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GREGG DRILLING & TESTING, INC.

GEOTECHNICAL AND ENVIRONMENTAL INVESTIGATION SERVICES

March 10, 2009

Panther Tech

Attn: Kevin Dyson

220 Rt. 70 East, Suite B
Medord, New Jersy 08055

Subject: CPT Site Investigation
Hookston Station
Concord, California
GREGG Project Number: 09-039MA

Dear Mr. Dyson:

The following report presents the results of GREGG Drilling & Testing’s Cone Penetration Test
investigation for the above referenced site. The following testing services were performed:

1 Cone Penetration Tests (CPTU) X
2 Pore Pressure Dissipation Tests (PPD) X
3 Seismic Cone Penetration Tests (SCPTU) ha
4 Resistivity Cone Penetration Tests (RCPTU) 7
5 UVOST Laser Induced Fluorescence (UVOST) ]
6 Groundwater Sampling (GWS) ]
7 Soil Sampling (SS) ]
8 Vapor Sampling (VS) ]
9 Vane Shear Testing (VST) ]
10 | SPT Energy Calibration (SPTE) [] I

A list of reference papers providing additional background on the specific tests conducted is

provided in the bibliography following the text of the report. If you would like a copy of any of
these publications or should you have any questions or comments regarding the contents of this
report, please do not hesitate to contact our office at (925) 313-5800.

Sincerely,
GREGG Dirilling & Testing, Inc.

Mary Walden
Operations Manager

950 Howe Rd e Martinez, California 94553 e (925) 313-5800  FAX (925) 313-0302
OTHER OFFICES: LOS ANGELES « HOUSTON » SOUTH CAROLINA

www gregedrilling.com
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GREGG DRILLING & TESTING, INC.

— GEOTECHNICAL AND ENVIRONMENTAL INVESTIGATION SERVICES
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Gregg CPT Interpretation Software 1.1., 2007

mmmmmsm  Cone Penetration Test (CPT) Interpretation

Gregg has recently updated their CPT interpretation and plotting software (2007). The
software takes the CPT data and performs basic interpretation in terms of soil behavior
type (SBT) and various geotechnical parameters using current published empirical
correlations based on the comprehensive review by Lunne, Robertson and Powell (1997).
The interpretation is presented in tabular format using MS Excel. The interpretations are
presented only as a guide for geotechnical use and should be carefully reviewed. Gregg
does not warranty the correctness or the applicability of any of the geotechnical
parameters interpreted by the software and does not assume any liability for any use of
the results in any design or review. The user should be fully aware of the techniques and
limitations of any method used in the software.

The following provides a summary of the methods used for the interpretation. Many of
the empirical correlations to estimate geotechnical parameters have constants that have a
range of values depending on soil type, geologic origin and other factors. The software
uses ‘default’ values that have been selected to provide, in general, conservatively low
estimates of the various geotechnical parameters.

Input:
| Units for display (Imperial or metric) (atm. pressure, pa = 0.96 tsf or 0.1 MPa)
2 Depth interval to average results,( ft or m). Data are collected at either 0.02 or

0.05m and can be averaged every 1, 3 or 5 intervals.

Elevation of ground surface (ft or m)

Depth to water table, z,, (ft or m) — input required

Net area ratio for cone, a (default to 0.80)

Relative Density constant, Cp, (default to 350)

Young’s modulus number for sands, o (default to 5)

Small strain shear modulus number

a. for sands, Sg (default to 180 for SBT, 5, 6, 7)

b. for clays, Cg (default to 50 for SBT,1,2, 3 & 4)

9 Undrained shear strength cone factor for clays, Ny, (default to 15)

10 Over Consolidation ratio number, k. (default to 0.3)

11 Unit weight of water, (default to y,, = 62.4 Ib/ft’ or 9.81 kN/m®)

O N AW

Column
1 Depth, z, (m) — CPT data is collected in meters
Depth (ft)
Cone resistance, g, (tsf or MPa)
Sleeve friction, f; (tsf or MPa)
Penetration pore pressure, u (psi or MPa), measured behind the cone (i.e. uy)
Other — any additional data, if collected, e.g. electrical resistivity or UVIF
Total cone resistance, g (tsf or MPa) gt =qc tu(l-a)

NN R W
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Gregg CPT Interpretation Software 1.1., 2007

10
11
12
13
14
15
16
t7

19
20
21
22
23
24
25
26
27
28
29

Notes:

Gregg

Friction Ratio, Ry (%)

Soil Behavior Type (non-normalized), SBT
Unit weight, y (pef or kN/m?)

Total overburden stress, o, (tsf)

Insitu pore pressure, u, (tsf)

Effective overburden stress, o'y, (tsf)
Normalized cone resistance, Qy
Normalized friction ratio, F, (%)
Normalized Pore Pressure ratio, B,

Soil Behavior Type (normalized), SBT,
SBT, index, I,

Ry = (fy/q) x 100%

see note

hased on SBT, see note
Cw=7YZ

U = Yo (Z - Zy)

G'vo = Gyo - U

QtI: ((h - 0'vo) /G,vn
F,=1/(q: - 0v) x 100%
By=u~— U/ (Gt - Ovo)
see note

see note

Normatlized Cone resistance, Qy, (n varies with Ic) see note

Estimated permeability, kg, (cm/sec or ft/sec)

Equivalent SPT Ngg, blows/ft
Equivalent SPT (N |)(,(} blows/ft
Estimated Relative Density, D, (%)
Estimated Friction Angle, ¢', (degrees)
Estimated Young’s modulus, E; (tsf)

Estimated small strain Shear modulus, Go (tsf)

Estimated Undrained shear strength, s, (tsf)
Estimated Undrained strength ratio
Estimated Over Consolidation ratio, OCR

Soil Behavior Type (non-normalized), SBT
listed below

see note
see note
see note
see note
see note
see note
see note
see note
s /oy’

see note

Lunne et al. (1997)

Unit weight, y either constant at 119 pcf or based on Non-normalized SBT

(L.unne et al., 1997 and table below)
Soil Behavior Type (Normalized), SBT,

SBT, Index, I,

Lunne et al. (1997)

Io=((3.47 — log Qu)* + (log F, + 1.22)%)%*

Normalized Cone resistance, Qy, (n varies with Ic)

Qu = ((qu - 6vo)/pa) (pa/(c'ye)" and recalculate ., then iterate:

When [, < 1.64,
When 1.> 3.30,
When 1.64 <1, <3.30,
Iterate until the change in n, An <0.0]

n= 1.0 (clays)

Page 2 of 4

n = 0.5 (clean sand)

n=(l— 1.64)0.3 + 0.5

8./28/2007



Gregg CPT Interpretation Software 1.1,, 2007

6 Estimated permeability, key (based on Normalized SBT,)
(Lunne et al., 1997 and table below)

7 Equivalent SPT N, blows/ft

(q‘/p1) - 8

N(ﬂ)

8 Equivalent SPT (N))s blows/ft
where Cy = (palts’ o)

9 Relative Density, Dy, (%)
Only SBT, 5,6, 7 & 8

10 Friction Angle, ¢, (degrees)
Only SBT, 5,6, 7 & 8

11 Young’s modulus, E,
Only SBT,5, 06,7 & 8

i2 Small strain shear modulus, Go
a. Gy=8c(q o' pa)lB
b. Go = CG s

13 Undrained shear strength, s,
Only SBT, 1,2, 3, 4& 9

14 Over Consolidation ratio, OCR
Only SBT, 1,2, 3,4&9

SBT Zones

Lunne et al. (1997)

spw'cj
4.6

(N 1)6(} = Ngo CN,

Dr2 = an / Cl)r
Show ‘N/A' inzones 1,2, 3, 4 & 9

tan ¢' = L log ﬁi—-) +0.29
2.68 T vo

Show’N/A inzones 1, 2,3, 4 & 9
Fo= ot qq
Show N/A inzones 1 2 3, 4& 9

For SBT,5 6, 7
For SBT, I, 2, 3& 4
Show ‘N/A’ in zones 8 & 9

Su ™ (Qz - Gvu) / Nkl
Show ‘N/A' inzones 5,6, 7 & 8

OCR = kocr Qtl
Show 'N/A inzones 5,6, 7& 8

SBT, Zones

The following updated and simplified SBT descriptions have been used in the

software:
sensitive fine grained
organic soil
clay
clay & silty clay
clay & silty clay
sandy silt & clayey silt
silty sand & sandy silt
sand & silty sand
sand

0 sand

— D 00~ O ) N —

Gregg

Page 3 of 4

1 sensitive fine grained
2 organic soil

3 clay

4 clay & silty clay

Lh

silty sand & sandy silt
6 sand & silty sand

7 sand

8./28/2007



Gregg CPT Interpretation Software 1.1., 2007

11 very dense/stiff soil* 8 very dense/stiff soil*
12 very dense/stiff soil* 9 very dense/stiff soil*
*heavily overconsolidated and/or cemented
Track when soils fall with zones of same description and print that description (i.e. if
soils fall only within SBT zones 4 & 5, print ‘clays & silty clays’)

Estimated Permeability (see Lunne et al., [997)

SBT, Permeability (ft/sec) {m/sec)
[ 3x 107° 1x 107
2 3x 107 1x 107
3 fx 107 3x 1071
4 3x 10°% 1x 107
5 3x 10°° Ix 107
6 3x 107 Ix 10
7 3x 107 Ix 1072
8 3x 107 Ix 10°
9 1x 10 3x 107

Estimated Unit Weight (see Lunne et al., 1997)

SBT Approximate Unit Weight (Ib/f})  (kN/m®)
I 111.4 [7.5
2 79.6 12.5
3 111.4 17.5
4 114.6 18.0
5 114.6 18.0
6 114.6 18.0
7 117.8 18.5
8 120.9 19.0
9 1241 19.5
10 127.3 20.0
I 130.5 20.5
12 120.9 19.0

Gregg Pape 4 of 4 8./28/2007



Cone Penetration Testing Procedure
(CPT)

Gregg Drilling carries out all Cone Penetration Tests (CPT) using an integrated
electronic cone system, Figure CPT. The soundings were conducted using a 20 ton
capacity cone with a tip area of 15 cm? and a friction sleeve area of 225 cm?. The cone
is designed with an equal end area friction sleeve and a tip end area ratio of 0.80.

EGG
AR

The cone takes measurements of cone
bearing (q.), sleeve friction (f;) and S
penetration pore water pressure (u,) at 5- |
cm intervals during penetration to provide
a nearly continuous hydrogeologic log.
CPT data reduction and interpretation is
performed in real time facilitating on-site
decision making. The above mentioned
parameters are stored on disk for further
analysis and reference. All  CPT
soundings are performed in accordance
with revised (2002) ASTM standards (D
5778-95).

{ e Soll seal
— Electric cable for signal transmission
~Water seal

Lol

<4——— Friction load cell

<« Friction sleeve

—Inclinometer (Ix &ly)

The cone also contains a porous filter
element located directly behind the cone
tip (u2), Figure CPT. It consists of porous /
plastic and is 5.0mm thick. The filter
element is used to obtain penetration pore i
pressure as the cone is advanced as well 1

as Pore Pressure Dissipation Tests #1

Tip load cell

— T+

ro——

. Water seal

Soil seal
L Pore pressure transducer

Filter

|

e

L

(PPDT’s) during appropriate pauses in
penetration. It should be noted that prior
to penetration, the element is fully
saturated with silicon oil under vacuum
pressure to ensure accurate and fast
dissipation.

Cone Tip

Figure CPT

When the soundings are complete, the test holes are grouted using a Gregg support rig.
The grouting procedures generally consist of pushing a hollow CPT rod with a “knock
out” plug to the termination depth of the test hole. Grout is then pumped under pressure
as the tremie pipe is pulled from the hole. Disruption or further contamination to the site
is therefore minimized.



% Pore Pressure Dissipation Tests (PPDT)

Pore Pressure Dissipation Tests (PPDT’s) conducted at various intervals measured
hydrostatic water pressures and determined the approximate depth of the ground water
table. A PPDT is conducted when the cone is halted at specific intervals determined by
the field representative. The variation of the penetration pore pressure (u) with time is
measured behind the tip of the cone and recorded by a computer system.
Pore pressure dissipation data can be interpreted to provide estimates of:

In order to correctly interpret
the equilibrium piezometric
pressure and/or the phreatic
surface, the pore pressure
must be monitored until such
time as there is no variation in
pore pressure with time,
Figure PPDT. This time is
commonly referred to as tygg,
the point at which 100% of the
excess pore pressure has
dissipated.

A complete reference on pore
pressure dissipation tests is
presented by Robertson et al.
1992,

A summary of the pore
pressure dissipation tests is
summarized in Table 1.

Equilibrium piezometric pressure

Phreatic Surface

In situ horizontal coefficient of consolidation (c;)
In situ horizontal coefficient of permeability (k)

Disspation of Poro Pressure (u) in NG Clay
u &

Ug - equibbrium pore pressure

time

Ground
Surface

Disepaton of Pore Pressure (u) in Sand

Up - equibrum pore pressure

time

Dissipaton of Pore Prossure (u) in Denso Sand.
Diatien St and Heaviy OC Clay

measured here
Dcone - Depth of Cone TOpR—
Dwater - Depth to Water Table 0—]

time

Hwater - Head of Water

Water Table Calculation

Dwater = Dcone - Hwater

where Hwater = Ue (depth units)

Useful Conversion Factors:  1psi=0.704m =2.31 feet (water)
1tsf = 0.958 bar = 13.9 psi
1m = 3.28 feet

Figure PPDT
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