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completed during the period of July 2008 through June 2009.

Fugro appreciates this opportunity to be of service to the City of Malibu and the District

homeowners. Please contact us at our office if you have any questions regarding thi

Sincerely,

encer, E.L.T. hristopher W. Dean.
Project Engineer, Project Manager Senior Engineering Geologist

Associate Engineer

Copies Submitted:  (2) Addressee and 1-CD
(1) City of Malibu Geology & Soils Staff

A member of the Fugro group of companies with offices throughout the world.

1SO9001 | |oHsAS 15001

S

wcs | | wes |

Cenificate No. 6451 Corficane No. OH 1253



Calle del Barco Landslide Assessment District, City of Malibu
October 19, 2009 (Project No. 3399.005)

CONTENTS

1.0 INTRODUCGTION. .. oottt e e e e anneeas

1P B W 1 Lo 4 = Y o o 1
1.2 BacKgroUNd .........ouueiiiiiiii e
1.3 SCOPE OF WOTK ... e
1.4 Report Organization...........couuuiiiiiii e
1.5 Report Availability ..........coooomiiiiiii

2.0 MONITORING ... ..o e

2.1 RaINfall Data........coooiiiiiiiie e
2.2 Groundwater MONItONNG .......oooviiiiiiii e
2.2.1 Standpipe Piezometers..........ccooiiiiiiiiiiiiii e,
2.2.2 Pneumatic Piezometers ...
2.2.3 Groundwater Level DiSCUSSION...........cccooiiiiiiiiiiiiiiiieeeeeeeeeeeeeee
2.3 Dewatering Production ............oouuiiiiiiiiiiiee e
2.3.1 Dewatering Well Production ..............coooviiiiiiiiiiiieccc e,
2.3.2 Hydrauger Production .............cccoiiiiiiiiiiiiiie e
2.4 Slope Inclinometer Measurement .............cccoooiiiiiiiiiiiei e

3.0 FACILITY MAINTENANGCE ... e

3.1 MaintenanCe SUMMANY .......ccoooiiiiieee
3.2 New Dewatering Facilities. .........cccoooioie e

4.0 SUMMARY AND CONCLUSIONS.......cooiieeeeeeeeeeeee e
o S W[ 1 0 = VPSR

5.0 REFERENGCES ... ... e

TABLES

1 Summary of Average Groundwater Elevations by Area...........ccccoevvvvviiiiiiiiiininnnns
2 Maintenance ACHIVILIES ........coovui i

]| LY oY= 1 [o] a1 1Y = T TP
ASSESSMENT DISIIICt MAD ... .o
Malibu Area Monthly and Annual Rainfall................cccoiii e
DY = =Ty T o T ] = o] [PPSR
Summary Graph: Groundwater Levels, Dewatering, & Rainfall .....................ieee .

M:\WP\2009\3399.005\RPT9_09.DOC |

Page

N OO0 OO0 OO ABEARBRABDROWWODNDNDN NDNN_22 A A



Calle del Barco Landslide Assessment District, City of Malibu

October 19, 2009 (Project No. 3399.005)

APPENDIX A

APPENDIX B

APPENDIX C

M:\WP\2009\3399.005\RPT9_09.DOC

CONTENTS - CONTINUED

APPENDICES

GROUNDWATER DATA

Pneumatic Piezometer INformation .............cccoiiiiiiiiiie e Plate A-1
Calle Del Barco Groundwater Levels ............oooo it Plate A-2
Groundwater Hydrograph - Rambla Vista.............ccooveiiiiiiiiie e Plate A-3
Groundwater Hydrograph - Calle Del Barco............cccoveeiiicciiiiiee e Plate A-4
Groundwater Hydrograph - Rambla PacifiCo...........c.ocoeviiiiiiiiii e Plate A-5
DEWATERING DATA

Well and Hydrauger INformation..............ooooiiiiiiiii i Plate B-1
Dewatering Well Graph - Rambla Orienta & SIOpe...........cccceiviiiiiiiiieiiec e Plate B-2
Dewatering Well Graph - Calle Del Barco & Rambla Pacifico............ccccccoeeviiiiinicenns Plate B-3
HYArauger Graph........cooueiioice ettt s Plate B-4
SLOPE INCLINOMETER DATA

Summary of Slope INCINOMELETS ........ccccuviiiiiiie e Plate C-1
Calle Del Barco 2008-2009, SI-4 through SI-16 ........ccoveiiiiiiiiiiieeeeee, Plates C-2 through C-13

-l-'utann



Calle del Barco Landslide Assessment District, City of Malibu ‘l'-llGRﬂ
October 19, 2009 (Project No. 3399.005)

1.0 INTRODUCTION
1.1 AUTHORIZATION

Fugro prepared this data report in accordance with our contract with the City of
Malibu (City), commencing July 2006.

1.2 BACKGROUND

The Calle del Barco Landslide Assessment District (Assessment District) was
established in 1986 by the County of Los Angeles following the activation of a landslide
between Rambla Orienta and Calle del Barco in 1978. The Assessment District provides
permanent funding to maintain and monitor dewatering facilities with the purpose of
stabilizing the landslide. The County administered the Assessment District until 1991 when
the City of Malibu incorporated. Since then, the City has administered the Assessment
District, utilizing consultants to maintain and monitor the district facilities.

1.3 SCOPE OF WORK

This annual report summarizes the monitoring and maintenance of the geotechnical
instrumentation and dewatering facilities for the period between July 1, 2008, and June 30, 2009
(hereinafter, the 'monitoring period’).

Data collected during this monitoring period included the following:
¢ Annual rainfall data from a local rain gauge operated by the County of Los Angeles,
Department of Public Works - Water Resources Division;

e Monthly groundwater level measurements from 9 standpipe piezometers and
22 pneumatic piezometers;

o Monthly dewatering production readings from 11 dewatering wells;

e Monthly dewatering production readings from 8 horizontal drains;

e Quarterly ground deformation measurements from 11 slope inclinometers; and

e Periodic maintenance of dewatering and monitoring facilities.

The operating condition of the instrumentation and dewatering facilities was checked at
each field monitoring/observation location and by evaluating preliminary data in the office as

they were received. Maintenance was performed as needed, based upon the field observations
and preliminary data evaluation.

The scope of services include monitoring and maintenance of the Assessment District
facilities. The services provided on an annual basis for the Assessment District do not include
an engineering evaluation of the stability of the landslide.

M:\WP\2009\3399.005\RPT9_09.DOC 1
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1.4 REPORT ORGANIZATION

This report summarizes the monitoring data collected during the monitoring period and
presents conclusions regarding the annual monitoring results. The location of the Assessment
District is illustrated on Plate 1 - Site Location Map. Locations of the geotechnical
instrumentation are shown on Plate 2 - Assessment District Map. Tabulated and graphic
summaries of monitoring data are presented in Appendices A through C.

1.5 REPORT AVAILABILITY

The annual Assessment District reports are available for review at Malibu City Hall and
the Malibu Library. Reports may also be viewed on the City's website at
http://www.ci.malibu.ca.us. Paper copies or electronic versions on CD (Pdf format) are also
available for purchase from the City and Fugro.

2.0 MONITORING
21 RAINFALL DATA

Rainfall totals were tabulated based on recorded values from the Los Angeles County
Rainfall Station 1239 - located at Big Rock Mesa. A combination graph of historical and annual
cumulative monthly rainfall totals is shown on Plate 3.

Rainfall data indicate that approximately 11.02 inches of precipitation fell during the
monitoring period from July 2008 through June 2009. The average rainfall total from 1968 to
2009 in the Malibu area for the period July through June is approximately 16.02 inches.

Rainfall data is usually analyzed in terms of the annual "rain season" from October 1
through September 30. Rainfall for October 1, 2008 through June 30, 2009, was approximately
11.02 inches. This is approximately 69 percent of the average rainfall total of 16.02 inches for
the rain seasons of 1968 through 2009.

2.2 GROUNDWATER MONITORING

The groundwater-monitoring data collected during this monitoring period are
summarized in Appendix A. Groundwater levels fluctuate throughout the year and from year to
year in response to natural and man-made influences. The primary natural influence is varying
precipitation. Man-made influences include:

¢ Infiltration from septic systems;

o Infiltration from irrigation;

o Alterations to surface drainage by grading, landscaping, storm drains, and rain
gutters;

e Accidental water discharges from leaking utilities (water, irrigation, sewer, storm
drain) and swimming pools; and

o Dewatering activities including pumping dewatering wells and hydraugers.

M:\WP\2009\3399.005\RPT9_09.DOC 2
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Typically, groundwater levels rise relatively quickly following significant rainfall and
gradually lower after a wet season ends. Groundwater levels measured in standpipe
piezometers (wells) and pneumatic piezometers are depicted in Appendix A. Groundwater
levels recorded in the Assessment District typically peak around late March to mid April and
gradually decline from late September through November.

2.2.1 Standpipe Piezometers

Nine standpipe piezometers (SI-4, SI-5, SI-7, SI-8, SI-9, SI-13, SI-14, SI-15, and SI-16)
were measured over the monitoring period. The locations of the standpipe piezometers are
shown on Plate 2 and hydrographs are presented in Appendix A.

2.2.2 Pneumatic Piezometers

Each of the inclinometers installed within the Assessment District after 1996 were
outfitted with two to four pneumatic piezometer sensors. Twenty-two sensors were measured
regularly over the monitoring period. Each sensor records groundwater elevations by
measuring differential air pressure between the instrument sensor and groundwater surface
across a flexible bladder. Differential pressure is converted into inches of water head, and
represented as a relative groundwater level. The locations of the piezometers are given on
Plate 2, and hydrographs are given in Appendix A.

2.2.3 Groundwater Level Discussion

The groundwater data were reviewed by evaluating changes that occurred during the
current monitoring period as well as changes in groundwater levels over extended periods.
To analyze trends in seasonal groundwater fluctuations, the average (mean) annual and highest
annual recorded groundwater elevation for each piezometer were calculated (Appendix A,
Plate A-2).

Groundwater levels in individual piezometers were low relative to the previous year, with
annual average groundwater elevations generally lower than the prior year averages. Average
and peak groundwater levels for Rambla Vista and Rambla Orienta were generally low relative
to the previous year. Piezometers showed groundwater levels at or above the levels from the
prior year, but still below average. Measured groundwater levels around Calle del Barco were
at or below average in standpipes, except for SI-15. Measured groundwater levels around
Rambla Pacifico were below levels for the prior year and were generally below normal levels,
except for SI-14. Overall, groundwater levels still show a general decline from the record rainfall
of the 2004-2005 monitoring period. The average and highest annual groundwater levels are
indicated in the following table:

M:\WP\2009\3399.005\RPT9_09.DOC 3
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Table 1. Summary of Average Groundwater Elevations by Area

Average Change from Peak Change from
Location Groundwater . . Groundwater .
. Prior Period . Peak Prior

Elevation Elevation
Rambla Orienta/
Rambla Vista 160.5 +0.4 161.9 -0.1
Calle Del Barco 255.1 -0.6 256.4 -1.1
Rambla Pacifico 336.1 -1.0 336.7 -3.2

All Units are in feet

23 DEWATERING PRODUCTION

Dewatering production data are provided in Appendix B, with dewatering well and
hydrauger information presented on Plate B-1

2.3.1 Dewatering Well Production

The average total well production rate for this monitoring period was approximately 565
gallons per day (gpd). This represents a decrease of about 27 percent from the previous
monitoring period of 779 gpd. A graph of the production rate for all dewatering wells is
presented on Plate 4. Graphs showing production rates of individual wells are provided in
Appendix B.

2.3.2 Hydrauger Production

The total production rate for all hydraugers from August 1991 through June 2007 is
depicted on Plate 4. Hydrauger production rates for individual hydraugers are presented on
Plate B-4 (Appendix B). Additional data regarding hydraugers and production rates are included
in Appendix B.

The average hydrauger production rate for all hydraugers over the monitoring period
was approximately 153 gpd. This represents a decrease of approximately 29 percent over last
year’s hydrauger production rate of 214 gpd.

24  SLOPE INCLINOMETER MEASUREMENT

Fugro monitored 11 slope inclinometers on a quarterly basis to observe subsurface
ground deformation. Plots of slope inclinometer measurements (two plots for each monitored
slope inclinometer) are presented in Appendix C. The first plot has a baseline reading from the
final round of monitoring in the 2006 through 2007 monitoring year, showing ground movement
within the 2007 through 2008 monitoring year. The second plot has a baseline reading from the
spring of 2005 following heavy rains, which led to significant ground movement in winter and

M:\WP\2009\3399.005\RPT9_09.DOC 4
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spring of 2005. Only inclinometer readings that have been checksum validated are presented
on the data plots”.

When reviewing and interpreting the slope inclinometer data plots instrument limitations
and movement history should be considered. Individual plots have been reviewed and
interpreted with regard to movement along identified slide planes. Interpreted movement along
the identified slide planes is summarized on Plate C-1. Ground movement was detected in two
slope inclinometers (SI-5 and SI-9) on Calle del Barco Road. Movement was interpreted to be
less than 0.1 inches at approximately 37 feet and 30 feet in depth, respectively. Note that the
interpreted movement is slight, and the measurable displacement is close to the reliable
accuracy of the instrument. Other slope indicator plots show no signs of movement along
identified slide planes during the 2008 through 2009 monitoring year.

During previous years, SI-13 (located on Rambla Pacifico above and outside the deep
landslide) showed a variable pattern of compression in the upper 30 feet. However, no
significant observable lateral displacement has been associated with this compression. This
slope inclinometer may need to be replaced or the City may wish to consider other types of
monitoring observations in order to further monitor or characterize conditions in that area.

3.0 FACILITY MAINTENANCE

3.1 MAINTENANCE SUMMARY

The operating status of each dewatering well and hydrauger was checked monthly.
When necessary, repair work was scheduled and undertaken as expeditiously as possible,
typically within a matter of a few hours to a few days of identifying a problem. Generally, repairs
and maintenance consisted of well pump and electrical repairs, and cleanout of the hydrauger
system. These repairs are summarized in the following table:

Table 2. Maintenance Activities

Date Facility Work Performed
8/21/2007 W-H Dewatering well W-H: Remove and cleanout meter and top end fittings.
9/1/2007 W-H More extensive cleanout of flow totalizer meter.

Power box maintenance at W-H, W-I, and W-M. Rust-proofing, demarcations,

9/19/2007 |Dewatering wells -
and clear area around equipment.

1/23/2008 Hydraugers Cleanout of hydrauger discharge line due to buildup of sediment.

Dewatering well W-B. Pump and motor worn out. Assist Midwest Water Well in

6/2/2008 W-B pulling, repairing and setting new equipment. Well vault maintenance.

6/25/2008 Hydrauger Cleanout of hydrauger discharge line due to buildup of sediment.

Checksums are a data validation technique for slope inclinometers where the '0' (downslope) and 180" (upslope) readings are
summed and the theoretical result should be zero.

M:\WP\2009\3399.005\RPT9_09.DOC 5
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3.2 NEW DEWATERING FACILITIES

No new facilities were installed during the monitoring period.

4.0 SUMMARY AND CONCLUSIONS

4.1 SUMMARY

M:\WP\2009\3399.005\RPT9_09.DOC

This year’s rainfall was below average with 11.02 inches of precipitation. Rainfall
during the monitoring period was below the historical average.

In general, groundwater levels in the assessment district area were lower than
average for Rambla Orienta, and near or above average for Rambla Vista and Calle
del Barco. Groundwater levels generally are continuing to decrease from the levels
observed in the record winter of 2004 through 2005.

In the standpipe piezometers, groundwater levels were generally near or lower than
groundwater levels in 1998 when major slope failure occurred.

Total dewatering production decreased about 28 percent when compared to last
year’s total production.

Slope inclinometer readings indicate no significant ground movement; less than
0.1 inches movement was observed in two slope inclinometers during the monitoring
period. This movement in SI-5 and SI-9 is close to the reliable accuracy of the
instrument.

Additional dewatering facilities are recommended in order to increase the dewatering
capacity of the landslide stabilization system. Plate 5 indicates decreased
production from hydraugers. Over time, hydraugers become clogged and less
efficient at removal of water by gravity. Replacement hydraugers should be
considered for Rambla Orienta.

Water conservation is encouraged throughout the Calle Del Barco area to reduce
infiltration of domestic water and the potential for future groundwater level increases.
Control of groundwater levels within the landslide area is critical to maintaining the
stability of the landslides.

Groundwater production from existing dewatering wells and hydraugers should be
expected to gradually decline over time as the efficiency of the wells and hydraugers
decrease due to mineralization and aging of the facilities.

-l-'utann
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Calle del Barco Landslide Assessment District, City of Malibu l L
Project No. 3399.005

CALLE DEL BARCO - Pnuematic Piezometer Information

Piezomenter ID|  Tip No. S“rfa(‘;f) Elev.| Tip (‘:t‘;pth Tip Elev. (ft) | Installed By
1 71 227 BYA
SI-9 2 298 41 257 BYA
1 64 138 BYA
2 54 148 BYA
SI-10 3 202 44 158 BYA
4 24 178 BYA
1 60 2315 BYA
2 50 2415 BYA
SI-11 3 291.5 40 2515 BYA
4 20 2715 BYA
1 60 241 BYA
2 50 251 BYA
Sl-12 3 301 40 261 BYA
4 20 281 BYA
1 70 335 BYA
SI-13 2 405 50 355 BYA
1 68 330 BYA
Sl-14 2 398 48 350 BYA
1 66 238 BYA
SI-15 2 304 36 268 BYA
1 70 228 BYA
SI-16 > 298 20 258 BYA

PNEUMATIC PIEZOMETER INFORMATION
2008 through 2009 Annual Report
Calle del Barco Landslide Assessment District
Malibu, California
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Calle del Barco Landslide Assessment District, City of Malibu
Project No. 3399.005

CALLE DEL BARCO - Dewatering Well Information

-l-'utann

Vault Bottom Pump Pumb Size 2008-2009 % of Total
Well ID Elevation | Elevation | Elevation (r:) ) Pumping Well Comment
(ft.) (ft.) (ft.) P Rate* (gpd) | Production
W-A 196.0 Unknown 45.0 1/2 24 5%
W-B 204.0 Unknown 54.0 1/2 3 1%
W-C 295.0 Unknown 233.0 1/2 107 22%
W-D 297.0 Unknown | Unknown none 0 0% dry - no pump
W-E 215.0 Unknown 116.5 1/2 26 5%
W-F 210.0 109.0 112.0 1/2 53 11%
W-G 292.0 222.0 223.0 1/3 0 0% dry
W-H 299.5 234.5 242.5 1/3 4 1%
W-I 298.0 238.0 248.0 1/3 61 12%
W-J 304.0 244.0 254.0 1/3 59 12%
W-K 430.0 370.0 380.0 1/3 41 8%
W-L 258.0 189.0 192.5 1/2 1 0%
W-M 302.0 237.0 111 23%

Note: * Average pumping rate during this monitoring period

CALLE DEL BARCO - Hydrauger Information

Installed | Funtional | 2008-2009 % of Total
Hydrauger ID | Length Length** | Flow Rate* . Installed By Comment
Production
(ft.) (ft) (gpd)

HD-1 93 unknown 0 0% BYA
HD-2 127 unknown 0 0% BYA
HD-3 155 unknown 0 0% BYA
HD-4 80 unknown 0 0% BYA
HD-5 65 unknown 0 0% BYA
HD-6 97 unknown 0 0% BYA
HD-7 227 unknown 0 0% BYA
HD-8 290 unknown 0 0% BYA
HD-9 230 unknown 0 0% BYA
HD-10 330 unknown 2 2% BYA
HD-11 230 unknown 0 0% BYA
HD-12 330 unknown 0 0% BYA
HD-13 210 unknown 54 45% BYA

H-1 240 unknown 62 51% LA County

H-2 180 unknown 0 0% LA County

ROWH-1 -- unknown 3 2% BYA diverted from H-2

H-3** 235 unknown 0 0% LA County
H-4** 140 unknown 0 0% LA County
H-5** 260 unknown 0 0% LA County
H-6** 140 unknown 0 0% LA County
H-7** 205 unknown 0 0% LA County

Note: * Average flow rate during this monitoring period

** Destroyed in 1998 Landslide

WELL AND HYDRAUGER INFORMATION

2008 through 2009 Annual Report
Calle del Barco Landslide Assessment District

Malibu, California
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(ft)
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Calle del Barco Landslide Assessment District, City of Malibu
Project No. 3399.005

Fugro West, Inc. - Ventura, CA

Deflection (in) Deflection (in)
-0.5 0 0.5 1 -0.4 -0.2 0 0.2 0.4
| ‘ 0 LEGEND ‘ | 0
Initial 13 May2008*
5 g 18 Aug2008*
| 110 v 13 Nov2008 10l 110
+—+ 29 Apr2009*
46— 8Jun2009*
L 420 201 120
L 130 301 130
L 40 401 140
Depth
(ft)
L 150 501 150
L 160 60 160
L 470 701 470
Ref. Elevation
206 ft
L 180 80L 180
| | | |
-0.5 0 0.5 1 -0.4 -0.2 0 0.2 0.4
Cumulative Deflection Incremental Deflection
Direction A Direction A
CALLE DEL BARCO, Inclinometer Sl-4
Depth of readings = 78 ft
Azimuth =0
Sets marked * include zero shift and/or rotation corrections.
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Calle del Barco Landslide Assessment District, City of Malibu
Project No. 3399.005

Fugro West, Inc. - Ventura, CA

Deflection (in)

-0.5 0 0.5 1 -0.4 0.2 0.4
: ‘ 0 LEGEND ‘ 0
Initial 8 Mar2005*
g 2 Jun2005*
i lyp T—¥ 4Aug2005 10] 110
+——+ 28 Nov2005*
44 6 Feb2006*
~—= 16 May2006*
L 120 201 420
¥—x 15 Aug2006*
b 29 Nov2006*
() 6Feb2007*
L 130 _ 14 May2007* 301 130
5@ 8Aug2007*
w1 15 Feb2008*
L 140 13 May2008* 401 40
| 18 Aug2008*
Depth
&—+ 13 Nov2008* (f)
s~ 29 Apr2009*
| 150 9 Apr2009 50 150
8 Jun2009*
L 160 60 160
L 470 70L 470
Ref. Elevation
206 ft
L 180 80L 180
| | |
-0.5 0 0.5 1 -0.4 0.2 0.4
Cumulative Deflection Incremental Deflection
Direction A Direction A
CALLE DEL BARCO, Inclinometer Sl-4
Depth of readings = 78 ft
Azimuth =0
Sets marked * include zero shift and/or rotation corrections.
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Calle del Barco Landslide Assessment District, City of Malibu
Project No. 3399.005

Fugro West, Inc. - Ventura, CA

Deflection (in) Deflection (in)
-1 -0.5 0 0.5 1 -0.4 -0.2 0 0.2 0.4
0 , 0 LEGEND 0
I @7 @ I I I
¢ Initial 12 May2008*
7y
10 5 g 18 Aug2008*
100 2 110 100 110
X v 12 Nov2008*
10
| 8 Apr2009*
20l log @9 23Jun2009 20l 120
301 4130 30L 4130
400 40 400 40
501 150 501 150
Depth Depth
(ft) (ft)
60 160 60 160
70L 170 701 170
80 L 180 80L 180
90 L 490 90| 490
Ref. Elevation
302 ft
100 100 100 4100
-1 -0.5 0.5 1 -0.4 -0.2 0 0.2 0.4
Cumulative Deflection Incremental Deflection
Direction A Direction A
CALLE DEL BARCO, Inclinometer SI-5
Depth of readings = 96 ft
Azimuth = 38
Sets marked * include zero shift and/or rotation corrections.
PLATE C-3a
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Calle del Barco Landslide Assessment District, City of Malibu
Project No. 3399.005

Fugro West, Inc. - Ventura, CA

Deflection (in) Deflection (in)
-0.5 0 0.5 1 -0.4 0.2 0.4
: ‘ 0 LEGEND ‘ 0
Initial 7 Mar2005
5@ 30 Mar2005*
L 410 101 1410
|\ 13 Jun2005
. 9Aug2005*
| log 2 21 Nov2005 20l 120
~—~ 8Feb2006*
¥—x 18 May2006
- 430 5 11 Aug2006 30+ 30
() 29 Nov2006*
__ 6 Feb2007*
L 140 40| 40
B—@ 10 May2007*
m—p 9 Aug2007*
| 150 8 Nov2007* 50L 150
14 Feb2008*
L Depth
46—+ 12 May2008* (ft)
- 160 18 Aug2008* 60- 160
12 Nov2008*
b—p 8Apr2009*
L 170 P 701 470
(G—6) 23 Jun2009*
L 180 80L 180
L 490 90| 190
Ref. Elevation
302 ft
L 100 100 4100
| | |
-0.5 0 0.5 1 -0.4 0.2 0.4
Cumulative Deflection Incremental Deflection
Direction A Direction A
CALLE DEL BARCO, Inclinometer SI-5
Depth of readings = 96 ft
Azimuth = 38
Sets marked * include zero shift and/or rotation corrections.
PLATE C-3b



Deflection (in)

Calle del Barco Landslide Assessment District, City of Malibu
Project No. 3399.005

Fugro West, Inc. - Ventura, CA

Deflection (in)

-1 0.5 0 0.5 1 0.4 0.2 0 0.2 04
0 ‘ _ | 0 LEGEND 0 : _ ‘ 0
Initial 12 May2008* B
o 20 Aug2008* g
10 ; 110 10| 4 110
i < 13 Nov2008* i
i 11 Dec2008* i
) :
20| % 120 20| i 120
i &
ki ﬂﬁ
30 b 130 30| b 130
% ¥
i iE
401 > 140 400 E<E>E“ 140
i &
i i
1 é
50| i 150 50| 150
i i
1 i
Depth 9 Depth i
(f) 1 (f) ¢
60| { 60 60 1 60
: #
i hiag
i h
70| 170 70| ¥ 170
g t
h i
4 &
4 q
801 :j; -80 80L {1 180
b i
ﬁa |
90| 190 90| 90
&
& y
j Ref. Elevation ¥
100 ! 4100 900 ft 100 3@ 1100
! i
\ g \ \ i ‘
-1 0.5 0 0.5 1 0.4 0.2 0 0.2 0.4
Cumulative Deflection Incremental Deflection
Direction A Direction A
CALLE DEL BARCO, Inclinometer SI-7
Depth of readings = 102 ft
Azimuth = 28
Sets marked * include zero shift and/or rotation corrections.
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Calle del Barco Landslide Assessment District, City of Malibu
Project No. 3399.005

Fugro West, Inc. - Ventura, CA

Deflection (in) Deflection (in)
-0.5 0 0.5 1 -0.4 -0.2 0 0.2 0.4
| ‘ 0 LEGEND ‘ ‘ 0
Initial 11 Feb2005*
Mg 24 May2005
L 410 10 410
< 9 Aug2005*
29 Nov2005*
L 120 ¢——+ 6 Feb2006 20L 120
»——= 16 May2006*
¥y 11 Aug2006*
L 4130 301 130
> 30 Nov2006*
M () 8Feb2007*
L 140 —— 14 May2007* 40| 140
B m 7 Nov2007*
o 15 Feb2008*
L 4150 501 150
12 May2008*
.. 20Aug2008* Depth
(ft)
L 160 G—% 13 Nov2008* 60 L 160
s~ 11 Dec2008*
L 470 701 470
L 180 80 180
L 490 90 4190
Ref. Elevation
L 4100 200 ft 100 - 4100
! ! ! !
-0.5 0 0.5 1 -0.4 -0.2 0 0.2 0.4
Cumulative Deflection Incremental Deflection
Direction A Direction A
CALLE DEL BARCO, Inclinometer SI-7
Depth of readings = 102 ft
Azimuth = 28
Sets marked * include zero shift and/or rotation corrections.
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Calle del Barco Landslide Assessment District, City of Malibu
Project No. 3399.005

Deflection (in)

-0.5

Cumulative Deflection

Direction A

CALLE DEL BARCO, Inclinometer SI-8

Sets marked * include zero shift and/or rotation corrections.

Fugro West, Inc. - Ventura, CA

1
0

10

20

30

40

50

60

70

80

90

100

110

120

130

LEGEND

Initial 12 May2008*

o m 20 Aug2008*

w——w 12 Nov2008*
29 Apr2009*

4o 24 Jun2009*

Ref. Elevation
3351t

Depth of readings = 128 ft
Azimuth = 22

O:\MANAGE~1\3399_M~1\33F2FD~1\03_DATA\SIDATA~1\SI8.GTL

Depth

60'4 -0‘.2 0 0;2 o.%
101 410
201 420
301 430
401 140
501 150
60| ;;: 160
80L 180
90 L 4190

1001 4100

110 4110

120|- 4120

1301 ‘ ‘ 4130

-0.4 -0.2 0 0.2 0.4
Incremental Deflection
Direction A

PLATE C-5a



GRO
Calle del Barco Landslide Assessment District, City of Malibu l
Project No. 3399.005

Fugro West, Inc. - Ventura, CA

Deflection (in)

0-1 -0‘.5 0 0;5 10
101 410
201 420
301 430
40 140
501 450
60 160
Depth
™ 70L 470
80L 480
90 190
100 4100
1101 4110
120 41120
1301 ‘ ‘ 4130
-1 -0.5 0 0.5 1

Cumulative Deflection

Direction A

Deflection (in)

LEGEND o4 -0‘-2 0 0}2 04
Initial 22 Feb2005*
o—m 24 May2005* 10L 110
v < 16 Aug2005
28 Nov2005 201 120
¢——+ 9 Feb2006
s 18 May2006* 30l 1a0
x—x 11 Aug2006*
b—> 29 Nov2006* 400 140
(b—7) 8 Feb2007*
10 May2007* sol lso
&® 9Aug2007*
5 8 Nov2007* 601 6o
15 Feb2008"  Depth
. 12May2008r () L1
¢—+ 20 Aug2008*
s~ 12 Nov2008* 80L o
29 Apr2009*
b—> 24 Jun2009* %l oo
100 | 1100
10 1110
Ref. Elevation 120- 120
335 ft
130 | | 1130
-0.4 02 0 0.2 0.4

Incremental Deflection

Direction A

CALLE DEL BARCO, Inclinometer SI-8

Depth of readings = 128 ft

Azimuth = 22

Sets marked * include zero shift and/or rotation corrections.
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Calle del Barco Landslide Assessment District, City of Malibu
Project No. 3399.005

Fugro West, Inc. - Ventura, CA

-l-'utann

Deflection (in) Deflection (in)
-0.5 0 0.5 1 -0.4 0.2 0.4
: ‘ 0 LEGEND 0 : 0
Initial 13 May2008*
m—a 19 Aug2008*
- 410 13 Nov2oos* 10r 110
23 Jun2009*
L 120 201 420
L 130 301 130
L 140 401 140
Depth
(ft)
L 150 501 150
L 160 60 160
L 170 701 170
L 180 80L 180
L 4190 90 L " 4190
Ref. Elevation :
298 ft v
\ \ 100 100 w g w 100
-0.5 0.5 1 -0.4 -0.2 0 0.2 0.4
Cumulative Deflection Incremental Deflection
Direction A Direction A
CALLE DEL BARCO, Inclinometer SI-9
Depth of Readings = 96 ft
Azimuth = 212
Sets marked * include zero shift and/or rotation corrections.
PLATE C-6a
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Calle del Barco Landslide Assessment District, City of Malibu

Project No. 3399.005

Deflection (in)

-0.5 0 0.5 1

Cumulative Deflection

Direction A

CALLE DEL BARCO, Inclinometer SI-9

Sets marked * include zero shift and/or rotation corrections.

Fugro West, Inc. - Ventura, CA

10

20

30

40

50

60

70

80

90

100

LEGEND

Initial
0—0

—

—=
L—ah
xX—X
b—>
0—0
B—@
-

+—+
"

14 Feb2005
13 Jun2005*
9 Aug2005
21 Nov2005*
7 Feb2006*
16 May2006*
15 Aug2006*
30 Nov2006*
6 Feb2007*
10 May2007*
9 Aug2007*
8 Nov2007*
14 Feb2008*
13 May2008*
19 Aug2008*
13 Nov2008*

23 Jun2009*

Ref. Elevation

208 ft

Azimuth = 212

Depth of Readings = 96 ft

-0.4 -0.2 0.4

0 ‘ 0
101 410
201 420
301 130
401 140

Depth
(ft)
501 150
60 160
701 170
80L 180
90 L 4190
100 | 100
-0.4 -0.2 0.4
Incremental Deflection
Direction A
PLATE C-6b
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Calle del Barco Landslide Assessment District, City of Malibu
Project No. 3399.005

Deflection (in)

-

=
=)

=
=)

=
=)

=
EH—F

o

-0.5

i
0

0.5

Cumulative Deflection

Direction A

Fugro West, Inc. - Ventura, CA

10

15

20

25
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65

LEGEND

Initial 12 May2008*
o5 18 Aug2008*
w % 13 Nov2008*

23 Jun2009*

Ref. Elevation
202 ft

Azimuth = 244

O:\MANAGE~1\3399_M~1\33F2FD~1\03_DATA\SIDATA~1\SI10.GTL

Depth

(ft)

Depth of readings = 62 ft

CALLE DEL BARCO, Inclinometer SI-10

Sets marked * include zero shift and/or rotation corrections.

-0.4 -0.2 0 0.2 0.4
0 : ‘ 0
50 15
10| 410
151 W 415
i
i
201 ﬁ 120
v
25| ¥ 125
0
o
30L 4130
¥
4
35, gﬂ 135
40| [ 140
0
i
45| % 145
W
50| T 150
iy
\'i]
55| V‘J'P 155
\
i
i
60 L 4160
f%
i
651 o 165
\ T \
-0.4 -0.2 0 0.2 0.4
Incremental Deflection
Direction A
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Calle del Barco Landslide Assessment District, City of Malibu
Project No. 3399.005

Deflection (in)

Cumulative Deflection

Direction A

CALLE DEL BARCO, Inclinometer SI-10

Sets marked * include zero shift and/or rotation corrections.

Fugro West, Inc. - Ventura, CA

10

15

20

25

30

35

40

45

50

55

60

65

LEGEND

Initial

B—8

24 May2005
4 Aug2005*
16 Nov2005*
6 Feb2006*
16 May2006*
11 Aug2006*
30 Nov2006*
6 Feb2007*
14 May2007*
8 Aug2007*
7 Nov2007*
15 Feb2008*
12 May2008*
18 Aug2008*
13 Nov2008*

23 Jun2009*

Ref. Elevation

202 ft

Azimuth = 244

O:\MANAGE~1\3399_M~1\33F2FD~1\03_DATA\SIDATA~1\SI10.GTL

Depth

(ft)

Depth of readings = 62 ft

Deflection (in)

60'4 -0‘.2 0 0;2 o.%
50 15
101 410
151 415
201 4120
251 425
301 4130
350 135
401 440
45| 445
501 4150
55 155
60| 160
65 ‘ ‘ 465
-0.4 -0.2 0 0.2 0.4
Incremental Deflection
Direction A
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60

Calle del Barco Landslide Assessment District, City of Malibu
Project No. 3399.005

Fugro West, Inc. - Ventura, CA

Deflection (in) Deflection (in)
-0.5 0 0.5 1 -0.4 -0.2 0 0.2 0.4
: ‘ 0 LEGEND 0 : ‘ 0
fir Initial 13 May2008* |
£§7 i
| * i
| it 15 1—p 18 Aug2008 5 i 15
o w = 12 Nov2008* i
\
id 23 Jun2009* g
L ! 110 10L 1 410
[f7 7
‘ }
i i
| L 115 15) EF 115
‘Ey Ei’
‘ﬁ |
L 1 120 20| / 120
ir %
o i
L t 425 25| . 125
1
?’ 1
3
L ﬁ 130 300 / 130
X Depth L
(ft !
L z 135 35 7 135
?
i Iy
L 40 40| T 140
¥
i
L |45 45| vﬁf |45
if
|
) I
L 150 50| 57 150
Vi 1
i o
L @ 155 55| g 155
W Ref. Elevation hiaf
& 291.5 ft et
L 160 60 L 4160
| ? | | ? |
-0.5 0 0.5 1 -0.4 -0.2 0 0.2 0.4
Cumulative Deflection Incremental Deflection
Direction A Direction A
CALLE DEL BARCO, Inclinometer SI-11
Depth of readings = 57 ft
Azimuth = 258
Sets marked * include zero shift and/or rotation corrections.
PLATE C-8a



Deflection (in)

Calle del Barco Landslide Assessment District, City of Malibu
Project No. 3399.005

Fugro West, Inc. - Ventura, CA

Deflection (in)

-1 -0.5 0 0.5 1 -0.4 -0.2 0 0.2 0.4
0 | ‘ 0 LEGEND 0 : ‘ 0
Initial 14 Feb2005
51 15 5 9 Aug2005* 50 15
v 16 Nov2005*
7 Feb2006*
101 110 101 110
4— 16 May2006*
~—= 15 Aug2006*
15| 115 15 115
%—x 15 Dec2006*
b 8Feb2007*
201 4120 20L 4120
([ () 14 May2007*
8 Aug2007*
25 125 5§ 15Nov2007* 251 125
w1 15 Feb2008*
30+ -30 13 May2008* 30+ -30
Depth +—— 18 Aug2008*  Depth
(ft) . (ft)
350 135  ¢—<% 12Nov2008 35 135
23 Jun2009*
401 _40 401 -140
45) 145 45| 145
501 450 501 450
|
55 155 55| 155
B Ref. Elevation
2915 ft
60 L 4160 60 L 4160
| | | |
-1 -0.5 0 0.5 1 -0.4 -0.2 0 0.2 0.4
Cumulative Deflection Incremental Deflection
Direction A Direction A
CALLE DEL BARCO, Inclinometer SI-11
Depth of readings = 57 ft
Azimuth = 258
Sets marked * include zero shift and/or rotation corrections.
PLATE C-8b
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Calle del Barco Landslide Assessment District, City of Malibu
Project No. 3399.005

Deflection (in)

-0.5

Cumulative Deflection

Direction A

CALLE DEL BARCO, Inclinometer SI-12

Sets marked * include zero shift and/or rotation corrections.
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PLATE C-9a
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p
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i
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i
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CALLE DEL BARCO, Inclinometer Sl-14
Depth of readings = 76 ft
Sets marked * include zero shift and/or rotation corrections.
PLATE C-11a
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B—
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Sets marked * include zero shift and/or rotation corrections.
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Ref. Elevation
304 ft
| | | |
-1 -0.5 0 05 1 -0.4 -0.2 0 0.2 0.4
Cumulative Deflection Incremental Deflection
Direction A Direction A
CALLE DEL BARCO, Inclinometer SI-15
Depth of readings = 72 ft
Sets marked * include zero shift and/or rotation corrections.
PLATE C-12a
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PLATE C-12b
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PLATE C-13a
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PLATE C-13b
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