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22 September 2016 

 

Brandon Woods, P.E. 
Facilities Engineering 
Zone 7 Water Agency 
100 N. Canyons Parkway 
Livermore, CA 94551 
 
RE: Preliminary Distress Evaluation / Emergency Stabilization Measures 
 Zone 7 Water Agency - Cope Lake Well House #1 
 Pleasanton, Alameda County, California 
 

Dear Mr. Woods: 

At your request, we have completed a preliminary evaluation of distress observed at the Cope 
Lake Well House #1 site in Pleasanton, California (Figure 1).  Our work has included: 

 Evaluation of historical documents (maps, figures, reports) provided by Zone 7; 

 Site visits to observe distress in the Well House immediate vicinity; 

 Review of survey data provided by Zone 7; 

 Completion of a cone penetration test; 

 Completion of two slope inclinometer readings, and data analysis; 

 Engineering evaluation of existing data; 

 Meeting with Zone 7 staff; 

 Preparation of this letter to summarize our preliminary findings and provide 
recommendations for emergency measures that can be undertaken by Zone 7.  
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1.0 PROJECT DESCRIPTION 

The Cope Lake Well House #1 (Well House) was constructed around 2009.  In late 2013, Zone 7 
noticed pavement cracking and separations significant enough to begin periodic surveying of the 
site and to retain Miller Pacific Engineering Group (Miller Pacific) to complete an evaluation 
and install a slope inclinometer.  Due to ongoing distress, Zone 7 (District) approved a task order 
for CE&G to complete additional work.  During a meeting on September 1st, the District asked 
CE&G to evaluate emergency response measure which have the potential to reduce the extent 
and rate of further distress to the Well House site and improvements.  This letter and the attached 
plans are intended to summarize our preliminary opinions and provide plans for emergency 
stabilization measures which have the potential to reduce the rate of distress. 

2.0 SITE HISTORY 

Cope Lake Well House is located between Cope Lake (south of the building) and Lake H (north 
of the building).  The lakes are reclaimed from gravel mining activities.  Based on a 2004 Stetson 
Engineers report titled Management Plan for Lakes H, I, and Cope Lake, Lake H is one of at 
least 7 reclaimed quarry lakes to be included in a “chain of lakes” project for groundwater 
recharge and storage.  Cope Lake is owned by Zone 7 but is not used for groundwater recharge. 

The gravel quarries consisted of pit mining excavations in excess of 100 feet deep below natural 
grade.  Relatively thin embankments were left between the quarried areas, each of which is now 
a lake. The embankment on which the Well House site is located is thought to have been 
widened using material similar to the mining fill used to backfill the quarry excavation pits. This 
is also depicted in a cross section provided in the 2004 Stetson Engineers report (see Figure 4).   

Processing of the excavated alluvial soils (see Figure 3) materials involved separating out the 
desired gravelly materials, and disposal of “mining fill” waste into parts of the quarry pits.  Cope 
Lake in particular was used as a disposal area for the mining fill and other fill.  Based on a map 
of fill thickness and a cross section contained in the Stetson report, a second generation of fill 
was placed above the mining fill (see Figure 4).  Using aerial images and the mining fill 
thickness figure, CE&G overlaid the Well House site onto the Stetson map.  Additionally, 
CE&G used existing geotechnical data and a CPT completed for this project to create a 
preliminary geologic plan and section through the Well House (see Figure 5).  Figures 4 and 5 
suggest that differential fill conditions exist below the Well House with the fill thickening 
towards Cope Lake. 

The 2014 Miller Pacific investigation and report included 4 geotechnical borings, laboratory 
testing, and the installation of a slope inclinometer (see Appendix B).  Based upon the Miller 
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Pacific report and a CPT completed for this project, the Well House is supported on soft (second 
generation)  fill in the upper 35-40 feet and marginally better mining fill below a depth of 40 
feet. Based on findings of our CPT sounding (see Appendix A), and on blow counts and test data 
from previous borings, the upper soft fill appears to be of lower strength. The mining fill and 
subsequent upper (second generation) fill are made up primarily of clayey soils which likely 
yield an inadequate factor of safety for the permanent slope of approximately 1.5:1 (H:V). 

The inclinometer reading for the 2014 slope inclinometer shows some “B” axis deformation 
which appears to be minor buckling suggestive of a higher rate of settlement within the newer 
second generation fill (upper 30-40 feet) than within the older mining fill in the basin.  In 
addition to settlement, there are some irregular displacements in the A-axis which could be early 
landslide movement.  The distress pattern is not definitive, and subsequent readings will help 
clarify the nature of movement.   

Previous reports (e.g. Kleinfelder, Inc., Dec. 2007) also describe wave erosion as locally 
oversteepening the north shore/bank of Cope Lake, and areas of arcuate cracking, sloughing, and 
slumping similar to what is occurring now. Previous reports also describe locally extensive 
piping in the area east of the Well House,  involving an upper interval of about 40 feet consisting 
of finer grained “overburden” (native material), with piping features reaching 4 feet in 
dimension. 

3.0 FIELD RECONNAISSANCE AND VISUAL ASSESSMENT 

During our site visit with the District, the District pointed out distress at the site located primarily 
south of the Well House.  The distress consisted of uneven and cracked pavement, separations 
between pavement, concrete slabs-on-grade, and the Well House building, and distress to the fire 
line on the south side of the Well House. On the southwest side of the Well House site, arcuate 
cracking is evident in the asphalt pavement adjacent to the chain link fence and east of the 
above-ground fire line valve. Approximately 4-inch separations are observed between the pump 
house building foundation and adjacent concrete walkway; and between the concrete walkway 
and concrete chemical spill containment area. An additional separation is evident between the 
back-up generator concrete pad on the west side of the Well House building and surrounding 
asphalt pavement. 
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Photo 1: View of an approximate 4-inch separation between south wall of Well House and 
concrete pad.  Note the red fire protection line is also separated from the building at the bottom. 

 

Photo #2: Closer view of separation in Photo #1. 
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Photo #3: View of separation between the asphalt and concrete pad northwest of the building. 

 

Photo #4: View looking west.  Note the arcuate cracks in the asphalt pavement (left of car in the 
middle of the photo). 
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4.0 SUBSURFACE INVESTIGATION 

CE&G completed a single Cone Penetration Test (CPT) to a depth of 94 feet, at which depth 
refusal was encountered. The CPT was advanced by California Push Technologies on 09 August 
2016. The location of the CPT is shown in Figures 2 and Figure 5. Based on the data recovered, 
silty clays and clays underlie the CPT location to a depth of 84 feet. This clayey material is 
underlain by sandy gravels and gravels to the depth explored. The CPT log is included in 
Appendix A. 

5.0 DISTRESS MONITORING 

In November 2013, the District retained Kier and Wright Civil Engineers and Surveyors (Kier 
and Wright) to establish a series of monitoring survey points. The horizontal and vertical 
displacements of each point were obtained based on subsequent measurements of these 
monitoring points in July 2014 and May 2016.  Based on elevations recorded by Kier and 
Wright, the survey points measured up to about 4 inches (0.33 feet) of vertical settlement 
between November 2013 and May 2016 (2.5 years).  CE&G used the vertical elevation data to 
create a preliminary contour map (Figure 6) to provide a graphical representation of the 
settlement measured at the site.  

6.0 EXISTING SUBSURFACE EXPLORATION 

6.1 GEOTECHNICAL BORINGS 

In their 2014 study of the Well House site, Miller Pacific drilled 4 exploratory borings to varying 
depths at locations shown in Figure 2. In January 2014, Miller Pacific installed a slope 
inclinometer in Boring B-1 to observe movement within the fill that underlies the Well House 
site. The corresponding boring logs and inclinometer readings are included in Appendix B. 

6.2 CONSOLIDATION/SETTLEMENT 

The laboratory testing program completed by Miller Pacific in 2014 included a single 
consolidation test on a sample retrieved at 26 feet from Boring B-3. CE&G used the results from 
this test to evaluate whether consolidation is occurring at that depth, and to evaluate the potential 
for further consolidation. Based on our preliminary analysis (see Appendix A), the underlying 
soil is indeed currently undergoing consolidation, and further settlement of the ground surface is 
expected.  
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For approximating the total settlement expected, CE&G’s model considered only the 
consolidation that is underway for the top 35 feet (second generation of fill). Based on this, the 
total settlement since the time of the 2014 laboratory testing is expected to be approximately 11 
inches.  Based on Kier and Wright monitoring survey points, a total of approximately 4 inches of 
vertical settlement has occurred following the time at which Miller Pacific sampled soil for 
consolidation testing. Therefore, we would expect an additional 7 inches of settlement based on 
our preliminary analysis. We note that this settlement estimate considers consolidation of only 
the upper 35 feet of fill, and does not address the deeper fill interval.  As noted in Section 8.2, 
additional geotechnical sampling, testing, and analyses are required to further evaluate the 
conditions at the Well House site in greater detail. 

6.3 STABILITY 

CE&G reviewed the previous stability analyses by Miller Pacific which suggested the existing 
slopes are stable.  CE&G, however, also noted that none of the analyses accounted for the 
possible presence of elevated pore pressure within the embankment; as a result the slope’s factor 
of safety is lower than previously reported.  As noted in section 6.2, the consolidation test results 
from the 2014 Miller Pacific report suggests that substantial consolidation settlement is ongoing.  
As consolidation settlement takes place, elevated pore pressure is dissipated.  Since the existing 
consolidation test shows the embankment to be under-consolidated, excess pore pressures are 
present; the presence of excess pore pressures results in a lower calculated factor of safety (FS) 
for the slope. 

For our independent slope stability analysis, CE&G used soil strengths that are consistent with 
the direct shear results presented in the Miller Pacific report (Appendix B).  We also varied the 
soil parameters and the potential landslide geometry to perform a sensitivity analysis and to 
develop a range of calculated factors of safety for the existing slope. 

We then developed various grading mitigation geometries and evaluated their FS to determine 
their effectiveness in improving overall slope stability. We considered the elevated pore 
pressures (incorporated into our model in the form of Ru values, which model excess pore 
pressures) in our examination of alternatives. 

One of the grading mitigation concepts we considered involves trimming of the berm located 
along the top-of-slope, and flattening the overall slope gradient between the Well House and 
Cope Lake.  Taking into account the elevated pore pressures, grading to reduce the height of the 
berm at the top of slope and flattening the overall slope gradient has the potential to improve the 
stability of the slope by 10 to 30%.  Graphical output from some of our slope stability analyses 
are included in Appendix A.  The wide range of results is due to variations we considered in soil 
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strength, pore pressure assumptions, and failure geometry.  At this time, insufficient data exists 
to provide a more accurate estimate of the improvement in stability. 

7.0 CONCLUSIONS 

Based upon our evaluation of the existing data, site observations, and the CPT sounding we 
performed, we have the following conclusions: 

 The Cope Lake Well House site is underlain by fill of variable thickness that appears to range 
up to about 100 feet deep and which was not placed as a conventional compacted earth fill; 

 Below the Cope Lake Well House, the fill thickness increases from the roadway southward 
towards Cope Lake.  This results in the Well House building and site being underlain by fill 
with differential thickness; 

 The basal contacts of both the upper fill and the mining fill may be steeply dipping toward 
Cope Lake, and are likely not benched; 

 An existing slope inclinometer suggests settlement and some lateral movement; 

 It is unclear if the lateral movement suggested by the slope inclinometer is due to differential 
settlement and/or early landslide movement; 

 Preliminary evaluation of a single consolidation test suggest that the Well House site may 
potentially settle an additional 7 inches, and even greater settlement is possible at the south 
end of the site due to increasing depths of fill. 

 In the time since the consolidation test was performed, some areas of the site have settled as 
much as 4 inches; 

 Additional geotechnical work is required to further evaluate the differential fill conditions at 
the site, the settlement characteristics of the fill, and the possible existence of a landslide; 

 Emergency measures can be undertaken to improve the slope stability. 

8.0 RECOMMENDATIONS 

8.1 SHORT-TERM EMERGENCY 

Emergency grading can be completed to improve the stability of the slope by 10-30%.  If a 
landslide exists, a 10-30% improvement will reduce the rate of landslide related movement, and 
has the potential to stop landslide related movement.  Appendix C includes plans for lowering 
the berm and flattening the slope to improve slope stability. 
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In addition to emergency grading, improvements at the site can be implemented to reduce the 
level and impacts of distress, and to improve the performance of the improvements subjected to 
differential movement.   For examples, retrofitting pipelines and joints to better accommodate 
ground deformation would improve survivability of improvements.  Relocating improvements 
such as pipelines farther from the slope face will place them in areas experiencing substantially 
less movement and distress. 

8.2 FURTHER EVALUATION 

As noted in Section 7, additional field exploration, laboratory testing and monitoring is required 
to evaluate the significant geotechnical issues which exist at the Cope Lake Well House site.  
The geotechnical concerns which need to be evaluated include determining: the distribution of 
fill underlying the Well House building and site, the consolidation properties of the fill(s) 
underlying the Well House building and site, the strength parameters of the fill(s) underlying the 
Well House building and site, and if additional inclinometers show landslide movement.  This 
can be accomplished by completion of a series of borings and/or CPT soundings along with 
laboratory testing and the installation of additional slope inclinometers. 

We recommend continued survey measurement and inclinometer reading while additional 
geotechnical work is being completed.  The area considered by the surveys should be expanded, 
and the long-term stability of the reference benchmark for those surveys should be examined and 
confirmed. 

As part of monitoring, we recommend installation of crack gauges (crack monitors) across 
selected cracks and separations at the site, and tracking of measured separations over time. 

8.3 LONG TERM OPTIONS 

Since additional evaluation is needed, it is premature to make long-term recommendations for 
the site.  It is not, however, too early to indicate that there will be a wide range of options which 
could vary between, continued monitoring and ongoing maintenance at the site to relocation of 
the well. 

The emergency grading recommended in section 8.1 has the potential to reduce or stop landslide 
related movement. The emergency grading, however, will not stop ongoing differential 
settlement at the site.  As part of the project and alternative evaluation, Zone 7 will also need to 
determine the sensitivity of their improvements to differential settlement.   

Along with long-term monitoring, in-situ ground improvement methods may be appropriate to 
reduce differential settlement at the site to a level tolerable by the improvements.  The 
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improvement level could be limited to portion of the site to reduce cost, if other less sensitive 
portions of the site can accommodate the anticipated settlement. 

9.0 LIMITATIONS 

The conclusions and recommendations of this report are based upon information provided to us 
regarding the project, subsurface conditions encountered at the CPT locations, our geologic 
reconnaissance, the results of the laboratory testing program, and professional judgment.  We 
have employed accepted geotechnical engineering and engineering geologic procedures, and our 
professional opinions and conclusions are made in accordance with generally accepted 
geotechnical engineering and engineering geologic principles and practices.  This standard is in 
lieu of all warranties, either expressed or implied. 

The locations of the borings were taken from the Miller Pacific report and the CPT location was 
determined by using tape and compass methods from established site features and are considered 
to be approximate.  Site conditions described in the text of this report are those existing at the 
time of our last field exploration and reconnaissance in August 2016 and are not necessarily 
representative of the site conditions at other times or locations. 

Unanticipated soil conditions are frequently encountered during construction and cannot be fully 
determined by drilling and sampling a limited number of exploratory borings.  Additional 
expenditures may be required during the construction phases of the project as conditions vary.  It 
is recommended that a contingency fund be established to cover potential adverse soil and 
groundwater conditions which may be encountered during site development.  If it is found during 
construction that subsurface conditions differ from those described on the boring logs, then the 
conclusions and recommendations in this report shall be considered invalid, unless the changes 
are reviewed and the conclusions and recommendations modified and approved in writing by Cal 
Engineering & Geology, Inc. 

Field observation and testing services are essential parts of the project.  It is important that Cal 
Engineering & Geology, Inc. be retained to observe and test the earthwork, excavations, and 
other relevant construction operations.  The recommendations of this report are contingent upon 
this stipulation. 
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The evaluation or identification of the potential presence of hazardous materials at the site was 
not requested and is beyond the scope of this project.  If you have any questions regarding this 
report, or if we may be of further service, please contact us. 

Yours truly, 

CAL ENGINEERING & GEOLOGY, INC. 

 

 

 

Mark W. Myers, P.E., G.E.                   Mehal Vitthal, E.I.T. 
Associate Engineer                   Project Engineer 
 

 
 
G. Reid Fisher, Ph.D., P.G, E.G. 
Principal Geologist 
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CE&G DATA AND CALCULATIONS 
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The reported coordinates were acquired from consumer grade GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.
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Cal Engineering
Job No: 16-56051

Date: 08:09:16  08:18

Site: Cope Lake Wellhouse

Sounding: CPT-01

Cone: 443:T1500F15U500

Max Depth: 28.700 m / 94.16 ft
Depth Inc: 0.050 m / 0.164 ft
Avg Int: Every Point

File: 16-56051_CP01.COR
Unit Wt: SBT Zones

SBT: Robertson and Campanella, 1986
Coords: UTM Zone 10 N: 4171553 E: 601713 
Page No: 1 of 1
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1.048

Unit Weight: 120 pcf
Cohesion': 150 psf
Phi': 27 °
Ru: 0.3 

Unit Weight: 129 pcf
Cohesion': 150 psf
Phi': 27 °
Ru: 0.45 

Zone 7 Cope Lake Wellhouse Slope Stability Analysis

Existing Slope Geometry with Circular Slip Surfaces near Inclinometer

09/13/2016

A-8



1.368

Unit Weight: 120 pcf
Cohesion': 150 psf
Phi': 27 °
Ru: 0.3 

Unit Weight: 129 pcf
Cohesion': 150 psf
Phi': 27 °
Ru: 0.45 

Zone 7 Cope Lake Wellhouse Slope Stability Analysis

Regraded Slope Geometry with Circular Slip Surfaces near Inclinometer

09/13/2016

A-9

30% Increase in Factor of Safety,
compared to existing slope geometry
stability shown on page A-8



1.482

Unit Weight: 120 pcf
Cohesion': 150 psf
Phi': 27 °
Ru: 0.3 

Zone 7 Cope Lake Wellhouse Slope Stability 

Existing Slope Geometry with User Specified Deep Failure Surfaces

09/13/2016

Unit Weight: 129 pcf
Cohesion': 150 psf
Phi': 27 °
Ru: 0.45 

A-10



1.626

Unit Weight: 120 pcf
Cohesion': 150 psf
Phi': 27 °
Ru: 0.3 

Zone 7 Cope Lake Wellhouse Slope Stability

Regraded Slope Geometry with User Specified Deep Failure Surface

09/13/2016

Unit Weight: 129 pcf
Cohesion': 150 psf
Phi': 27 °
Ru: 0.45 

A-11

10% Increase in Factor of Safety,
compared to existing slope geometry
stability shown on page A-10



1.504

Unit Weight: 120 pcf
Cohesion': 150 psf
Phi': 27 °
Ru: 0.3 

Zone 7 Cope Lake Wellhouse Slope Stability 

Existing Slope Geometry with User Specified Shallow Failure Surfaces

09/13/2016

Unit Weight: 129 pcf
Cohesion': 150 psf
Phi': 27 °
Ru: 0.45 

A-12



1.872

Unit Weight: 120 pcf
Cohesion': 150 psf
Phi': 27 °
Ru: 0.3 

Zone 7 Cope Lake Wellhouse Slope Stability

Regraded Slope Geometry with User Specified Shallow Failure Surface

09/13/2016

Unit Weight: 129 pcf
Cohesion': 150 psf
Phi': 27 °
Ru: 0.45 

A-13

24% Increase in Factor of Safety,
compared to existing slope geometry
stability shown on page A-12
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FIGUREProject No. Date:

504 Redwood Blvd.

Suite 220

Novato, CA 94947

T  415 / 382-3444

F  415 / 382-3450

www.millerpac.com

A-19
FILE: 1492.03SA.dwg

PLASTICITY INDEX

1492.03

Livermore, California

Zone 7 Water Agency

2/28/14

A CALIFORNIA CORPORATION, © 2014, ALL RIGHTS RESERVED

JTO

B-19



FIGUREProject No. Date:

504 Redwood Blvd.

Suite 220

Novato, CA 94947

T  415 / 382-3444

F  415 / 382-3450

www.millerpac.com

A-20
FILE: 1492.03 Consol.dwg

CONSOLIDATION TEST RESULTS

1492.03

Livermore, California

Zone 7 Water Agency

3/7/14

A CALIFORNIA CORPORATION, © 2013, ALL RIGHTS RESERVED

JTO

Cc' = 0.09

B-20



FIGUREProject No. Date:

504 Redwood Blvd.

Suite 220

Novato, CA 94947

T  415 / 382-3444

F  415 / 382-3450

www.millerpac.com

A-21
FILE: 1492.03 Consol.dwg

ASTM 4546 SHRINK/SWELL TEST RESULTS

1492.03

Livermore, California

Zone 7 Water Agency

3/7/14

A CALIFORNIA CORPORATION, © 2013, ALL RIGHTS RESERVED

JTO

LEGEND

DRY LOADING

COMPRESSION/SWELL UPON SATURATION

B-21
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B-23



FIGUREProject No. Date:

504 Redwood Blvd.

Suite 220

Novato, CA 94947

T 415 / 382-3444

F 415 / 382-3450

www.millerpac.com

5
FILE: 1492.03SLM.dwg

INCLINOMETER PLOT

1492.03

Livermore, California

Zone 7 Water Agency

2/28/14

A CALIFORNIA CORPORATION, © 2012, ALL RIGHTS RESERVED

JTO

B-24



FIGUREProject No. Date:

504 Redwood Blvd.

Suite 220

Novato, CA 94947

T 415 / 382-3444

F 415 / 382-3450

www.millerpac.com

6
FILE: 1492.03SLM.dwg

INCLINOMETER PLOT

1492.03

Livermore, California

Zone 7 Water Agency

2/28/14

A CALIFORNIA CORPORATION, © 2012, ALL RIGHTS RESERVED

JTO

B-25
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WELL SITE NO. 1
HANSON QUARRY, PLEASANTON

JOB NO. A15622-5
(FORMERLY A14599-1)

POINT ID ELEVATION NORTHING EASTING ELEVATION ∆ ELEVATION NORTHING ∆ NORTHING EASTING ∆ EASTING ELEVATION ∆ ELEVATION NORTHING ∆ NORTHING EASTING ∆ EASTING
MP-5 356.84 2075053.85 6172200.82 356.86 0.02 2075053.86 0.02 6172200.80 -0.02 356.83 -0.01 2075053.88 0.04 6172200.82 0.01
MP-6 357.07 2075053.65 6172094.93 357.09 0.02 2075053.66 0.01 6172094.92 -0.02 357.05 -0.02 2075053.68 0.03 6172094.95 0.02
MP-7 357.43 2075053.47 6171996.15 357.44 0.01 2075053.49 0.02 6171996.15 0.00 357.42 -0.01 2075053.51 0.03 6171996.16 0.02

MP-11 357.64 2074902.61 6171996.44 357.60 -0.04 2074902.60 -0.01 6171996.45 0.01 357.35 -0.29 2074902.48 -0.12 6171996.48 0.04
MP-14 357.44 2074902.98 6172198.57 357.44 0.00 2074903.02 0.04 6172198.57 0.00 357.36 -0.08 2074903.02 0.04 6172198.58 0.01
MP-15 357.43 2074876.67 6172147.68 357.40 -0.04 2074876.70 0.04 6172147.68 0.00 357.28 -0.15 2074876.71 0.04 6172147.7 0.02
MP-16 358.16 2074902.42 6172147.52 358.11 -0.05 2074902.45 0.02 6172147.55 0.03 357.91 -0.25 2074902.43 0.01 6172147.57 0.05
MP-17 358.27 2074911.04 6172147.60 358.23 -0.04 2074911.09 0.05 6172147.64 0.03 358.01 -0.26 2074911.07 0.03 6172147.64 0.03
MP-18 358.39 2074919.97 6172147.54 358.34 -0.05 2074920.01 0.03 6172147.53 -0.01 358.11 -0.28 2074919.98 0.01 6172147.53 0.00
MP-19 358.24 2074927.42 6172147.87 358.20 -0.04 2074927.44 0.02 6172147.91 0.03 358.02 -0.22 2074927.43 0.01 6172147.93 0.05
MP-20 361.16 2074928.72 6172103.06 361.14 -0.02 2074928.67 -0.05 6172102.45 -0.61 361.05 -0.11 2074928.6 -0.12 6172102.99 -0.07
MP-21 358.30 2074927.36 6172102.68 358.26 -0.04 2074927.35 0.00 6172102.70 0.03 358.10 -0.20 2074927.23 -0.13 6172102.71 0.03
MP-22 358.23 2074919.91 6172102.66 358.19 -0.04 2074919.87 -0.03 6172102.65 -0.01 357.99 -0.24 2074919.76 -0.15 6172102.67 0.01
MP-23 358.25 2074919.92 6172106.02 358.21 -0.05 2074919.90 -0.02 6172106.02 0.00 358.00 -0.25 2074919.79 -0.13 6172106.01 0.00
MP-24 358.17 2074911.30 6172105.96 358.11 -0.06 2074911.27 -0.03 6172105.95 -0.01 357.89 -0.28 2074911.15 -0.15 6172105.98 0.01
MP-25 358.16 2074911.17 6172102.70 358.10 -0.06 2074911.18 0.01 6172102.71 0.01 357.88 -0.28 2074911.07 -0.11 6172102.75 0.05
MP-26 358.12 2074902.45 6172102.55 358.05 -0.07 2074902.45 0.00 6172102.56 0.01 357.78 -0.34 2074902.32 -0.12 6172102.59 0.05
MP-27 358.09 2074902.46 6172105.95 358.03 -0.06 2074902.44 -0.01 6172105.99 0.04 357.77 -0.32 2074902.33 -0.13 6172106.02 0.07
MP-28 357.32 2074876.65 6172104.20 357.25 -0.07 2074876.67 0.02 6172104.22 0.02 357.01 -0.31 2074876.6 -0.05 6172104.22 0.02
MP-29 358.20 2074902.50 6172071.33 358.16 -0.04 2074902.52 0.01 6172071.38 0.05 357.92 -0.28 2074902.39 -0.11 6172071.4 0.07
MP-30 358.34 2074919.99 6172070.92 358.31 -0.03 2074920.00 0.01 6172070.96 0.05 358.14 -0.20 2074919.88 -0.10 6172070.98 0.07
MP-31 358.33 2074920.09 6172037.13 358.30 -0.03 2074920.08 -0.01 6172037.15 0.01 358.17 -0.16 2074919.97 -0.12 6172037.17 0.04
MP-32 358.38 2074928.76 6172037.62 358.35 -0.03 2074928.72 -0.04 6172037.64 0.02 358.25 -0.13 2074928.7 -0.05 6172037.67 0.05
MP-33 361.15 2074928.65 6172038.59 361.11 -0.04 2074928.65 0.00 6172038.57 -0.02 361.03 -0.12 2074928.62 -0.02 6172038.57 -0.02
MP-34 358.28 2074911.30 6172037.06 358.25 -0.03 2074911.27 -0.04 6172037.08 0.02 358.09 -0.19 2074911.16 -0.15 6172037.11 0.05
MP-35 358.26 2074902.56 6172036.97 358.23 -0.03 2074902.51 -0.05 6172037.02 0.06 358.02 -0.24 2074902.41 -0.15 6172037.06 0.09
MP-36 357.11 2074876.47 6172037.38 357.05 -0.06 2074876.46 -0.01 6172037.39 0.01 356.76 -0.35 2074876.42 -0.05 6172037.4 0.02
MP-44 358.37 2074973.92 6172037.61 358.36 -0.01 2074973.94 0.02 6172037.60 -0.01 358.34 -0.03 2074973.93 0.01 6172037.63 0.02
MP-45 361.18 2074974.01 6172038.53 361.17 -0.01 2074974.00 -0.01 6172038.52 -0.01 361.15 -0.03 2074974.08 0.06 6172038.52 -0.02
MP-46 358.34 2074980.49 6172037.56 358.34 0.00 2074980.52 0.03 6172037.52 -0.04 358.33 -0.01 2074980.47 -0.02 6172037.54 -0.02
MP-47 361.14 2074980.56 6172038.62 361.15 0.00 2074980.56 0.01 6172038.63 0.01 361.15 0.01 2074980.6 0.04 6172038.5 -0.12
MP-48 360.71 2074839.86 6172011.89 360.69 -0.02 2074839.92 0.06 6172011.89 0.00 360.60 -0.11 2074839.97 0.11 6172011.92 0.03
MP-49 361.93 2074839.33 6172090.55 361.91 -0.02 2074839.38 0.05 6172090.55 0.00 361.80 -0.13 2074839.43 0.09 6172090.59 0.04
MP-50 363.43 2074825.46 6172215.44 363.42 -0.01 2074825.53 0.07 6172215.45 0.00 363.31 -0.12 2074825.53 0.07 6172215.45 0.01
MP-54 360.53 2074928.70 6172147.79 360.50 -0.03 2074928.68 -0.02 6172147.80 0.01 360.37 -0.16 2074928.67 -0.02 6172147.87 0.08
MP-55 358.42 2074980.48 6172148.95 358.43 0.01 2074980.50 0.03 6172148.94 -0.01 358.40 -0.03 2074980.48 0.00 6172148.95 0.00
MP-56 361.22 2074980.54 6172147.91 361.20 -0.02 2074980.56 0.02 6172147.89 -0.02 361.20 -0.02 2074980.62 0.08 6172147.88 -0.03

FINISH FLOOR 358.43 358.41 -0.02 358.39 -0.04

HORIZONTAL & VERTICAL MONITORING POINTS
INITIAL MONITORING RESULTS 

VERTICAL ONLYVERTICAL ONLY

DATE: 11/21/2013
MONITORING DATE:  07/16/2014 MONITORING DATE: 05/17/16

VERTICAL ONLY

∆ DIFFERENCE IN VALUE BETWEEN THE INITIAL READING AND THE CURRENT READING
   
W:\2013\A13613-5\Monitoring\2016-05-17\051716 Well Site 1 MS A15622-5.xlsx

KIER & WRIGHT CIVIL ENGINEERS & SURVEYORS
2850 COLLIER CANYON ROAD

LIVERMORE, CA 94551 PAGE 1 OF 1
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