, Operator: M. McGee, PLS;

Make & Model: Leica GS15; Antenna Leica GS15; Mount: Fixed Height Pole #3; Antenna Height: 1.800m
GNSS Rover Receiver Unit No.: M7, Operator: M. McGee, PLS, Station Occupied: AB20 (Base2)

Make & Model: Leica GS15; Antenna Leica GS15; Mount: Tribrach on Tripod; Antenna Height: varies

Vectors were processed using Leica LGO v8.1 post processing software. Analysis of residuals led to the
rejection of 0 out of 29 vectors connecting the CGPS Stations to AB61 and AB20, and 0 out of 220 vectors
connecting monitoring points. Network adjustments and analysis were performed with "Starnet-PRO” version
72.0.21 software. Rinex files of the satellite measurements for the CGPS Stations were downloaded from the
SOPAC website. The Rapid Ephemeris and Absolute Antenna Models were downloaded from the NGS website.

NETWORK

AB61, the primary Base Station, sits on Portuguese Point and is the focal point of the static network connecting
the monitoring points and CGPS Stations. AB20, a second Base Station is centrally located sitting on top of a
high bluff overlooking Portuguese Bend. Sixty-four points and two CGPS Stations were connected with 249
vectors. See the following Network Maps and the Aerial View in the Appendix.

The monitoring plan utilizes the CGPS Stations to verify the stability of the reference frame. The primary CGPS
Station used to control this survey is PVE3 located just south of City Hall and 1.8 miles west-northwest of Base
Station AB61. CGPS Station PVHS is 2.8 miles north, PVRS is 3.9 miles northeast, and VTIS is 4.9 miles east-
southeast of AB61 are used to validate the stability of the network. During this survey only PVE3 and PVRS

were operating.



McGEE SURVEYING CONSULTING

5290 Overpass Road, Ste#107, Santa Barbara, CA 93111

Monitoring Network with CGPS Stations (north up)
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MONITORING POINT HISTORY and STATUS

For data management purposes during the field survey and data processing, the point names were prefixed with
"M10” to distinguish between the different monitoring surveys i.e. AB61 was named M10AB61. M10 indicates
this survey is the 10™ monitoring since the initial September 2007 Monitoring Survey. The prefix is stripped in
the COORDINATES LIST and FULL DATA POSTING.

Between 1994 and 2006, 149 monitoring points were established to monitor the Portuguese Bend Landslides,
many of which were lost or destroyed. Sixty of the original points were recovered in 2007. Eight of the 60 points
were deleted because they were in close proximity of other points better suited for GNSS satellite measurements
leaving 52 points monitored and reported between September 2006 and September 2007. Three of the 52 points
(AB09, KC11 & PB51) were monitored in September 2007 for the last time because they were replaced by new
points, set nearby and better suited for satellite observations. Eighteen new points were set in 2007 and had their
movements reported for the first time in the following December 2008 survey. Therefore, in December 2008, 49
original and 18 new points were surveyed for a total of 67 monitoring points.

In the September 2007 Report, it was noted that KCO1 was previously reported by others on 9/14/2006 to have
moved N 29°E 1.24' from its 12/9/2005 position. In the 2008 survey, a buried partially illegible brass cap in
concrete stamped "COUNTY ENGINEER RE8869 1956 STA ??IELDS" was found S31°29°W 1.48 feet from
the 1" TP used by this survey in the initial September 2007 and subsequent surveys. The original 1994 position
of KCO1 was re-referenced to the 17 IP, resulting in correct overall reported movements.

In the December 2008 Report, it was noted that ABO5 had been disturbed by a mowing machine. ABOS5 was
found chipped and leaning to southerly about 0.4°. The movement reporting resumed in 2009. Analysis of the
movement and historic data made it possible to estimate the disturbance to within 0.05. The original 1995
position of ABOS was re-referenced S14°02°E 0.29” to be consistent with the disturbed position, resulting in
correct overall reported movements.

In 2009, PB64 was set east of the Archery Range to replace PB63 (set 2007) which had become unsafe to access
and was lost in 2010. PB64 was reported for the first time in October 2010.

In 2010, points AB03 and BB25 were discontinued. AB03 is on the edge of a cliff 192 feet west-southwest of
AB61 making it redundant, and BB25 is on a freestanding rock susceptible to disturbance by wave action. In the
summer of 2010, PB62 was destroyed by road construction. In October 2010, PB65 was set 24’ south-southwest
of PB62 and reported for the first time in October 2011. The following points may have been disturbed prior to
the October 2010 survey. ABOS appears to have been disturbed by mower machinery, AB15 (%" GIP in a meter
box) is driven over by vehicles occasionally accessing an adjacent field, and KC02 (%" GIP in a meter box) is
occasionally parked on by vehicles accessing the beach.

In October 2011, new points AB62 and AB63 (initially referred to as AB62R and AB63R) were set to replace
ABO06 and AB07 which were hazardous to occupy due to their location near the traveled way of Palos Verde

Drive South.

Prior to initiating the September 2012 survey, eight new monuments AB64, AB65, AB66, AB67, AB68, CR53,
KC17 and PB66 were constructed to replace AB54, AB18, AB52, AB55, AB15, CR52, KC04 and PB53
respectively. The monuments were replaced because of poor sky visibility except for KC04 which was difficult
to access and AB55 which was destroyed by trenching in the past year. Monuments were set with the following
design. Monuments set in soil are 1” x 5’ GIP driven flush and encase in a 6” PVC pipe sitting on a concrete
collar down about 18”. Monuments set in asphalt are 1/2” x 2’ rebar driven below the surface inside a free

floating 2 concrete collar.
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In September 2012, points AB15, ABI8, AB52, AB54, CR52, KC04 and PB53 were surveyed for the last time
and discontinued in October 2013.

In April 2014, PB64 was monitored for the last time due to unsafe conditions for access and PB67 (a 5° t-bar
steel post driven 3” into the ground) was set about 300° northerly as a replacement and reported for the first time
in September 2014. BB52 is on a freestanding rock susceptible to disturbance by wave action and was
monitored for the last time and discontinued.

In the September 2014 survey, two of the four CGPS Stations PVHS and VTIS were not operating. PB67 was
reported for the first time but only for 4.5 months since the April 2014 survey whereas, all other points in the
“Movement Data Posting” are reported for the 11.5 months since October 2013. See the "Monitoring Point
Status" in the Appendix for the present status of monitoring points.

ADJUSTMENTS & ANALYSIS

Adjustment 1: Minimally Constrained Adjustment processed to develop NADS83 (2007) 2007.00 Epoch
Geodetic, Ellipsoid and State Plane Coordinates.

Fixed Control: CGPS Station PVE3 was fixed at its published NAD83 (2007) position in a Minimally
Constrained Adjustment to determine positions and verify its stability relative to other CGPS stations. PVE3 is
located 1.8 miles west of and outside the influence of the slide area. PVE3 has been fixed in all adjustments
since 2007. The CSRC publishes a Time Series for the horizontal and vertical stability of PVE3 which indicate
the position has been stable prior to 2007. The primary base station AB61 and one other operating CGPS
Stations was measured relative to PVE3 and used to assess stability of the survey reference frame. The positions
are based on 4 to 10 hour measurements collected over six days. The coordinate differences from previous
positions to the present are listed below in feet.

10/2013 Positions to 09/2014 9/2007 Positions to 09/2014
Station dN dE dz Station dN dE d2
PVE3 0,000 0.000 0.000 < Fixed > PVE3 0.000 0.000 0.000
BPVRS =-0.011 -0.011 -0.003 PVRS -0.005 0.009 -0.016
AB17 0.004 0.029 -0.078 AB17 -0.019 -0.005 -0.062
AB61 0.019 -0.005 ~0.005 <Base Station> AB61 0.002 0.004 -0.054
CR51 0.001 -0.006 -0.047 CR51 -0.038 0.010 -0.129
KC1l6 0.004 -0.023 -0.038 KC16 -0.001 -0.013 -0.058

The following is noted: The base station AB61 has no indication of movement horizontally since 2007 and well
as the CGPS Station PVRS relative to CGPS Station PVE3. Both CGPS Stations are well outside the slide areas.
The vertical differences at several stations are larger than seen in past years for which there is no explanation at
this time. The survey reference frame is deemed stable and successfully recovered at the level of 0.01 feet
horizontally by 0.02 feet vertically as indicated. An adjustment constrained to the other CGPS Stations is not
preferred or necessary because the purpose here is to track their positions over time to test the stability of the
reference frame. See the “COORDINATE LIST” in the Appendix for a list of coordinates resulting from this
adjustment. See prior Survey Reports for coordinates resulting from earlier surveys.

Adjustment 2: Minimally Constrained Adjustment to develop Orthometric Heights (Elevations) in NAVDS8
Fixed Control: The CGPS Station PVE3 was fixed horizontally and vertically at its NAVD88 orthometric
height determined in the September 2007 survey. The 2007 height was based on the published 2™ Order
NAVDS88 Height of CGPS Station VTIS. This Adjustment combined the measured ellipsoid height differences
with the NGS Geoid 03 (models the separation between the ellipsoid and geoid surfaces) to determine NAVDS88
orthometric heights of the other CGPS Stations and the monitoring points. See the Adjustment #1 above for
vertical differences at key points in this survey.
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ACCURACY

These surveys conform to the intent of the Federal Geodetic Control Subcommittee (FGCS) “Specifications for
GPS Relative Positioning” (1988) and the California Geodetic Control Committee (CGCC) “Specifications for
High-Production GPS Surveying Techniques” (1993).

Vector Residuals: The number of vectors, vector lengths, two dimensional residuals and the absolute value of
the vertical residuals resulting from Adjustment #1 are listed below in feet. Thirty-four vectors to single
occupied monitoring points are not included because they have no residuals and would optimistically skew the
results. The statistics given below are applicable to all points.

Vector Lengths Two Dimensional Residuals Vertical Residuals (absolute)
Network No. vary Average Average Std.Dev. Maximum Average Std.Dev. Range
Monitoring 186 479-7182 3320 0.007 0.004 0.021 0.008 0.007 -0.031 to +0.028
CGPS 29 13-20692 14203 0.005 0.004 0.018 0.011 0.010 ~0.023 to +0.034

Local Accuracy: The precisions and accuracy of vectors resulting from the minimally constrained adjustment
at the 95% Level of Confidence are listed below in feet.

Relative Distance Error

Network Average Maximum Av.Precision
Monitoring 0.008 0.010 1: 474,000
CGPS 0.004 0.004 1:2,841,000

The precision ratio, based on the averages for vectors connecting the Monitoring Points, exceeds the criteria for
a First Order (C-1) by a factor of 4.7. The precision ratio for vectors connecting AB61, AB20 and the CGPS
Stations exceeds the criteria for a B Order survey by a factor of 2.8 per the FGCS requirements for the former
classification system.

Coordinate Accuracy: The Standard Deviations (68% Level of Confidence) of the coordinates derived from
Adjustment #1, relative to the CGPS Station PVE3 follow in feet.

Monitoring Point CGPS Stations
North East Up North East _Up
Average Standard Deviation 0.004 0.003 0.009 0.002 0.002 0.005
Average 95% Error 0.009 0.008 0.017 0.002 0.002 0.005
Maximum Standard Deviation 0.005 0.004 0.012 0.002 0.002 0.005

At the 95% confidence level, the average coordinate has a horizontal radius of circular error is 0.009 feet and a
vertical of 0.016 feet with a max of 0.011 and 0.024 feet respectively.

Network Accuracy: The network accuracy (absolute accuracy relative to the reference frame) is expected to be
less than 0.02 feet horizontal relative to the NAD83 Datum based on the CGPS Stations.

NAVDS8 Heights: The North American Vertical Datum of 1988 orthometric heights resulting from
Adjustment #2 are derived from the difference in ellipsoid heights combined with the Geoid 03 model and
constrained to the height of PVE3 determined in 2007. The average relative accuracy of the heights is 0.03 feet
at the 95% level of confidence but may be greater at obstructed sites. The absolute accuracy of the heights
relative to the datum is dependent on the published value on the CGPS Station V1IS. Although relative
elevation accuracies can be within 0.03 feet, up until October 2011 there were no requirements for vertical
accuracies. In October 2011, a preference of 0.03 foot relative vertical accuracy was instigated for the following
points: AB17, AB57, CR07, CR50 and CRS51. In the September 2012 and subsequent surveys the criteria was
extended to all points.

Movement Accuracy: For this period, 48 points moved less than 0.30 feet with an average movement of 0.03
feet and a range of 0.01 to 0.08 feet. The relative error at the 95% Level of Confidence averaged 0.015 feet with
a range of 0.006 to 0.028 feet. Overall, the estimated 95% relative movement error averaged 0.016 feet with a
range of 0.006 to 0.028 feet. No movement is considered detected unless the movement exceeds the Y5% Error
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for individual points. See the attached “MOVEMENT DATA POSTING?” for the estimated relative movement
errors at the 95% Level of Confidence for individual points for any period.

QUALITY CONTROL - QUALITY ASSURANCE (QAQC) ANALYSIS

To ensure the accuracy and validity of the measurement systems used in these GNSS monitoring surveys, an
independent test was made using conventional terrestrial based instruments as reported in the “QAQC
ANALYSIS” section of the September 2007 Monitoring Survey Report. Comparing the results of the GNSS
systems with conventional instrumentation found horizontal measurements agreed 0.01 feet on average. In
November of 2011 the GNSS instruments and fixed height poles used in this survey were calibrated on the Santa
Maria National Geodetic Survey Baseline and found to agree with published distances 0.003 to 0.006 feet.

To validate the radial survey method used in these surveys to position points from base stations AB61 and
AB20, independent GNSS cross connections were measured and compared with the stand alone computed
inverse distances in the 2007, 2008 and 2009 surveys. The results found the two dimensional accuracy to agree
0.01 feet on average, indicating the radial method of measurements is reliable and the additional labor cost of
measuring cross connection between points is not warranted. See the “QAQC ANALYSIS” section of the
September 2007 and the December 2008 Monitoring Survey Reports for detailed analysis.

Deflection Analysis is a method established by this surveyor to assess the consisiency ol the direction of
movements reported from period to period. Assuming that movements are generally linear for points moving
less than a ¥; foot, the separation or the deflection between the direction of the previous and present periods
taken over the moved distance implies the accuracy obtained with the equipment, methods and procedures.
Analysis of individual deflections indicates that for points with multiple occupations the separations varied 0.01
to 0.02 feet.

SUMMARY

Prior to September 2007, successive coordinate differences were used to computc movements which do not
provide statistical information about the relative movement accuracies. Beginning with the initial 2007 survey,
field and office procedures were designed to assure the accuracy and reliability of measurements and provide for
queries between epochs that include statistical information about the relative precisions of the reported
movements. Thereafter, measurement of temporal movements are based on a rigorous simultaneous least
squares adjustment of multiple observations at two different epochs for each point.

The results of the October 4, 2013 to September 19, 2014 monitoring period indicates the relative accuracy of
the reported movements average 0.016 feet at the 95% Level of Confidence. Statistically, the probability at the
95% level of confidence is that movement (signal) has occurred at a point when the horizontal distance between
two epochs is greater than the 95% Error (noise). See the “Movement Data Posting” for a listing of the 95%
Error estimates (range 0.006 to 0.028 feet). Applying this criteria, 17 points have not moved.

Between October 4, 2013 to September 19, 2014 (11.5 months), points moved 0.02 to 1.65 feet and 4.6 feet for
4.5 months at PB67s in the Portuguese Bend Landslide (PB##), 0.01 to 0.06 feet in the Abalone Cove Landslide
(AB##), and 0.01 to 0.05 in the Klondike Canyon (KC##). See the Contours of Horizontal Movement in the
Appendix for a graphical representation of the movements.

See the attached "MOVEMENT DATA POSTING" spreadsheet for overall and periodic movements of each
point. The movements are given in north, east and up or down as well as a vector of distance and direction
relative to north. The direction is given as an azimuth in degrees where 0° is north and increases clockwise (90°
East, 180° South, 270° West). The overall movements are from the beginning position of each point which
varies between 1994 and the present for newly established points.
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The present listing and status of monitored points is provided in the Appendix under "Monitoring Point Status".
The historical status of all monitoring points is provided in the September 2007 Survey Report. The historical
1994-2006 positions of all points are listed in the Charles Abbott Associates Inc. file "ALL POINTS MOST
RECENT OBSERVED POSITION AS OF SEPTEMBER 15, 2006.xls" attached as an electronic file to the

2007 Report.

RECOMMENDATION

An ongoing re-location program for monuments has long term benefits resulting in better accuracy lower cost
surveys due to improved sky visibility for tracking satellites. In this September 2014 survey, no monuments
were re-located. Points AB16, AB24 and AB58 have limited sky visibility and should be re-located or deleted.
ABI12 is in a horse corral and has limited access

Attachments: The following document is attached to this Report.
“pB MOVEMENT DATA POSTING?” lists the coordinates of the initial positions, the overall and periodic
movements of monitoring point since 2007 and the NAD83(2007.00) State Plane Coordinates and NAVD88

Heights.

SURVEYOR'S STATEMENT
This Report on the criteria, procedures and results of the September 19,
2014 City of Rancho Palos Verdes Portuguese Landslide Monitoring
Survey was prepared by me January 7, 2015 at the request of Ron
Dragoo, Assistant City Engineer of the City of Rancho Palos Verdes.

Lt 2T

Michael R, MeGee P.L.S. 3945

APPENDIX

12- Contours of Horizontal Movements
13- Aerial Photo and Oblique Aerial View of Monitoring Points

14- Monitoring Point Status
15- Coordinate List- Sept. 19, 2014 Survey NAD83(2007) Geodetic, Grid Coordinates, NAVDSS8

17- Addendum Report for the February 7, 2015 Partial Monitoring Survey
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Contours of Horizontal Movements Oct. 4, 2013 to Sept. 19, 2014
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Aerial View of Monitoring Points — (Photography Dated 04/23/2014) (north up)

Oblique Aerial View of Monitoring Points (looking north)
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MCGEE SURVEYING CONSULTING

RANCHO PALOS VERDES - PORTUGUESE LAND SLIDE MONITORING POINT STATUS for 2015 Prepared 12/06/2014

Notes: 162+/- Monitoring Points established since 1994
09/01/07 71 Points Surveyed 60 old points found with 52 monitored plus 19 new points
12/01/08 67 Points Surveyed AB09, KC11, PB51 discontinued; BBS3 destroyed; ABO5 disturbed
11/01/09 68 Points Surveyed Set PB64 to replace PB63 destroyed subsequently
10/01/10 65 Points Surveyed Discontinued AB03, BB25; set PB65 to replace PB62 destroyed by paving
10/03/11 69 Points Surveyed; Set AB62 & AB63 to replace AB06 & AB07
09/14/12 72 Points Surveyed; Discontinued AB06, AB07; ABSS destroyed by trenching; Added 8 new points
10/06/13 65 Points Surveyed; Discontinued AB15, AB18, AB52, AB54, CR52, KC04, PB53
9/19/14 64 Points Surveyed; Discontinued BB52, PB67 set in April 2014; Added PVE3RP (reference to PVE3 antenna)
12/17/13 28-30 Points to Survey in Jan-Feb 2015 and April-May 2015
Pt ID Last Obs'd Comments GNSS | PtID | LastObs'd Comments GNSS
ABO1 9/19/2014 Base 1994-2006 G FT07 | 9/19/2014 G
AB02 9/19/2014 G FTO8 | 9/19/2014 G
AB04 9/19/2014 G
ABO5 9/19/2014 G KCO01 | 9/19/2014 NE'ly/2 pipes 1.5' apart G
ABI2 9/19/2014 G KCO02 | 9/19/2014 G
AB13 9/19/2014 F KCO05 | 9/19/2014 G
ABl6 9/19/2014 P KC06 | 9/19/2014 G
AB17 9/19/2014 F KC07 | 9/19/2014 G
AB20 9/19/2014 NE'ly/ 2 monuments G KC13 | 9/19/2014 G
AB24 9/19/2014 F KC14 | 9/19/2014 G
AB30 9/19/2014 G KC15 | 9/19/2014 F
ABS1 9/19/2014 G KC16 | 9/19/2014 G
ABS3 9/19/2014 F KC17 | 9/19/2014 Replaced KC04 G
ABS6 9/19/2014 F
AB57 9/19/2014 G PB04 | 9/19/2014 G
AB38 9/19/2014 P PBO6 | 9/19/2014 G
AB59 9/19/2014 G PBO07 | 9/19/2014 G
AB60 9/19/2014 G PB08 | 9/19/2014 G
AB61 9/19/2014 BASE since 2007 G PB09 | 9/19/2014 G
ABG2 9/19/2014 Replaced AB06 G PB12 | 9/19/2014 G
AB63 9/19/2014 Replaced AB07 G PB13 | 9/19/2014 G
AB64 9/19/2014 Replaced AB54 G PB18 | 9/19/2014 G
AB65 9/19/2014 Replaced AB18 G PB20 | 9/19/2014 S'ly/ 2 pipes 5.3' apart G
AB66 9/19/2014 Replaced AB52 G PB21 | 9/19/2014 F
AB67 9/19/2014 Replaced ABSS G PB25 | 9/19/2014 G
AB6S 9/19/2014 Replaced AB15 G PB26 | 9/19/2014 F
PB27 | 9/19/2014 G
BB52 10/4/2013 Discontinued G PB29 | 9/19/2014 G
PBS4 | 9/19/2014 F
CRO7 9/19/2014 F PB55 | 9/19/2014 F
CRS30 9/19/2014 G PB59 | 9/19/2014 G
CRSI 9/19/2014 G PB64 | 9/19/2014 Replaced PB63 G
CR53 9/19/2014 Replaced CR52 F PB6S | 9/19/2014 Replaced PB62 G
PB66 | 9/19/2014 Replaced PB53 G
FT06 9/19/2014 G PB67 | 9/19/2014 Replaced PB64 G
UB02 | 9/19/2014 G
GNSS column indicates site is Good, Fair or Poor for Satellite Visibility Conditions
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COORDINATE LIST

Portuguese Landslide 09/19/2014 Monitoring Survey
Prepared by McGee Surveying Consulting: Document Date: 12/31/2015

Datum: Horizontal & EH NADB3 (2007) Epoch; California State Plane Zone 5; Vertical: NAVDBB

Note, Fixed CGPS Station PVE3 at Record 3D Position & Orthometric Beight pes 08/2007 Survey; See 2007 and subseq Survey Reports
Point Latitude I Longitude EH (ft) North (ft) I East (ft) [ OrthoHt (£E) ption

ABO1 33-44-38, 30243 118-22-53.05172 60.02 1729427.54 6445708.57 178.50|Punched 1/2" GIP in meter box

ABO2 33-44-13.84871 118-22-26.19225 -2.06 1726946.97 6447968.70 116.44|4% BC “SAN PEDRO 1936" on conc. block

AR04 33-44-28.09124 118-22-36.28725 -51.31 1728389.94 6447121.49 67.15|BC "CO ENG STA Q2.." on 2'GIP in mass of conc.
AROS5 33-44-24.99015 118-22-30.09124 -38.00 1728074.49 6447643.60 80.45|BC “co ENG STA Q3.." on 2"GIP in mass of cone.
AB12 33-44-38,27505 118-22-22.72074 164.81 1729415.16 6448271.06 283.15|BC “CO ENG STA 7A.." in mass of conc.

AB13 33-44-43.34520 118-22-23.16126 246.10 1729927.85 6448235.76 364.42|Punched 1/2" GIP in meter box

AB16 33-44-47.57976 118-22-31.51220 258,05 1730358.55 6447532.12 376.38|Punched 1/2" GIP in meter box

ABR17 33-44-58.06065 118-22-41.08410 324.40 1731421.10 6446727.77 442.73|Punched 1/2" GIP in meter box

AB20 33-44-37.77487 118-22-05.96625 277.92 1729359.38 6449685.82 396.19|8C "co ENG STA W. FIX 1956.." in mass of cong,
AB24 33-44-42.35411 118-22-28.79487 217.35 1729829.43 6447759.63 335.71|Cotton spindle in conc. In road

AB50 33-44-25.11152 118-22~22.94543 63.57 1728084.52 6448247.15 181.59|¥atl & shiner in conc. collar of well

AB51 33-44-40.22977 118-22-34.15185 186.74 1729616.36 6447306.42 305.12{PK mag nail in plastic plug "LS€957" in 1"GIP
AB53 33-44-48.36803 118-22-05.70038 234.58 1730430.17 6449712.20 352.80|Chisled + on s edge cone. Vault

AR56 33-45-05.96970 118-22-19.59257 453.32 1732213.86 644B545.61 571.53|6" mag nail & washer in conc. in 2"x 36" GIP
aB57 33-45-03.17002 118-22-05.20569 446.55 1731926.37 6449759.45 564.71{6" mag nail & washer in conc. in 2"x 36" GIP
ARS8 33-44-55.14428 118-22-13.27637 287.31 1731117.54 6449074.94 405, 53| Punched RR spike on s side road

ABS9 33-44-52. 54061 118-21-59.79460 316.00 1730850.16 6450212.47 434,18|6" mag nail & washer in conc. in 2"'x 36" GIP
AB60 33-44-35.04165 118-22-26.06505 60.93 1722089.34 6447987.41 179.31|6" mag nail & washer in conc. in 2'x 28" GIP
AB61 33-44-18.57321 118-22-25.85801 21.94 1727424.50 6447990.26 140.41)6" mag nail & washer in conc. in 2'x 24" GIP
AB62 33-44-33.23061 118-22-38.63206 24.53 1728910.23 6446925.41 142.96{6" mag nail & washer in cone, in 1l'x 24" GIP
ABG3 33-44-34.71811 11B-22-34.12085 62.36 1722059.18 6447306.96 180.77|Punched 1/2 x 48" rebar

ABG4 33-45-02.13633 118-22-33,46077 413.88 1731830.70 6447373.07 532.16|2* mag nail on NE side 2' conec. Collar/Well B12
[ABRES 33-45-00, 93229 118-22-22.90390 340.23 1731705.66 6448264.09 458.47|2" mag nail & washer in conc. in 1l'x 60" GIP
AB66 33-44-44.53550 118-22-20.14590 255.91 1730047.23 6448490.52 374.21{1/2" x 24" punched rebar 1" below AC conc. collar
ARE7 33-44-55.71729 11B-22-29.06589 286.99 1731180.41 6447741.78 405,28|1/2* x 24" punched rebar 1" below AC conc. collar
ABGB 33-44-46.61264 118-22-25,31209 275,09 1730258.83 644B8055.35 393.41{1/2" x 24" punched rebar 1" bhelow AC conc. collar
CRO7 33-45-00.26892 118-21-48.08426 513.96 1731627.83 6451203,.37 632.06{6" mag nail & washer in conc. in old 1" IP
CR50D 33-45-13.97061 118-21-50,11946 754.54 1733013.57 6451037.36 872.60|Tack & shiner on lower rock wall

CR51 33-45-14.49679 11B-21-34.43625 858.13 1733062,00 6452361.87 976.12|Tack & shiner on conc pad

CRE3 33-45-11.63388 118-21-59.73920 662.60 1732780.30 6450224.19 780.70{2% mag nail & washer in conc. in 1"x 60" GIP
FT06 33-44-42.78549 11B-21-29.5B563 370.54 1729854 .81 6452760.04 488, 62{6" mag nail & washer in conc. in 2"x 38" GIP
FTO7 33-44-36.87025 118-21-13.65923 470.56 1729252.07 6454102.93 588, 60{6" mag nail & washer in conc. in 2'x 36" GIF
FTO8 33-44-38.19502 118-21-22,57436 540.33 1729388.65 6453350.50 658.40({6" mag nail & washer in conc. in 2"x 3&" GIP
KCo1 33-44-29.13375 118-21-33.10882 154.08 1728475.80 6452457.57 312.256|6" mag nail & washer in conc, in old 1" IP
KCo2 33-44-14.54748 118-21-37.05751 -104.56 1727002.45 6452118.80 13.71jPunched 1/2" GIP in meter box

KCO05 33-44-15. 37058 118~21-24.50986 105.26 1727081.88 6453178.85 227, 46{Punched 1/2" GIP in meter box

KC06 33-44-22.33190 118-21-21.96636 181.67 1727784.84 6453396.17 299.83|Punched 1/2" GIP in meter box

Kco7 33-44-22.,09046 118-21-18.55886 195.30 1727759.42 6453683.86 313.44|Punched 1/2" GIP in meter box

KC13 33-44-10.41212 118-21-25.78288 72.83 1726581.00 6453069.56 191.0&|Cotton spindle in AC turnout

KC14 33-44-12,03493 118-21-17.07063 141.70 1726742.45 6453805.97 259.89|Punched spike in center road

KC15 33-44-20,39789 118-21-25.21724 168.83 1727590.31 6453120.91 287.01|Cokton spindle in cul-de-sac

KC16 33-44-20,55016 118-21-13.64621 208.72 1727602.25 6454098.22 326.85|Punched spike in intersection

Kc17 33-44-17.55010 118-21-26.32443 87.00 1727302.75 6453026.38 215.20|2" mag nail & washer in conc. in 1"x 50" GIP
PBO4 33-44-20.97495 118-22-15,80836 48.11 1727664.12 6448848.37 166.52|MaLl & tag "RCE26120" in conc. in 3" pipe
PBO6 33-44-23.67725 118B-22-05,05061 58.70 1727933.95 6449757.93 177.04|Punched cap on 2" GIP

PBO7 33-44-25.66040 118-21-59,68621 79.04 1728132.78 6450211.72 197.35|8rass tag "LA CO DFW'" in conc., in 2" GIP

PBOB 33-44-26.30225 118-21-56.71928 75.96 1728196.75 6450462.53 194.25|Punched cap on 2" GIP

PBOS 33-44-26.76704 118-21-52,15074 70.18 1728242.33 6450848.53 188.45|Punched cap on 2" GIP in cable box

PB12 33~44-26.87598 118-21-43,46342 65.00 1728250.70 6451582.26 183.23|Punched cap on 2" GIP in cable box

PB13 33-44-24,80452 118-21-36.77345 B8.20 1728039.26 6452146.51 206. 42| Punched cap on 2" GIP in cable box

PB18 33-44-48.41020 118-21-53,76788 244.73 1730430.76 6450719.90 362.90|Punched 1/2" GIP in meter box

PB20 33-44-31.67750 118-21-4B.91649 113.15 1728737.75 6451123.48 231.38|Punched cap on 2" GIP in cable box

PB21 33-44-36.63950 118-21-48.28309 153.69 1729238.17 6451178.78 271.89|Punched cap on 2" GIP in cable box

PB25 33-44-40.93116 118-21-3B.74096 207.78 1729670.12 6451986.19 325.91|Punched cap on 2" GIP in cable box

PB26 33-44-39,63753 118-21-35.58685 164.76 1729538.39 6452252.09 262,.88({Brass tag "LA CO DPW" in conc. in 2" GIP

PB27 33-44-36.66094 118-21-40.42476 152.40 1729238.94 6451842.44 270.56|Punched cap on 2" GIP in cable box

PB29 33-44-32,70392 118-21-37.45680 51.32 172883B.03 6452091, 66 169.45%[Brass tag "LA CO DFW' in conc. in 2" GIP

PE54 33-44-41,07907 118-21-56.95047 239.40 1729690.63 6450448.44 357.61|PK mag nail in plastic plug "Ls6957" in 1'"GIP
PB55 33-44-32,00869 118-21-52.734594 120.97 1728772.40 6450801.12 239.21|PK mag nail in plastic plug "Ls6957" in 1"GIP
PH59 33-44-21.88238 118-22-18.05185 38.61 1727756.55 6448659 .23 158.33|PK mag nail in plastic plug "Ls?" in 1" GIP
PB65 33-44-28.81974 118-22-05.66827 169.29 1728454.01 6448707.67 287.61(2% alum. cap "MCGEE SURVE.." on 5/8"x24"rebar
PB66 33-44-36.20569 118-21-50.75356 162.89 1729196.07 6450969.99 288.10|2" mag nail & washer in conc. in 1"x 60" GIP
PB67 33-44-20,75176 11B-21-52.01724 -42.91 1727634.20 6450857.60 75.40/4' high T-bar steel fence post

UB02 33-44-19,54913 118-22-00.47238 -55.78 1727515.23 6450143.07 62.57|PK mag nail in plastic plug "?" in 1"GIP

PVE3 33-44-35,85329 118-24-15.26504 235.42 1729207.08 6438765.18 354, 36|{CGPS Pos. Fixed in 2007 and subsequent surveys
PVE3IRF |33-44-35,74229 118-24-15.27455 227.93 1729195.87 6436764.67 346.87|Mag Nail in Concrete Base 11' S/ PFVE3

FVRS 33-46-25,89198 118-19-14.06724 198.58 1740239.30 6464237.89 316.29|CGPS Pos. Determined 10/04/2013 Survey
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McGEE SURVEYING CONSULTING

5290 Overpass Road, Ste#107, Santa Barbara, CA 93111

First Addendum Report
February 7, 2015 Partial Monitoring Survey

Portuguese Bend Landslide

for the

City of Rancho Palos Verdes
by

McGee Surveying Consulting
February 12, 2015, Revised June 10, 2015
Overview:

This Addendum Report describes the first tri-annual partial monitoring survey in February 2015 at Portuguese
Bend. This survey included a sub-set of 27 points of the full monitoring set and one temporary point AB69 set
as a backup to AB12. This survey follows the procedures described in the above Report on the September 19,
2014 full monitoring. The detailed results of this survey are reported on Page 11 of the attached spreadsheet
titled “PB MOVEMENT DATA POSTING 2007-2015.2” listing the coordinates, and periodic movements of
points between September 19, 2014 and February 7, 2015 and the overall movement since 2007.

The movements reported between September 19, 2014 and February 7, 2015 (4.5 months) statistically attained
an average accuracy of 0.012 feet at the 95% Level of Confidence as demonstrated by the measured vector
residuals, repeatability of measurements at points considered stable, and the analysis of movement deflections.
For a detailed history of the program and surveys see “History” above and previous Reports back to 2007. The
field survey took place between February 6 and February 8, 2015. The Field Surveys, Equipment, Data
Collection and Network Design were as described in the above Report. The survey included two onsite base
stations and 26 onsite points each connected with two to six vectors. Three continuously operating GPS stations
(CGPS) were connected to this survey with six vectors each. The Adjustments followed the process as described
in the above Report with the following results.

Adjustment: Minimally Constrained Adjustment processed to develop NAD83 (2007) 2007.00 Epoch
Geodetic, Ellipsoid and State Plane Coordinates in feet. CGPS Station PVE3 was fixed and the difference are
listed in feet from the September 19, 2014 to the February 7, 2015 positions for the CGPS stations and points
considered to mostly stable.

09/2014 Positions to 02/2015

Station dN dE dz

ABR17 -0.002 0.001 0.002

AB61 -0.005 -0.006 -0.019 <Base Station
CR50 -0.004 0.001 0.014

KC16 -0.007 -0.009 -0.013

KC17 -0.002 -0.008 0.002

PVE3 -0.000 -0.000 -0.000 < Fixed

PVRS -0.009 -0.009 0.014

The adjustment was constrained as a standard procedure to the CGPS station PVE3 which finds CGPS station
PVRS in agreement with the September 2014 horizontal position at 0.01 feet. AB61, AB17 and KC16 are
historically stable and continue to be so. The survey reference frame was deemed stable and successfully
recovered.

Summary of Movements: Between September 19, 2014 to the February 7, 2015 (4.5 months), points in this
subset moved 0.03 to 3.36 feet in the Portuguese Bend Landslide (PB##), 0.03 to 0.07 feet in the Abalone Cove
Landslide (AB##), and 0.02 feet in the Klondike Canyon (KC##). See the attached spreadsheet titled “PB
MOVEMENT DATA POSTING 2007-2015.4” for the periodic movements of each point.
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McGEE SURVEYING CONSULTING

5290 Overpass Road, Ste#107, Santa Barbara, CA 93111

Second Addendum Report
April 16, 2015 Partial Monitoring Survey

Portuguese Bend Landslide

for the

City of Rancho Palos Verdes
by

McGee Surveying Consulting
June 10, 2015

Overview:

This Addendum Report describes the second tri-annual partial monitoring survey in April 2015 at Portuguese
Bend. This survey included a sub-set of 27 points of the full monitoring set, temporary points AB69 set in
February, temporary point AB70 set as a backup to AB12 which has challenging access in a horse corral, and
three new points PB68, PB69 and PB70 set along PVDS. This survey followed the procedures described in the
above September 19, 2014 full monitoring Report. The detailed results of this survey are reported on Page 12 of
the attached spreadsheet titled “PB MOVEMENT DATA POSTING 2007-2015.4” listing the coordinates, and
periodic movements of points between February 7 and Aprill7, 2015 and the overall movement since 2007.

The movements reported between February 7, 2015 and April 16, 2015 (2.3 months) statistically attained an
average accuracy of 0.015 feet at the 95% Level of Confidence as demonstrated by the measured vector
residuals, repeatability of measurements at points considered stable, and the analysis of movement deflections.
For a detailed history of the program and surveys see “History” above and previous Reports back to 2007. The
field survey took place between April 15 and April 18, 2015. The Field Surveys, Equipment, Data Collection
and Network Design were as described in the above Report. The survey included two onsite base stations and 30
onsite points each connected with two to six vectors. Three continuously operating GPS stations (CGPS) were
connected to this survey with seven vectors each. The Adjustments followed the process as described in the
above Report with the following results. It is to be noted that solar activity was high during the survey resulting
in somewhat noisy data collection.

Adjustment: Minimally Constrained Adjustment processed to develop NADS83 (2007) 2007.00 Epoch
Geodetic, Ellipsoid and State Plane Coordinates in feet. CGPS Station PVE3 was fixed and the difference are
listed in feet from the September 19, 2014 to the February 7, 2015 positions for the CGPS stations and points

considered to mostly stable.

09/2014 Positions to 02/2015

Station dN dE dz

AB17 -0.014 -0.033 0.102

AB50 -0.002 0.010 0.019

AB61 0.002 0.013 0.008 Primary Base Station
CR50 0.014 0.002 0.072

KC1l6 -0.000 0.022 0.023

PVE3 -0.000 -0.000 -0.000 Fixed CGPS Station
PVRS 0.037 0.031 -0.029 CGPS Station

VTIS 0.003 0.017 0.024 CGPS Station

The adjustment was constrained as a standard procedure to the CGPS station PVE3 which finds CGPS station
VTIS and the base station AB61 in agreement with the September 2014 and February 2015 position as expected.
CGPS station PVRS is larger than expected and to be watched. The AB17 and KC16 historically don’t move,
however, AB17 has began to move based on the last several monitoring surveys. The survey reference frame
was deemed stable and successfully recovered.



McGEE SURVEYING CONSULTING

5290 Overpass Road, Ste#107, Santa Barbara, CA 93111

Summary of Movements: Between February 7, 2015 to April 16, 2014 (2.3 months), points in this subset moved
0.13 to 1.45 feet in the Portuguese Bend Landslide (PB##), and 0.03 to 0.04 feet in the Abalone Cove Landslide
(AB##), 0.02-0.03 feet in the Klondike Canyon (KC##). See the attached spreadsheet titled “PB MOVEMENT
DATA POSTING 2007-2015.4" for the periodic movements of each point. See the Table below for a condensed
summary of movements and elevation changes.

PORTUGUESE BEND LANDSLIDE MONITORING
MOVEMENTS IN FEET FOR SEPTEMBER 2014 to APRL 2015
Sept. 19, 2014 to Feb. 7,2015 to Sept. 19,2014 to
Feb. 7, 2015 April 16, 2015 April 16, 2015
Point ID Movement | Elevation | Movement | Elevation | Movement | Elevation
Distance Change Distance Change Distance Change

AB04 0.05 0.01 0.01 -0.02 0.06 -0.01
ABI12 0.03 -0.02 0.03 0.02 0.06 0.00
AB16 0.00 -0.02 0.02 0.05 0.02 0.03
AB17 0.00 0.00 0.04 0.10 0.04 0.10
AB20 0.01 -0.01 0.01 0.04 0.02 0.03
AB50 0.02 -0.02 0.01 0.02 0.03 0.00
ABS59 0.02 0.00 0.02 0.05 0.04 0.05
ABG60 0.02 -0.02 0.02 0.00 0.05 -0.02
AB61 0.01 -0.02 0.01 0.01 0.02 -0.01
AB65 0.07 -0.03 0.02 0.05 0.09 0.03
CRO07 0.03 0.00 0.02 0.06 0.05 0.06
CR50 0.00 0.01 0.01 0.07 0.02 0.08
FTO06 0.03 -0.04 0.02 0.05 0.05 0.02
FT07 0.03 0.00 0.01 0.06 0.04 0.06
KCo06 0.00 -0.01 0.03 0.02 0.03 0.01
KCo07 0.02 0.00 0.01 0.02 0.02 0.02
KC13 0.02 0.00 0.02 0.01 0.04 0.01
KC16 0.01 -0.01 0.02 0.02 0.03 0.01
KC17 0.01 0.00 0.03 0.02 0.04 0.02
PB04 0.42 -0.14 0.12 -0.05 0.54 -0.19
PB12 0.74 -0.19 0.30 -0.04 1.04 -0.23
PB13 0.51 -0.05 0.18 -0.01 0.70 -0.06
PB18 0.03 -0.04 0.01 0.05 0.04 0.01
PB26 0.04 -0.03 0.01 0.07 0.05 0.04
PB59 0.65 -0.33 0.21 -0.09 0.86 -0.42
PB66 0.31 -0.06 0.13 0.04 0.44 -0.01
PB67 3.36 -0.45 1.45 -0.17 4.80 -0.61
Note: Given the accuracies of the measurements, only Movements & Elevation Changes
exceeding (.02 feet (1/4"") and 0.04 feet (1/2"') respectively are deemed to have actually moved.
See "PB MOVEMENT DATA POSTING 2007-2015.4.xlIsx" for more details.
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—1731117.83| 644p074 54 405.840| =
730050.84|  6450212.58 933340 = -
|~ 72508558 17557.53 B = =
[~ 1727428 43| 6447990.27 130.420] -1
BB25 1727200.19|  6AAWIIZ. 57T d.3i0| -0.38] -0.i% o.40 308 G35 5.
BB52 1726996.18| #a51384.3 3.840| =-0.18] =-0.04 7 ~0.08]
CRD? 173162818 6451203,34 33.300) -0.80 6.1% 5.
CRS50 1733013.61| 6451037.39 _€90| =0.bL 0.01 -0
CR51 1733062,01| _ 6452361.87 78.230] -0.02 o.01 =4,
CR52 1732667.56]  6450230.31 9.730] -b.02 0.
I
FT08 739855 34| S455760.16 Fiia. 850 3 =
% 8D 0.
P on| _w 3
3 .34 | ~a.
¥ 3 0.
: -&7] =0
% 18 0.
T 33 =N 1,04
HGOT 37759.37] 6453683, 313 470 .:ni 7 63|
WEi3 738501.11] GASI069.63 191,180 04| =4 .01 |
Wead | ivE 33| E453008.03 259,520 83 v aL
EED 727590.38] _ §453121.03|  BA7.000 05 =
Ke1& _“11?&0:‘:1# G45E0wn. 34 326.8 (3%
1
PBO4 | 1927666 56| BA18D4N, 9V T.77] =
FOOG Ga49T58 53 2580 —
| #8507 545021383 Y] =t
P8 | G450460.53 35,75 =
700 | G450858_91 35,94 =
FD1Z E451546. TR L] =!
B3 | ] G457149_ 98 4113 =
Fain | 1 % §450719.3 . =
§BE0 | 173M74D.LH]  R4S1I3E 02 ! =
1| 35245, 60] B451178.1 5108 =
Phas | 1729670.38] 6451946.38 3. =
PBa6_| 173953893 2252.19 23.98 =
PuZ] | 1729253 99| 645104330 8E. 37 =
[£FE] 3684 8252095 51 49,15 -
[ZEE] 1735221 54] 645075481 JL.23 =
P854 1725691.12] 0504485 3,98 =
Fans 1720770.41] 6450801 50 33,97 -
[TF5Ss | :737760.31] ed4Bas0.18 33 =
PE6z | 1728478 31] €4ABILI 49 9.33 =
BB63 F27717.72| 64514032 118950 1761 =
PREA T37Ti66.29]  &450066.95 72780
me— §2.920] -53.34 T 47| -4.23 174l 53.79 -3 8L G 3E[ “5.00) 1TE 64 5.3 |



FORTUGUEST BEHD SLIUE MONITORIMG - MOVEMEMT DATA POSTING a3 of Cctober 28. 2010 Page 4
Prapared by MoGoa Su: ing Consulbin
] 1 T
[Hotas; 1 1 |
* Indicatés no signal of Roriiontal sav in the last period]
| 1 1
. . 0 $1LL008 E:r‘:i Emnts {US Feet) riodic (11.1 MHEHE) Movaments 'll! Feot)
HAD@] IPC Zors S (FE] WANDER Original Poeltieh to Oot, 25, 2010 Haov_ 18, 2008 Pesition to ost. 28, 2010
Point ["Horth et East {fz) Elav(Et) Worth f East | limight | Azim ' | Dist. | Note | worth | East | Woignt | Azim.' | Dist. | #AAExr | Wate
1
ABOL 1729437.53] 6445709, 61 178.52] -0.05] -o.01] -0.10 187 0,05 -0.01
ABG2 1736948.57] 447060, 66| | =503 0.0 ~0.62 243 0.03 O 5.60]
| AB03 [oisconcinued| |
AN | 172839037 3 67,25 — =0
ANOS | 1720074 67| G4487643.89 30,33 - =a.
L¥ET] F23058. 36| 8448975 83 164.83] - =0
AT Ja800L 28 5447357 .64 1889.31 = =0.
A3 | 1730415.46) E4RD2TL 30 - 0.
AB1Y 723928.09] 448335 8. = m:.
ANLT | 1730311 47| G48A05S. = =
E: $32.16 = =
G 6446737.78 - —a.
B4d8107. 81 = =0
449605, 94 = =0
Gi97758. 73 = 0.
3] B3dE3dT 3a] = =0,
J29616.55] 644700€.39] = =0,
611 8d48624.30] BA.a8] - 3.
730430 89 G#av7i3. 6] ELFETY =9
111.92] €447047 87] =
ABSS TI1174 661 8447753 50| 405 30] - =
[ RBEE | 173314 i3] gaepsas.si] k9 s3) =
ABET_ | iTa19a6. 07, 64 S =
ABEE 1731117 RO G44P0T4.93] 405 .59] -
FETE] 7I0B50.35| 645021251 4343 = =i
| ABGO | 1739089 33 341587, 50 1794z = =i
PBEL | idavass 48| E449990.27) 40.4 = v =
U2 sooninued
GA51384 .3
Dest:
731630.19]  6451209.33
33013,.50]  6451037.3

731062.01 [TEFET T

EEFITHMY 645021931

173085535 53760.13
729287 T6| a454104.00
729386 66| 6453250 41
73047613 ¥

27002 €. ER52110 086
3755936  8452667.01
TRTORL B6 E453178. 01

Aabaditabatify

ARERNEEAN

T8 453398, 32
7 | 1727750.09| eas3gEa. @
®EL 726501 .00] 6453087, 61 =
WEL F36743.43]  6453006.032 g
Riil ITTS00. 38 53121. 02
KEL 737402.30] _ 6d454090.24 . =
94 | 1927665 94| a44nbia. ETEATY 30,40 =
P06 | 1727937 9758.35 17758 3:.30) =
FOT_| 1730197.09] 645031250 137, 39,800 =
i1 TIGI00 56| 6450463 24 194.16 37,43 =
PBOG | 172824738 #4879 189. 34| 31931 -3 -3.38 183 4139 =
[Z1¥) 720350.59| W451505.39 103 30| -59.99] -t a8 195| 73 60 =
Fat3 | ivae048.4 645318 06.87] =40 =15.17 0 . =
POLE | 1730431 24| 6450719 383 10| -18 &4 £ 1500 17.90] =
| Pa30 | 1729746.02 6451135 233.20| -66.45] -10.35 109] 67,381 =
POal | L729744 44| @451178_3¢ 273.80| -$3.78 30 173 o1 =
Biis | 1735670.88] B451956. 336.01) -31. 3 -3, 17! 3.6 =
FH3E | 1939536 8 E§52352, [FH =23.78 60| -2.35 174] 23.53 =
PB27 | 1729349.12| 8451042.31 292.17| -90.22 : 2. 25 N =
PB33 | 17280445 645305453 171.58] —ad_az| -2%. 95 45 =
[LE] 325219 G1]  e€t50754.79% 50 87| -53_ 678 ) =
| #si€a | i7a96vl.0al  6s5044u.55 357.73] -3.85| -0.13 87 =
PESE FI6777 .38 B450801.45 J40.10] -34.82 =1.59 .02 =
FO59 | 1927750.30| S4AHGED. 57 i56.70] -6 58| -1 &% ;_l -
7041 |oes —
Dostro:
FaaL 1927439.04| e4s0wis.o? T 27 a8 =37
TRES 1728454 67| 648570787 |
— 'I
EA50542.13 z = 31| -3.40 193] 6.4 =517 173 I 6,03




PORTUCUESE BEND LAMDSLIDE MONITORING =~ MOVEMEMT ONTA POSTING as of October 03, 3011 Paga 5

Propared HeSen Su: ng Consulting
I 1 T

N T E R | 1
= mﬁww““ﬁ in the last paciod
=
1 1
oct. 0F ALELONS TverAll Movemonte (U5 FOBE] Porioay ii.3 menths nEN 5 Feet)
HADA) SPC Zsne 5 [FE) MAVDHS Original Position to Oct. 03, 2011 Qct. 25, 2010 Position o O=t, 03, 2011
| poine [Focth (f6r | Gaac (re | Evevies) | Wewen | Eest | Rovghe [ hzin " [ Disc. | Wews ._'& Hote
|
ABDL 173942755 £445705. 58 178,50 -0.04 -0.02 ~0.12 21!] o.04 0.03 =0.0% ~0.02} a3 0.0z 0.03 =
ABDZ 1736508, 07| GA47968. 10 1l6.45| -0.01 0.01] -0.03 124 0.01 @.0L 5.04 .00 Bl 0.06|  0.03)
[ 17383%0.04| 6447121 89 67 31 =0.23] -@.20] ~f
[ T7a8074_ 57| &aa76e3. 73 0. 49 —0.09| -6.16] = i
BRI R 833697577 15477 =0.15] -D.O8] =~
[ i7aemgy 13| 844 LT 159 14 =0.18| -0.13] =
_Tnui.ﬁ 203.19 =0.t8 -0, 08 =
| 1730037.9 : 36450 —0.12] -0.9 =
[ t7303:1 37| ed4nown.26 355,07 = Lot
| 1730350.55] €a4783e 15 376 44 7 =
Ji421.0% 6436727 . 442,70 =1 HE)
731602, 2140107, 82 456.84) -0 = 61
[ 173u355.54| GaAn6ss. 8% :u.n] =1 =0 ). 05|
730020.52| 5447750 60 338, 77| = =0 o8| ¢
1730084, 56| Sa4@347.27 164, 01] =0, )11
[ i73sRi6. 44| 6447906 45 305.17) - =7 o
73001547 Baswad. 26 360.38) = =0, 05| =
| 1730430 36| BakpiiE.ad 35E 07| = =0, ]
| i7a1111. 92| S447007. 87 q067. 31| = . 3 0] -
[ 1731174.61] Ga47753 %8 i05.37) -0 =0 0|
33314.00]  644B545.55 ET1,57] -0 =0.3 oe| =
| 1yaieaE Sd]  &a N . =0 =0.14 03] -
1731117.67| &dapo7a. ~0- =6.13 o =t
[ 17308304 EES02I . =0, =0.36] -0.03] =
| 17apons.3m| Geaiael. <5 =0.15| =-0.05
| 17a74z4.48] &347980. . 66| _-o.oi| =
28510.95| 6048925,
|~ 1730057 30| 447307, B

1726935. 98 §451384.33

31628.00 &451703. 34
3301359 B451 .37
733062 .00 5352361 .8

32867.53| 5350238.24

1]

T26855.031 §353740. 00 AHB. 75

5410333 568.72
[ 8§ad.45)

REEEAN|

N

|1 73759035 A
1737002, 24| aA54018.32

4aBNEn_68

727665.23

ANEN]

ahadatolafelalefadalafodo]ofils

|l

1727417.45 645060767 &7.14] -4 64 -9.27 =5.862 181 49.51
1728454.34 E449707. 76 287, T0 -0.32 -0.06 -0.08 181 0.3

172]  62.53 =3.57 oE] -o;-lﬂ 173 3. G_od




PORTUGUESE BEND LANDILIDE MONITORING = MOVIMEWT DATA POSTING as of Septerber 14, 2012 | Page &
Propired by McOsee Surveying muulnu* = Document Dats: 08/30/2013
Honitoring Paint 7]
Motes: | 1
" Indicates ns #i: &f horizontal movosont dotootod in tho last period)
1 I T ]
1 IF | | I
Sept P 1000 mr-nl“ Vavenents (U3 rowt) Foriodic (11.4 months) Movements (U4 Fawtl
NADH3 SBC Eonw 5 (F%) savosd | Ociginal Position to Sept. 14, 3013 Dct. 03, 2011 Position te Sapt. 14, 3012
Psint | Norkh (ft) | East (fE) ElaviEt] Yorsh | East | Weight | Azim.° . | Year | North | East | Height| Azim.- | Dist. | 0SWEz= | Nete
! | |
ABO1 1729427.54| 644570%. 50, 178.55] -d.04] -0.03] -0.08 208, 1394 -0.01L 0.00 0.0 £ R
AB02 1726546.97| 6447548.68 1is. 47| -v.0i] -0.01] -o.oL FETY 2607 6.00| - 02 0.0
644713153 67.31] -3 0%
E4d47643 66 :

ASE 733313 98
731926,

ADSE | 1731117.50
73085031

TI0047 .

173118031
[ i7303%8. 86

735089, 04

731830,
73170387

29

alafalalalials

F2T7589.

726501 .
728742 .

27390,

27603 .

27302

T2TEEA .
FITHIR.
RETTRL

28157.0
F20744.08] G450

1
TI0354_ 44 BASISED 84 ELL

[ iiI00di, ’ijj QEEME,E

AT 35071953

o] _G4S3sec.pel  3da 3]
0] G4sai7e d0i 327 40
B 6453356 3]

Ja]  §553683.85] 313 49
03| 6450069.56]  131.10]
43| S45M@cE R} 256 il
2| Ss3ian. s8] 9R DEf
23| 6454099.231 2 334 @7
T8 E4S3038 33] 318 35
B2 fE)
U2| 8449750.07
97| eA50aLL. Wi
45045275

729216,

728774,

T38741.10]  8451124.30]
72934085 S451170.6
T29670.31|  8451986.20

S453357 11

29538,

729690

82
75
00

1727757.70

1727517148

57

1097

.93




HeGoe Survy

= Doourent Date:

M““ﬁ Point Movemsnts

FORTUGULIE GIND LAMOSLIDE HONITORING - MOVEMENT DATA POSTING an of April 1. 2011

9/30/2013 Ravised 93/08/2814

IM“.II:
S Indicatas A ignal of GOCiZonEal movesant dntacted i
__'4”_.—__'__.

tha Last pariod at the #5% level af conf:
I I

I

F2,

N A —

Tariodic (7.1 Fonthal Hoverants [US Test]
Bepe. 14, 2012 Positisn te []

ap03 :‘N Zone 5 (Ft) griginal — EEEEN

Zoinc {_Howth {EE) At [ Morth | Fase | Meighr e e
ABOA 173838595 3 76| 1wes =503 =004

AB12 141 i3 —5.02

AB16 1730358.57 0.33| 1964 5.0

AB17 173142109 o.93] 2007 9.00

AB20 1728358, 43 1.28) 1985 =0.06] -0.03

ABSO 1728084.51 1.12] 1990 =0.03

AB59 0.6 @00 ~0.08

ABGO 3 G.4L| 3007 ~0.02

ABEL 1727424_49] _6447990,26] 140,41 908 2997 9.00 =0.04 . O
ARRS 1731705.66 9.6%] @013 =0.01 =5.01 v
CRO7 1G94 9.0

CR50 1958 [P

|

FT06 =5.98] §.73| 3007 -0.04 0.07

FT07 3.04] 2007 =0.02 F:

K06 1727784.86

KcO7 1727759.41

KE13 1726581.02

K16 1727602 23 5.0l

KE17 1727302.74 -0.02

PBO4 1727664.58 =012 158

BB12 1728253.25 8617

EETE] 1728040.95 a6, 1

©B18 1730430.75 18.39

PHIE 1729536.46 34

) 1727757.34 9.30; 3061 ] —0.31

FB&4 1727382.15 65 73] 2000 =12.41 =3.53

B866 | 1729157.003 -n.mi FL T




PORTUCUESE BEND LANDALIDE MONITOAING - MIVEMENT DATA POSTING as of Ockobar 4, 2011 Page B

Prupiced by MeSes Furveying Consulting - Documont Date: 13/18/3013

Hani :uﬂg Point Movemants

I)hul.'
* Indigates Mo signal of horiZontsl movemant dataotod in sho last paricd AL tha 954 Lowel af confidencol
! I T

| 1 1 1 | I !

| 1 | | !
A EiEions £a Tiodic [12.7 months) Movemonts [US Foetl

i 0]
. e OrAl} ToVeRantd IUS Peon)
NADB3 SPC Zone 5 (FE} NAVDEE Original Position to October 4. 2013 Sept. 14, 2012 Pasitian to Octobar 4, 2013
Point] Marth [E&) Fast (£t} Elev(Ft) Harth | Eagk MHoight | Azxim.* Dist. Tanr Marth East | Haight | Azim.® | Dist, | @5%Eer | Moca
ABOL | 1729427.56| 644570960 17881 -0.02]  -o.91 ~8.11 206 0.03] 1894 0.03 o.01] -0.03 33
ABD2 | 173€048.99| @447940.69 116.45 0.01 0.01 =5.03 34 0.0L] 2007 : —5.03 37
ABOE 1738089.95] 8447131 5L 6718 —2.04 L8| .48 EEL] L YT =0.0% 223
ABO5 | 1728074.45]  &441643.63 [CRT] =123 -i.3a) -o.a4 EET 1.97] 1e%4 =008 237
I 1
]
-o.gl_ ~u.a7 204 i.43] 188
~0.2% =057 188 1. 1%
u.a 1994
-4.64) L
_|

-
7]
1

i

Ilﬂ'l?il:i!l
5448347 18
W447305 4%

ARSI 1TI0430.21] S4aRTiZ. 24

AB56 | 1732213.99 13
ABS7 | 1731828 .41 w12
2B 731117.88 08
| A559 =0.0 T
ABGO =0.18 =
AB61 .01 =0.
AB62 | =004 =0,
AB63 'kl =0
TN &Iy AT E
ECLEN 03[
ABUE | £34W450.33 :
a7 | S30] EA47741.76]

I [ $i3sa55 &

BEAT 1TREASS . 63i51383.3%

CHOT | 1791637 WG|  £4E1303.3% 63311
CAS0 | 1933013.57| 6451037.37 072 84
TASL | 1703061.599| @452381.88 578 17|
CRS3 | 1732990.39]  6450294.10
FT06 | 1720854 453780
Fro7 | 17483 €a5i10a.98
¥Tos | 17263 7| 6453350.51
WCOL | 17afdis. 4452487 €2
[ 63 | 1737002, B453116.84
737001 E453170. 00 377,48
5453395 259,85
[TEFITEN EYEN )
720580 98|  §453069.60 19106

TI6T43 34| BASE0E.oo|  asw 90
7590.29] EASIL30.G4] 367 03]
727802.34]  GAL406S. 34

737302, 74| 6453036.41
TAT66E. 44| GAAD

27834, 33] 445757 93]
TIRITY 7R
738197, 30
| 1938343.00
[ 1723t 5

o 452252 .
T20230. 60 #451842. 48

PE54 1720590, 65|  Gaseddl.dg FE] %.35| 1957 oo
PB55 1728772. %3] 4450001 .1¢ 184 J0.44] 1530 0.08
©B59 1727757.09| 644065036 194 9.54] 3001 5.83

9L 25.81 0.05

el £450030 11 191 98.89 2009
PBES §445707, 78] 191 2010 192 .14 0.02
PBE6 T720L06.66;  8450049.95] 178 2013 1 G.9% 0.82

174 1.14 0.02

172 il 1967




PORTUGUESE BEND LANDSLIDE MONITORING — MOVEMENT DATA POSTING as of April 7, 3014

Paga ¥

Prepared by McGee Sucveying Consulting - Begument date: 05/14/2014

Mum.l:on.n% Point Havemants
Hotas:
+ indioates mh signal of horicontal movapent detootad in bhe LASt pecicd At the USt lovel of confidonce
e
i ! | } 1
LI 12 T : ;
i . ions T Movamante at riedic .0 sonths I 13 Faa
NADEY SPC Zons 5 (FE) HAVDHE original Position to April 7, 2014 2013 PosiTian
Paink] Herkh ifel East (f2) Elavifz) Horth East !hlEt Aim, D1st. Yaar
ARG 1720380 53] &a47ial. 48 %7.18 -2.07 -1.87 —0.38 222 2.76| 1994 | -0.03] WA | 0.03| 333| 0.04] o0.02
|
AGI3 | 1730415 17| GR4Ez71. 07 28320 -1.31 —0.58 —0_23 204 1.43| 1904 | -0.01) 0.01| 0.03] 138 5.01] 0.93| *
ABlE | 1730358.55| GA47532.13 378.47 5.3 [T ~0.1% 178 ©.94| 1904 0.01| 0.01| a.08 31| b.02; o.0a] *
AT 1731421 .11] B446737.74 W07 —u.01 —5.0% 0.07 759 0.04| =607 9.02] 0.00] O.08| 353| 9.02) o.04| *
AS20 1725159,3%]  &449888 -1.24 -0.43 -0.20 199 1.31 1995 -0.01| #4¥¥| 0.02 2151 0.02] 0.91
I
B0 | 1709084851 548 -1.02] 0.0 238 T.13| iawe 0.00] #40F| 9. 01| 64| o.03! 0.03| +
1730890.30| 6450213.50] [ELRFL] 5] BT T T84 2007 | -0.02 803 142 o,02] o.03| =
1729089.34 €447987.40] 179.36 -0.36 -0.17 -0.09 EL] 2007 0.80 9.9% o.02]
1727524 40| 4447996 367 140.44 =0.02 0,01 —0.03 155 2007 B.0d| 0.0% G.oi| *
|
I
ABEE 1711705 .55] 8448264.08 458,55 =0.03 001 (R T 0.03| 2012 | -0.01| #W#F| 0.03 10| 6.01| 0.03] *
cRat 451203 38 €32.19 —0.89 0.17 —1.09 169 0.91] 1999 ©.00| 0.01| ©0.08 ®%| 0.01] D.03) =
= s451037 .31 A7z 75 =p.02 0.00 0.09 191 0.02| 1998 0.02| 0.00 11 | 0.0 0.93] +
1
1
FT0B | $799844.84) E453740.04 ~0_ 78 —0.17 =0.37 192 0.80| =p07 310| 6.00| 0.02
FI07 1729257 10] 845410298 -1.1a -1.79 ~0.34 238 2.12] 2007 180[ 0.0a] 0.04| *
WEOB | 1797784 Bd| G853306-L9 35587 =007 =547
WEGT | 872795%.31] 453683, 8A 313 81 D.22 =5.0
[iE) :‘r:ssn.n-[ 191.10 =0.1% ~0.05
I 1 I
Wolk | 1727602 24| E454099.23] 336.87 —o.00 0,00,
WEiT | 1721303 74 302638 FITHRE] =0.02 =004
FHO4 1727664, 30 q8848 42 166.52] —11.65 =3.32
FB1Z 1728251.46| 6a51583.51 183.42] -79.01| -23. 46 156 #3703 194 159 6.92] 0.03
¥B13 | 1738038.89| 845834877 306,46) -48.1 =17.57 oL 4040|1985 zu:F ©.60] .03
Fiis 1730430 76| €450719 01 362.98] -16.12 .92 151 16.42| 1908 189] 0.01| .02
1
Pa26 | 172953809 §454252.10 20,92}  ~34.3 35 —7.az 174 24.35| 1585 | -0.03| 0.00| 0.02 178 ©.63 0.03
PasE 1797756.05]  G44HGES, 33 158.51 =3.51 -3.3% =i.8e 194 5.80| 3001 | -G.34| WOWN| -0.09| 188| 0.24| 0.04
R (e
ARG 1727353 17]  EA50924 38 85.64| -113.52] -21.67] -17.72 1o1{ 115.57| 2005 | WAAA| ARAR| ~1.B0| 190| #8NR| ©0.08
FEsE 172910%.04] 645096995 200.15 38 -5.18 178 1.30| 3012 | -0.3a| 0.00] -0.04] 181 0.32| 0.03
FRET 1727630 71|  $4508510.18 01 [Raplacement for 2014
I 1




1733013. 57| 6451037,
1723082.00] 5452381.8

[EENC[] 5 WA#NH | ©.05]19946
5.12 WHHAN | 0.3 19"

1732700.30] 8450334 19
LTIDEEL.BL] S452740.

1729353.07| 8454102.93
1725380, €5 6453150 50
1728475 80| 84534
172700245 €453211

1727081.88] §353178.

1727784.84| 8453398.17
1727750, 431 ETENTY
1726581 . B4 .56
1725743, 45] 8433005.97
1T275090.31) £453130 91
1727602.35] 643409822
1727302.75] €453026.38
17276584.123] 448848 37
17379323, 95] 6440757 .93
1720132.70) €430211.72
1728198 75| £350462. 53
1728342.33] 6450848.53
1730250.70| 645150226
17I80AN.26] E353146.50
1730430.76] E450719.9
1720727,

£ 38,17
1729870.12
1729538.18) 6452352.09
1729238 94| £a81Ba%. &4
1738038.93| GA52051 .6

1729690 63] 480440 44
1728772.40| 6450801.12
1737756 55| 634BA54. 33
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PROJECT OVERVIEW:

McGee Surveying Consulting performed landslide monitoring and control surveys in October 2012 at
Portuguese Bend in Los Angeles County, California on behalf of the City of Rancho Palos Verdes. The survey
established positions on monitoring points to determine overall and periodic movements. The results of the
survey are described in this Report and on an attached spreadsheet titled “Portuguese Bend Landslide
Monitoring - Movement Data Posting” hereafter referred to as “Movement Data Posting”.

The field survey was planned, coordinated and executed by Michael McGee, PLS3945 of McGee Surveying
Consulting who was also responsible for the final processing of the observations, network adjustments, analysis
and reports. The monitoring points cover a 1% mile square area and are measured semi-annually to determine
the rate and extent of ground movement. Global Navigation Satellite System (GNSS formerly referred to as
GPS) technology was used to measure positions based on the North American Datum of 1983 (NAD83) and the
North American Vertical Datum of 1988 (NAVD 88). This survey is referenced to the California CGPS
(Continuous GPS) Stations in the region which are permanently mounted GPS receivers used for monitoring
seismic activity. The CGPS in California are similar to the national CORS (Continuously Operated Reference
Stations).

Points that move a few inches or less per year are required to meet an accuracy standard of one centimeter
(0.033 feet) at the 95% Level of Confidence. In the active slide area where the movements exceed 0.5 feet per
year (PB and UB points in the central area), the accuracy standard is two centimeters (0.066 feet). Field
procedures are designed to accomplish this purpose and Quality Control-Quality Assurance (QAQC) processes
discussed hereafter are incorporated to verify these accuracies are attained.

The movements reported between September 14, 2012 and October 4, 2013 (12.7 months) statistically attained
an average accuracy of 0,02 feet at the 95% Level of Confidence. The actual accuracy of measurements held to
the one centimeter standard are estimated to approach 0.01 feet as demonstrated by the vector residuals,
repeatability of measurements at points considered stable, and the analysis of movement deflections. Refer to
the sections titled ACCURACY and QAQC ANALYSIS in this Report for more information.

HISTORY

This monitoring survey is a continuation of a program initiated by the County of Los Angeles and taken over by
the City of Rancho Palos Verdes circa 1994, McGee Surveying Consulting has conducted the field surveys and
reporting since September 2007. See the September 2007 Survey Report for a history of the previous survey
process between 1994 and 2007. See the subsequent annual Survey Reports for details of each monitoring
campaign. Beginning with the 2012 rainy season (begins in September) full monitoring continued as usual and a
partial monitoring was initiated in the spring.
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PROJECT DATUMS, REFERENCE SYSTEM

Horizontal Datum: North American Datum of 1983 (NAD83) established by the National Geodetic Survey
(NGS); Epoch: 2007.00 referred to as NAD83(2007); Units: Feet

Reference Network: The survey is referenced to the CGPS Stations (continuously operating GNSS receivers).
For more information see NGS Data Sheets for the PID's listed below (no data sheet exists for PVE3). The
positions listed below were obtained in September 2007 from the California Spatial Reference Center (CSRC).
The CSRC provides CA Public Resources Code sanctioned positions for the California CGPS Stations.

CGES Latitude (dms) Longitude (dms) EH(feet) NGS PID NAME

PVE3 33 44 35.853230 -118 24 15.265036 235,42 none PALOS VERDES CORS
PVHS* 33 46 46.020150 -118 22 19.741258 853.92 AJ1815 PENINSULA HIGH SCH
PVRS** 33 46 25.891904 -118 13 14.067218 198.63 AJ1816 PALOS VERDES RES
VTIS 33 42 45.489584 -118 17 37.712230 197.52 AJ1836 MARINE EXCHANGE

* Not Operational During Survey
*#* Falls in the proximity of a Fault Line as shown below but appears unaffected to date

CGPS Stations (north up)

L
A -.

/ km#

Vertical Datum: North American Vertical Datum of 1988 (NAVD88) established by the NGS.

Geoid Model: Geoid 03: note Geoid09 became available from the NGS in 2009 and Geoid12A in 2012;
however, Geoid03 is retained to be consistent with prior reported heights and the primary purpose of
determining relative changes over time.
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Reference Network: CGPS Station VTIS is also a Second Order leveled benchmark and the original basis for
the heights by this survey (see NGS Data Sheets for PID’s listed above)

caps NAVD8S Ht(feetb)

PVE3 none

PVHS 972.1 Based on a Reflined Geoid Model

PVRS 316.37 Based on Second Order Leveling by CSRC

VTIS 315.26 Baged on Second Order Leveling by CSRC and original basis for this survey

Projection: NADS83 California State Plane Coordinates Zone 5: The State Plane Coordinate Parameters
follow: The average Scale Factor is 1.00007543, the Height Reduction Factor based on the average ellipsoid
heights is 0.99999092, and the average Combined Grid Factor is 1.00006635. Distances in this survey are grid.
To obtain ground distances divide grid distances by the Combined Grid Factor. Grid bearings resulting from this
survey must be rotated by a Convergence Angle to obtain geodetic (true) bearings. The average convergence
angle is -0-12-304 (rotate left 0-12-30).

Datum Stability: The NAD83(2007) Epoch 2007.00 adjustment is one of a series of adjustments of NAD83
since its adoption in 1986 and is the realization used for the monitoring surveys since 2007. Rancho Palos
Verdes sits on the Pacific Plate which is moving west-northwesterly relative to the North American Plate about
4 centimeters (0.14 feet) per year. The area southwesterly of the Fanlt Line shown on the above map includes
the City and is moving at a constant rate as exhibited by the ITRF08 N, E, Up velocities of the CGPS Stations
listed below. These CGPS Stations provide a rigid refererice frame for the Portuguese Bend Landslide
Monitoring Program that is validated during each monitoring campaign. See the Adjustment results on Page 9
and the September 2007 Monitoring Survey Report by McGee Surveying Consulting for additional information.
Annual Velocities in Feet
Reference Epoch 2013.75
CGPS North Eagt Up
PVE3 0.064 -0.131 -0.002
PVHS 0.063 -0.130 -0.002

PVRS 0.062 -0.129 0.001
VTIS 0.064 -0.130 0.000

FIELD SURVEYS, DATA COLLECTION, EQUIPMENT & PROCESSING

Three Leica geodetic GNSS receivers/antennas listed below were mounted on two meter fixed height poles to
collect and store satellite signal data. The GS15 receivers tracked Navstar GPS and GLONASS satellites. Prior
to initiating the field observations a calibration of the fixed height poles was conducted with a theodolite to
verify their heights and plumb. The top of the polés were found to be plumb within 0.003 feet of the bottom
consistent with prior years. Additional checks were made each day: There were no equipment failures.

Sixty-five monitoring points were occupied and reported in this survey. Site photographs and recovery sheets
detailing the location, character of the monuments and obstructions were updated. See the Appendix for
"Monitoring Point Status for 2014. Monument AB61, established in September 2007 on Portuguese Bend, is
used as the primary base station because it sits on a stable basalt formation. AB61ECC serves as a reference to
AB61. AB20 serves as a secondary base for the survey.

The field survey commenced each day by setting a Leica GS15 GNSS receiver on a fixed height pole on AB61
and AB20 while a third GS15 GNSS receiver roamed freely collecting observations on a fixed height pole at the
other 63 points. All points were measured with two independent occupations resulting in four measured vectors
to each point from AB81 and AB20. On each day over a six day period, vectors based on 4-11 hours of
observations connected AB61, AB20 and the CGPS stations. Sixteen points, in the active areas, with annual
movements greater than 0.3” (PB and UB areas) were single occupied. A linear comparison was made with
movements from prior years to verify their accuracy met the 0.07 foot (2 cm) requirement. All other points were
occupied twice under a different constellation of satellites on a different day. If the two measurements were
within 0.03 feet (1 cm) horizontally they were accepted, otherwise a third measurement was obtained.

4
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Many of the points are over-shadowed by mature trees and shrubberies which interfere with signals received
from satellites and affect the quality of measurements. To obtain the best possible accuracies, the satellite
constellation is compared with obstruction diagrams to estimate the best time for observing un-obstructed
satellites. Satellites obstructed by foliage and trees are either turned off during the observation or noted for
removal in post-processing. If six or more un-obstructed sateflites with a GDOP (measure of the geometry of the
constellation) of 4 or less are available, then the measurement commenced for a minimum of 15 minutes of data
collection. If the geometry and number of satellites are insufficient then the receiver was moved to the next
point and returned later when satellite availability improved.

Date of Survey: 10/01/13 to 10/06/13 (mean date 10/04/2013) between 0600-1800 PDST (+7 hrs for UTC).
GNSS Survey Parameters:
Constellation: 30 US NAVSTAR GPS satellites and 23 Russian GLONASS satellites.
Observables: GPS L1 & L2 Carrier Waves and Codes; GLONASS L1 & L2
Epoch Rate & Occupation Times: 10 seconds for 15 minutes and 4-11 hours for base stations
Satellites: 12-17, GDOP < 2.2; Elevation Mask for Data Collection 10° and Processing: 15°
Ephemeris: Rapid for Static Post-Processing for CGPS connections and Broadcast for onsite.
Weather: Generally clear skies, temperature 63°-91° F.
Space Weather: Boulder K Index was 1-3 except it reached 5 in the afternoon of 10/02/13 (gauges ionospheric
activity on a scale of 0-9, <5 preferred).
Equipment:
GNSS Base Receiver Unit No.: M5, Operator: M. McGee, PLS; Station Occupied: AB61 (Basel)
Make & Model: Leica GS15; Antenna Leica GS15; Mount: Fixed Height Pole #1; Antenna Height: 1.803m
GNSS Rover Receiver Unit No.: M6, Operator: M. McGee, PLS;
Make & Model: Leica GS15; Antenna Leica GS15; Mount: Fixed Height Pole #3; Antenna Height: 1.800m
GNSS Rover Receiver Unit No.: M7, Operator: M. McGee, PLS, Station Occupied: AB20 (Base2)
Make & Model: Leica GS15; Antenna Leica GS15; Mount: Fixed Height Pole #2; Antenna Height: 1.803m

Vectors were processed using Leica LGO v8.1 post processing software. Analysis of residuals led to the
rejection of 3 out of 50 vectors connecting the CGPS Stations to AB61 and AB20, and 10 out of 226 vectors
connecting monitoring points. Network adjustments and analysis were performed with "Starnet-PRO” version
7.2.0.21 software. Rinex files of the satellite measurements for the CGPS Stations were downloaded from the
SOPAC website. The Rapid Ephemeris and Absolute Antenna Models were downloaded from the NGS website.

NETWORK

AB61, the primary Base Station, sits on Portuguese Bend and is the focal point of the static network connecting
the monitoring points and CGPS Stations. AB20, the secondary Base Station is centrally located sitting on top of
a high bluff overlooking Portuguese Bend. Sixty-five points and four CGPS Stations were connected with 263
redundant vectors. See the following Network Maps and the Aerial View in the Appendix.

The monitoring plan uses the CGPS Stations to verify the stability of the reference frame. The primary CGPS
Station used to control this survey is PVE3 located just south of City Hall and 1.8 miles west-northwest of the
Base Station AB61. CGPS Station PVHS is 2.8 miles north, PVRS is 3.9 miles northeast, and VTIS is 4.9 miles
east-southeast of AB61, as shown on the Network diagram, are used to validate the stability of the network.
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Monitoring Network with CGPS Stations (north up)
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MONITORING POINT HISTORY and STATUS

For data management purposes during the field survey and data processing, the point names were prefixed with
"M08” to distinguish between the different monitoring surveys i.e. AB61 was named M08AB61. M08 indicates
this survey is the 8" monitoring since the initial September 2007 Monitoring Survey. The prefix is stripped in
the COORDINATES LIST and MOVEMENT DATA POSTING.

Between 1994 and 2006, 149 monitoring points were established to monitor the Portuguese Bend Landslides,
many of which were lost or destroyed. Sixty of the original points were recovered in 2007. Eight of the 60 points
were deleted because they were in close proximity of other points better suited for GNSS satellite measurements
leaving 52 points monitored and reported between September 2006 and September 2007. Three of the 52 points
(AB09, KC11, PB51) were monitored in September 2007 for the last time because they were replaced by new
points, set nearby and better suited for satellite observations. Eighteen new points were set in 2007 and had their
movements reported for the first time in the following December 2008 survey. Therefore, in December 2008, 49
original and 18 new points were surveyed for a total of 67 monitoring points.

In the September 2007 Report, it was noted that KCO1 was previously reported by others on 9/ 14/2006 to have
moved N 29°E 1.24' from its 12/9/2005 position. In the 2008 survey, a buried partially illegible brass cap in
concrete stamped "COUNTY ENGINEER RE8869 1956 STA ??IELDS" was found S31°29°W 1.48 feet from
the 1" IP was used in the initial September 2007 and subsequent surveys. The original 1994 position of KC01
was re-referenced to the 17 IP, resulting in correct overall reported movements.

In the December 2008 Report, it was noted that AB0S5 had been disturbed by a mowing machine. ABOS was
found chipped and leaning to southerly about 0.4°. The movement reporting resumed in 2009. Analysis of the
movement and historic data made it possible to estimate the disturbance to within 0.05°. The original 1995
position of ABOS was re-referenced S14°02°E 0.29” to be consistent with the disturbed position, resulting in

correct overall reported movements.

In 2009, PB64 was set east of the Archery Range to replace PB63 (set 2007) which had become unsafe to access
and was lost in 2010.

In 2010, points AB03 and BB25 were discontinued. ABO3 is on the edge of a cliff 192 feet west-southwest of
AB61 making it redundant, and BB25 is on an unstable rock disturbed by wave action. In the summer of 2010,
PB62 was destroyed by road construction. In October 2010, PB65 was set 24’ south-southwest of PB62 and
reported for the first time in October 2011. The following points may have been disturbed prior to the October
2010 survey. ABOS appears to have been disturbed by mower machinery, AB15 (12" GIP in a meter box) is
being driven over by vehicles occasionally accessing an adjacent field, and KCO2 (2" GIP in a meter box) is
occasionally parked on by vehicles accessing the beach.

In October 2011, new points AB62 and AB63 (initially referred to as AB62R and AB63R) were set to replace
ABO06 and AB07 which were hazardous to occupy due to their location near the traveled way of Palos Verde

Drive South.

Prior to initiating the September 2012 survey, eight new monuments AB64, AB63, AB66, AB67, AB68, CR53,
KC17 and PB66 were constructed to replace AB54, AB18, AB52, ABS5, AB15, CR52, KC04 and PB53

respectively. The monuments were replaced because of poor sky visibility except for KC04 which was difficult
to access and ABSS which was destroyed by trenching in the past year. Monuments were set with the following
design. Monuments set in soil are 17 x 5* GIP driven flush with a 6” PVC pipe sitting on a concrete collar down
about 18”. Monuments set in asphalt are 1/2” x 2’ rebar driven below the surface inside a free floating concrete

collar.
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In September 2012 points AB15, AB18, AB52, AB54, CR52, KC04 and PB53 were surveyed for the last time
and discontinued in October 2013. In April 2014 point PB64 was surveyed for the last time and PB67 (a 5° t-bar
steel post driven 3° into the ground) was set as a replacement about 300° northerly to be reported in the fall 2014
survey. See the "Monitoring Point Status for 2014 Prepared December 17, 2013" for the present status of
monitoring points in the Appendix.

ADJUSTMENTS & ANALYSIS

Adjustment 1: Minimally Constrained Adjustment processed to develop NAD83 (2007) 2007.00 Epoch
Geodetic, Ellipsoid and State Plane Coordinates.

Fixed Control: CGPS Station PVE3 was fixed at its published NAD83 (2007) position in a Minimally
Constrained Adjustment to determine positions and verify its stability relative to other CGPS stations. PVE3 is
located 2 miles west of and outside the influence of the slide area. PVE3 has been fixed in all adjustments since
2007. The CSRC publishes a Time Series for the horizontal and vertical stability of PVE3 which indicate the
position has been stable since 2007. The primary base station AB61 and three other CGPS Stations were
measured relative to PVE3 and used to assess stability of the survey reference frame. The positions are based on
4 to 11 hour measurements collected on six consecutive days. The coordinate differences at the CGPS Stations
from previous positions to the present are listed below in feet.

09/2012 Pogitions to 10/2013 9/2007 Positions to 09/2012
Station dN dE az Station AN dE dz
PVE3 0.000 0.000 0.000 < Fixed > PVE3 0.000 0.000 0,000
PVHS* 0.002 0.000 0.005
PVRS 0.003 0.008 -0,052 PVRS -0.003 0.013 0.039
VTIS 0.004 0.007 ~-0.069 VTIS -0.009 0.004 0.012
ABG61 -0.007 0.002 -0.034 <Base Station> ABE1 -0.011 0.006 -0.015
AB17 0.005 -0.012 0.013
RKC1l6 g.go08 0.008 0.014

* The position for PVHS is from November 2009.

The following is noted: (1) the two dimensional (2D) differences in the measured positions of the September 4,
2012 and October 4, 2013 of the three CGPS Stations range 0.002 to 0.008 feet and 0.007 feet at AB61;

(2) the 2D differences of the CGPS Stations from the initial 2007 survey to the September 2012 survey range
0.010 to 0.013 feet and 0.012 feet at AB61; and (3) points AB17 and KC16 have a stable history when
comparing their 2007 positions with this survey indicating a repeatability of approximately 0.01 feet as listed in
the attached “MOVEMENT DATA POSTING™. The vertical components are within 0.014 feet.

The vertical differences at PVRS and VTIS are larger than expected; however, AB17 and KC16 checks 0.014
feet indicating the vertical reference frame has been recovered on site. Equipment changes have occurred at the
CGPS stations in the last year and may have contributed to the differences noted. At the next monitoring this
issue will be investigated further.

The survey reference frame is deemed stable and successfully recovered at the level of 0.01 feet horizontally by
0.02 feet vertically as indicated. An adjustment constrained to the CGPS Stations is not preferred or necessary
because the purpose here is to track their positions over time to test the stability of the reference frame. See the
“COORDINATE LIST — October 4, 2013” in the Appendix for a list of coordinates resulting from this
adjustment. See prior Survey Reports for coordinates resulting from earlier surveys.

Adjustment 2: Minimally Constrained Adjustment to develop Orthometric Heights (Elevations) in NAVDS88
Fixed Control: The CGPS Station PVE3 was fixed horizontally and vertically at its NAVD88 orthometric
height determined in the September 2007 survey. The 2007 height was based on the published 2™ Order
NAVD88 Height of CGPS Station VTIS. This Adjustment combined the measured ellipsoid height differences
with the NGS Geoid 03 (models the separation between the ellipsoid and geoid surfaces) to determine NAVDS88
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orthometric heights of the other CGPS Stations and the monitoring points. The differences for the CGPS stations
from the previous survey to the heights determined in the present survey are listed below in feet.

09/2012 to 10/2013 10/2011 to 09/2012
PVE3 -0.000 Fixed PVE3 0.000 Fixed
PVHS 0.005
PVRS -0.052 PVRS 0.015
VTIS -0.069 VTIS ~0.005

Note: As noted above the vertical differences at PVRS and VTIS will be investigated in the next monitoring;
however, the differences at AB17 and KC16 verify the accuracy on site is at the level of 0.014 feet. See the
“COORDINATE LIST — October 4, 2013” Survey” in the Appendix for a list of heights resulting from this

survey.

ACCURACY

These surveys conform to the intent of the Federal Geodetic Control Subcommittee (FGCS) “Specifications for
GPS Relative Positioning” (1988) and the California Geodetic Control Committee (CGCC) “Specifications for
High-Production GPS Surveying Techniques™ (1993).

Vectors & Residuals: The number of vectors, vector lengths, two dimensional residuals and the absolute value
of the vertical residuals resulting from Adjustment #1 are listed below in feet.

Vector Lengths Two Dimensional Residuals Vertical Residuals (abeolute)
Network No. Vary Average Average Std.Dev. Maximum Average Std.Dev, Range
Monitoring 216 479-7182 3168 0.008 0.005 D.029 0.013 0.013 -0.09 to +0.05
CGPS 47 9397-26102 18031 0.011 0.007 0.029 0.031 0.022 -0.08 to +0.07

Local Accuracy: The precisions and accuracy of vectors resulting from the minimally constrained adjustment
at the 95% Level of Confidence are listed below in feet.

PPM Precisions Relative Distance Error
Network Average Average Maximum Av.Precision
Monitoring 8.5 ppm 0.018 0.066 1: 167,000
cGps 0.4 ppm 0.005 0.007 1:3,606,000

The precision ratio, based on the averages for all vectors connecting the Monitoring Points, exceeds the criteria
for a First Order (C-1) by a factor of 1.7. The precision ratio for vectors connecting AB61, AB20 and the CGPS
Stations exceeds the criteria for a B Order survey by a factor of 3.6 per the FGCS requirements for the former

classification system.

Coordinate Accuracy: The Standard Deviations (68% Level of Confidence) of the coordinates derived from
Adjustment #1, relative to the CGPS Station PVE3 follow in feet.

Monitoring Point CGPS Stations
Nozrth East Up North East Up
Average Standard Deviation 0.008 0.008 0.036 0.003 0.003 0.010
Maximum Standard Deviation 0.021 0.024 0.101 0,003 0.004 0.012

Network Accuracy: The network accuracy (absolute accuracy) is expected to be less than 0.02 feet horizontal
relative to the NAD83 Datum based on the CGPS Station PVE3 fixed in Adjustment #1.

NAVDS88 Heights: The North American Vertical Datum of 1988 orthometric heights resulting from
Adjustment #2 are derived from the difference in ellipsoid heights combined with the Geoid 03 model and
constrained to the height of PVE3 determined in 2007. The measured ellipsoid heights relative to PVE3 are
expected to be less than 0.04 feet but may be greater at obstructed sites. The absolute accuracy of the heights
relative to the datum is dependent on the published value on the CGPS Station VTIS.
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Although relative elevation accuracies can be within 0.03 feet, up until October 2011 there were no
requirements for vertical accuracies. In October 2011, a preterence of (.03 toot relative vertical accuracy was
instigated for the following points: AB17, AB57, CR07, CR50 and CR51. In the September 2012 and
subsequent surveys the criteria has been extended to all points.

Movement Accuracy: For this period, 49 points moved less than 0.30 feet with an average of 0.05 feet. The
relative error at the 95% Level of Confidence averaged 0.020 feet with a standard deviation of 0.008 feet and a
range of 0.005 to 0.054 feet. Overall, the estimated relative movement error averaged 0.022 feet with a standard
deviation of 0.009 feet and a range of 0.005 to 0.054 feet. No movement is considered detected unless the
movement exceeds the 95% Error for individual points. See Page 8 of the attached “MOVEMENT DATA
POSTING” for the estimated relative movement errors at the 95% Level of Confidence for individual points for
the period.

QUALITY CONTROL - QUALITY ASSURANCE (QAQC) ANALYSIS

To ensure the accuracy and validity of the measurement systems used in these GNSS monitoring surveys, an
independent test was made using conventional terrestrial based instruments as reported in the “QAQC
ANALYSIS” section of the September 2007 Monitoring Survey Report. Comparing the results of the GNSS
systems with conventional instrumentation found horizontal measurements agreed 0.01 feet on average. In
November of 2011 the GNSS instruments and fixed height poles used in this survey were calibrated on the Santa
Maria National Geodetic Survey Baseline and found to agree with published distances 0.003 to 0.006 feet.

To validate the radial survey method used in these surveys to position points from base stations AB61 and
AB20, independent GNSS cross connections were measured and compared with the stand alone computed
inverse distances in the 2007, 2008 and 2009 surveys. The results found the two dimensional accuracy to agree
0.01 feet on average, indicating the radial method of measurements is reliable and the additional labor cost of
measuring cross connection between points is not warranted. See the “QAQC ANALYSIS” section of the
September 2007 and the December 2008 Monitoring Survey Reports for detailed analysis.

Deflection Analysis is a method established by this surveyor to assess the consistency of the direction of
movements reported from period to period. Assuming that movements are generally linear for points moving
less than a %2 foot, the separation or the deflection between the direction of the previous and present periods
taken over the moved distance implies the accuracy obtained with the equipment, methods and procedures.
Analysis of individual deflections indicates that for points with multiple occupations the separations varied 0.01
to 0.02 feet.

SUMMARY

Prior to September 2007, successive coordinate differences were used to compute movements which did not
provide statistical information about the relative movement accuracies. Beginning with the initial 2007 survey,
field and office procedures were designed to assure the accuracy and reliability of measurements and provide for
queries between epochs that include statistical information about the relative precisions of the reported
movements. Thereafter, measurement of temporal movements are based on a rigorous simultaneous least
squares adjustment of multiple observations at two different epochs for each point.

The results of the September 14, 2012 to October 4, 2013 monitoring period indicates the relative accuracy of
the reported movements average 0.022 feet at the 95% Level of Confidence. Statistically, the probability at the
95% level of confidence is that movement (signal) has occurred at a point when the horizontal distance between
two epochs is greater than the 95% Error (noise). See the “Movement Data Posting” for a listing of the 95%
Error estimates (range 0.005 to 0.054 feet). Applying this criteria, 17 points have not moved.
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Between September 14, 2012 and October 4, 2013 (12.7 months), the differences reported in the Portuguese
Bend Landslide (PB points) were 0.10 to 25.81 feet; in the Abalone Cove Landslide (AB points) west of the
Portuguese Bend Landslide were 0.01 to 0.10 feet; and in the Klondike Canyon (KC points) east of the
Portuguese Bend Landslide were 0.01 and 0.09 feet. See the Contours of Horizontal Movement in the Appendix
for a graphical representation of the movements across the site.

See the attached "MOVEMENT DATA POSTING" spreadsheet for overall and periodic movements of each
point. The movements are given in north, east and up or down as well as a vector of distance and direction
relative to north. The direction is given as an azimuth in degrees where 0° is north and increases clockwise (90°
East, 180° South, 270° West). The overall movements are from the beginning position of each point which
varies between 1994 and 2012.

The present listing and status of monitored points is provided in the Appendix under "Monitoring Point Status
for 2014 Prepared 12/17/2013", The historical status of all monitoring points is provided in the September 2007
Survey Report. The historical 1994-2006 positions of all points are listed in the Charles Abbott Associates Inc.
file "ALL POINTS MOST RECENT OBSERVED POSITION AS OF SEPTEMBER 15, 2006.xls" attached as

an electronic file to the 2007 Report.

RECOMMENDATION

An ongoing re-location program for monuments has long term benefits resulting in better accuracy lower cost
surveys due to improved sky visibility for tracking satellites. In this October 2013 survey, no monuments were
re-located. Points AB16, AB24 and AB58 are becoming increasingly blocked by trees and should be considered
for deletion or re-location in 2014. PB64 is in a precarious location and may not be accessible in 2014. In 2011,
a program was proposed to set or replace monitoring points with deep set monuments (as much as 10 feet) to

better detect sub-surface movements.

Attachment: The document “PORTUGUESE BEND LANDSLIDE MONITORING - MOVEMENT DATA
POSTING? is attached to this Report and lists the coordinates, overall and periodic movements of monitoring
point since 2007.

SURVEYOR'S STATEMENT
This Report on the criteria, procedures and results of the October 4, 2013
City of Rancho Palos Verdes Portuguese Landslide Monitoring Survey
was prepared by me March 12, 2014 at the request of Ron Dragoo,
Assistant City Engineer of the City of Rancho Palos-Verdes.

APPENDIX

12 Contours of Horizontal Movements
13 Aerial Photo and Oblique Aerial View of Monitoring Points

14 Monitoring Point Status
15 Coordinate List- Sept. 14, 2012 Survey NAD83(2007) Geodetic, Grid Coordinates, NAVD88

17 Addendum Report for the April 7, 2014 Partial Monitoring Survey
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Contours of Horizontal Movements Sept. 14, 2012 to Oct. 4. 2013
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Aerial View of Monitoring Points — (Photography Dated 04/16/2013) (north up)
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RANCHO PALOS VERDES - PORTUGUESE BEND LAND SLIDE

Monitoring Point Status for 2014 Prepared 12/17/2013 Reviscd 05/10/2014

Prepared By MCGEE SURVEYING CONSULTING

Notes: 162+/- Monitoring Points established since 1994
09/01/07 71 Points Surveyed 60 old points found with 52 monitored plus I9 new points
12/01/08 67 Points Surveyed AB09, KCI1, PB51 discontinued; BB53 destroyed; AB0S disturbed
11/01/09 68 Points Surveyed Set PB64 to replace PB63 destroycd subsequently
10/01/10 65 Points Surveyed Discontinued AB03, BB2S; set PB65 to replace PB62 destroyed by paving
10/03/11 69 Points Surveyed; Set AB62 & AB63 to replace AB06 & AB07?
09/14/12 72 Points Surveyed; Discontinucd AB06, ABO7; AB55 destroyed by trenching; Added 8 new points
10/06/13 65 Points Surveyed; Discontinued AB1S, AB18, AB52, AB54, CRS2, KC04, PBS3
04/07114 27 Points Surveyed; 65 to survey in Sept. 2014
PtID Last Obs'd Comments GNSS | PtID | LastObs'd Comments GNSS
ABO1 10/4/2013 Base 1994-2006 G FT07 | 9/14/2012 G
AB02 10/4/2013 G FT08 | 9/14/2012 G
ABO4 10/4/2013 G
ABOS 10/4/2013 G KCot | 9/14/2012 NE'ly of 2 pipes 1.5" apart G
ABI2 10/4/2013 G KC02 | 9/14/2012 G
AB13 10/4/2013 F KCO0S | 9/14/2012 G
AB16 10/4/2013 1P KC06 | 9/14/2012 G
AB17 10/4/2013 P KC07 | 9/14/2012 G
AB20 10/4/2013 NE'ly of 2 pipes G KC13 | 9/14/2012 G
AB24 10/4/2013 F KC14 | 9/14/2012 G
ABS0 10/4/2013 G KC15 | 9/14/2012 F
AB51 10/4/2013 G KCl16 | 9/14/2012 G
ABS3 10/4/2013 F KC17 | 9/14/2012 Replaced KC04 G
ABS6 10/4/2013 F
ABS7 10/4/2013 G PBO4 | 9/14/2012 G
ABS8 10/4/2013 P PBOG | 9/14/2012 G
AB39 10/4/2013 G PBO7 | 9/14/2012 G
ABGO 10/4/2013 G . PB0O8 | 9/14/2012 G
AB61 10/4/2013 BASE since 2007 G 'l PB09 | 9/14/2012 G
AB62 10/4/2013 Replaced AB06 G PB12 | 9/14/2012 G
ABG63 10/4/2013 Replaced ABG7 G PB13 | 9/14/2012 G
AB64 10/4/2013 Replaced AB54 G PB18 | 9/14/2012 G
AB6S 10/4/2013 Replaced AB18 G PB20 | 9/14/2012 S'ly of 2 pipes 5.3' apart G
AB66 10/4/2013 Replaced AB52 G PB21 | 9/14/2012 F
AB67 10/4/2013 Replaced AB5S G PB25 | 9/14/2012 G
AB68 10/4/2013 Replaced AB15 G PB26 | 9/14/2012 F
PB27 9/14/2012 G
BB52 10/4/2013 G PB29 9/14/2012 G
PB54 | 9/14/2012 F
CRO7 10/4/2013 F PB55 | 9/14/2012 P
CR50 10/4/2013 G PB39 | 9/14/2012 G
CRS1 10/4/2013 G PB64 9/14/2012 Replaced PB63 G
CRA3 10/4/2013 Replaced CR52 F PB65 | 9/14/2012 Reptaced PB62 G
PB66 | 9/14/2012 Replaced PB53 | G
FT06 9/14/2012 G PB67 | 4/07/2014 Replaced PB64 | G
UB02 | 9/14/2012 G
GNSS calumn indicates site is Gond, Fair ar Poar {or Satellite Visibility Conditions
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October 4, 2013 COORDINATE LIST

Portuguese Bend Landslide 10/04/2013 Monitoring Survey
Preparced by McGee Surveying Consulting: Document Date: 12/31/2013

Datum: Horizontal & EH NADS3 (2007} Epoch; California State Plane Zone §; Vertical: NAVDSS

Note, Fixed CGPS Station PVE3 at Record 3D Position & Orthometric Height per 09/2007 Survey; See 2007 and subsequent Survey Reports

Point Latitude Longitude EH (ft) Naorth () East (ft) OrthoHt(f1) Description

ABO1 33-44-38.30259  118-22-53.05136 60.026 1729427.558  6445709.599  178.508 Punched 1/2" GIP in meter box

ABOZ 33-44-13.84895  118-22-26.19236 -2.043 1726946991 6447968.691 116.451 4" BC "SAN PEDRO 1936" on conc. block

ABO4 33442809131 118-22-36.28703 -51.297 1728369.950  6447121.505  67.161 BC "CO ENG STA Q2.."” on 2"GIP in mass of conc.
ABOS 33-44-24.99000  118-22-30.09092 -37.986 1728074.488  6447643.627 80460 BC "CO ENG STA Q3.." on 2"GIP in mass of conc.
AB12 33-44-3827525  118-22-22,72074 164,818 1729415182 6448271.061  283.163 BC "CO ENG STA 7A.." in mass of conc.

ABI3 33-14-43.34543  118-22-23.16096 246.136 1729927.871  6448235.786  364.438 Punched 1/2" GIP in meter box

AB16 33-44-47.57963  118-22-31.51214 258.054 1730358536 6447532125 376,390 Punched 1/2" GIP in meter hox

ABL7 33-44-56.06061  118-22-41.08444 324.479 1731421097 6446727.738 442813 Punched 1/2" GIP in meter box

AB20 33-44-37.77509  118-22-05.96599 277.932 1729359.403 6449685844 396.204 BC "CO ENG STA W, FIX 1956.." in mass of conc,
AB2 33-44-42.35402  118-22-28.79489 217,374 1729829.417  6447759.626 335726 Cotton spindle in conc. In road

ABS0 33-44-2511149  118-22-22.94503 63,585 1728084,514  6448247.181 182004 Nail & shiner in conc. colfar of well

ABSI 33-44-40.23009  118-22-34,15156 186.760 1729616396 6447306.449 305143 PK mag nail in plastic plug " LS6957" in 1"GIP
ABS3 33-14-48.36836  118-22-05.69991 234.643 1730430205 6449712238 352.864 Chisled + on s edge conc. Vault

AB36 3345-05.97007  118-22-19.59279 453.344 1732213899 644BS45.587 571,851 6" mag nail & washer in conc. in 2"x 36" GIP
AB57 33.45-03.17045  118-22-05.20535 446.619 1731926.409  6449759.483  564.775 6" mag nail & washer in conc. in 2"x 36" GIP
AB58 33445514435 118-22-13.27646 287.451 173117547 6449074.930 405,675 Punched RR spike on s side road

AB39 33.44-52.54120  118-21-59.79442 316.047 1730850218 6450212.489 434224 6" mag nail & washer in conc. in 2"x 36" GIP
AB6D 33-44-35.04157  118-22-26.06506 60.958 1720089.336  6447987.412  179.334 6" mag nail & washer in conc. in 2"'x 28" GIP
AB61 33-44-18.57302  118-22-25.95795 21.949 1727424479 6447990.265  140.417 6" mag nail & washer in conc. in 2""x 24" GIP
AB62 33-44-33,23091  118-22-36.63194 24,541 1728910.260 6446925419 142.980 6" mag nail & washer in conc. in 1"x 24" GIP
AB63 33-44-34.71851  118-22-34.1207¢ 62.378 1720059.215  6447306.969  130.788 Punched /2 x 48" rebar

ABé4 33-45-02.13640  118-22-33.46078 413.929 1731830.707  6447373.068  §32.210 2" mag nail on NE side 2’ conc. Collar/Well B12
ABGS 33-45-00.93224  118-22-22.90399 340.295 1731705.657  6448264.086  458.537 2" mag nail & washer in conc. in 1"x 60" GIP
AB66 35-44-44.53549  118-22-20.14962 255.988 1730047231 6448490.524  374.291 1/2" x 24" panched rebar 1" below AC conc. collar
AB67 33-44-55.71720  118-22-29.06604 287.023 1731180.399  G447741.764 405314 1/2" x 24" punched rebar 1" below AC conc. collar
AB6B 33-44-46.61271  [18-22-25.31203 275.086 1730258837 644B055.357  393.402 1/2" x 24" punched rebar 1” below AC conc. collar
BB52 33-44-14.45583  118-21-45.75365 -114.397 1726995626 6451384308 3.910 PK ntag nail in drill hole top large rock mass

CRO7 33-45-00,26946  118-21-48.09440 514.017 1731627.887  6451203.354  632.113 6" mag nail & washer in conc. in old 1" IP

CRS0 33-45-13.97065  118-21-50.11933 754.585 1733013.572  6451037.372  872.64t Tack & shiner on lower rock wall

CRS} 33-45-14.49678  118-21-3443617 858,176 1733061993 6452361.877  976.169 Tack & shiner on cone pad

CRS3 3345-11.63376  118-21-59.73918 662.624 1732780.286 6450224193 780.726 2" mag nail & washer in conc. in 1"x 60" GIP

FT06 33-44-42.78600  118-21-29.58547 370.560 1729854857 6452760.053  4RB.645 6" mag nail & washer in conc, in 2"x 36" GIP
FT07 33-44-36.87084  118-21-13.65881 470.587 1729252123 6454102963  5B6.630 6" mag nail & washer in conc. in 2"'x 36" GIP

FT08 33.44-38.19522  118-21-22.57420 540.338 172938B.666 6453350504 658413 6" mag nail & washer in conc. in 2"x 36" GIP
Kcot 33-44-29.13405  118-21-33.10831 194.108 1726475829  6452457.616  312.284 6" mag nail & washer in conc. in old 1" IP

KCo2 33-44-14,54770  118-21-37.05703 J104.564 1727002472 6452118844 1.7 Punched 1/2" GIP in meter box

KC05 33.44-15.37066  118-21-24.50953 109.258 1727081.866  6453178.881  227.450 Punched 1/2" GIP in meter box
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KC15

KCl16

KC17

PB4

PBU6

PBO7

PBOR

PB09

PB12

PBI3

PB18

PB20

PB21

PB25

PB26

PB27

PB29

PBS4

PBS5

PB59

PB64

PB6S

PB66

33-44-22.33196
33-44-22.09041
33-44-10.41192
33-44-12.03482
33-44-20.39775
33-44-20.55012
33-44-17.55000
33-44-20.97817
33-44-23,68093
33-44-25.66517
33-44-26.30674
33-44-26,77362
33-44-26.89232
33-44-24.81532
33-44-48.41035
33-44-31.69153
33-44-36.64552
33-44-40.93188
33-44-39.63784
33-44-36.67728
33-44-32.71481
33-44-41.07936
33-44-32.01393
33-44-21.88771
33-44-18.13304
33-14-28.82032
33-44-36.21154
33-44-19.55718
33-44-35.85329
33-46-46.02021
33-46-25.89209

33-42-45.48962

118-21-21.96583
118-21-18.55888
118-21-25,78238
118-21-17.07028
118-21-25.21700
118-21-13.64593
118-21-26,32410
118-22-15.80728
118-22-05.04995
118-21-59,68503
118-21-56.71838
118-21-52,15057
118-21-43.45701
118-21-36.76755
118-21-53.76770
118-21-48.91194
118-21-48.28393
11§-21-38.74054
118-21-35.58676
118-21-40.42470
118-21-37.45104
118-21-56.95021
118-21-82,73443
118-22-18.05032
118-21-51.17100
118-22-05.66789
118-21-50,75404
118-22-00.47391
118-24-15.26904
118-22-19.74134
118-19-14.06711

118-17-37.71219

181.699
198,331
72.832
141.714
168 855
208.756
97.038
48.245
58,782
75.082
75.963
70.310
65.432
88.303
2H.775
113.499
153,795
207.806
164.765
152.661
51.698
239.513
121,230
40.182
-61.472
169.338
169.980
-85.732
235421
§54.039
198.583

197.456
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1727784.850
1727759413
1726580.983
1726742.438
1727590,293
1727602.240
1727302.743
1727664.441
1727934,326
1728133260
1728197204
1728242,999
(728252.346
1728040.349
1730430.775
1728739166
1729239.778
1729679.187
1729538.417
1729240.5%6
1728839.124
1729690.654
1728772927
1727757.088
1727369.214
1728454.064
1729196.661
1727516.039
1729207.091
1742328.084
1740239.308

1717933.681

6453396.210

6453683.862

6453069.597

6453805.997

6453120935

6454098244

6453026.409

6448848460

6449757988

6450211818

6450462.604

6450848.549

6451582.807

6452147.013

64507(9.916

6451123.866

6451178.715

6451986.230

6452252,102

6451842455

6452092.152

6450448.459

6450801.161

6448659361

6430928.114

6449707.703

6450969.949

6450142940

6438765.184

G443570.489

G464237,897

6472307.232

299.854

313.473

191.064

259,898

287.034

326.884

215.236

166.654

177.128

197394

194.259

188.583

183.666

206.517

362,944

231.723

271.993

325.943

282.894

270.825

169.366

357.728

239470

158.596

56.841

287.661

288.191

62.615

354.360

972.034

316,290

315.202

Punched 1/2" GIP in meter box

Punched 1/2" GIP in meter box

Cotton spindle in AC (urnout

Punched spike in center road

Cotton spindlc in cul-de-sac

Punched spike in intersection

2" mag nail & washer in conc. in 1"x 50" GIP
Nail & 1ag "RCE26120" in conc. in 3" pipe
Punched cap on 2" GIP

Brass tag "LA CO DPW" in conc. in 2" GIP
Punched cap on 2" GIP

Punched cap on 2" GIP in cable box

Punched cap on 2" GIP in cable box

Punched cap on 2" GIP in cable box

Punched /2" GIP in meter box

Punched cap on 2" GIP in cable box

Punched cap on 2" GIP in cable box

Punched cap on 2" GIP in cable box

Brass tag "LA CO DPW" in conc. in 2" GIP
Punched cap on 2" GIP in cable box

Brass tag "LA CO DPW" in conc. in 2" GIP
PK mag nail in plastic plug "LS6957" in 1"GIP
PK mag nail in plastic plug "LS6957' in 1"GIP
PK mag nail in plastic plug "LS?" in 1" GIP
2" alum, cap "MCGEE SURVEYING.." on 1"x36"GIP
2" alum. cap "MCGEE SURVE.." on 5/8"x24"rebar
2" mag nail & washer in conc. in 1"x 60" GIP
PK mag nail in plastic plug "?" in 1"GIP
CGPS Pos. Fixed in 2007 and subsequent surveys
CGPS Pos. Determined 10/04/2013 Survey
CGPS Pos. Delermined 10/04/2013 Survey

CGPS Pos. Determined 10/04/2013 Survey



McGEE SURVEYING CONSULTING

Portuguese Bend Landslide

April 7, 2014 Partial Monitoring Survey Addendum Report
Revised May 24, 2014
for the

City of Rancho Palos Verdes
by
McGee Surveying Consulting

Overview:

This Addendum Report describes a mid-year partial monitoring survey of a sub-set of 27 points in April 2014 at
Portuguese Bend. This survey follows the procedures described in the above Report on the October 4, 2013 full
monitoring. The results of this survey are reported on Page 9 of the attached spreadsheet titled
“PORTUGUESE BEND LANDSLIDE MONITORING - MOVEMENT DATA POSTING” listing the

coordinates, overall and periodic movements of points.

The movements reported between October 4, 2013 and April 7, 2014 (6.0 months) statistically attained an
overall average accuracy of 0.02 feet at the 95% Level of Confidence as demonstrated by the measured vector
residuals, repeatability of measurements at points considered stable, and the analysis of movement deflections.
For a detailed history of the program and surveys see “History” above. The field survey took place April 6-9,
2014. The Field Surveys, Equipment, Data Collection and Network Design were as described in the above
Report. The survey included 28 on site points and 3 CGPS Stations each connected with two to seven vectors. In
April 2014 point PB64 was surveyed for the last time and PB67 (a 5° t-bar steel post driven 3” into the ground)
was set as a replacement about 300 northerly to be reported in the fall 2014 survey.

The Adjustments followed the process as described in the above report with the following results.
Adjustment: Minimally Constrained Adjustment processed to develop NAD83 (2007) 2007.00 Epoch
Geodetic, Ellipsoid and State Plane Coordinates in feet. CGPS Station PVE3 was fixed and the difference are
listed in feet from the October 4, 2013 positions to the CGPS stations and points considered to mostly stable.

10/2013 Positions to 04/2014

Station dn dE dz

AB17 0.016 -0.002 0.061

AB61 0.002 -0.002 0.023 <«Base Station
CR50 0.021 -0.001 0.111

KC1l6 0.001 -0.010 -0.014

PVE3 -0.000 -0.000 -0.000 < Fixed

PVRS -0.017 0.004 0.014

VTIS -0.020 0.007 0.121

The adjustment was constrained as a standard procedure to the CGPS (continuous GPS) station PVE3 which
finds CGPS stations PVRS and VTIS in agreement with the October 2013 positions at 0.02 feet. Previous
surveys general have been in agreement less than 0.01 feet; however, the satellite data collected at these stations
was noisy during this survey resulting in less precise solutions. SOPAC and the USGS are investigating the
issue. AB61, AB17 and KC16 are historically stable and continue to be so. The survey reference frame was
deemed stable and successfully recovered. The plus vertical differences at AB17, CR50 and others listed in the
“MOVEMENT DATA POSTING” are unexpected; however, redundant survey measurements agree at 0.01 to
0.02 feet and all indications are the relative accuracy is 0.03 feet.

Summary of Movements: Between October 4, 2013 and April 7, 2014 (6.0 months) points in the Portuguese
Bend Landslide (PB points) moved 0.03 to 16.69 feet; points in the Abalone Cove Landslide (AB points) west
of the Portuguese Bend Landslide moved 0.02 to 0.04 feet; and points in the Klondike Canyon (KC points) east
of the Portuguese Bend Landslide moved 0.03 and 0.16 feet.
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PORTUGUESE BEND LANDSLIDB MONITCRING - MOVEMENT DATA POSTING as of September 24, 2007 ) Pags 1/9

Prepared by McGee Surveying Consulting
MONITORING POINTS
NADB3(2007) STATE PLANE COORDINATES & NAVDBEB ELEVATIONS of Original Eosxtxons, 2007 & Foat 2007 Pomgitioms
Notes # Iandicates gtable points, not moviag
% Indicates no sigmnal of horizontal movement detected in the laat period at the 95% leval of confidence
l= 2005 and prier aurveys used a meaxby momument $31-29W 1.487, khe original posztxon ies adjuoted herxe to be
relative to the 1" IP used presently, resulting in correct Overall Movements, gee Reports

9/24/2007(1994) Indicates the 2007 poaitioh was uBed for overail; see the 2011 Report for original 1994 ‘positions

Original Positiocos Sept. 24, 2007 Pogitions Overall Movements (U5 Feetj

one 3 1 one B driginal Position to Sept. 24, 2007
Poink Date orth (ft] EBast [ZE) | Elev{fe] |Worth [ft] East lt:! | BXevl{EE] | Noxrth East "Height Azim.® Dist. ‘Note|
ABO1 12/171894  1729427,58 §445709.61 1798.62| 1729427.55 6445709.64 178.62 -0.03° 0.03 0.00 138 o 4
ABO2 [9/24/2007 (1994)  1726846.96 64 ’ 116.48)| 1726946.98 6447968.69 116.48 : ’ )
ABD3 12/1/1994 1727338.3 139.60)|1727338.39 §447818.81 133.59| ©0.04 -0.01° -0.01" 351" o0.04 =
ABO4 11/30/1994 1728391.9 67.57| 1728390.55 §347123.03 §7.31] -1.44 -1.32" -0.26 2227 1,35
INTH 3/14/1995 1728075.72 6447645.17" 80.90|Diaturbed between 2007-2008 . : = )
ABO6 4/27/1995 1725659.73 §446576.26 165.28(1729058.58 6446575.91 164,81 -1.15 -0,35 -0,37 197 1,21
ARD7 11/30/1994  1728382.75 44733841 159.92| 1728981.51 6447357 .74 159.40| -1.28° -0.67 -0.52 208" 1,44
AB12 11/30/1594 1729416.49 6448271.64 283.43| 1729415.67 6448271.30 283.19| -0.8% -0.35 -0.24 203  0.88
AB13 365.03] 1729928.25 §448235.30 364.54| -0.65 -0.13 -0.49 192 0.64
AB15 11/30/1994 1730312.09 6448035.38 357.28| 1730311, 54 6448099,31° 396.30| -0.45 -0.07 -0.38 189 0.45
AB1E 11/36/1994 1730358.89’ 64§7532.12° 376.62|1730350.70  §447532.17 i76.4%| -0.1% 0.04 -0.18° 168’ 0.i3°
AB17 | 9/24/2007 (2994) 1731421.12  6446727.77 442.80| 1731421.12 6446727.77 442,80 ) i i
AB1E ’ 457.19|1731602.37 6449187.58 456.93| -0.26 0.09 -0.26 162~ 0.27
AB20 3/16/1995 17293 396.43|1729360.00 6449686.03 396.23] -0.62 -0.23 =0.20 201" 0.47
AB24 | 3/12/1897 1729830.35 §447759.96 335.92|1729029.83 6447759.82" 135,74 -0.52" -0.14 -0.18 196  0.54
ABSO | 1/16/1998 1728085.00 6448248.18 181.98| 1728084 .71 6448247.54° 182.03| -0.29 -0.65 0.05 246" 0.71
ABS1 3/22/2002 1729617.01 6447306.54° 305.42|1729616.73 §447306.52 305.25| -0.28 -0.02 -0.17 184 0.Z8
AB52 3/22/2002° 1730016.10 6440624.44 368.61|1730015.79 6448624.36 368.33| -0.31 -0.08 -0.22° 185  0.32
AB53 3/22/2002 1730431.11° 6449712.37° 353.13|1730430.77 §449712.33° 352.90| -0.34 -0.04 ~0.23° 187 0.34
AB5 | 9/24/2007 1731111.94  §447047.87 407,31 1731111, 94 6447047.87° 407.31 ' ) '
ABES | 9/24/2007 1731174.77 §447753.57 405.38) 1731174, 77 6447753.57 405.38
ABSE 9/24/2007 1732214.31 54455 a6 571.65|1732214,31 6448545.46 571.65
ABS7 9/24/2007 17319 564.93| 1731926.91 §4497559.36 564.93
ABSE 9/24/2007 173111 405.67|1731118.02 6449074.93 405.67
ABSS 9/24/2007 1730850.87 6450212.56 434.37| 1730850.87 §450212.56 434.37
AB6O 9/24/2007 1729089.70 6417987.57 179.45(1729089.70" 6447987.57 179.45
AB61 9/24/3007 1727424.50 6447990.26 140.47|1727424.50 6447990.26 140.47
ARG2 1171372011 1728910.35 6446925.46 143.01[Replacenent for ABOS
ARG3 11/13/2011 1729059.30 6447307.03 180.84 [Replacement foxr ABO7
AB64 9/14/2012 1731830.69 6447373.08 532,25|Replacenent for ABS4
AB6S 9/14/2012 1731705.67 6448264,07 458.53 [Replacement for AB1A
AB6E 9/14/2012 1730047.29 6448450,53 374,28 |Replacement for ABSZ
AB67 9/14/2012 1731180.41 6447741.76 405.33|Replacemont for ABSS
ABGR 9/14/2012 1730258.B6 6448055,37 393.45|Replacemont for ABLS
BB25 11/4/1998 1727200.54 6449932,73 3.81]1727200.25 6449932,73 4.12| -0.29° -0.01 o0.31 182 0.29
BBS2 9/24/2007 1726996.36 6451384.38 3.83|1726996.35 6451384.38 3.83 i ’
BB53 9/24/2007 1726831.16 6451040.89 13,81|1726632.16 6§451840.89 13.81
CRO7 11/30/1934 1731628.78 645120319 633.28[1731628.37 6451203.29 632.48| -0.41 0.10 -0.80 166 0.42
CRSQ | 3/24/2007(1998)  1733013.62 6451037.38 ¥72.66|1733013.62 6451037.38 872.66 ) ’ : )
CR51 | 9/24/2007(1998) 1733062,03 6452361.86 976.25)1733062.03 6452361.85 876.25
CR52 | 9/24/2007 (19968) 1732867.58 6450239.32 779.63( 1732867.58 6450239 ,32 779.63
CRS3 9/14/2012 1732700.28 6450224.19 780.72 Raplac:neﬂt for CR52
PTOE 9/24/2007  1729855.61  §452760,21 489.06(1729855.61 6452760.21 4989.06
FTO7 9/24/2007 1729253.24 6454104.75 589.01| 1729253.24 6454104.75 589.01
FT08 9/24/2007 1729388.68 6453350.51 §58.44|1729388.68 6453350.51 §58.44
XCO1 11/30/1994: 1728476.78 6452458.23 312.88| 1728476.36 6452457.91 312.42| -0.42 -0.32 -0.46 217" 0,52 1
XC02 3/14/1995.1727002.89 6452118.99 13.84|1727002.74 6452116.8% 13.74| -0,15" -0.11 -0.10 216 0.18
RCO4 3/14/1995 1727559.56 6452667.24 238.84| 1727559.46 §452667.08 238.51[ -0.10 -0.15 -0.33 236 0.18
KC05 11/30/1994 1727082.00 6453175.09 227.8B6| 1727082,01 6453178.54 227.53| 0.01 -0.15 +0.33 273" 0.15
RCO6 11/30/1994 1727784.91 6453396.67 300.35(1727784.94 6453355.40 299.97| 0.03 -0.26 -0.38 276 0.26
KC07 11/30/1994° 1727759.19 6453683.92 313.83|1727759.37 6453663.85 313.51| 0.18 -0.07 -0.32 3140 0,13
XC13 9/24/2007' 1726561.16 6453069.63 191.20 T 6453 1’ 191.20 ; : 2 I
KC14 9/24/2007 1726742.44 6453806.05 259.94|1726742.44 6453806.05 259.94
XC15 9/24/2007 1727590.45 6453121.10 287.10)1727590.45 6453121.10 207.10
KC16 9/24/2007; 1727602.25 §454098.23 326.50| 1727602,25 §454098.23 326.90
RC17 9/14/2012 1727302.76 6453026.42 215. zslauplanemnnt for Kcud
PBO4 11/30/1994 1727675.94 6448851.74 170.52| 1727667.25 &448848.17 167.49| -8.63 -2.57 =-3.03 196 9.06
PBOG 3/15/1995' 1727968.45, 6449761.84 183,06 1727941.12 £449758.81 178.25(-27.33  -3.03 -4.81 186 27.50
'PBOT 3/14/1895/ 1728175.93° 6450219,76 200.21 198.02|-34.32 -6.32 -2.19 190 34.90
PBEB 12/1/1894°1728237.51  6450469.90 193.68 194.09|-32.70 -5.82 0.41 180 33.21
PBOY 11/30/1994' 1728280.58 €450851.02° 192.52 189.84]|-36.38 -1.91" -2.68 183 38.453
PBI12 11/30/1994 1728330.43 6451604.57 193.28| 172826852 §451587.83 186.93| -61.97 -15.74 -6.36 195 £4.19
pB13 | 1/14/1995 172B0AS.97 6€452164,34 210,54 17268050.44 6452151.18 207.21|-35.53 -13.16 =-3.33 200 37.89
PB18 3/15/1995 1730446.88 6450711.00 367.58| 1730431.80 6450713.76 363.24|-15.08" B.77 -4.34 150 17.44
PB20 3/14/1995 172B812.77 6451135.67 243,54 1728753.50 §451126.52 234.48|-59.27 -9.16 -9.06 189 59.97
PB21 3/14/1995  1729298.22 §451172.05 260.02| 1729249.90 §451177.32 273.29|-48.32  5.87 -6.73 173 4g8.68
PB25 12/1/1894 1729702.31 6451985.65 328.99|1725671.12 6451985.48 326.10|-31.19 0.83 -2.89 178" 31.20°
PB26 3/14/1995 1729562.65 6452249.56 285.34| 1729535.22 6452252.23 282.95|-23.42  2.67 -2.3% 174 23.58
2B27 3/14/1995 1729333.34 6451836.06 284.42| 1729257.91 6451842.02 273.51|-91.43  5.96 -10.91 176 81.45
PB29 3/15/1995 17288868.95 6452120.49 185.93| 1726849.86 6452097.03 173.23[-39,08 -23.46 -12.64 211 45.58
PBS53 12/4/1997 1729252.77 §450753,92° 297.73)| 172522425 6450754.60 291.85]-208.52° 0.67 -5.80 179 28,53
PB54 12/4/1997 17295694.90 645044B.69 358.62| 1729691.38 E450448.562° 357.73| -3.52° -0.07 -0.89 181  3.52
PB55 1/21/1898 1728812.26 6450804.04 246.33| 1728782.51 6450801.87 241.07)-29.77  -2.18 -5.26 184 29.85
PBS59 6/26/2001 1727766.36 6448661.67 163.39|1727761.30 644B560.42 160.61 -5.07  -1.24 -2.78 194 5.22
PB62 9/24/2007 1728476.64 6443717.56 287,25/ 1726476, 64 6449717.56 287.25 : ’
PB63 9/24/2007 1727734.04 6451486.11 126.06|1727734.04 6451488.11 126.06
PB64 11/18/2009 1727466.29 6450946.95 72.76|Replacement for PB63
PBES 10/25/2010 1728454.67 6449707.82 287.75|Replacement for PBA2
pBES 9/14/2012° 1729157.65 6450969.92 294, 33 |keplacement tor PES3
PBE7 1/7/2014]1727638.73 6450856.18 76.01|Replaceneat for PB64 ) i . S
URO2 7/23/1997 1727581.11 6450133.78" 67.15| 1727534.46 6450140.57 63.20)-46.66" 6.78 -3.95 172" 47.15
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‘Notea: ”

# Indicates stable points, not moving
+ Indicates no sgignal of borizontal movement detacted in the last period

2 = Hit by mower sometime between 09/07 and 12/08 with an estimated displacement SI4E 0.29', the original poaition ia '
adjusted here to be xelative to monitored position used presently., resulting in correct Overall Movements, see Rpt
Dec. 10, 2008 Positicon Overall Hovements (U5 Feot) Periodic (14.5 months] Movements (US Feet
one [ Origimal Fos:ition ko Dac. 1D, 4008 Bept. 24, 2007 Fosition to Dec. 10, 2008
Paint [ Hazt [ RBE evift ork agt q Tim Dastc. Nota 233 asgt elght Azim. 1B8T. T Note]
ARO1 178.59| -0.05  0.62° -0.03 161 0.05 # -0.01" -0.01 -0.03° 231" o0.,82 '0.02 #
AB02 116.46| o©0.00 -0.01 -0,02 297 0.01 # 9.00 -0.01 -0.02 297 0.01 0.02 #
ARO3 | 172733839 139.58| ©0.04 -0.01  -0.02 348 0.04 ¥ 0,000 0.00° -0.01 270 0.00 0.02 #
ABDA [1728390,43 67.27| -1.56 -1.43 -0.30 222 2.12 -0.12° -0.11 -0.04 222" 0.1 0.02
ABOS | 1728074.86 6447644.04" 80.59| -0.86 -1.13° -0.31 233 1.42 2 ¥ ' fTERY T2
ABO6 | 1729058.49 6446975.88 164.858| -1.24 -0.38° -0.43 197  1.30 -0,08 -0.03 -0.06 198 0.09
ABO7 [1728981,40 6447357.70 159.34| -1.3%9 -0.71 -0.58 207 1.58 -0.11 -0.04 -0.06 202 0.12
AB12 | 1729215.57' 6448271.25 283.13| -0,92 -0.38" -0.24 203 0.99 -0.10° -0.03 0.00 199  0.11
AB13 |1729928.17] 6448235.89 364.54[ -0.73 -0.15  -0.43 192 0.74 -0.08° -0.01 0.00 151" 0.08
AB15 | 1730311.56 6448099.30 396.88| -0.53° -0.08 T 189 0.53 -0.08 -0.01 -0,02 L
AB16 | 1730358.65 6447532.17 376.46( -0.24" 168 0.28° Z0.05° o0.01 .02 170 @.08
AB17 | 1731421.12° 6446727.77 442.73] o0.00 194 0.00 § 0.00° 0.00 -0.01 194 K ]
AB18 [1731602.31 £448187.61 456,91 -0.32 160 0.34 -0.06 0.03° -0.02" 155 0.97
AB20 [1729359.84 6449685.39 396.23( -0.79 -0.28 -0.20 189  0.83 -0.16 -0.04 0.00° 135 ' 0.17
AB24 |1729829.73 6447759.77 335.76| -0.61 -0.19  -0.16 137  0.63 -0.09° -0.04  0.02° 305 ‘g.io
ABSO | 1720084.66 §448247.47 181.98| -0.34 -0.71  0.00 245 0.79° -0.05 -0.07 -0,05 235 0,08
AB51 | 1729616.65 6447306.51 305.26| -0.36 ~0.03 -0.16 185  0.36 -0.08° -0.01 o0.01 190" 0.09
ABS52 | 1730015.70 5446624,32 3gg.38| -0.40 -0.12 -0.23 196  0.42 -0.10° -0.03 -0.01 200" 0.10
AB53 | 1730430.62 6449712.30 352,90| -0.4% -0.07 -0.23 188 D0.50 -0.15 -0.03  0.00 189
ABS4 | 1731111.93 6447047.87 407.30| -0.01" ©0.00 -0.01 165  0.01  # -0.01 ©0.00 -0.01 165 .
ABS5 | 1731174.72 6447753.58 405,39 -0.05" o0.0L° 0.01 166 0.05 -8.05° 0,01 0.01 166
ABSE | 1732214.21 6448545.49 571,64 -0.10° 0.03° -0.01 161 o0.11 -0./10° 0.03 -0.01" 161 0,11
ABS57 | 1731926.78 6449759.40 564.90| -0.13" 0.03 -0.03 166  0.13 -0.13° 0.03 -0.03 166 0.13
ARSB | 1731117.90 6449074.93 405.65[ -0.12° ©0.00 -0.02 178 0.12 -0.12° 0.00 -0.02 178 0.13
AB5g | 1730850.70 6450212.53 e -0.17° -0.02° -0.02 g8 0.17 -0.17° -0.02" -0.02° 188 0.17
AB60 | 1729089.63 6447987.54 179.39| -0.08  -0.03° -0.06 2000 0.08 -0.08° -0.03  -0.06 200 0,08
AB61 | 1727424 .49 6447990.27 140,43 -0.01" 0.01  -0.04 114 0,01 v -0.01° 0.01 -0.04° 114  0.01 #
BB25 | 1727200.25 §44$9932.58 4.15| -0.29 -0.16 0.34 208 0.33 0.00 -0.15  0.03 269 0.15 0,02
BB52 | 1726996.24 6451384.35 3.83| -0.12 -0.03 0.00 194 0.13° -0.12° -0.03 0.00 194 0,13 0.02
BB53 |Destroyed i ' ! ’
CRO7 | 1731628.24 6451203.32 §32.36| -0.5¢ 0.13 -0.92 166 0.55 -0.13 0.03 -0.12 1687 0.13 0,02
CR50 | 1733013.62 6451037.38 g72.71] 0.01 0.01 ©0.05 45 0.01 0.01 0,01  0.05 45" 0.01 0,03
CR51 | 1733062.02 6452361.86 976.24| -0.01 0.00 -o0.01 171 0.01 -0.01 0.00" -p.01 171 @,01 0.0z =
CRS52 | 1732867.58 6450235.31 779.64| 0.00 -0.01" o.01 258 0.0l 0.00 -0.01 0.01 256 0.01 0.02 =
FTO6 | 1729855.42 6452760.17 488.97| -0.19° -0.04 -0,09 182" 0.19 -0.18 -0.04  -0.05 192" 0.1 ©.03
PTO7 | 1729253,01 6454104.39 588.99| -0.23 -0.36 -0.02° 237 0.43 -0.23" -0.36 -0.02° 237 0.43 0.02
FT08 | 1729386.67 6453350.53 658.47| -0.01" 0.02  0.03 114 0.02 -0.01" ©.0z  0.03 114 0.02° 0.02 *
RCO1 [1728476.25 6452457.85 312.38 -0.53 -0.38 -0.50 215  0.66 1 -0.12° -0.06 -p.04 208 0.13 0.02
RC02 | 1727002.67 6452118.86 13.72] -0.22° -0.11 -0.12° 207 0.25 -0.07 -0.01 -0.02° 185 0.07 0.02
RCO4 [1727559.42 6452667.06 238.47| -0.14  -0.18 -0.37 233" 0.23 -0.04" -0.04 -0.04 223 0.05 0.02
KCO5 | 1727081.98 6453178.94 227.52| -0.02 -0.15 -0.34 261 0.15 -0.03° o0.00  -0.01 180 0.03  0.02
RCaé [1727784.92° 6453396.36 299.33] 0.01 -0.30 -0.42 273 0.30 -0.01 -0.04 -0D.04 252" 0.05 0.02
RC07 [ 1727759.38 6453683.87. 313.50| o0.18° -0.05 -0.33 346 0.19 0.00 o0.02 -0,01" 84’ 0.0 0.02 ¥
RC13 | 1796581.12. 6453065.62 151.23] -0.04 -0.01 0.03 194 0,04 -0.04 -0.01 0,03 134 “o0.04 0.02
KC14 | 1726742,44 6453806.04 259.31] 0.00° -0.02° -0.03 2597 o0.02 =~ 0.00 -0.02° -0,03 259 0.0 Q.02
RC15 | 1727590.41 §453121.06 287.13] -0.05  -0.04  0.03 2200 0.06 -0.05° -0.04° @©.03 220 0.06 0.02
KC16 [ 1727602.24 §454098.24 326.92[ -0.01° ©0.00 0.02 135° 0.0’ -0.01" 0.00" 0,02 135 0.01 0,07
PBO4 | 1727666.83 6448843.07 167.37| -9.10° -2.67 -3.15 196 5.49 -0.41 -0.10  -0.12 194  0.43  ©0.02
FB06 | 1727939.65 6449758.62 177.96]-28.80° -3.22 -5.10 186~ 28.98 -1.47  -0.18 -0.29 187, 1.48  0.02
PRO7 | 1728139.82 §450213.09 197.d8]-36.10" -6.67, -2,33 190" 36.72° -1.78° -0.35 -0.14° 181" 1.82  0.02
PEOA | 1728203.20 6450463.68 194.13[-34.31" -6.12° 0.45 190 34.85 -1.61 -0.30° 0.04 130  1.64°7 0.02
PBO09 [1728250.32 6450846.98 189.56|-38.26 -2.04 -2.94 1837 38,31 -1.88 -0.13 -0.26 184 1.88 0.02
PB12 | 172B265.36 6451586.81 186.31]|-65.13 -17.76 -6.98 195 67.51 -3.16 -1.03 -0.62 198 3.32° 0.02
PB13 | 1728048.48 6452150.38 207.09|-37.49 -13.96 -3.45 200 40.01° -1.96  -0.80 -g.12° 202" 2.12 " ¢.02
PB1B | 1730431.47 6450719.84 363,18]-15.41" 8.85 -4.40 150 17.77 -0.33  0.08 -0.05 166 0.34 0.02
PB20 [1728750.65 6451126.05 233.99|-62.12° -9.63  -9.55 183 62.86 -2.85 -0.47 -0.49 189 2.8% 0.02
pB21 [1729247.73 6451178.08 273.02[-50.49" 6.03 -7.00 173 s50.85 -2,17° 0.16 -0.27 176 2.17
pB25 | 1729670,.88 6451986.42 326,07|-31.44 0.77 -2.92 179 31.45 -0.25° -0.07 -0.03 195  0.26
PB26 | 1729539.03 6452252.21 282.94[-23.62° 2.65 -2.40 174 23.77 -0.20 -0.02 -0.01 187 0.20
PB27 | 1729254.41 6451842.14 272.98|-84.93° 6.08 -11.44 176 85,15 -3.50° 0.13 -0.53 178 3.50
PB29 [ 1728847.75 6452096.03 172,60[-41,20 -24.46 -13.33] 211 47,91 -2.11° -1.01 -0.69 205  2.34
PBS3 | 1729222.48 6450754.60 291.44]-30.28° 0.68 -6.31 179 30.28 -1.76  0.00 -0.41 1807 1.76
PB54 |1729691.20 6450448.59 357.73| -3.70 -0.11 -o0.83 132  3.70 -0.18 -0.04 0.00 193 o.id
PBS5 | 1728780.51 6450B01.66 240.62|-31.77 -2.38 -5.71 184 31.88 -2.01 -0.21 -0.45 186 2.02
PB59 | 1727760.70 6448660.28 160.34] -5.66 -1.39° -3.05 194 5.8 -0.59° -0.15 -0.27 194 0.61 0.02
PBE2 | 1728476.42 6449717,52 287.22[ -0,21 -0.04  -0.03 152 0,22 -6.21 -0.04 -0.03 192" 0.22° 0.0Z
PB63 | 1727724.50 6451485.79 121.78| -9.45 -2.32° -4.28 194 3.73] -9.45. -2.32 -4.28 1947 9.73 0,02
Doz | 1727530.44 §€4§0241.10 63 00| =50, 37 7 i -4 15" 172 51,16 -3.97°  0.53° -0,20 1727 4.0% 0,02
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Nuluy:
# Indicatea stable pointa, mot moving
* Indicates no signal of horizontal movement detected im the last pexied

Wov. 18, 200§ PoBitiocns — Overall Movaments [US Fast] Periodic |11.3 months) Movementa (US Feet)
® § (Pc]| HAVDGEA Driginal Posicion co Mov. 18, 2000 “Dec. 10, opiction Eo Wov. 18,

Point [Hoz t wE (PE ev(EE] | North Bast  Helght Azim.' DidEt. ote | North East Height Azim.® BE. JSKErr Hots
ABO1 | 1729427.54 6445709.62°  178.540| -0,04° 0.01 -0.08 167 0.04 0.00 -p.01 -6.05 304 0.02 #
ABO2 [1726946.97 6447968.68 116.460) -0.02° o0.00 -0.02 138 0.02 * -0.02° 0.06 0.00 171" 002 4
AB03 | 1727338.38 6447918.82  139.570 0.04 Q. 00’ -0.03" 4 0.04 -0.01° 0,01 -0.01 117’ ]
ABD4 | 172839035 §447121.86 67.250| -1.63° -1.48 -0.32 222" 2,30 -0.07" -0,05 -0.02 217"
ABOS | 1728074.78 6447643.36 80.570| -0.34" -1,21  -0.33 232 1.s% -0.08" -0,08 -0,02 226
ABO6 164.840| -1.31° -0.39 -0.44 187  1.36 -0.06 =-0.01 -0.01 191"
ABOT . 155.330| -1.44 -0.74 -0.59 207  1.62 -0.05  -0.03 -0.01 207
AB12 [1729415.50 §448271.24  283.190| -0.98  -o. a1’ -p.24 203 1.07 -0.07° -0.03° ©.00 202"
AB13 |'17289%8.13 6446235.87  364.540| -0.77  -0.16 -0.49 192 0.78 -0.04° -0.02" o0.00° 201’
ABIS [1730311.51 6448099.30 396.080| -0.57 -0.08 -0.40 188 0.58° -0.05  0.00 0.00 180°
AB16 | 1730358.64 6447532.17  376.450( -0.25  0.04 -0.17 170  ©0.25 -0.01" -p.01 -0.01 203’ L
AB17 | 173142111 6446727.77 442.800| -0.01 0.00  0.00 186 ©0.01  # 0.000 0.00 0.01 180" #
AB18 | 1731602.26 6448187.60 456,870| -0.36  g.11° -0.32 163 0.38 ~0.04 -0.01 -0.04 189
AB20 | 1729359.79 6449685.97 396.230 -0.85  -0.30° -0.20 195" 0.90 -0.06 -0.02  0.00 200 7
AB24 | 1729829.68 6447759.75 335.760| -0.67 -0.21 -0.16 137" 0.70° -0.06 -0.02 ©0.00 198
RBS0 | 1728084.64 6448247.44 182.000| -0.36 -0.74  0.02 244" o0.83 -0.82 -0.03 0.02 238
ABS1 [ 1729616.60 6447306.48 305.250| -0.41 -0.06 -0.17 188" 0.41 -0.04 -0,02 -0.01 208
AB52 | 1730015.65 6448624,32 368.350| -0.45 -0.12  -0.26 195  0.47 -0.05 0.00 -0,03 181
AB53 | 1730430.55 6449712.28 352.890( -0.55 -0.08 -0.24 189~  0.56 -0.06 -0.62 -0.01° 198
ABS4 | 1731111.82 6447047.87  407.360| -0.03° o0.00 0,05 178  0.03° * -0.02° 40,00 0.06 187~ *
ABS5 | 1731174.68 6447753.58  405.380] -0.09 0.02 0.01 163  0.09 -0.04 ©0.01 0.00° 171
AB56 | 1732214.16 6448545.51 571.6%0| -0.15 0.05 0.04 162 G.16 -0,05 @.02° 0.05 164
AB57 | 1731926.73 6449759.41°  564.860| -0.18° 0.04 -0.07 166 D0.18 -0.05°  0.01 -0.04 167
ABS8 | 1731117.851 6449074.94°  405.640] -0.17° o0.01 -0.03" 175  0.17 -0.05 0.01 -0.01 168
ABS59 | 1730850.64 6450212.52  434.340] -0.23 -0.03 -0.03 188  0.23 -0.06 -0.01 -0.01 190
ABGO | 1729089.58 6447987.53 179.3%0| -0.12° -0.04 -0.06 199  0.13 -0.04" -0.01 0,00 136
AB61 | 1727424.45 6447990.27  140.420 -0.01 0.01° -0.05 128  0.02  * 0.00° ©0.00° -0.0L 158 #
BB25 | 1727200.15 6449932,57 4.210| -0.35 -0.16 0.40 204 0.39 -0.06 0,00 ©0.06 183 0.06 0,02
BB52 | 1726996.18 6451384.34 3.e€0| -0.18 -0.04 0.03 133  0.19 -0.06 -0.01° 0.03 191 0,06 0.02
CRD7 | 1731628.18 6451203.34 632.350( -0.60 0.15  -0.89 166  0.62 -06.06 ©0.02 ©0.03 161 0,07 0.02
CRSO |1733013.61 6451037.39  872.630| -0.01 0.0%° 0.03 118 0.0% -0.01  0.00 -0.02 162 0,02 ©0.02° =
CRS1 | 1733062.01 6452361.87  97§.220| -0.02 0.01" -0.03 155 0.03 -0.01° 0.01 -0.02" 143’ p0.02 0.02
CRS2 | 1732867.56 6450233.31 779.730| -0.02 -0.0%1 0,10 217 0.62° 4 -0.01" o0.00" o0.09 176 0,01 ©0.03
PTO6 | 1728855. 34'5452750 16 486.920| -0.27 -0.05 -0.14 191" 0.28 -0.08 -0.01 -0.05 189" 0.08 Q.02
FT07 | 1729252.52  6454104.25 588.300| -0.33  -0,51 -0.11 2377 0.60° -0.10 -0.14  -0.09 236 0.17 0.02
PTOB | 1729398.69 6453350.52°  658.488] 0.00° o0.02  o0.04" 747 0.02° = 0.01 0.00 0.01 348’ 0.01 0.03 ¢
KCO1 | 1728476.18 6452457.81  312.350| -0.60  -0,42 -0.53 215 0.74 -0,07 -0.04 -0.03 209 0.08  0.02
KC02 | 1727002.64 6452116.86 13.690| -0.26 -0.13 -0.15 207 0.29 -0.03 -0.02 -0.03 207 0,04 Q.02
KCO4 | 1727559.39 6452667.04 238.450| -0.17  -0.20 -0.3% 231 0.27 -0.03 -0,02 -0.02 2186 0.04 0.02
KCOS5 [1727081.97 6453178.92 227.510| «0.03 -0.17 -0.35 2597 0.18 -p.01 -0.02 -0,01 244  0.03  0.02
RCO6 | 1727784.90 6453396.33 299.910 -0.01 -0.33° -0.44 268 0,33 -0,02 -0.03  -0.02 227  0.04 0.03
KCO7 | 1727759.37 £453683.87  313.470) 0.16 -0.05 -0.36 344 0.19 0D.00 0.00 -0.03 256 0.00° 0.02
RC13 | 1726581.11 §453065.63°  191.1s0| -0.04 -0,01 -0.02' 18e  ©0.04 -0.01° 0.00° -0.05 153 0.01 g.02
KC14 [1726742.43 §453806.03°  259.920| -0.01 -0.03 -0.02 253 0.03 . 0.00° -0.01 0.01 247 0.01" 0.0z «
RC15 | 1727590.38 §453121.03° 287,090 -0.07 -0.06 -0.01" 222 0.09 -0.02" -0.02" -0.04 226 0.03 ©.03
RC16 | 1727602.24 5454098.24°  326.870| -0.01 0,00 -0.03 153 0.01  * 0.000 0.00° -0.05 214 0.00 0.0z 4
PBO4 | 1727666.56 6448848.99  1§7.310| -9.38 -2,75 -3.21° 196  9.77 -0.27 -0.07 -0.06 195 0.28
PBO6 | 1727938.80 6445758.52 177.8208|-29.65 -3.32° -5.24 186 29.83 -0,85 -0.10 -0.14 187  0.85
PBO7 | 1728138.83 6§450212.89  197.800(-37.09 -6.86 -2.41° 130 37,72 -0.99° -0.19 -0.08 1917 1.01"
PBOO |1728202.31 6450463.52° 194.120(-35.20 -6.28  0.44° 150 35,75 -0.89° -0.16 -0.01 190" 0.%0
PBO9 | 1728249.30 §450848.91  189.460(-39.28 -2.11  -3.06 1837 39,34 -1.03 -0.07 -0.12° 184  1.02°
PB12 [1728263.70 6451506.25 185.940| -66.79 -18.32 ~7.35 195 69.25 -1.66  -0.55 -0.37 138 1.75°
PB13 | 1728047.43 6452149.98  206.980|-38.54 -14.36 -3.56 200 41.13 -1.05 -0.41" -0.11 201 1.12
PB167|1730431.35 §450719.86  363.140(-15.53 .87 -4.44 150 17.89 -0.12° 0.02° -0.04 170 0.12
PB20 | 1728749.18 6451125.82  233.690|-63.59 -9.86 -3.95 189 64.35 ~1.47° -0.23 -0.30° 189  1.49
PB21 | 1729246.60 6451178, 17 272.840|-51.62 6.12° -7.18 173 51.989 -1.13° 0.09° -0.18 175 l.14
PB25 | 1729670.78 6451986.33 326.040(-31.53  0.74  -2.95 179 31.54 -0.09° -0.02 -0.03 194 0.10
PB26 | 1729538.93  6452252.19 202.930(-23.71  2.63 -2.41° 174 23.86 -0.09° -0.02° -0.01 190 o.1Q
PB27 | 1729252.59 6451842.20 272.730|-86.75 £.14 -11.69 176 86.97 -1.82° 0.06 -0.25 178 1.82  0.03
PB23 | 1728846.62 6452095.51  172.230)-42.32 -24.98 -13.70 211  49.15 -1.13"° -0.52° -0.37° 205 1.24. o0.02
PB53 | 1729221.54 6450754.61 291.200]-31.22 ©0.68 179 31.23 -0.9¢ 0.01 -0.24 180" 0.5¢  0.03
BB54 |1729691.12 6450446.57  357.710| -3.78 -0.12° 1827 3.78° -0.08" -0.01 -0.02° ig8  0.08 ©.02
PB55 | 1728779.41 6450801.58  240.500{-32.87 -2.47 -5.83 184 32.97 -1.10 -0.08 -0.12° 184 1.10 0.03
pBSY | 1727760.31° 6448660.19 160.160] -6.05 -1.48° -3.23° 194 6.23 -0.33° -p0.08  -0.18 1937 0.40 0.02
PB62 | 1728476.31 6449717.49 287,200 -0.32 -0.07 -0.05 192" .33 -0.11 -0.02° -0.02° 193  0.11 0.02
PB63 |1727717.72 6451483.29  1165.990(-16.31 -4.82 -9.07 196 17.01 -6.86 -2.50 -4.79° 200 7.30] 0.02
PB64 | 1727466.29 6450946.95 72.760|Replacenent for PREI : ' : )
UB02 |1727527.87 6450141.46 62.920|-53.24  7.867 -4.23 172" 53.79° -2.61° 0.36 -0.Q8 172" 2.684




‘Notes:
“+ Indicates no signal of horizontal movement detectad in the last period
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EULL AMNUAL MONITORING

Oct. 25, 2010 Popitionn Gverall Movements (U5 Faet) Periodic (11.1 montha) Movaments (US Feet)

(WADBS SpC Zone 5 [PE]| BAVDAE Original Pesition Eo OGE. 25, 2010 Wow. 18, 2009 Pooitiom Eo OCE. 25,
Point [NGXth [FE) EBast (Ft) | Elev(Et] | Hoxth East Helght Azim.' Dist. Note | NOTER  East Heighc Azim, ' Dist. J5%Err Note|
ABOL | 1729427.53 §445709.61 178.52| -0.05 -0.01 -0.10 187 0,05 -0.01 -0.02 -0.02' 241 0.02) o0.03 -
ABO2 | 1726946.97 6447968.66 116.45| -0.02° -0.03 -0.03 243  0.03 = 0.00° -0.02  -0.01 270 0.02. 0.62 =
AB03 |Discontinued i ) ) i i : i
ABO4 | 1728390.27 6447121.79 67.25| -1.72 -1.56 -0.32 222  2.32 -0.09  -0.08° 0.00 2200 0.12° 0.02
ABOS | 1728074.67 6447643.89 20,53| -1.05 -1.28 -0.37 231 1.66 -0.12° -0.07 -0.04 211" 0.14° 0.03
ABQ6 | 1729058.36 6446975.93 164.82| -1.37 -0.437 -0.46 197 .44 -0.07° -0.03 -0.02 207 0.07 0.03
ABO7 | 1728981.28 6447357.64 155.31| -1.51° -0.77] -0.61 207 1.70 -0.07° -0.03 -0.02 207 0.08° 0.03
AB12 | 1729415.46 64468271.20 283.20| -1.03 -0.44  -0.23 203 1.12 -0.04° -0.04  o0.01 219 0.06 0.02
RB13 | 1729928.09 6448235.85 364.53( -0.81 -0.19 -0.50 193 0.83 -0.04~ -0.02 -0.01 208 ©0.05 0,02
AB15 | 1730311.47 6448093.25 396.86[ -0.62 -0.14 -0.42 132" 0.63 -0.04° -0.05 -0.02 232 0.07
AB16 | 1730358.61 6447532.16 376.46| -0.28 0.03 -0.16 173" 0.28 -0.03° -0.01 o0.01" 197  0.03 .
AB17 |1731421.10 6446727.76 442,86[ -0.02° -0.91° ¢.00 205" 0.02’ -0.01 -0.01  0.00 217 0,01 .
AB18 | 1731602.22 6448187.61 456.82| -0.40  0.12  -0.37 164 0.42° -0.04° 0.0 -0.05 165 0.04
AB20 | 17293553.72 6445685.94 395.23[ -0.90  -0.32° -0.20 2000 0.96 -0.06 -0.02 0.00 203 0.06 0.01
nB24 [1729829.65 6447759.73 335.7%7| -0.71 -0.23 -0.15 198 0.75 -0.04° -0.02 0.01 212 0.04 0.02
AB50 | 1728084.62 6448247.38 182.00( -0.38° -0.80 0.02 244’ 0.89’ -0.02" -0.06 0.00 247 0,06 0.3
ABS1 | 1729616.56 6447306.49 305.24| -0.45 -0.05 -0.18 186 0.45 -0.05° 0.01 -0,01" 172" 0.05 0.02
AB52 [ 1730015.61 6448624.30 369.38| -0.49 -0.14 -0.23 196 0.51° -0.04° -0.02 0.03 209 0.04 O0.04
AB53 | 1730430.49 6449712.26 352.31] -0.61 -0.11 -0.22 190 0.62 -0.06° -0.02 0.02 1% 0.07 0.03
ABS4 | 1731111.92 644704787 407.34] -0.02 0.00 0.03 182 0.02 0.00° 0.00 -0.02 326" 0.00 Q.04 ¢
ABSS | 1731174.66 6447753.58 405.40| -0.11° 0,02  0.02 171" 0.11° -0.02. 0.00 0.01 193" 0.02° 0.02
AB56 | 1732214.12 6448545.51 571.63] -0.13° 0.05 -0.02 185 0.20 -6.04° 0.00 -0.06 179 0.04 ©
AB57 | 1731926.67 6449759.42 564.92[ -0.23° 0.06 -0.01 165 0.24 -0.05  0.01 0.06 1647 0.06 0.
AB58 | 1731117.80  6449074.93 405.65| -0.22° 0.00 0.02 186  0.22 -0.05 -0.01  0.05 196 0.95 O,
AB59 | 1720850.56 6450212.51 434.35[ -0.31° -0.04 -0.02 188 0.31 -0.08 -0.01 0.01 195" o0.08 ©
AB6O | 1729089.53 6447387.50 179.42| -0.17 -0.07 -0.03 201 o0.i8 -0.05 -0.02 0.03 207 0.0 ©
ABGL | 172742448  6447980.27 140.47| -0.02° ©0.01" 0.00 is¢ 0.02° # -0.01  0.00 0.05 193 0.01 © .
BB25 |Discantinued
BB52 | 1726996.13 6451384.34 3.85| -0.23° -0.04 0.02 190 0.24 -0.05  0.00 -0.01 180" ©0.05 0.03
BB53 |Destroyed ) ' ' ’ ' ’
CRO7 |1731628.12° 6451203.32 632.33| -0.66 0.13 -0.95 165 0.67 -0.06 -0,02 -0,06 202 0,06 0.03
CR50 | 1733013.59 §451037.37 872.67| -0.03 0.00 o0.01 184’ o0.03 -0.02 -0.02 -0.02° 217 0.03 0,02
CR51 [ 1733062.01 6452361.88 976.18| -0.02 0.02 -0.07 144 0.03 0.00 0.01 -0.04 98 0.01 0.03
CR52 [1732867.55 6450239.31 779.65| -0.03 -0.01  0.02 207" 0.03 - -0.01° o0.00 -0.08° 186 D.01  0.03 =
FTO6 | 1729855.25 6452760,13 498.89| -0.35 -0.08 -0.17 193 0.36 -0.08 -0.03 -0.03 199  0.08 0.02
FTO7 | 1729252.76 6454104.00 599.85| -0.49 -0.75 -0.16 2377 o0.90 -0.16  -0.25  -0.05 237 0.30  0.03
FT08 | 1729388.66 6453350.51 658.43| -0.02 0.06  -0.01 166 0.0z * -0.02 -0.01 -0.05 206, 0,03 0.03 =
KCO1 | 1720476.12 6452457.77 312.38| -0.67 -0.46 -0.50 215  0.81 -0.06 -0.04 0.03 216 0.07 0.02
RC02 | 1727002.62 6452118.86 13.72| -0.28 -0.14  -0.12° 206 0,31 -0.02 -0.01 0.03 197  ©0.02 0.03 *
RCO4 [ 1727559.36 6452667.01 238.44| -0.20 -0.23° -0.40 228 0.30 -6.03 -0.02° -0.01° 215 0,04 0.03
KCO5 |1727081.96 6453178.92 227.47| -0.04 -0.17 -0.39 256" o0.18 -0.01" 0.00 -0.04" 180 ©0.01 0.03 *
RCO§ | 1727784 .89 6453396.32 299.89| -0.02 -0.35 -0.46 266 0.35 -0.01 -0.02 -0,02 233 0,62 0.03 =
RC07 | 1727759.35 6453683.87_ 313.47| 0.19 -0.04 -0.36 347 o0.20 0.01 0.01 0.00 32" o0.01 0.03 =«
RC13 [1726581.08 6453069.61° 191,18 -0.07 -0.02  -0.02 135" 0.08 -0.03° -0.01  0.00 204/ 0,03 0.02
KC14 | 1726742.43 6453806.02 259.83 -0.01 -0.03 -0.05 258° 0,03 - 0.00 0.00 -0.03" 333 ©0.00 0.04 ¢
RC15 [1727590.38 6453121.02 287.10[ -0.07  -0.07  0.00 227 0.10 ¢.000 -0.01 0.01_ 265 0.01 0,03 =
KC16 | 1727602.23 6454098.24 326.88| -0.02° 0.01 -0.02 148 .02’ » -0.01" o0.01 o0.01 139 ©0.01 0.02 =
PBO4 | 1727665.94 6448846.86 167.11] -9.99’ -2.88° -3.41 196 10.40 -0.62 -0.13  -0.20 192 0.3 0.03
PBOG | 1727937.25 6449758.35 177.5d|-31.19 -3.49  -5.48 186 31.39 -1.55° -0.17 -0.24 186 1.56 0,03
pB07 | 1728137.50 84502i3.58 197.66|-38.93 -7.18° -2.55 130 39.58 -1.83 -0.32 -0.14 130 1.86 0.03
PBO8 [1728200.66 6450463.24 194.16]-36.85 -6.86 0.48 196 37,43 -1.65 -0.28 0.04 190 1.§7 0,03
PBOS | 1728247.35 6450846.79 189.24|-41.23 -2.24 -3.28 183 41.29° -1.95 -0.13 -0.22 184 1.95 0.03
PB12 | 1728260.50 6451565.29 185.30{-69.99 -19.28 -7.93 195 72.60 -3.20 -0.396 -0.64 197 3.35  0.03
PB13 | 1728045.47 6452149.17 206.87)-40.50 -15.17 -3,67 201 43,25 -1.96 -0.81 -0.1L 202" 2,12 603
PB1B |1730431.24 6450719.88 363.10|-15.64 8.89 -4.48° 150 17.99 -0.11  0.02 -0.04 169 0.11 0.82
PP20 |1728746.32  6451125.33 233,20 -66.45 -10.35 -10.34 189 67.25 -2.86 -0.49 -0.49 190" 2.91  ©0.04
PB21 | 1729244.44  6451178.35 272,60(-53.78 6.30 -7.42 173 54.14 -2.16 0.18 -0.24 175 2.16 0.03
PB25 | 1729670.60 6451986.36 326.01|-31.64 0.71 -2.98 179 31.64 -0.10 -0.03 -0.03 196 0.11 0.02
PB26 |1729538.96 6452252.16 202.99]-23.79° 2.60 -2.35 174 23.93 -0.08 -0.03 0,06 2000 0.08  0.03
PB27 | 1729249.12 6451842.31 272.17|-90.22° 6.25 -12.25 176 50.44 -3.47  0.11 -0.56 178 3.47 0,03
PB29 | 1728844.53 6452094.53 171.59-44.42 -25.96 -14.34 210 51.45 -2.10 -0.37 -0,64 205" 2,31 0.03
PB53 | 1729219.81 6450754.71 290.67|-32.96 ©0.78 -7.08 179 32.97 -1.73° 0.10 -0.53 177 1.74 0.03
PB54 | 1729691.04 6450444.55 357.73| -3.86 -0.13 -0.89 182 3.87 -0.08 -0.02 0.02 191" 0.08 0.03
PBS5 | 1728777.36 6450801.45 240.18(-34.92 -2.59 -6.15 184 35.02 -2.05 -0.13 -0.32 184 2,05 0.04
pB59 |1727759.39 6448655.97 159.70| -6.98 -1.69 -3.63 134  7.18 -0.93° -0.21  -0.47 193 0.35 0.03
PB62 |Destroyad E
PB63 |Deatroyed d
PB64 | 1727439.04 6450942.07 69.69(-27.25 -4.88 -3.08 130 27.68 -27.25 -4.88 -3.08 130 27.68 0.03
PBES 1728454.67'6449707.82I 287.75|Replacement for PB62 ’ :
omoz | 1727922.77 6450142.13° §3.78]|-§8.94° 9,34 -4 40 177 5@ 84’ 5107 0 AT -0 17 1737 5 14 0.03
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Oct. 03, 2011 Popitlomo Overall Movementn (U5 Past) Pariedic (11.3) monktha) Movements (US Feet)
one § (FE]|  WAvVDON Original Positlon to OGE. 03, 4011 | ct. 25, Seltion to ~ U3,

Point|Hort t (13 v [ Worth East Helght Azim.' DisE. WNote | Nort ] eiGRE AZim. BE- T HO
ABO1| 1729427.55 §443703.55 178.5¢| -0.04 -0,02 -0.12 213 .04 0.02 -0.02 -0.02 313 0.02 0.03
AB0Z | 1726946.87 6447960,70 116.45 -0.01  0.01 -0.03 124 0,01 6.01° 0.04  0.00 81 0.04 0.02
RB04 | 1728390. 04 6457121,55 §7.21| «1.85° -1.75 -0.36 222" 2.52 -0.23 -0.20 -0.03° 221 0.30 Q.02
ABO5 | 1728074.57 6447643.73° §0,45| -1.15 -1.45 -0.41" 232" 1.84 -0.09° -0.16 -0.04 240 0.19  0.03
RB06 | 1729058.21 6416975.77 164.77| +1.53 -0.49 -0.51 198" 1.60 -0.16 -0.06 -0.05 202" 0.17 0.03
AB07 | 1728981,13° 6447357,52 159.24| -1.66 -0.8% -0.68 208 1.88 -0.15 -0.12  -0.06 218 0.19  0.04
aB12|1728415.28  6448271.12° 283.18| -1.21 -0.52 -0.24 203" 1,32 -0.18° -0.08 -0.01 204  0.20 0.03
AB13 [1729927.96 6448215,79 364,50¢| -0.93° -0.25 -0.53 195" §.97 -p.12" -0.06  -0.03" 205  0.14 0.03
AB15 | 1730311.37 6448099.26° 396,87| -0,72  -0.13° -0.41 190  0.73 -0.20° 0,01 0.00° 174 0.10  0.03
AB16 | 1730358, 55  6447532.15 376.44| -0.34  0.03 -0.18 175" 0,34 -0.06 ©0.00 -0.02 185 0.06 0.03
AB17 | 1731421.09 6446727.74 442.78| -0.03 -0.04 -0.02 228" 0.05 -0.01" -0.03 -0.02 246 0.03 0.04 o+
AB16 | 1731602.16 6448187.62 456.84| -0.46  ©.13 -0.35 165 0.48 -0.06 0.01 "0.01 173  0.06 0.03
AB20 | 1729359 ,56 6449685.89° 396,23 -1,07 -0,38 -0.20 200" 1,13 -0.16 -0.0§ 0.00° 199" 0.17 0.03
AB24 [ 1729629.527 6447759.68° 335,77| -0.84° -g.28° -9.15 198" 0.88° -0.13 -0,04 o0.01 200 0.13  0.02
AB50 | 17268084 .56 6448247.27 182.01| -0.44 -0.92 g.03 244°  1.02 -0.06 -0.11" 0.02 243 0.13° 0.03
aAB51|1729616.46 6447306.45 305.17| -0.55 -0.0% -0.25 183 0.56 -0.10 -0.04 -0.07 200 0.11 0.03
AB52 | 1730015.49° 5448624.26 358.35| -0.61 -0.18 -0.26 197" 0.64 -0.12° -0.04  -0.03° 200 0.13  0.04
AB53 | 1730430.36 6449712.24° 152.87| -4.75 -0,13 -0.26 190" 0.76 -0.14° -0,02° -0.04 189 0.14  0.03°
ABS4[1731111.92° 6447047.87 407.31| -0.02 0.01 0.0Q 164 0.03  + 0.00 ©.01 -0.02 97  0.01 0.03 =
ABSS | 1731174.61 6447753.58 405.37| -0.15 o0.02 -0.01 173 0.16 -0.04 0,00 -0.03 178" 0.04 0.03°
AB56 | 1732214.00 644B545.55 571.57| -0.31 0.0% -0,08 164  0.32 -0.12° ©0.04 -0.06 162 0.12 0.03
ABS7 | 1731926.54 6449759.46 564.83| -0.37 8.09 -0.10 168" 0.38 -0.14 0,03 -0.10 166 0.14 0,03
AB5B [ 1731117.67 6449074.94 405.64| -0.35 0.00 -0.03 179" 0.35 -0.13' 0.00° -0.05 178  0.13  0.04
aBS59 | 1730850.50 6450412, 51 434.27| -0.47 -0.05 -0.10 186°  0.47 -0,16  -0.01" -a.07 182 ©0.16 0.03
AB6O | 1729089.38' £447987.45 179.38| -0.32 -0.12 -0.06 200" 0.34 -0.15 -0.05 -0.03 139  0.16  0.03
AB61[1727424.48° £447990.26 140.43| -0.02  0.00 -0.04" 177" @.02 . g.00 -0.01 -0.04 259 0.01° 0.01 =
AB62[1728910.35 §446925.46 143.01|Replacement foxr AROS : ' ' ' ’ i
AB63 | 1729059.30 6447307.03 180,84 |Replacement for ABO?
BBS52 | 1726995.98  64513684.32 3.83| -0.38 -0.06  0.06 188" 0.39 -0.15 -0.01  0.04 185 0.15  0.03
CRO7 | 1731628.00 6451203.34 632,26 -0.78 0,15 -1.,02 169" 0.7% -0.12° @.02 -0.07 1717 0.12°  0.03
CR50 | 1733013.59. 6451037.37 872,65 -0.03 -0.01" -0.01 137" o0.03 0.00° -0.01" -0.02 254 0.01 ©0.03 =
CR51|1733062,00 6452361.87 976,18| -0.04 0.01 -0,07 164 0.04 -0.01" -0.01 D.00 216 0,01 0.03 4
CR52 | 1732067.53  6450239.26 779.68| -0,05° -0.06  0.05 232" 0.08 -0.02° -0.05  0.02° 247  0.05  0.05
FT06 | 1729855.05 6§452760,09 486.73| -0.55 -0.12 -0.27 192  0.57 -0.20 -0.04’ -0.11" 191 0.200 0.03
FT07 | 1729252.33 6454103.33 588.72( -0.91" -1.42° -0.29 237" 1.69 -0.43 -0.67 -0.13 238 0.79 .03
FT08 [ 1729386.67 6453350.48 658.45| -0.01 -0.02 Q.01 2517 0.02 0.01" -0.03° 0.062 293 0,03 0.0z =«
RCO1 | 1728475.98 6452457.69 312.35| -0.80° -0.54 -0.53 214 0.97 -0.14 -0.08 -0.03° 211 0.16 0.03
RC0z | 1727002.55 6452116,84 13.73| -0.34 -0.16 -0.11 205’ 0.38 -0.07 -0.02" ©0.01 199 0.07  0.03
KCO4 [ £727555.317 6452666.95 238.46| -0.25 -0.29 -0.38 229" 0.38 -0.05 -0.06 0.02 230 0.08 0.03
RCO5 | 1727081.92  6453178.90 227.47| -0.08 -0.13  -0.39 248’ 0.21 -0.03° -0.02° 0.00 210 ©0.04  0.03
RCO6 [ 1727794.89 6453396.26 299.88| -0.02 -0.4i" -0.47 268" 0.d1” 0.01° -0.06 -0.01" 277 ©0.06 0.03
RCO7 [ 1727759.39  6453683.87 313.48| 0.20° -0.05 -0.35 346 0.21 0.01° -0.01 ©0.01 315 0.01 0.03
KC13 | 1726581.05 6453069.58 191.13| -0.11° -0.95 -0.07 206 0.12 -0.04° -0.03 -0.05 222  0.05 0.03
KC14 | 1726742.44 64536806.00 259.92| 0.00  -a.05 -0,02 271 0.05 0.01° -0.02° 0.02° 288 0.02° 0.03 =
RC15 | 1727590.34  6453120.97 287.06| -0.11° -0.13° -0.04 229 0.17 -0.04  -0.05 -0.04 233 0.07 0.03
KC16 [ 1727602.24 6454098.22 326.88| -0.01  -0.01  -0.02 2337 0,02 - 0.01" -0.02° ©0.00 288 0.02  0.03 =
PR04 [ 1727665.23 6448846.66 166.92|-10.71 -3.08  -3.60 136 11.14 -0.71° -o0.21 -0.13 136 0.74  0.04
PBO6 | 1727935.82) 6449756.16 177.36|-32.63 -3.68  -5.70 186 32.84 -1.44° -0.20° -0.22 188 1.45  0.04
pBO7 | 17268135.18 6450222.21 197.54[-40.74° -7.55° -2.67 130 41.44 -1.82° -0.37. -0.12° 131 1.86. 0.04
PBOE | 1728199.00’ 6450462.93 194.19[-38.50° -6.87 0.51 190" 3s.11 -1.66 -0.31 0.03° 191 2.69  0.04
PBO9 [ 1726245.34° 6450848.65 189.99[-43.24  -2.37  -3.53 183 43.30 -2.01° -0.13 -0.25 184 2,01  0.04
PB12 [ 1728257.11 6451584.30 184.73|-73.38 -20.27 -8.56 195 76.13 -3.3%° -0.99 -0.57 196 3.53  0.04
pB13 [ 1728043.37  6452148.28 206.76|-42.60 -16.06  -3.78 201 45,53 -2.10° -0.89 -0.11 203" 2,20 0.03°
PB18 [ 1730430.95 §450719.94 363.04]-15,94° 8.95 -4.54 151 18.28 -0.30° 0.06 -0.06 169 0.30  0.03
PB20 | 1728743.25 6451124.73 232.60| -69.51 -10,95 -10.95 189 70.37 -3,06 -0.60 -0.50° 191 3,12° 0,04
PB21|1723242.22 6451178.53 272.35/-55.99° 6.48° -7.67 173 56.37 -2.22° o0.18 -0.25 175 2.23 0.04
PB25 | 1729670.41 6451966.30 326.01)-31.90° 0.65 -2.98 179 31.91 -0.27 -0.06 0.01 193 0.28  0.03
PB26 | 1729538.62, 6452252.15 282.96| -24.02° 2.59 -2.38 174" 24.16° -0.23° -0.02 -0.03 184" 0.23°  0.04
PB27 | 1729245. 47 6451842.40° 271.66]-93.87° 6.34 -12.76 176 94.09° -3.65' 0.09 -0.51 173 3.65 .06
PB25 | 1728842.25 6452093 51 170.88| -46.69 -26.98 -15.05 210" 53.93° -2.28° -1.02° -0.71 204" 2.49° .04
PB53 | 1729217.92  6450754.81 290.10f-34.85 0.89  -7.65 179 34.86 -1.89° 0.10 -0.57° 177 1.89 0.05
PBS4 | 1729690.83° 6450448.45  357.73| -4.07  -0.28 0.8§ 183 4.08° -0.21° -d.a6 o6.00 137 @0.22° 0.03
PB55 | 1728775.28 6450801.26 239.73|-37.00 -2.78  -6.60 184 37.11° -2.08 -0.139 =-0.45 185 2.09°  0.04
PBS9 | 1727758.34, 6446659.68 159.23| -8.02° -1.99° -4.18 194  B.27 -1.04 -0.30 -0.48 196 1,09 0.04
PB64 | 1727417.65 6450937.67 67.14|-48.64 -9.27 -5.52° 191 49.51° -21.39 -4.40 -2,55 192 21.83  b.04
PB6S 1128454.34:6449707.76_ 287.70| -0.32 -0.06 -0.05 181 0.33 -0.32 -0.06 ~-0.05 191  ©0.33  0.03
UB02 | 1727519.20° 6450142.56 62.585[-61.91 8.78 -4.51 172 62.53° -3.57 0.44" -0,10 173 3,60 0.04
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Monitoring Poink Movements
. PULL ANNUAL MONITORING
Nates:
T Indicgte's ne sigmal of horizontal mov:emenr. detected in the last period

Sept. 14, 2012 Positiona Ovexall Movaments (US Feet} Foriodic (11.4 montha] Moveomentn (U5 Feak)
one VD Original Position to Sepc. 13, 2017 Gec. UJ, 20LL Pogition to Bepc. 13, ]

Point [Hort T an 3 ev(ZE] | HortE Eagc Helght Reim.® Diat. Year | HOrth Eapt HeLght Azim, " Bist, Jo%Ect Hote|
aB01 | 1729427.54 6445709.59 1798.54| -0.04 -0.02 -0.08 209 0.05° 1994 | -0.01" o0.00" o©0.8a 180 0.01 0,02
ABO2 | 1726946.97 6447968.68 116.47| -0.01  -0.01  -0.01 221 0.01 2007 0.00 -0.02° 0.02. 270 0.02] 0.01 *
AB0Z |1728389.97 6447121.52 67.21] -2.02" -1.82  -0.36 222" 2.72° 1994 | -0.07 -0.07  -0.01" 223 0.10 0.02
ABOS | 1728074.51 6447643.66 80.50| -1.21 -1.51 -0.40 231  1.93 1994 | -0.06 -8.06 0.01 225" 0.09° 0.02
AB12 | 1729415.22 6448271.10 283.15] -1.27° -0.55 -0.24 203 1.38 1594 | -0,06 -0.03  0.01 203 0.07. 0.02
AB13 | 1729927.91 §448235.79 364.47| -0.93° -0.25 -0.56 194 1.02 1994 | -0.05 -0.01 -0.03 188 0.06  0.03
AB15 | 1730311.31 6448099.25 396.83| -0.77 -0.13° -0.45 180" o©0.78 1894 | -0.05 ©0.00 -0.04 183 .05 0.03
AB16 | 1730358.55 §447532.13 376.41] -0.33° 0.01 -0.21 17¢  0.33 1994 0.00 -0.02 -0.03 281 0.02 0.02 =
aBR17 | 1731431.096446727.75 442.80] -0.03" -0.02° @©.00 219 0.04 2007 0.00° 0,01 0.01 727 0,01 0.03
AB1A | 173160211 é4ee187.62 45¢.8¢| -0.52° 0.13  -0.33 166 0.53 1994 | -0.05 0.00 0.02 181  0.05  0.03
AB20 | 1729359.49 64496685.87 396.22| -1.13 -0.33  -0.21 198" 1.20° 1995 | -0.07 -0.02 -0.01 134 8,07 0.02
AB24 | 1729829.45 6447759.65 335,75 -0.91 -0.31 -0.17 198" 0.9 1937 | -0.07 -0.04 -0.03" 206 Q.08 0.02
ABS0 | 1728084 .54 6448247.22 182.03| -0.46 -0.96 0.05 244  1.07 1998 | -0.02 -0.05  0.01 246 0.05 0.02
AB5S1 | 1729616.41 6447306.43 305.18| -0.60 -0.11 -0.26 151 0.61 2002 | -0.05 -0.02 -0.01 208 0.05 0.02
AB52 | 1730015.44 6448624.25 360.33| -0.66 -0.13  -0.28 196 0.68 2002 | -0.05 -0.01 -0.02 187 0.05 0.04
ABS53 | 1730430.28 £449712.23 352.86| -0.82 -0.14  -0.27 190 0.84° 2002 | -0.07 -0.01 -0.01 131  0.08 0.03
AB54 [ 1731111.89 6447047.88 407.38| -0.05' 0.01° 0.07 165 0.06 2007 [ -0.03 0.01  0.07 166 0,03 0.04 *
ARS6 | 1732213.96 6448545.55 571.57| -0.35 0.09 -0.08 165 0.36 2007 | -0.04 0.00 0.00 173 0.04 ©0.02
AB5T | 1731926.47 6449759.45 564.78| -0.43 0.09 -0.15 165 0.44 2007 | -0.06 -0.01 -0.04 187 9.06 ©0.02
AR50 [ 1731117.59 6449074.92 405.65| -0.43 -0.01  -0.02 181 0.43 2007 | -0.08 -0.01 0.01 190 0.08 0.04
AB59 | 1730850.31 6450212.50 434.26| -0,55 -0.06 -0.11 186 0.56 2007 | -0.08 -0.01 -0.02 187 0.09 0.03
RB60 | 1729089.34 6447987.41 179.37| -0.36 -0.16 -0.08 204" 0.39° 2007 | -0.04 -0.04 -0.02° 226 ©.06 0.02
AB61 | 1727424.49 6447990.26 140.45| -0.01 0.01  -0.02 145 0.01 2007 0.01  0.01 o0.02 29 0,01 0.01 =
RB62 | 1728910.29 6446925.43 143.02| -0.06 -0.03 0.01 206 0.07 2011 | -0.06 -0.03 0.01 206 0.07 0.02
AB63 | 1725059.24 6447306.99 100.82| -0.06 -0.04  -0.02 214 0.07 2011 | -0,06 -0.04 -0.02 214 0.07 0.02
AB64 | 1731B30.69 6447373.08 532.25|Replacement Eor ABS4 ' © 2012 ’ '
AB65 | 1731705.67 6448264.07 458.53|Replacenant Eor AB1S 2012
ABEG | 1720047.29 64484%0.53 374.28|Replacement For AB52 2012
ABG7 | 1731180.41 6447741.76 405.33|Replacement Eor ABSS 2012
AB6B | 1730258.86 6448055.37 393.45|Replacement For ABLS T 2012
BB52 [ 1726995.94 6451384.30 3.87| -0.42° -0.08  0.04 191 0.43° 2007 | -0.04 -0.03 -0.02 214 0.05 0.03
CRO7 | 1731627.96 6451203.36 §32.17| -0.82° 0.17 ~-1.11 164 0.84 1994 | -0,04 0,02 -0.09 153  0.05 0,03
CRS0 | 1733013.60 5451037.36 ar2.62| -0.02 -0.0L  -0.04 218 0.02° 1998 9.01 -a.01 -0.03 336 0.01 0.03 *
CR51 [ 1733062.00 6452361.87 376.15| -0.03' 0.01 -0.10 162 0,03 1398 0.01  0.00 -0.03 0 0.01 0.02 *
CRS2 | 1732867.50 645023927 779.60| -0.08 -0.05 -0.03 212  ©0.09 1898 | -0.03 0.01 -0.08 181  0.03 0.06 *
CKS3 | 1732780.28 6450224,19 780.72(Replacement for CR52 ' © 2012 !
PT06 | 1729854.97 6452760.07 488.72| -0.64 -0.1a -0.34 192" 0.65° 2007 | -0.08 -0.01 -0.07 150 0.08 ©0.02
PTOT | 1729252.10’ §454103.12 588.67| -1.06 -1.63 -0.34 237" 1.85 2007 | -0.15 -0.21° -0.05 235 0.26 0.02
FTOS | 1725368.67 6453350.49 656.44| -0.02" -0.01" -0.01 219" 0.02 2007 | -0.01 ©0.01 -0.01 122 0.01 0,02 =
RCO1 | 1728475.91) §452457. 65’ 313.34| -0.87° -0.58 -0.54 213 1.05 1994 | -0.07 -0.03 -0.01 205 0.08 ©0.02
KC02 | 1727002.51' 6452118.83 13.73] -0.35 -0.16 -0.11 203 ©0.42 1995 | -0.04 0.00 0.00 185 0.04°  0.02
RCO4 | 1727559.28 6452666.96 230.43| -0.29° -0.28° -0.41 225  0.40 1995 | -D.04 0.00 -0.03 178 0.04 0.02
KCO5 | 1727081.B9 6453178.89, 227.49| -0.11 -0.20 -0.37 242 0,23 1994 | -0.03 -0,01  0.02 136  0.03  0.02
KCO6 | 1727784.85 6453396.22_ 299.88| -0.06 -0.45 -0.47 263 0.45 1994 | -0.04 -0,04 D.0D 228 0.06 0.02
RC07 | 1727759, 313.49] 0.20° -0.06 -0.34 342 0.21 1994 0.00 -0.01 0,01 276 0.01 0.03 =
KC13 | 1726581, 02  6453089.58_ 191.10| -0.147 -0.05 -0.10 201  0.15 2007 | -0.03 0.00 -0.03 182° 0,03 0.02°
KC1d [ 1726742.43 §453605.99 259.91| -0.02° -0.07 -0.03 252" 0.08 2007 | -0.03 -g.02° -0.01 224 0.03 0.02
RC15 | 1727590.32° 6453120.95 287.06| -0.13 -0.14  -0.04 227" 0.20° 2007 | -0.02 -0.02 0.00 216 0.03  0.02
KC16 | 1727602.23 §454098.23° 326.87| -0.01° 0.00 -0.03 180  0.01 2007 0.00 0.01 -0.01 113° 0.01  0.03
KC17 | 1727302.76 6453026.42 215.25|Replaceément for KC04 i © 2012
PE04 | 1727664.62 §438848.57 166.81|-11.127 -3.17° -3.71 196  11.56 1994 | -0.41 -0.0% -0.12 192 0,42 0.04
PBOG | 1727934.92 §443758.07. 177.24]-33.52° -3.77' -5.82° 186 33.73 1995 | -0.89 -0.09 -0.12 186 0.50 0.03
PBO7 | 1728134.07 6450211.98 197.49| -41.85" -7.78" -2.72° 181 42.57 1995 | -1.11 -0,23 -0.05 192" 1,123 0.03
PBOS | 1728197.85 6450462.75 194.24[-39.56 -7.05  0.56 130 40.18 1994 | -1.05 -0.18 0.05 130 1.07 0.03
FBO9 | 1728244.01 6450848.59 188.79|-44.57 -2.44 -3.74 183 44.64 1994 | -1.33 -0.07  -0.20 183 1.33  0.03
PB12 | 1728254.64 6451583, 54’ 184.21|-75.85 -21.03" -9.08 195 78.71 1994 | -2.47 -0.76 -0.53 187 2.59  0.03
pB13 | 172804182 §452147.64 206.67|-44.15 -16.70 -3.87 201" 47.20° 1995 | -1.55 -0.64 -0.10 202 1.67 0.02
PB18 | 1730430.87 §450719.92 363.01|-16.01 §.93 -4.57 151" 18.33 1995 | -0.07 -0.02° -0.03 187 ©.08 0.03
PB20 | 1728741.10 451124 .30 232.16|-71.67 -11.38 -11.38 189" 72.56 1995 | -2.15 -0,43  -0.44 191 2.20 0,03
pB21 [ 1729240.85 6451174a. sa’ 272.17|-57.37°  6.55  -7.85 173’ §7.74¢ 1935 | -1.38 0.07 -0.18 177 1.38 0.03
pB25 | 1729670, 31 6451966.28 325.97|-32.00° 0,63 -3.02 179 32.01 199¢ | -0.10 -0.02 -0.04 132 0,10 0.03
PB26 | 1729536.54  6452252.11 262.93|-24.22  2.55 -2.41 174" 24.24 1995 | -6.08 -0.03 -0.03 202 0.09 0.04
PB27 | 172924288 645 271.21]-96.46  6.36 -13.21 176 96,67 1995 | -2.56 0.02 -0.45 180 2.58°  0.06
PB29 | 1728940.65 §452002.73° 170.41|-48.30 -27.70 -15.52° 210  55.67 1995 | -1.60 -0.72° -0.48 204 1.76 0.03
PB53 [ 1729216.82 6450754.85 289.96[-35.95° 0.93° -7.8s° 179 35.86 1397 | -1.lo  0.04  -0.20 178 1.10 0.0%
PB54 | 1729690, 15 6450448.48 357.70| -4.15 -0.21  -0.92 183 4.15 1997 | -0.07 -0.01 -0.02 181 o0.08 0.02
PB55 | 1728774.00 645G801.18° 239.55|-38.28° -2.86 -6.78 184 38.39 1yss | -1.26 -0.08 -0.18 183 1.20 0.03
PB53 | 1727757.70  6448659.52 158.92| -8.66  -2.15  -4.47 194 8,937 2001 | -0.64 -0.1§ -0.29 194 0.66 0.03
pHE4 | 1727394.56 6450932.96 63.68|-71.73 -13.99  -3.08 191 73.08 2009 [-23.09 -4.72 -3.46 192 23.57  0.03
PB65 | 1728454.20° 6449707.73 287.65| -0.47  -0.09 -0.06 131 ©.47 2010 -D.14 -0.03 -0.01 191 0.14  0.02
PBEG | 1729197.65 6450969.92 286.33|Replacement for PBSI . 2012 h : ‘ ' :
yBo2 | L12)8L7.18" 4450142.082 62.66] 63.94° 9.03° d.4a8’ 172° 64.57 1897 -2 0?7 A e6 N1 1737 2 04 Q.03




PORTUGURSE BEND LANDSLIDE MONITORING - MOVEMENT DATA POSTING as of April 18, 2013

Prepared by McGee Surveying Congulting - Document Date: 09/30/2013 Revised 03/05/2014
Monitoring Foint Movements

EARTIAL _MID-YEAR MONITORING

'Notes:

:' Indicates no @mignal of horizontal movement dektected in the last period at the 95% level of confidemce

Page _'Ns

April 18, 2013 Positions Overall Movements (US Faet} Periodic (7.1 months) Movements {US Feet)
one t Original Position to Apxrii 18, 2013 TepE. 14, 'csition to Apx 4

Point [North (Et) Eaat (ft) | Elev(ft] North ast elght AZim. 18C, @ Y@ar oXt ant aight Azig. Digt. ErxiNotel
AB04 | 1728389.95 6447121.48° 67.17| -2.04  -1.86 -0.40 222 2.76 1954 | -0.02' -0.04 -0.04 246 0.04  0.01
AB12 | 1729415,20 6448271.07 283.17| -1.28° -0.58° -0.26 204 1,41 1994 | -0.02 -0.03 -0.02 232 0,03 .01
AB16 | 1730358.57 6447532.13 376.44| -0.32° 0.01 -0.18 178 0.32 1994 0.01" 0.00 0.02 8 0,02 0,02 *
AB17 | 1731421.09 6446727.75 442.78| -0.03° -0,02 -0.02 219 0.03 2007 0.00° 0.00 -0.02 45 o0.00 0.01] +
AB20 | 1729359.43 §449685.84 396,21 -1.19° -0.42] -0.22 200 1.26 1995 | -0.06 -0.03° -0.01° 205 0.07 ©0.0L
AB50 | 1728084.51 6448247.18 182.00| -0.49 -1.01° 0.02 244 1.12 1998 | -0.03  -0.04 -0.03 236 0.05  0.01
AB59 | 1730850.25 6450212.49 434.24] -0.62" -0.07" -0.13] 186 0.62 2007 | -0.06 -0.01 -0.01 192 0.47 0.0%
RB60 [1729089.33° §447987.40 179.32] -0.37  -0.17 -0.13 204 0.41 2007 | -0.02° -0.01 -0.05 215 0.02  0.0%1
ABS1 | 1727424.49 §447990.26 140.41] -0.01° 0.00 -0.06 135  0.01 2007 0.00° 0.00 -0.04 33@ 6.01  g.00| *
AB65 | 1731705.66 6448264.06 458.53| -0.01  0.00 -0.01 194  0.01” 2012 [ -0.01 0.00 -0,01 134’ o0.01 0.03|
CRO7 | 1731627.92 6451203.36 632.18 -0.86 0.17 =-1.10 163 0.87 1994 | -0.04 0.00 ©G.01 183 0.04 ©0.02
CR50 | 1733013.59 6451037.36 872.66 -0.02 -0.01 0.00 214 0.03 1998 0.00 0.00 0.05 134 0.00 a.o01| +
PTO6 | 1729854.91° §452760.05 486.68) -0.70° -0.16 -0.38 193 0.72° 2007 | -0.06 -0.02  -0.04 201 06.07 0.01
FTO7 | 1729252.14 6454103.03 $86.65( -1.10 -1.72 -0.3§ 237 2.04 2007 | -0.04 -0.09 -0.02 246 0.20 0.02
RCO6 | 1727784.86 6453396.20 299.84[ -0.05 -0.47 -0.5% 264 0.47 1994 0.00" -0.02" -0.04 284  o0.02 o0.01
RCO7 | 1727759.41 6453683.87 313.46] 0.22° -0.05 -0.37 346 0,23 1994 0,02 0.01 -0.02 317 o0.02  o.01
RC13 | 1726581.02 6453069.56 151.09] -0.14° -0.07. -0.11 208 0.1 2007 0.00° -0.02° -0.02. 276 0.02 0.01
KC16 | 1727602.23 6454098.23 326.88] -0.02° 0.00° -0.02 188 g.02 2007 | 0.00 ©0.00 0.01 243  0.00 o0.01f =
RC17 | 1727302.74 §453026,40 215.23| -0,02° -0.02_ -0.02 229 0.03 2012 | -0.02  -0.02 -0.02 223 0.03 0.01
PBO4 | 1727664.58 6448648.49 166.69]-11,36  -3.25  -3.83 196 11.82 1994 | -0.24 -0.08 -0.12 198 0.2 0.02
PB12 | 1728253.25 6451583,09 183.84(-77.23 -21.48° -9.45 196 80.17 1994 | -1.39 -0.45 -0.37 198 1.46 0.01
PB13 | 1728040.95 §452147.25 206.54)-45.02 -17,10° -4.00 201 46.16 1995 | -0.87 -0.39 -0.13 204 0.95  0.0%
PB18 | 1730430.79 6450718.89 362.96|-16.09  €.89 -4.6§2 151 1@.39 1995 | -0.08  -0.03 -0.05 200" 0.09  q.02
PB26 | 1729538.46 6§452252.09 282.90[-24.18° 2.53 -2.44 174 24.32° 1995 | -0.07. -0.02 -0.03 197 0.08 .01
PBS9 | 1727757.34 6448659.41 158.71] -9,03° -2.25 -4.68 194 9.30_ 2001 | -0.36 -0.11 -0.21° 197 0.38 0.07
PB64 [1727382.15 6450930.51 60.16|-B4.14 -16.44 -12.60 191 85.73 2009 |-12.41 -2.45 -3.53 191 12.65 0.02
PBGG 1729197 6450969.91 288.22| -0.64 «0.01° -0.10 181 0.64  2012| -0.84° -0.01 -0.10° 181 0.64 0.0L




PORTUGCUESE BEND LANDSLIDE MONITORING - MOVEMENT DATA POSTING as of October 4, 2013 Page B/9
Prepared hy McGee Surveying Consulting - Document Date: 12/18/2013 )
Monitoring Point Movements
EULL _ANNUAL MONITORING

Notes:
» TIndicates no signal of horizontal movement detected in the last period at the 95% level of confidence

Detober 4, 2013 Ponitions Overall Movemonts |US Feot) Pariodic (12.7 montka) WMovements (05 FeoE] |
S/ one t VD — orlginal Posicion Eo October 4, 2013 Tepc. 14, 2012 Position to October 4,
Point{Nox¢t. LS av —Hozth  Easc Helight Azim.® OIigot. = VYear | WOTE Aot HBight Azim. ac. TT] Hote
ABO1| 1729427 .56 6445709.60 178,51 -0.02° -0.01 -0,11 206 0.03 1994 .02 0.01 -0.03 33 g.02 0.02) =
AB02 | 1726946.99 6447968.69 116.45| ©.01 0.01 -0.03 34 0.01 2007 0.02° 0.01 -0.02 377 0.0z o.02] ¢
ABO4 | 1728389.95 6447121.51 §7.16| -2.04  -1.84 -0.41 222" 2.75 1994 | -0.02 -0,02 -0.04 223 0.03 0,02
ABOS5 | 1728074.49 §447643.63 80.46] -1.23° -1.54  -0.44 231 1.97° 1994 | -0.02" -0.04 -0.04 237 0,04 D.02
aB12|1729415.18 6448271.06 2g3.16| =-1.30° -0.58 -0,27 204" 1.43° 1994 | -0.04  -0.03 -0.03 223" p.05 o0.02
aB13|1729927.87 6448235.7% 364.46] -1,03 -0.25 -0.57 194"  1.06 1994 | -0.04  0.00 -0.01’ 177 @§,04 0.02
AB16 | 1730358.54 6447532.13 376.39] -0.35 0.00 -0.23 186 0.35 1994 -0.02 -0.01 -0.02 202 @,02 0.03| *
aB17|1731421.10° 6446727.74 442.81[ -0.02) -0.04  0.01 237 0.04 2007 0.01" -0.01 0.0z 293 0,01 @.03| *
AB20| 1729359.40 6449685.84 396,20 -1.22 -0.42 -0.23 199 1.29° 1995 | -0.08° -0.03 -0.02° 197 @O,10 0.0l
AB24[1729629.42 6447755.63 335.73[ -0.8% -0.33 -0.18 200" 1,00 1997 | -0.03’ -0.02" -p.02’ 217 0,04 8.02
AB50 | 1728084.51 6446247.18 182.00( -0.4% -1.00 0.0z 244 1.11° 1998 | -0.02" -0.04 -0.02° 237 0.04 0.02
ABS1|1729616.40 6447306.45 305.14| -0.61 -0.09 -0.28 189’ 0,62 2002 | -0.01 ©0.02 -¢.02 122 0.03 0.02
ABS53|1730430,21 6449712.24 352.86] -0.90 -0.13 -0.27 188 0.91 2002 | -0.08 0.01 0.0l 173" 0,08 0.04
AB56|1732213.90 6448545.59 571.55| -0.41 0.13 -0.10 162 0.43 2007 | -0.06 0.04 -0.01 150 0,07 ©.02
AB57) 173192641 6448759.48 564.78( -0.50 ©.12 -0.15 167 0.51° 2007 | -0.06 0.03 -0.01 153 0.07 0.02
AB58|1731117.55 6449074,93 405.68] -0.47  0.00 0.00 180 0.47" 2007 | -0.04 .01 0.03' 167 0.04 0.05| *
ABS55 [ 1730850.22 6450212.49 434.22| -0.,65 -0.07 -0.15 186 0.65 2007 -0.10  -0.61 -0.03 186 0.10 0.02
AB60|1729089.34 6447987.41 179.33| -0.37 -0.16 -0.12 203"  0.40 2007 | -0.01" 0.00 -0.04' 166  0.01 0,02 *
AB61|1727424.49 6447990.27 140.42| ~-0.02 0.01 -0.0S 152 0.02 2007 | -0.01 0.00 -0.03 164 0.01 0.02f =«
AB62|1728910.26 6446925.42 142.98] -0,09 -0.0¢ -0,03 204 0.10 2011 | -0.03 -0.01 -0.04 2000 0.03 0.02
AB63 | 1729059,22 §447306.97 180.79| -0.08 -0.07 -0.05 214 g.10° 2011 | -0.02" -0.02  -0.03 229 0.03 0.02
AB64|1731830,71 6447373.07 532,21 0.02 -0.01 -0.04 321 0.02 2012 0.02° -0.01 -0.04 321 0.02 0.02f *
AB65|1731705.66 6448264.09 458.54| -0.02  @.02 0.00 130" 9,03 2012 | -0.02° o0.02 0,00 130 0,03 0.02
AB66 | 1730047.23 6448490.52 374.29| -0,05 -0.01 0.01 186" 0.05 2012 | -0.05 -0.01  o0.0L 186 0.05 0.02
AB67|1731180.40 6447741.76 405.31) -0.01 g.01 -0.01 1537  g.01 2012 | -0.01  0.01 -0.01 153 0.0l 0.02| *
AB68| 1730258.84 6448055.36 393.40 -0.02 -0.01 -0.04 204 0.02 2012 | -0.02° -0.01 -0.04 204 0.02 ©.02| *
PB52| 1726595.83 6451384.31 3.91] -0.54 -0.07  0.08 187 0.54° 2007 | -0.11 0.0l 0.04 173 0.11  0.04
CRO7 | 1731627.89 6451203.35 632.11| -0.89 0.16 -1.17 1700 0,91 1934 -0.07 0.00 -0.06 184  0.07 Q.02
CR50|1733013.57 6451037.37 872.64| -0.04 0.00 -0.02 184 0.04 1998 | -0.03 0.01 0.02 156 .03 0,02
CR51|1733061.99 6452361.88 976.17| -0.04  ©0.02° -0.08 159" 0.04 1938 | -0.01 0.01 0.02 145 0.01 o0.0z2| *
cR53|1732780.29 6450224.19 780.73 p.01'  0.00° o0.00 2012 0.01 0.00 0,00 o o0.01 o0.02] *
PTO6|1729654.86 §452760.05 489,65 -0.75 -0.16 -0.42 192"  0.77 2007 | -@.11 -0.02 -0.08 190 0.12 0.02
PTO7|1729252.12 €454102.96 sga.63| -1.12° -1.79  -0.38 238" 2.11 2007 | -0.06 -0.16 -0.04 249" @.17 0.03
Pr08]1729388.67 6453350.51 g58.41| -0.02° 0,01 -0.03 151 0.02 2007 0.00 0.02 -0.,02 93 0.0z 0.02] *
KCoi[1728475.83 6452457.62, 312,28 -0.95 -0.61 -0.60 213" 1.13 1994 | -0.08 -0.04 -0.05 205" 0.09 0.02
KCD3Z | 1727002.47 §452118.84 13.70| -0.42° -0.15° -0,14 2000 0.45 1995 | -0.03 0.01 -0,02 160- 0.04 0.02
xCO5 | 1727081.89 §453178.88 227,46| -0.11" -0.21 -0.40 242" 0.24 1994 | -0.01 -0.01 -0.03 240 o.01 o0.02| *
KCO6 | 1727784.85 6453396.21 299.85| -0.06 -0.46 -0.50 263 0.46 1994 0.00 -0.01 -0.03 236 0.01 Q.02 *
Kco7] 1727759.41 6453683.86 313,47 0.22° -0.06 -0.36 346 0.23° 1994 0.02  0.01 -0.01 22" 0.02° 0.0z *
Kci3|1736580,98 §453069.60 1s1.06| -0.17" -0.03° -0.1d’ 191" 0.18 2007 | -0.03 0.02 -0.04 147" 0.04 0,02
RCL4|1726742.44 6453906.00 259,90 0.00° -p.0s’  -0.04 268" 0.06 2007 0.02 0.02 -0.01 a1 p.03" o.02] 7
RC15| 1727590.29 6453120.94 287.03| -0.16 -0.16 -0.07 228" 0.23° 2007 -0.02 -0.02 -0.03 213 0.03 0.02
Ke16| 1727602.24° 6454098.24 326.g8| -0.01"  0.01 -0.02 1217 0.01 2007 0.01 0.01 Q.01 s1 0.0t 0.0z
RC17[1727302.74 6453026.41° 215,24| -0.02" -0.01" -0.02" 216 0.03 2012 | -0.02 -0.01 -0.02 216 ©0.03  0.02
PB4 [1727664.447 6448848.46 166.65| -11.50 -3.28  -3.87 1967 11.95 1994 | -0.38° -0.11 -0.15 196 0.39  0.03
pBOG | 1727934.33 6449757.99 177.13| -34.12° -3.85° -5,93° 165 34.34 1995 | -0.60 -0.08 -0.11 188 0.60 0.02
PBO7 | 1728133,26 £450211.82° 197.39| -42.67 -7.94  -2.82 19t 43.40 1995 | -0.81 -0.16 -0.09 191  0.83  0.02
PBOB | 1728197.20 6450452.60 194,26 -40.30° -7.13°  o0.58 180" 40.94 1894 | -0.75 -0.15 0.02 191  0.76 0.03
$B09 | 1728243, 00 6450848.55 166.58| -45.56 -2.47  -3.94 183 45.65 1994 | -1.01 -0.04 -0.20 182 1.01 0.03
pB1Z | 1728252,35 645158281 183.67| -78.14 -21.76 -5.62 196" 81.11" 1994 [ -2.29° -0.73 -0.54 198 2.41; 0.02
pBI13 | 1728040.35 6452147.01 206.52| -45.82 -17.33° -4.02 20t° 48.80 1995 | -1.47° -0.63 -0.15 203 1.60 0.02
ps18[1730430.78 6450719.92° 362.94| -16.11 B.92° -4.64 1517 18.41° 1995 | -0.10 ©0.00 -0.06 183  0.10 Q.02
PB20 | 1728739.17 6451123.87 231.72| -73.60 -11.81 -11.82 189" 74.54° 1995 | -1.94 -0.43 -0.44’ 182 1.98 0.02
pB21| 1729239.78 6451178.72 271.99| -58.44  6.66 -8.03 173" ss.82’ 1395 | -1.07  0.12 -0.18 174  1.07  0.02
PH25 | 1729670.19 $451996.23 325.94| -32.13 0.58 -3.05 1737 32.13° 1954 -0.13" -0.05 -0.03 202 6.13 o0.0L
pB26 | 1729538.42 6452252.10 262.89| -24.23°  2.54° -2.45 174" 24.36 1995 | -0.12 -0.01 -0.03’  1B4 0.12 0.02
PB27 | 1729240.60 6451842.46 270.83| -98.74  6.33 -13.60 176" 98.95 1985 | -2.23  0.04 -0.3% 179 2,29 0.02
pp29 | 1720835.12 §452092.15 169.87| -49.82° -28.34 -16.06 210" 57.32 1935 -1,52 -0.64 -0.54 203 1.65 0.03
PB4 | 1729690.65 6450448.46 357.73| -4.24° -0.23° -0.89° 183" 4.25 1397 | -0.10 -0.02 0.02  1%0 0.1  0.03
PBS5| 17208772.93 6450801.16 239.47| -39.35 -2.88 -6.86 184" 39.46 1998 | -1.07 -0.02 -0.08 181  1.07 0.05
PBS9 | 1727757.09  6448659.36 158.60| -9.28 -2.31" 4079 194 9.56 2001 | -0.61 -0.16 -0.32° 195 0.63  0.03
pB64 | 1727369.21° 6450928.11° 56.84| -97.08 -18.83 <15.92 191" 98.89 2009 |-25.35 -4.84 -6.84 191 25.81  0.05
PBG5 | 1728454.06 6449707.70 287.66| -0.60 -0.12  -0.09 191"  0.62 2010 | -0.14 -0.03 -0.03 192 0,14 0.02
'PREE | 1729196.66 6450969.95 288.18| -0.95  0.03° -0.13 1767 0.93° 2012 | -0.99] 0.03 -0.13 178 0.98° 0.02
usoz|1727516.04" 6160143.74° 67 &7| ~65 ART 9 16" -4.54° 172" §5.,72 1997 -1,14° 0.127 -0.04" 174" 1.14  0.02




PORTUGUESE BEND LANDSLIDE MONLITORING - MOVEMENT DATA POSTING as of April 7, 2014
Prepared by MaGee Surveying Consulting - Document date: 05/14/2014

Notes:

g Indicates no signal of horizontal movement detected in Lhe last period at the 55% level of confidence

Monitoring Point Movements

EARTIAL MID-YEAR MOWITORING

Page
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April 7, 2014 Positions Overall Movements {US Peekt) Tariodia (6.0 months) Movements (U3 Feet)
'NADO3 SPC Zone & (Ft) NAVDHE Original Pogition to April 7, 2014 Oetober 4, 2013 Posiction Eo April 7, 2014

Point{Not ag evitt Wozth Tastc ~ Height Azim.' Dist, Year | Noxth East Height Azim.® Diot. OUSkEcr|Nate
ABO4 | 1720389.93 6447121.48 67.13| -2.07 -1.87 -0.38 222" 2.78 1994 -0.02° -0.03" .03 232" 0.04 0.02
AB12 [ 1729415.17 6448271.07 283.20( -1.31 -0.58 -0.23 204 1.43 1994 | -0.01  a.61 0.03 138 0,00 0.02] =
AB16 | 1730358.55 6447532.14° 376.47| -0.34 0.01  -0,15 178 0.34 1934 0.01" 0.0 0.08 41" o0.02° 0,03 -
ABL7|1731421.11 6446727.74 442.87| -0.01 -0.04 0.07 259 0.04 2007 0.02° ©0.00 0.06 353 ©0.02 0.04]
AB20|1729359.39 6449685.84 396.23| -1.24 -0.43 -0.20 193 1.31 1995 | -0.01 -0.01  0.02 215" 0,02 0.01
AB50 [ 1728084.51 §448247.16 182.02| -0.4% -1.02 0.04 244 1.13 1398 0.00° -0.02° 0.01 264" 0.02° 0,03] «
ABS9 | 1730850.20 6450212.50 434.25( -0.67 -0.05 -0.12 184 0.57 2007 -0.02° ©0.01  o0.02 142° 0,02 0.02] «
ABEO | 1725089.34 6447987.40 179.36 -0.36 -0.17 -0.09 204 0.40° 2007 0.00° -p.01" 0.02 283 0.01 o.02] «
ABG1| 1727424 .48 6447990.26 140.44| -0.02 0.01  -0.03 155 0.02° 2007 0.00° ©0.00 0.02° 315 0.00° o0.01
ABES5 | 1731705.65 6448264.08 458.55] -0.03° 0,01  0.02 153" 0.03 2012 | -0.01  -0.01 0.02 218 0.01 0.02] -
CROT | 1731627.89 6451203.36 632.18| -0.88°  0.17 -1.09 169 0.91 1994 0.00  0.01L 0.08 69" 0.01 o0.02|
CR50|1733013.59 6451037,37 872.75| -0.02°  0.00 0.09° 191" 0,02 1998 0.02° 0.0 0.1 357 0,02 0.03] =
PTO6 | 1729654.83  6452760.04 488,68| -b.78° -0,17 -0.37 192  ©0.80 2007 -0.03 -0.02 0,05 210 0.03 0.02
PTO7 | 1729252.10 6454102.96 588.67| -1.14 -1.79 -0.34 238" 2,12 2007 | -0.02° 0.00 0.04 180 ©0.02 0.04] =
KOS | 1727784 .64 6453396.13 299.87| -0.07  -0.47 -0.28 262" 0,48 1994 | -0.01 -0.02 0,01 246 0.02 0.02| =
%C07 | 1727759.41 6453683, 86 313.51 0.22° -0.05 -0.32 346 0.22° 1994 0.00° 0.00 0.03° 153" @©,00 0.03| =
KC13 | 1726581.00 6453069.59 191.18| -0.16 -0.05 -0.10 196  0.17 2007 0.01 -0.01 0.04 315 ©2.02 0.02| =
KC16|1727602.24 6454098.23° 326.87| -0.01  o0.00 -0.03 151" 0.01 2007 0.00  -0.01 -0.01 275 0.01 0.03f -«
KCL7 | 1727302.74 6453026.38 215,23 -0.02 -0.04 -0.02 243 0.05° 2012 0.00° -0.03° 0.00 266 0.03 0.02
PBO4 | 1727664.28 644P8468.42 166.62| -11.65 -3.32 -3.90 196 12.12° 1994 | -0.16 -0.04 -0.03 133 0.1 0,03
2812 | 1726251.48  §451582.51 183.42| -79.01 -22.06 -9.87 196  82.03 1994 | -0.86 -0.30 -0.25 1895 0.92° 0,93]
PB13 [ 1728039.80 §452146.77 206.46| -46.17 -17.57 -4.08 201 49.40 1995 | -0.55 -0.24 -0.05 203 0.§0 0.03
PB18|1730430.76 6450719.91 362.58| -16.12°  8.92 -4.50 1517 18.42° 1995 | -0.01  0.00  0.04 183 0.01 0.02
PB26 | 1729538.39 6452252.10 262.92| -24.26  2.54 -2.42 174 24.39° 1995 | -0.03 0.00 0.02° 178 ©0.03 0.02
PB53 | 1727756.85 65448659.33 158.51| -9.51 -2.34 -4.88 194 9,80 2001 | -0.24 -0.03 -0.09 188 0.24 0.04
P64 | 1727352.77 6450925.28 55,04|-113.52 -21.67 -17.72 191 115.57 2009 |-16.45 -2.84 -1.80 190 16.69 0.06
PB6G| 1729196.14  6450965.95 280.15| ~-1.36  0.02 -0.18@ 179 1.30 2012 | -0.32  0.00 ~0.04 181 0.32  0.03
PBE7| 1727636.73  6450858.18 76.01|Replacement For PB64 2014
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Survey Report
for the
Portuguese Landslide Monitoring Survey

September 14, 2012
(See Page 16 for the April 18, 2013 Partial Monitoring)
for the

City of Rancho Palos Verdes
by
McGee Surveying Consulting

Client: City of Rancho Palos Verdes;

Surveyed by: McGee Surveying Consulting

Project Name: Portuguese Bend Landslide Monitoring Program

Location: City of Rancho Palos Verdes, California; County: Los Angeles; State: California

PROJECT OVERVIEW:

On behalf of the City of Rancho Palos Verdes, McGee Surveying Consulting performed slide monitoring and
control surveys at Portuguese Bend in September 2012 and a partial monitoring in April 2013. The purpose of
the survey was to establish accurate positions on monitoring points to determine overall and periodic
movements. The results of the survey are described in this Report and reported on attached spreadsheets titled
“Full Data Posting”. The April 2013 partial monitoring is addressed at the end of this Report.

The field survey was planned, coordinated and executed by Michael McGee, PLS3945 of McGee Surveying
Consulting. Michael McGee, PLS is responsible for the final processing of the observations, network
adjustments, analysis and reports. The monitoring points cover approximately a 1% mile square area and are
measured annually or more often as necessary to determine the rate and extent of ground movement. Global
Navigation Satellite System (GNSS formerly referred to as GPS) technology was used to measure positions
based on the North American Datum of 1983 (NAD83) and the North American Vertical Datum of 1988
(NAVD 88). This survey is referenced to the California CGPS (Continuous GPS) Stations in the region which
are permanently mounted GNSS receivers used for monitoring seismic activity. The CGPS in California are
similar to the nationa] CORS (Continuously Operated Reference Stations).

Many of the points move a few inches or less per year; therefore, the requirement is to meet an accuracy
standard of one centimeter (0.033 feet) at the 95% Level of Confidence. In the active slide area where the
movements approach a foot or more per year (PB and UB points in the central portion), the accuracy standard is
two centimeters (0.066 feet). Field procedures are designed to accomplish this purpose and Quality Control-
Quality Assurance (QAQC) processes discussed hereafter are incorporated to verify these accuracies are
attained.

The movements reported between October 3, 2011 and September 14, 2012 (11.4 months) statistically attained
an overall average accuracy of 0.027 feet at the 95% Level of Confidence. The actual accuracies of these
measurements is estimated to be 0.02 feet as demonstrated by the measured vector residuals, repeatability of
measurements at points considered stable, and the analysis of movement deflections. Refer to the sections titled
ACCURACY, DEFLECTION ANALYSIS and SUMMARY at the end of this Report for more information.
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HISTORY

This survey is a continuation of a monitoring survey program initiated by the County of Los Angeles and taken
over by the City of Rancho Palos Verdes circa 1994. McGee Surveying Consulting has conducted the field
surveys and reporting since September 2007. See the September 2007 Survey Report for a history of the
previous survey process between 1994 and 2007. See the subsequent Survey Reports for the December 2008,
November 2009, October 2010 and October 2011 campaigns.

PROJECT DATUMS, REFERENCE SYSTEM

Horizontal Datum: North American Datum of 1983 (NAD83) established by the National Geodetic Survey
(NGS); Epoch: 2007.00 referred to as NAD83(2007).; Units: Feet

Reference Network: The survey is referenced to the CGPS Stations (continuously operating GNSS receivers)
mounted on a stabile platform. For more information see NGS Data Sheets for the PID's listed below (no data
sheet exists for PVE3). The positions listed below were obtained in September 2007 from the California Spatial
Reference Center (CSRC). The CSRC provides CA Public resources Code sanctioned positions for the
California CGPS Stations.

CGPS Latitude (dms) Longitude (dms) EH(feet) NGS PID NAME

PVE3 33 44 35.853250 -118 24 15.269036 235.42 nene PALOS VERDES CORS
PVHS* 33 46 46.020150 -118 22 19.741258 853.99 AJ1915 PENINSULA HIGH SCH
PVRS** 33 46 25.991904 -118 19 14.067218 198.63 AJ1916 PALOS VERDES RES
VTIs 33 42 45.489584 -118 17 37.712280 197.52 AJ1936 MARINE EXCHANGE

* Station not operating during this survey
+# Palls in the proximity of a Fault Line as shown below but appears unaffected to date

CGPS Stations (north up)

2]
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Vertical Datum: North American Vertical Datum of 1988 (NAVD88) established by the NGS

Geoid Model: Geoid 03; note Geoid09 became available from the NGS in 2009 and Geoid12A in 2012;
however, Geoid03 is retained to be consistent with prior reported heights and the primary purpose of
determining relative changes over time.

Reference Network: CGPS Station VTIS is also a Second Order leveled benchmark and the original basis for
the heights by this survey (see NGS Data Sheets, PID’s listed above)

CGPS NAVD 88 Ht(feet)

PVE3 none

PVHS 972.1 Baged on a Refined Geoid Medel

PVRS 316.37 Based on Second Order Leveling by CSRC

VTIS 315.26 Based on Second Order Leveling by CSRC and original basis for this survey

Projection: NAD83 California State Plane Coordinates Zone 5: The State Plane Coordinate Parameters follow.
The average Scale Factor is 1.00007543, the Ellipsoid Height Reduction Factor based on the average ellipsoid
heights is 0.99999092, and the average Combined Grid Factor is 1.00006635. Distances in this survey are grid.
To obtain ground distances divide grid distances by the Combined Grid Factor. Grid bearings resulting from this
survey must be rotated by a Convergence Angle to obtain geodetic (true) bearings. The average convergence
angle is -0-12-30+ (rotate left 0-12-30).

Datum Stability: The NAD83(2007), 2007.00 Epoch adjustment is one of a series of adjustments of NADS3
since its adoption in 1986 and is the datum used for the monitoring surveys since 2007. Rancho Palos Verdes
sits on the Pacific Plate which is moving west-northwesterly relative to the North American Plate about 4
centimeters (0.14 feet) per year. The area southwesterly of the Fault Line shown on the above map includes the
City and is moving at a constant rate as exhibited by the N, E, Up velocities of the CGPS Stations listed below.
These CGPS Stations provide a rigid reference frame for the Portuguese Landslide Monitoring Program that is
validated during each monitoring campaign. See the Adjustment results on Page 8 and the September 2007
Monitoring Survey Report by McGee Surveying Consulting for additional information.
Annual Velocities in Feet
Referance Epoch 2012.7
CGPS North East Up
PVE3 0,061 -0.134 -0.004
PVES 0.059 -0.130 -0.007

PVRS 0.057 -0.131 0.001
VTIS 0.061 -0.131 -0.004

FIELD SURVEYS. DATA COLLECTION, EQUIPMENT & PROCESSING

72 monitoring points were occupied and reported in this survey. Site photographs and recovery sheets detailing
the location, character of the monuments and obstructions were updated. See the Appendix for "Monitoring
Point Status for 2013 Prepared 12/09/2012"

Monument AB61 was established in September 2007 on Portuguese Point and is used as the primary base
station for Monitoring Surveys. The location is secured behind a locked gate, has a mostly clear horizon above
10 degrees, and sits on a stable basalt geological formation. A 5/8” x 2 rebar with a plastic cap and tack named
“AB61ECC” was set for a reference monument on 10/23/2010 to test the local stability of AB61.

The field survey commenced each day by setting a GNSS receiver on a fixed height pole on AB61 and AB20
while a GNSS receiver roamed freely collecting observations on a fixed height pole at 71 points. This results in
two measured vectors to each point. Beginning this year, points in the active central area with annual
movements greater than 0.3’ (PB and UB areas) were occupied a single time and a linear comparison was made
with movements from prior years to verify the accuracy meets the 0.07 foot requirement. Otherwise, all other
points were occupied twice under a different constellation of satellites on a different day. If the two
measurements were within 0,03 feet they were accepted, otherwise a third measurement was obtained.

4
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Many of the points are over-shadowed by mature trees and shrubberies which interfere with signals received
from satellites and can affect the quality of measurements. To obtain the best possible accuracies, the satellite
constellation is compared with obstruction diagrams to estimate the best time for observing a point. On site,
those satellites obstructed by foliage and trees are either turned off or noted for removal in post-processing. If
six or more un-obstructed satellites with a GDOP (measure of the geometry of the constellation) of 4 or less are
available, then the measurement commenced for a minimum of 15 minutes of data collection. If the geometry
and number of satellites are insufficient then the receiver is moved to the next point and returned later when

satellite availability improves

Three Leica geodetic GNSS receivers and antennas listed below were utilized to collect, and store satellite
signal data. Three, 2 meter fixed height poles were set at the base stations and for the observations of the
monitoring points. Prior to initiating the field observations a calibration of the fixed height poles was conducted
with a theodolite to verify their heights and plumb. The top of the poles were found to be plumb within 0.004
feet of the bottom consistent with prior years. Additional checks were made each day. There were no equipment

failures.

GNSS Survey Parameters:

Date of Field Surveys: 09/10/12 to 09/16/12 (09/14/2012 mean date) 0600-1800 PDST (+7 hrs for UTC).
Constellation: 30 NAVSTAR GPS satellites and 23 GLONASS satellites.
Observables: L1 & L2 Carrier Waves and Codes
Epoch Rate & Occupation Times: 10 seconds for 15 minutes and 4-11 hours for CGPS connections.
Minimum Satellites: 11; GDOP < 4 ; Elevation Mask for Data Collection and Processing: 15 degrees;
Ephemeris: Rapid for Static Post-Processing for CGPS connections and Broadcast for on site.
Weather conditions: Generally clear skies and mild temperatures.
Space Weather: Boulder K Index was 1-3 on a scale of 0-9 (<5 preferred) which gauges ionospheric activity.
Equipment:
GNSS Base Receiver Unit No.: M5, Operator: M. McGee, PLS; Station Occupied: AB61 (Basel)

Make & Model: Leica GS15; Antenna Leica GS15; Mount: Fixed Height Pole #2; Antenna Height: 2.086m
GNSS Rover Receiver Unit No.: M6, Operator: M. McGee, PLS;

Make & Model: Leica GS15; Antenna Leica GS15; Mount: Fixed Height Pole #1; Antenna Height: 2.087m
GNSS Rover Receiver Unit No.: M7, Operator: M. McGee, PLS, Station Occupied: AB20 (Base2)

Make & Model: Leica GS15; Antenna Leica GS15; Mount: Fixed Height Pole #3; Antenna Height: 2.085m

Vectors were processed using Leica LGO v8.1 post processing software. Analysis of residuals led to the
rejection of 3 out of 47 vectors connecting the CGPS Stations and AB61, and 6 out of 251 vectors connecting
monitoring points. Network adjustments and analysis were performed with "Starnet-PRO” version 7.0 software.
Rinex files of the satellite measurements for the CGPS Stations were downloaded from the SOPAC website.
The Rapid Ephemeris and Absolute Antenna Models were downloaded from the NGS website. The Absolute
Antenna Models published by the NGS replaced the Relative Models used prior to 2011.

NETWORK

AB61, the primary Base Station, sits on Portuguese Point and is the focal point of the static network connecting
the monitoring points and CGPS Stations. 72 on site points and 3 CGPS Stations were connected with 298
vectors measured 1-3 times. See the Network Maps on the next page and the Aerial View in the Appendix.

The monitoring plan uses the CGPS Stations to verify the stability of the reference frame. During the time of
this survey PVHS was not available. The primary CGPS Station used to control this survey is PVE3 located just
south of City Hall and 1.8 miles west-northwest of the Base Station AB61. CGPS Station PVRS is 3.9 miles
northeast, and VTIS is 4.9 miles east-southeast uf ABG1 as shown on the Network diagram.
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Survey Network with CGPS Stations (north up)
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