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RECOMNIENDATIONS

- References: ) Geologic and Geotechmcal Investigation Report |

By TERRASEARCH, Inc.
Dated 19 March 2003

2) | Geologic Review
By Earth Investigation Consultants
Dated July 1 2004

" Dear Mr. Santurro: .

In accordance with your authorization, Terrasearch, Inc.,-has performed additional

Subsurface ‘work to.respond to the geologic and geotechmoal review comments contained

in reference 2. The additlonal investigation work has been developed to prowde a better
unders_tandlng of some of the geo]oglc and geotechnical concerns raised in reference_?., and

provide additional data for mitigation.
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Based on a review of reference 2, and on discussions from several meetings held between the
project team and the City of Richmond’s EIR consultant and their team, the main geologic and

geotechnical concerns requiring supplemental analyses and recommendations centered mainly on

groundwater conditions.

Our additional subsurface investigation work and analyses consisted of;

o Installing ten nested piezometers within the site to characterize the groundwater
conditions,

e Installing three inclinometers within the site to evaluate if any 1an'dslide related
movement exists. The inclinometers were also comerted into p1ezometers '

. Advancmg four borings at two locations within an actlve and potennally active landslide
that exists within the Park District site to the west and encroaches onto the subject site. At
each of the two boring locations, a nested piezometer and one inciinometer was installed.
The borings were advanced td evaluate the depth of the landslide and -perform slope
stability analyses to determine earth movement loads on reinforced concrete piers planned
along the west property line, :

e Performing simple pump tests within the piezometers to evaluate groundwater discharge
rates into drainage shafts proposed at the south end of the property,

e Perform an analysis of the stabi.lity of the buttress excavation side slopes,

e Provide supplemental mitigation recommendations for both groundwater and slide repair

grading

Groundwater Conditions
The nf_:sted piezometers consisted of three standpipe piezometers in one hole at depths of 40 feet,

80 feet and 120 feet, below current ground surface, at the locations shown on Figure 1, attached.

The ground water measurements in the piezometers was monitored over time. The results of the

monitoring is presented in the attached Table I. The monitoring data indicates that several zones

of jjerched water exist within the landslide mass. The data suggests that more water is present

along the south and west parts of the site than in the center of the site. A regiohal groundwater
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table does not seem to exist. It should be noted that during the drilling of the six 100 foot deep

large diameter holes, no groundwater table was encountered.

It was initially hypothesi.zed that the difference in groundwater conditions across the site may be
influenced by geologic structures such as inactive bedrock faults underlying the site. These
inactive bedrock faults have been mapped by Bishop et al (1979) and are shown on Figure 1. Th.e
data is not conclusive to support the likelihood that these bedrock faults may be acting as an
aquiclude that dams up water behind it, but it is not discounted. The inactive bedrock fault may
not have undergone enough displacement to create a clay gouge barrier. In addition, the actual

location of the mappéd bedrock faults may be different due to the landsliding events.

The observed groundwater conditions may be due to water generated form the higher elevation
entering the landslide mass within more permeable zones and dissipating th:oﬁgh the site. The
high piezometric head within the 120 foot stand pipe of P1 may be a result of the peizometer
being located within the axis of a broad swale feature. Swale features generally show higher
concentrations of groundwater as surface water is channeled rather than sheet flowed. Cross
section EE, FF and GG were generated across the site to show groundwater conditioﬁs, and are

attached as Figure 2.

The implications of a high groundwatef table is that it can create low factors of safety against
stability. This can be mitigated by draining the water form the ground to a lower level. Drill
. Tech and Drilling Shbring has proposed to excavate two 25 to 30 foot diameter shafts to a depth
of 120 feet, which have a series of horizontal drains radiating out a distance of up to _300. feet
from the shaft at various elevations. These two shafts will be located at the southern end of the
site, where the groundwater conditions are greater. A plan view of this scheme is shown on .
Figure 5 Mitigation Plan attached. The water Wbuld be collected into the shaft and either
-pumped out to a surface storm drain facility or gravity drained to an onsite natural swale at the |

lower levels of the site.

In an attempt to determine possible water flows into the shafts, simple pump test were performed

- in inclinometers I-1, I-2, & I-3. These were selected instead of the piezometers as the
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inclinometer pipes and provide better data. The pump test was performed by pumping out almost
all the water form the pipe and measuring the increase in groundwater elevation with time.
Inclinometer I-1 recharged at a rate of 0.16 gallons/minute while inclinometers I-2 and I-3

recharged at a rate of approximately 0.03 ‘gallons/minute, for an 8 inch diameter hole.

-Analysis and Mitigation of Landslide on Park District Property

As indicated in reference 1, a large creeping landslide and a smaller active landslide upon it exist
on the Park District Property to the west. Approximately 200 feet of the eastern edges of the two
landslide encroach onto the subject site. It was proposed to construct a row of reinforced
concrete piers along the west property line to separate the landslide mass and prevent landslide
movement from affecting the subject project. The majority of the piers are aligned nearly parallel
to the direction of landslide movement and will be subject to mainly shear loads with a minor
component of landslide driving loads. A short portion of the property line jogs in an east west
direction and the piers in this section are perpendicular to the direction of the main landslide

mo?ement and will be subject to full driving loads.

Two large diameter holes W-1 and W-2 were drilled within the eastern flank of these landslides,
and the depth of landslides, and the depth of landsliding in both holes was found to be 50 feet.

In order to provide a better evaluation of landslide conditions and therefore the loads on it was
proposed to drill three borings w1thm thé landslide on the Park District Property. Due to difﬁcult
drilling conditions only two boringé could be completed. The locations of the borings are shown
~on the attached Figure 2 and the logs are attached in boring PD-1 the base of the large creeping
slide was encountered at 65 feet depth and in boring PD-2, the base of the smaller active -
landslide and the base of the creeping landslide were encountered at 48 feet and 60 feet
respectively. These depths are consisteﬁt with those encountered in large diameter holes W-1 and
W-2. Groundwater was encountered at a depthl'of approximately 25 féet in boring PD-1 and at
40 feet in PD-2. Some shallower perched water was encountered at depths of 15 feet in both

borings
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Based on the above data, the slide cross section was developed (cross section H-H) at the

location shown on Figure 3. A slope stabijjty back analysis was performed to evaluate the shear
strength for the slide plane assuming the large creeping slide has a current factor of safety of 1.0 '
(i.e actively moving). A slide plane shear strength of C=0 and 0=14° was calculated. Since the
slide is not actively moving the actual factor of safety is slightly greater than 1.0. The angle of
internal friction would be higher than 14°. In addition to construction of the piers, the recent |
landslide debris mat.erial within the subject site will removed and recompacted as engineered fill.
The extent of this regarding is shown on Figure 5. Mitigation Plan. It is noted that the slide
removal and recompaction will not extend to the full extent in some areas due to environmental

restrictions in the creeks areas. -

Based on the abtwe results a slop'é stability analysis was performed on th_e slide and if a load of
400,000 Ibs inclined at 37.5° from the horizontal is applied at the property line jog, the slide
factor of safety would be 1.5. The slope stability analysis of the cross section is shown as Figure
4. The piers located along the west property line in a nbrth-south direction (downhill) will only
be subj.eclted to 7’?;000 Ibs of normal force inclined at 3’5‘;.5 ° form the horizontal. This inéiudes the

effects of buttressing that will occur as described below.

The matcriai excavated during grading is only allowed to be stockpiled in areas designated for .

grading.

Excavation Stability of Buttress .

A 40 foot deep buttress is pl_amed through the center of the site as shown of Figure. A slope.
stability analysis of the uphill excavation was performed to evaluate its stability during
construction. The analysis shows that the excavation is unstable ata 1:1 slope inclination and the
construction of the buttress is to proceed in stages. We retommend that the entire buttress be
excavated to 20 feet depth and the lower 20 feet ‘be excavated and recompéicted -in stages

approximately 75 feet in length.

TERRASEARCH, inc. - : . Page 5
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Should you have any questions or require additional information, please contact our office at

your convenience.

Very truly yours,

Copies: 1 to Land Research and Management
1 to LAK Associates (Attention: Mr. Sean Kenning)

TERRASEARCH, inc. ' Page 6



10/13/2004 AP AR YFAVIVE S (NN FAVIVE: VIV TP RV .
Piezometer | Depth | Water Levels | 11/30/2004 | Water Levels | Water Levels | Water Levels | 4/26/2005 5/4/2005 7/14/2005
P-1 40 40.2 Dry 39.9 40.5 14.5 147 211
80 38.5 49.5 36.2 28.3 27.2 27.3 28.8
120 8.6 64.9 7.5 4.8 3.8 3.6 3.6
P-2 40 35.4 38.1 21.8 13.7 13:1 13.5 16.7
80 77.8 H 79.3 40.3 39.5 39.2 39.2 38.9
120 57 O 89.6 34.4* 61.6 52.7 52.7 82.7
P-3 40 38.4 L 39.4 not accessible 40.1 40.1 40.1 40
80 Dry. E Dry not accessible Dry DRY DRY DRY
120 Dry S Dry not accessible 119.1 118.9 118.8 118.1
P-4 40 31.9 35.8 4.2 12.5 18.2 156.3 18.4
80 40.2 2 53.2 21.4 12.8 19.4 20.8 21.5
120 38 U 81.4 8.7 11.7 171 18.1 22.4
P-5 40 38.1 R Dry 34.3 32.6 30.4 30.1 31.5
80 44.7 G 67.1 40.8 39.8 38.1 37.9 40.9
120 Dry = Dry 117.8 111.8 108.5 108.4 75
P-6 40 33.8 D 36.9 29.5 16.9 15.9 16.2 22.3
80 31.3 56.2 31 21.9 20.6 20.5 23.2
120 53.6 81.1 53.1 49.5 51.2 51.1 50.6
P-7 40 11.2 11.8
80 78.6 20.7
120 33.1 29.9
P-8 40 10.4 14.7
80 29.7 24.4
120 28.7 29.8
P-9 40 31.5 38.1
80 DRY DRY
120 76.4 77.9
P-10 40 9.2 9.9
! 80 15.5 10.6
120 17.2 18.9
PD-1 40 16.3
80 243 »
120 23.9
PD-2 45 15
65 40.7
95 45
I-1 120 56.6 71.1 52.9 53 50.6 52.8
-2 120 44.6 7 68.2 12.6 17 23.9
-3 - 1560 126.5 133.2 40 36.5 35 34.1
Note: * PVC opening below 6" of standing water in casing, not accurate reading




Fm—

- B oot
B
ol
i Bl
K
%té:
4o
w
=
w
IS E
ST
ol ¥53
2l
o i
g

Beundary of aneicnt
lerused ersivg
i

AT el Landsie bouninry
v
ARRASEARCH we

L pepe—

ol 8

il
A —————

®

<% TITT Ty basdelide sexy
A(( << Acce

-
Z:d 33 i3
Ee 3 2 § R3
X8 = g = =%
i 8§ i
53§ 2 8 £38
i

2 = a s

& o o &

PR A 7 /{}\\
T NN RN




460 -

475 - Qla Toe
|
Qla Toe . z o
=2 1 CROSS -SECTION EE
218 4
P-5
Dry (@ 40" & 120
CROSS -SECTION GG
P
oL
£ it
¥
Drainage Shaft
o
o,

CROSS -SECTION FF
20' Deep Sub-Drain

U— mm— S e e s O s EEm eSS BN EER BRSO R R

Qld Toe
433 a g
383 4 __ :
H J_{ CROSS -SECTION GG
. o
P-1Dry @ 40'

Seaba: Horizontal and Vertesl 17 = 200

L — CROSS SECTIONS EE, FF,& GG___ |

FOREST GREEN ESTATES 707G GC
RICHMOND, CALIFORNIA Tiale:

AS SHOWN 8/2008

287 WRIGHT BROTHERS AVENUE, LVERMORE CaLIF0RNIA 451 PHONE: (72s) 243 6852

’% TERRASSARCH e ri”“' S 2




31t

Spencer

Materiz] Properties

Material: Material 1

Strength Type: Mohr-Coulomb
Unit Weight: 1251b/#°
Cohesion: () psf’

Friction Angle: 14 degrees
Material: Material 2

Strength Type: Mohr-Coulomb
Unit Weight: 1251b/4t
Cohesion: 500 psf’

Friction Angle: 20 degrees

400000.00 1h

2600 C U Taoho

'
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GEOTECHNICAL ENGINEERS AND GEOLOGISTS

STABILITY ANALYSIS FOR SECTION H-H

FORREST GREEN ESTATE
RICHMOND, CALIFORNIA
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