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LIST OF ACRONYMS AND ABBREVIATIONS

ASTM ASTM International

bgs Below Ground Surface

cfs Cubic feet per second

CGS California Geologic Survey

CPT Cone Penetration Test

CRR Cyclic Resistance Ratio

CSR Cyclic Stress Ratio

El Elevation

FS Factor of Safety

GIS Geographic Information System

h:v Horizontal:Vertical

NAVD88 North American Vertical Datum of 1988
NCEER National Center for Earthquake Engineering Research
PHGA Peak Horizontal Ground Acceleration
Station Survey Station

SPT Standard Penetration Test

USA Underground Service Alert

USACE United States Army Corps of Engineers
USGS United States Geological Survey
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EXECUTIVE SUMMARY

The purpose of our investigation was to explore subsurface conditions at the project site
to aid the County and City in evaluating the ability of the Blue Lake Levee system to function in
accordance with current FEMA/USACE performance criteria. To achieve this objective,
CGl/Fugro performed a subsurface exploration, laboratory testing, and engineering analyses in
accordance with the standards of FEMA (2008), and USACE (2013, 2010a, 2008, 2005, 2003,
and 2000a).

The following paragraphs summarize the analyses that were performed to assess the
geotechnical aspects of the levee system and include brief summaries of our findings. It should
be noted that our analyses addressed the geotechnical aspects of flood control protection for
the 100-year recurrence interval (or 1% annual chance exceedance) flood event for the Blue
Lake Levee system. Our evaluation did not address the hydrologic, hydraulic, or any other
aspects of flood protection for the levee system.

Liquefaction and Seismic Settlement Potential. Based on our analysis, there is a
potential for liquefaction and seismically induced dry settlement of the pervious foundation
material during the design seismic event. The maximum estimated liquefaction and seismically
induced dry settlements are approximately 772 inches and 1 inch, respectively. For pseudo-
static slope stability analyses, undrained residual strength parameters were estimated for
potentially liquefiable strata.

Underseepage. For our seepage evaluation, the potential for underseepage was
evaluated for steady-state flood stage conditions. Based on the results of our seepage
analyses, the section at Station 71+00 does not meet performance criteria defined by USACE
(2005). The estimated levee landside toe vertical exit gradient at Station 71+00 is about 0.8,
which exceeds the USACE minimum allowable exit gradient of 0.5. That vertical exit gradient
was estimated using generalized permeability parameters because site-specific permeability
test samples were not available at Station 71+00. Furthermore, an impermeable bedrock
boundary condition was modeled at that section due to the close proximity of bedrock towards
the north and that boundary condition likely imposes greater seepage forces than actually exist.
To refine site-specific permeability data at Station 71+00 and to better evaluate the potential for
underseepage, we recommend that an additional drill hole be advanced to obtain samples for
further permeability testing. It should be noted, as discussed below, that steady state analyses
may represent improbable, excessively conservative geotechnical conditions for the Blue Lake
Levee system.

Through-Seepage. The potential for through-seepage was evaluated for steady-state
flood stage conditions. Based on the results of our analyses, through-seepage potential likely
exists at Stations 22+00, 34+00 and 71+00. At Station 22+00, the phreatic surface was
estimated to daylight on the landside slope about 2 feet above the landside toe. However, the
phreatic surface daylights within an interior drainage ditch, and it is our opinion through-seepage
is unlikely to destabilize the levee if the interior drainage ditch is filled with water when the
phreatic surface emerges at that elevation. At Stations 34+00 and 71+00, the phreatic surface

ES-1
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was estimated to daylight on the landside slope about 174 feet and 1 foot above the landside
toe, respectively, assuming steady state conditions develop during the design 100-year event.
As discussed below, steady state analyses may represent improbable, excessively conservative
geotechnical conditions for the Blue Lake Levee system.

Slope Stability. Our slope stability analyses indicated that the slopes evaluated are
generally stable for each of the conditions discussed in Section 8.3.1, with the exception of two
slopes: the estimated FS for the Station 22+00 landside slope during full flood conditions is less
than 1.4, and the estimated FS for the Station 34+00 waterside slope during sudden drawdown
conditions is less than 1.0. However, slope stability analyses for these conditions assumed
phreatic surfaces based on the results of steady state seepage evaluations. As noted below,
phreatic surfaces corresponding to steady state conditions are not anticipated to develop during
the design flood event.

Seismic Deformation. Based on the results of pseudo-static slope stability analyses,
minimal or negligible seismic displacements are anticipated for the design seismic event.

SUMMARY OF FINDINGS AND RECOMMENDATIONS

On the basis of field observations, subsurface exploration, laboratory testing and
engineering analyses performed for this investigation, the Blue Lake Levee system is generally
capable of providing flood control protection to adjacent improvements. Based on our
evaluation, three sections of the levee may be susceptible to seepage-related failure or
instability if steady state seepage phreatic surfaces develop during the design storm event.
However, it is our opinion that steady state conditions are generally not representative of
anticipated base flood conditions for the Blue Lake Levee system, and that transient analyses
will more accurately model the development of phreatic surfaces and pore pressures during a
full flood event.

Although USACE guidance documents do not explicitly specify that seepage evaluations
shall be performed considering only steady state conditions, USACE (2000a) specifies that
slope stability analyses for steady seepage from full flood stage conditions (Case Ill) assume
the water remains at or near full flood stage long enough so that the embankment becomes fully
saturated. DWR (2010) states that a phreatic surface lower than the steady state phreatic
surface may be justified for slope stability analysis depending on the duration of the design
hydrograph, the composition and dimension and the levee’s performance history. In addition,
DWR (2012) notes that deviations from use of a steady-state phreatic surface for levees
subjected to river stage loading for short durations must be substantiated through appropriate
presentation of information such as hydraulic data, field piezometric data, and engineering
evaluations.

The standard project flood hydrograph presented in USACE (1962) shows a flood
duration of approximately 4 days, with peak discharges generally occurring over an
approximately 36-hour period. Relative to levee performance history, the County of Humboldt
(2014) notes the levee was damaged but did not fail during a major flood event in December
1964 between about Station Nos. 15+00 and 24+00. The estimated flow for the 1964 event was
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up to approximately 81,000 cfs near Arcata; although this flow estimate was recorded
downstream of Blue Lake, it should be noted this estimate exceeds the estimated flow for the
100-year flood event at Blue Lake (NHE, 2014).

Additionally, DWR (2010) notes that the lowest phreatic that could normally be justified
for a homogeneous levee would be along a straight line extending from the landside levee toe to
where the design water surface intersects the levee slope. Based on our subsurface exploration
and review of as-constructed plans (1956, 1962), the levee system is composed of impervious
and pervious fill and therefore would not be considered homogeneous.

OPINION REGARDING GEOTECHNICAL ASPECTS OF LEVEE CERTIFICATION

Based on the results of our study, the levee system’s ability to provide flood protection is
likely sufficient considering nearly all conditions evaluated at the eight cross section locations.
Potential deficiencies identified by our analyses are estimated outcomes if steady state flood
conditions develop during the 100-year flood event at 3 of the evaluated locations. Measures to
mitigate the development of potentially adverse steady seepage conditions are discussed in
Section 9.7 of this report.

This study provided baseline information regarding the composition and performance of
the Blue Lake levee system relative to quantitative USACE performance criteria. As detailed in
the report, localized levee sections do not meet the USACE performance criteria for
underseepage, through-seepage, and slope stability. Use of the USACE criteria is not required
for certification of a levee for compliance with the FEMA standards defined at 44 CFR 65.10, but
use of these criteria is commonly used for levee certification. The USACE criteria are based on
the assumption of steady-state conditions, which for some rivers like the Mad River may be
considered conservative. Further analyses using the assumption of transient conditions could
be performed to obtain a more representative scenario of flood conditions. However, USACE
has not formally defined performance criteria for transient analyses, and thus the results of
transient analyses may not be sufficient for achieving certification to the FEMA standards.
Further evaluation, beyond the scope of this technical study, would be needed to determine
whether a qualified engineer could use the results of transient analyses to certify compliance
with the FEMA standards. Additional technical analyses, additional site characterization, and/or
implementation of mitigation measures may be needed before a qualified engineer would certify
the levee.

ES-3
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1.0 INTRODUCTION
11 PROJECT DESCRIPTION

CGl Technical Services, Inc. (CGl), has been authorized by Humboldt County
Department of Public Works (County) to perform a geotechnical investigation of the Blue Lake
Levee system on the Mad River and North Fork of the Mad River. This geotechnical evaluation
has been performed in conjunction with Fugro Consultants, Inc. (Fugro), and our team is
henceforth referred to as CGl/Fugro throughout this report. Funding for this study was provided
by the California Department of Water Resources Local Levee Assistance Program (LLAP),
Humboldt County, and the City of Blue Lake.

The purpose of the project was to collect and analyze selected geotechnical information
in order to estimate the stability of the levee foundation and embankment, and to evaluate the
potential for settlement, through-seepage, underseepage, or erosion to cause instability.
Available information prior to this study was not sufficient to assess these risks for the Blue Lake
Levee. The results of the project will assist Humboldt County and City of Blue Lake (City) in
assessing the public safety risks associated with the levee system and in determining whether
the levee meets the embankment and foundation stability criteria of FEMA’s National Flood
Insurance Program standards at 44 CFR 65.10.

The Mad River is about 113 miles long and drains a watershed encompassing about 497
square miles. It is composed of three watershed areas (Upper, Middle, and Lower) and is
partially regulated at Mathews Dam, which impounds Ruth Lake and is located in the Upper
watershed area. The Mad River is composed of 13 sub-basins, one of which consists of the
North Fork of the Mad River (North Fork), which confluences with the Mad River along the Blue
Lake Levee. The North Fork sub-basin area encompasses about 48.8 square miles (Stillwater
Sciences, 2010). The project site vicinity is shown on Plate 1-1.

The Blue Lake Levee system extends along the right river bank from about 2,500 feet
west to 5,100 feet east of Hatchery Road. The segment located west of Hatchery Road is
located within the City of Blue Lake and the remainder is in unincorporated Humboldt County.
The western approximately 3,500 lineal feet of the levee fronts the Mad River, and the
remainder fronts the North Fork. In total, the levee crosses nine separate parcels that include
industrial, commercial, and agricultural grounds. For the Mad River, the estimated flow for the
100-year flood event is 67,600 cfs above the North Fork Mad River, and 74,700 cfs below North
Fork Mad River (NHE, 2014).

Prior to the current levee construction, significant floods impacted the Blue Lake area in
1861, 1878, 1879, 1881, 1884, 1890, 1903, 1906, 1907, 1915, 1927, 1932, 1937, 1953, and
1955 (Tolhurst, 1995, Stillwater Sciences, 2010). The 1955 flood event had a peak flow of
77,800 cubic feet per second (cfs). The highest recorded flows on the Mad River, which were
recorded at the Arcata Gaging Station, occurred during floods in 1964 (after construction of the
levee) with estimated flows up to 81,000 cfs (Stillwater Sciences, 2010).

1-1
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The Blue Lake Levee system is maintained and operated jointly by Humboldt County
and the City. We understand that following construction of the levees, degradation of the Mad
River channel bottom has occurred. A cross section performed at about the Hatchery Road
Bridge between 1982 and 1991 indicated that up to about 9 feet of degradation has occurred
within the channel at that location (Lehre et al., 1993).

Three pipeline penetrations are present within the levee: 1) a 36-inch corrugated metal
pipe (CMP) located at the western end of the levee; 2) a 24-inch CMP at the northwestern
terminus of the levee (shown on Plan of Improvement, Plan-Profile & Sections sheet within
USACE, 1962); and 3) an 18-inch CMP located about 1,400 feet upstream of Hatchery Road
Bridge. A stop-log structure associated with the former Arcata and Mad River Railroad
penetrates the levee near its upstream terminus. That structure consists of concrete abutments,
slab, and sill with wooden stoplogs constructed to reduce the flow of water through the
structure.

We understand that vegetation growth along the waterside flanks of the levee system is
regulated by environmental laws and regulation, and permitting issues have constrained, to
some extent, the County’s and City’s ability to maintain the levee system in strict accordance
with the Operations and Maintenance Manual prepared for the levee system (USACE, 1964).
The levee system is considered a federal flood control project and the USACE performs annual
inspections to determine the levee system’s continued status in the federal Rehabilitation and
Inspection Program. The levee system was rated “minimally acceptable” based on the
USACE’s 2012 routine inspection (USACE, 2013).

For the last 15 years, FEMA has been updating Flood Insurance Rate Maps and Flood
Insurance Studies across the country. In order to be accredited on the FEMA Flood Insurance
Rate Map, levee owners are required to provide information certified by a qualified engineer
substantiating that the levee meets criteria set forth by the Code of Federal Regulations, Title
44. Section 65.10 and standards developed by FEMA and USACE. This study is intended to
assist the County in obtaining accreditation or identifying needs for the levee system to obtain
accreditation.

1.2 PURPOSE AND SCOPE OF SERVICES

The purpose of our investigation was to explore subsurface conditions at the project site
to aid the County and City in evaluating the ability of the Blue Lake Levee system to function in
accordance with current USACE performance criteria. To achieve this objective, CGI/Fugro
performed subsurface exploration, laboratory testing, and engineering analyses.

Levee stability evaluations utilize standards established by the USACE’s National Flood
Risk Management Program through various policy letters, engineering circulars, and
engineering manuals (USACE, 2010a). The primary USACE standards utilized during this study
consist of the following:

e Engineering Circular 1110-2-6067, Certification of Levee Systems for the NFIP
(2010a)

1-2
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¢ REF10LO Rev 2, Geotechnical Levee Practice (2008)

e ETL 1110-2-569, Design Guidance for Levee Underseepage (2005)

e EM 1110-2-1902, Slope Stability (2003)

¢ EM 1110-2-1913, Design and Construction of Levees (2000a)

e EM 1110-2-301, Guidelines for Landscape Planting and Vegetation Management at
Floodwalls, Levees, and Embankment Dams (2000b)

o EM 1110-2-1914, Design, Construction, and Maintenance of Relief Wells (1992)

e EM 1110-2-1901, Determination of Permeability of Soil (1986)

References for those standards are included in Section 10.0 of this report. The scope of
work for this study included the following:

1.2.1 Data Review, Site Reconnaissance, and Access Coordination

In preparation for the field exploration program, CGI/Fugro performed a site
reconnaissance and reviewed historic data, aerial photographs, and other documents, maps,
and existing geologic and geotechnical literature relevant to the site. In addition, we met with
City and County representatives at the site to discuss exploration and cross section locations in
the field.

Relevant geotechnical data from previous reports prepared by the USACE and local
consultants, including site and subsurface descriptions, groundwater data, laboratory test
results, drill hole logs, and as-built plans, were reviewed during the study. Further details
regarding previous reports are presented in Section 3.0 and in Appendix A.

Prior to performing drill holes and cone penetrometer test (CPT) soundings, CGI
obtained drilling permits from the County and contacted Underground Service Alert (USA) to
help identify potential buried utility conflicts at the proposed exploration locations, as required by
California law. In addition, we marked all exploration locations and worked with the County to
coordinate access onto private properties.

1.2.2 Field Exploration
Field exploration consisted of advancing a total of 37 subsurface explorations at selected

locations along the levee alignment. In total, we performed the following explorations for this
study:

Table 1-1. Explorations Performed for Study

Exploration Type Total Advanced
Cone Penetrometer Soundings 10
Hollowstem-Auger Drilling 27
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The field exploration program was performed in April 2014. Locations of explorations
are presented on Plate 2-1 and additional information regarding the field exploration program
are presented in Section 3.0 and Appendix B.

1.2.3 Laboratory Testing

Laboratory testing was performed on selected soil samples obtained during the field
exploration program. The types and numbers of tests were chosen to help classify and
characterize selected subsurface soil characteristics and engineering properties. Further details
regarding the laboratory testing program are presented in Section 4.0 and in Appendix C.

1.2.4 Geotechnical Analyses and Evaluation

Using data obtained from the data review, field exploration, and laboratory testing
programs, CGI/Fugro performed geotechnical analyses, as specified in the scope of work, at
eight cross sections established along the length of the Blue Lake Levee system. The analyses
were consistent with geotechnical criteria specified by the USACE in EM 1110-2-1913 (USACE,
2000a), REFP10LO (USACE, 2008) and EM 1110-2-569 (USACE, 2005). This report
summarizes the geotechnical analyses and presents recommendations for remedial action
where applicable. The following analyses were performed:

e Seismic Design Criteria (Section 6.0)

e Liguefaction Potential (Section 8.1)

¢ Permeability and Seepage (Section 8.2)
e Slope Stability (Section 8.3)

e Seismic Deformation (Section 8.4)

e Settlement (Section 8.5)

1.3 AUTHORIZATION

This study was authorized by the County in the Agreement for Professional Services
under County Project No. 251058.

14 LIMITATIONS

The factual findings for this investigation, described herein, are applicable for the project
description as contained in Section 1.1. The factual information presented in this report was
documented by CGI/Fugro solely for the County for use in evaluating the ability of the existing
Blue Lake Levee system within the project extent to function in accordance with current USACE
performance criteria. Although information contained in this report may be of some use for
other purposes, it may not contain sufficient information for other parties or other uses.

The scope of services did not include any environmental assessments for the presence
or absence of hazardous/toxic materials in surface water, groundwater, or atmosphere. Any
statements, or absence of statements, in this report or data presented herein regarding odors,
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unusual or suspicious items, or conditions observed are strictly for descriptive purposes and are
not intended to convey engineering judgment regarding potential hazardous/toxic assessment.

In performing our professional services, we have used generally accepted geologic and
geotechnical engineering principles and have applied that degree of care and skill ordinarily
exercised under similar circumstances, by reputable geotechnical engineers and engineering
geologists currently practicing in this or similar localities. No other warranty, either express or
implied, is made.
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2.0 SITE DESCRIPTION

The Blue Lake Levee system extends from about 2,500 feet west of Hatchery Road to
about 5,100 feet east of that road. This approximately 1.5-mile alignment of earthen
embankment levee extends through relatively flat terrain within the Mad River Valley, as shown
on Plate 2-1. The following sections describe the site conditions along segments of the levee
system.

2.1 STATION NOS. 0+00 (DOWNSTREAM TERMINUS) TO 24+50

This lower reach of the levee system runs adjacent to Blue Lake Power, vacant City
property, and industrial property operated by Calgon Carbon Corporation. The entire landside
margin of this section is bounded by a drainage ditch, which flows west through the westerly
penetration of the levee located at about Station No. 1+00. A chain-link fence and eucalyptus
trees separate the drainage ditch from the industrial development and lands to the north. One
access ramp extends north from the levee at approximately Station No. 15+00 and a corrugated
metal pipeline allows drainage to flow westerly beneath the ramp.

The levee crown along this segment ranges in width from about 16 to 20 feet. It is
unpaved from about Station Nos. 0+00 to 10+50 and paved with asphaltic concrete between
about Station Nos. 10+50 and 24+50 where it intersects the Hatchery Road bridge. A locked
gate keeping motorized vehicles off the crown is located at about Station 23+85 and the levee is
used as a walking trail.

The waterside portion of this levee section is bounded by active and high-flow channels
of the main stem of the Mad River. The active channel extends from about Station No. 17+00 to
24+50, and the high-flow channel of the river is located downstream of Station No. 17+00.
Various trees in varying densities bound the river margin along the toe of the levee. One
access ramp is located on the waterside section at about Station No. 12+30.

The landside banks along this segment of the levee system are covered with seasonal
grasses and locally with brambles and shrubs. Waterside banks are covered with seasonal
vegetation, local brambles, poison oak, and local shrubs. Trees and other larger vegetation are
locally present along the waterside toe of the levee system. The landside levee embankments
are generally inclined at about 2h:1v with some slight local variances in the slope inclinations.
The waterside levee embankment is inclined at 2.5h:1v to 3h:1v and is generally lined with rip-
rap.

2.2 STATION NOS. 24+50 TO 63+00

This section of the levee system extends east from Hatchery Road bridge. The landside
portion of the levee crosses relatively flat agricultural lands used for grass and hay production
and cattle grazing. One access ramp is located along the landside portion of the levee within
this segment at about Station No. 49+50. A barbed-wire fence extends along the toe of the
levee for its entire length along this segment. Brambles and shrubs are locally located at the
toe of the landside slope. Seasonal grasses are located on the agricultural lands north of the
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levee. A power pole servicing a possibly abandoned water well is located at about Station
38+50.

The waterside toe of the levee is bounded by the main Mad River channel and the North
Fork of the Mad River. The confluence of those two drainages was located at about Station No.
28+00 at the time this study was performed. The channel for the Mad River and North Fork are
located immediately at the toe of the levee from about Station Nos. 24+50 to 46+00. From
Station Nos. 46+00 to 60+00, a point-bar is present along the levee toe creating a terrace
ranging in width up to about 380 feet between the active channel and levee. The channel of the
North Fork is immediately adjacent to the waterside levee toe between about Station Nos.
60+00 to 63+00. Various trees in varying densities bound the river margin along the toe of the
levee. One access ramp is located on the waterside section at about Station No. 49+00.

The levee crown along this segment ranges in width from about 14 to 25 feet. The
crown is unpaved along this segment. A locked gate keeping motorized vehicles off the crown
is located at about Station No. 25+00 and the levee is used as a walking trail.

At one levee segment, between about Stations 32+00 and 35+00, we observed the
waterside levee slope to be oversteepened and armored with relatively large riprap. The slope
in this segment was inclined at about 1.5h:1v and extended directly into the river with no bench
or apparent toe above the river margin. The crown in this segment was also wider by six to
eight feet than the levee crown along the remainder of this portion of the levee. The
oversteepening of this section of the levee could be due to one or both of the following reasons:

1. This segment is located near the confluence of the main stem and North Fork of
the river, which might generate the greatest amount of scour and turbulent flow,
thus resulting in erosion of the levee toe at this site. This condition might have
been exacerbated by the degradation, or lowering, of the river thalweg, which
has been documented as occurring historically in this stretch of the river. Repair
of that erosion might have resulted in placement of the oversized riprap.

2. This segment of the levee is wider than the remaining segments of the river and
may have been widened at some point without moving the toe of the waterside
levee slope. That would result in a steepening of the waterside slope. If the
levee crown is adjusted to 17 feet wide and the levee toe is located as observed
during this study, then the waterside levee slope would be inclined at about
2h:1v.

Thus, it is unclear whether the oversteepening of the waterside slope between about
Station Nos. 32+00 and 35+00 is due to erosion, widening of the levee crown, or both.

One penetration is present along this section at about Station No. 39+50. At this
location, an 18-inch diameter corrugated metal pipe extends through the levee and has a flap-
gate affixed to its discharge end at the waterside toe of the levee. A three-inch diameter
aluminum irrigation pipeline was observed to have been pushed through the penetration and
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extended though the flap-gate, wedging the flap-gate in an open position as long as that
pipeline is present.

The landside banks along this segment of the levee system are covered with seasonal
grasses and locally with brambles and shrubs. Waterside banks are covered with seasonal
vegetation, local brambles, poison oak, and local shrubs. Trees and other larger vegetation are
locally present along the waterside toe of the levee system. The landside levee embankments
are generally inclined at about 1.8h:1v to 2h:1v with some slight local variances in the slope
inclinations. The waterside levee embankment is inclined at 1.6h:1v to 3h:1v with the steepest
waterside levee face section extending between about Station Nos. 30+00 to 40+00. The
waterside levee face is generally lined with rip-rap.

2.3 STATION NOS. 63+00 TO 77+00

This easterly segment of the levee system extends along the North Fork of the Mad
River. The landside portion of the levee crosses relatively flat agricultural lands used for grass
and hay production and cattle grazing. No access ramps are located along the landside portion
of the levee within this segment. A barbed-wire fence extends along the toe of the levee along
the westerly portion of its length within this segment. Brambles and shrubs are locally located at
the toe of the landside slope. Seasonal grasses are located on the agricultural lands located
north of the levee.

The channel for the North Fork diverges south of the waterside toe along this segment
and has a point-bar ranging in width up to about 680 feet from the active channel to the levee.
Various trees in varying densities bound the river margin along the toe of the levee. At the
eastern end of this segment, between about Station Nos. 74+00 and 76+50, various structures,
trailers, and debris are present at the waterside levee toe and south of the toe. No access
ramps are located on the waterside section of this segment.

The levee crown along this segment is about 15 feet and is unpaved. A locked gate
keeping motorized vehicles and people off the crown is located at about Station No. 63+00. At
the eastern terminus of the levee, at about Station No. 76+00, a concrete log-stop structure is
present. This structure was a penetration for the Arcata and Mad River Railroad alignment that
allowed the former railroad to extend past Blue Lake to Korbel.

The landside banks along this segment of the levee system are covered with seasonal
grasses and locally with brambles, shrubs, and poison oak. Waterside banks are covered with
seasonal vegetation, local brambles, poison oak, and local shrubs. Trees and other larger
vegetation are locally present along the waterside toe of the levee system. The landside levee
embankments are generally inclined at about 2h:1v with some slight local variances in the slope
inclinations. The waterside levee embankment is inclined at about 2.5h:1v. The waterside
levee face is generally not lined with rip-rap; however, rip-rap is located on what appeared to be
former levee faces located south of the existing levee.
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3.0 FIELD EXPLORATION
3.1 FIELD EXPLORATION PLANNING
3.1.1 Review of Previous Reports

The County provided us with the following documents for use in the geotechnical
investigation (Humboldt County, 2014):

¢ Project report on Mad River at Blue Lake Levee project (USACE, 1953)
e Project report for Blue Lake Local Flood Protection Project (USACE, 1962)

¢ Mad River at Blue Lake Flood Control Project Operations and Maintenance Manual
(USACE, 1956)

¢ Mad River at Blue Lake Flood Control Project Operations and Maintenance Manual
(USACE, 1964)

¢ Annual USACE inspection reports for the levee system between 2012 and 2009

e Hydrologic analysis of the Mad River near Blue Lake (Northern Hydrology &
Engineering, 2013)

These documents and additional reports are referenced in Section 10.0 of this report.

Relevant geotechnical information from the reports listed above was reviewed during the
investigation, including site and subsurface descriptions, historical groundwater data, laboratory
testing results, drill hole logs, and as-built plans. Data from previous reports reviewed for the
Blue Lake Levee study are presented in Appendix A of this report.

According to the USACE (1953 and 1962), field exploration programs were conducted
during the following periods:

e May 1953

o July 1954

e November 1961
e March 1962

In total, those exploration programs advanced 22 explorations to depths ranging from
1.5 to 25 feet. The explorations included hand-auger and auger drill holes. Table 3-1 presents
information regarding explorations performed by the USACE (1966) prior to construction of the
levee system. It should be noted that explorations were only reported within USACE (1953) and
USCAE (1962), so delineating explorations that reportedly occurred in 1954 and 1961 could not
be made.

3-1



Humboldt County Public Works Department C CGI TECHNICAL —l'-llGRIl
(Fugro Project No. 04.62140035; CGlI Project No. 14-1949.02) SERVICES INC.

February 9, 2015

Table 3-1. USACE Pre-Levee Construction Explorations

Exploration . . Depth Range
Period Exploration No. Type of Exploration (ft)
1-a through 1-c, Hand-augers and power v o
May 1953 2 through 11 augers 28 -12
March 1962 | 2F-1 through 2F-9 | land-augers and power 1.5 - 25
augers

In all of the explorations reported by USACE, artificial fill and/or alluvium was
encountered. Artificial fill consisted of levee embankment materials that predated the current
levee configuration. The alluvium was not fully penetrated by any of their explorations. Alluvial
soils range from clay to sandy gravel, with interbedded sandy clay, silt, clayey sand, fine silty
sand, coarse silty sand, gravelly sand, and clayey gravel. Layers of decayed organic matter
were reported in some drill holes within the upper approximately 10 feet of the ground surface.

Depths to groundwater within the exploration programs advanced by USACE ranged
from about 3.5 to 15 feet below the existing ground surface at the time of exploration (USACE
1953; USACE, 1962).

3.1.2 Exploration Plan

CGl/Fugro prepared an exploration plan for performing and executing the subsurface
exploration for this study. The plan was described, in general, in our proposal to provide
geotechnical services for this study, and in greater detail in a spreadsheet and maps forwarded
to the County on March 11, 2014. The work plan, spreadsheet, and maps detailed the
following:

e Exploration numbers, locations, and methods, including:

o CPT locations

o Hollow-stem auger locations

e Station number for each exploration
¢ Relative locations on the levee, levee toe, or offsets for each exploration
e Target depths of each exploration

e The Assessor’s Parcel Number (APN) and landowner name for proposed exploration
locations

e Dates or date ranges that each exploration were to be performed
e Anticipated permits required for the explorations

e Methods of destruction of each exploration following completion
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This information was used for landowner notification by the County and also for
permitting, as discussed in Section 3.1.3. In addition, a health and safety work plan was
prepared for field personnel during exploration.

3.1.3 Site Access & Permitting

Exploration for this project was performed on private and public properties. Public
properties included lands or easements controlled by the County and City. Private lands owned
by three individuals or entities were located in areas of our exploration along proposed cross
section lines. Per our contractual relationship, the County secured permission to access and
explore private properties at selected locations along the levee system. Permission to access
one private property was initially restricted due to landowner concerns. That access restriction
excluded the use of CPT soundings due to scheduling constraints. Permission from that
landowner was finally obtained and that property was explored using drill holes.

Environmental permits were required to perform exploration on public and private
properties for this study. Environmental permits for all exploration locations for this project were
obtained by CGI/Fugro from Humboldt County Department of Environmental Health. Prior to
our field exploration program, the well permits were issued and documented in the project file.

3.1.4 Site Visit and Utility Clearance

Prior to performing drill holes and CPTs, each exploration location was visually
inspected for the presence of overhead and underground utilities, and then marked with white
paint and wood lathes, as required by Underground Service Alert (USA). Following the marking
of the exploration locations, USA was contacted a minimum of 48 hours prior to subsurface
investigation of the site. A total of eight USA ticket numbers, as well as clearance dates,
expiration dates, and call-back-to-extend dates, were obtained for the project and documented
in the project file.

No utility conflicts were identified at any of CGI/Fugro's exploration locations and no
manmade subsurface obstructions were encountered during our field exploration program.
However, it should be noted that other buried utilities and structures not located by USA or
observed by CGI/Fugro may be present along the project extent.

3.2 EXPLORATION PROGRAM

The field exploration program completed by CGIl/Fugro for the Blue Lake Levee
Geotechnical Evaluation project consisted of advancing subsurface explorations using hollow-
stem auger drill holes and CPTs. The following sections discuss those exploration services.

3.2.1 Subsurface Exploration

The locations of drill holes and CPTs performed for this investigation are shown on Plate
2-1. Information for each exploration including latitude and longitude, ground surface
elevations, and total exploration depth are tabulated in Table 3-2.
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3.3 REFERENCE DATUM

The following reference datums were used for this project:

Horizontal Datum. The horizontal datum reference for this project is State Plane, Zone
1, North American Datum 83 (NADS83, feet).

Vertical Datum. The vertical datum reference for this project is the North American
Vertical Datum of 1988 (NAVDS88, feet).

Coordinates and elevations for the exploration locations were estimated by CGIl/Fugro
during exploration performed in April 2014, using a Garmin etrex hand-held global positioning
system receiver. Lidar data were provided by Humboldt County for CGI/Fugro's use in
engineering analyses.

Table 3-2. Subsurface Exploration Summary

Hollowstem | Estimated Ground | Exploration Start Completion Coordinates
Boring or Surface Elevation Depth Date Date Latitude Longitude
CPT No. (feet, NAVD88) (feet) (degrees) (degrees)

Cone Penetrometer Test Soundings
C1RO 81 11 4/7114 4/7114 40.87915 -123.9992
C20RC 93 5.5 4/7114 4/7114 40.87663 -123.9933
C39RC 100 23 4/7114 4/7114 40.87308 -123.9879
C49RW 95.5 6.5 4/8/14 4/8/14 40.87208 -123.9857
C59RC 101.5 17 4/8/14 4/8/14 40.87248 -123.9818
C59RW 97 14 4/8/14 4/8/14 40.87237 -123.9818
C70RL 96 21 4/8/14 4/8/14 40.87253 -123.9783
C70RO 95 26 4/8/14 4/8/14 40.87280 -123.9781
Hollow-Stem Auger Drill Holes

D1RW 82 26.5 4/16/14 4/16/14 40.87840 -123.9996
D1RC 87 51 4/10/14 4/10/14 40.87853 -123.9995
D1RL 73 16 4/10/14 4/10/14 40.87865 -123.9994
D10RW 82 26.5 4/16/14 4/16/14 40.87720 -123.9970
D10RC 91.5 50.9 4/11/14 4/11/14 40.87735 -123.9969
D10RL 76 26 4/10/14 4/10/14 40.87747 -123.9968
D10RO 87.5 25 4/9/14 4/9/14 40.87767 -123.9966
D20RC 93 51 4/14/14 4/14/14 40.87655 -123.9933
D20RL 82.5 26 4/14/14 4/14/14 40.87667 -123.9933
D20RO 84 26 4/9/14 4/9/14 40.87702 -123.9933
D30RC 98.5 51 4/15/14 4/15/14 40.87493 -123.9897
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CPT No. (feet, NAVDSS) (feet) Date Date (52‘9”;22) tg Qggr'gi‘if
D30RL 86 25.5 4/17/14 4/17/14 40.87505 -123.9896
D30RO 86 25.5 4/17/14 4/17/14 40.87528 -123.9894
D39RW 86.5 25 4/16/14 4/16/14 40.87297 -123.9881
D39RC 100 51.5 4/24/14 4/24/14 40.87307 -123.9879
D39RL 88 26.5 4/17/14 4/17/14 40.87310 -123.9877
D39RO 88 25.5 4/17/14 4/17/14 40.87528 -123.9894
D49RW 95.5 26 4/14/14 4/14/14 40.87207 -123.9857
D49RC 99.5 41.5 4/24/14 4/24/14 40.87217 -123.9857
D49RL 94 25.5 4/16/14 4/16/14 40.87223 -123.9857
D49RO 94 26.5 4/16/14 4/16/14 40.87252 -123.9857
D59RW 97 26 4/15/14 4/15/14 40.87237 -123.9817
D59RC 101.5 51.5 4/25/14 4/25/14 40.87245 -123.9818
D59RL 95 26.5 4/17/14 4/17/14 40.87255 -123.9818
D59RO 94 26.5 4/17/14 4/17/14 40.87282 -123.9820
D70RW 98 26.5 4/15/14 4/15/14 40.87237 -123.9784
D70RC 103 41.5 4/25/14 4/25/14 40.87245 -123.9783

The hollow-stem auger drill holes were advanced through the levee crest at about where
each cross section crosses the levee system. Crown drill hole depths of 50 feet were generally
obtained during this study; however, two drill holes within the crown experienced practical
refusal at depths of about 41.5 feet.

Twenty-three CPT soundings were planned for this study, of which only eight were able
to be performed (some were not performed due to restricted access to private properties — see
Section 3.1.3) and penetrated deeper than about five feet. CPTs were targeted to depths of 25
and 50 feet. Only one CPT sounding, C70RO, was able to reach the targeted depth. Table 3-3
presents CPTs that were not performed or that encountered practical refusal at depths of less
than five feet.
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Table 3-3. CPT Nonperformance

CPT Sounding | Reason for Nonperformance
C1RL Refusal
C1RC Refusal

C10RW Refusal
C10RC Refusal
C20RL Refusal
C20RO Refusal
C30RC Refusal
C30RL Access Restriction
C30RO Access Restriction
C39RL Access Restriction
C49RC Refusal
C49RL Access Restriction
C59RL Access Restriction
C59RO Access Restriction
C70RC Refusal

Initially, 15 drill holes were planned for this study but due to the access restriction and
penetration refusal rates for the CPT soundings, 27 drill holes were actually advanced for this
study. The drill holes were advanced using a track-mounted hollow-stem auger drill rig. The
drill holes were advanced in the following locations:

e At all accessible waterside toe locations at the cross section sites
e At all crown locations at the cross section sites
e At selected landside toe and offset locations downstream

The target depth of the drill holes was 50 feet at all crown locations and 25 feet all
remaining locations. All the crown drill holes but two were advanced to the targeted depths.
Drill holes D49RC and D70RC achieved practical refusal at depths of 41.5 feet. All non-crown
drill holes achieved a depth of at least 25 feet.

Soil samples were obtained at selected depth intervals within the drill holes using
California modified split-spoon, and Standard Penetration Test (SPT) samplers. A CGI
engineering geologist logged the drill holes as they were advanced. Most California Modified
split-spoon samples were delivered to Fugro’s Ventura or Oakland laboratories for testing. All
SPT samples were transmitted to CGI's Redding laboratory for testing.

All explorations were destroyed using cement grout in accordance with Humboldt County
Department of Environmental Health (HCDEH) permit conditions. The grout was placed
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through the hollow-stem auger or CPT rods, which were extracted as the grout was being
placed to reduce the potential for bridging or collapse of the holes prior to grout placement.

3.4 INVESTIGATION DERIVED CUTTINGS DISPOSAL

CPT soundings did not generate cuttings that required disposal during the course of this
study. The CPT soundings displace underlying sediments and, therefore, do not generate
cuttings that require disposal.

Hollow-stem auger drill holes did generate cuttings during the exploration process.
Because those holes were backfilled using cement grout, the cuttings required disposal. The
cuttings were dispersed adjacent to the drill hole locations, as discussed in our exploration plan
and as reviewed and approved of by HCDEH during permit application.
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4.0 LABORATORY TESTING PROGRAM

The purpose of the laboratory testing program was to supplement field classification of
soils and provide relevant physical indices and engineering properties of the subsurface
materials. The primary objectives of the program were to:

¢ Classify and characterize sampled subsurface materials
e Evaluate the existing in situ conditions

e Develop relevant consolidation, strength, and permeability estimates of selected
subsurface materials

To meet these objectives, various tests were performed on selected samples. Test
types are generally grouped into the following categories: classification/index tests, moisture
content/density evaluations, consolidation tests, permeability tests, relevant strength tests, and
subgrade characterization tests. Classification/index and subgrade characterization tests were
performed on both disturbed and relatively undisturbed samples, including 2.4-inch diameter
drive (i.e., ring) samples, Standard Penetration Test (SPT) samples, and bulk samples. Density
evaluations, consolidation tests, permeability tests and strength tests were typically performed
only on relatively undisturbed ring samples.

The numbers of the various tests conducted for the Blue Lake Levee Evaluation are
listed in Table 4-1.

Table 4-1. Summary of Laboratory Tests Performed on Selected Samples

Laboratory Testing Number of Tests DAeii-I(::]hrAw;?;rtll
Moisture Content 61 ASTM D2216
Density 48 ASTM D2937
Sieve Analysis with #200 Wash 62 ASTM D422
Sieve and Hydrometer 4 ASTM D422
Atterberg Limits 16 ASTM D4318
Modified Proctor 1 ASTM D1557
Consolidation (Incremental Load Control) 1 ASTM D2435
Flexible Membrane Permeability 6 ASTM D5084
Direct Shear 5 ASTM D3080
ggresgirzigeudreul\r;g;a;:?s nggrl\Jt) Triaxial Compression Test with R- 5 ASTM D4767

1) ASTM International (2005)

Laboratory test results are tabulated or presented graphically in Appendix C. A tabular
summary of laboratory test results for the Blue Lake Levee Evaluation is presented on Plates C-
1a through C-1c. Various laboratory test results are also tabulated versus depth on the
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individual drill hole logs (Plates B-1 and B-2.1 through B-2.27). Test results that cannot be
conveniently tabulated or plotted versus depth on logs are also provided in Appendix C. Test
results in this category include: grain-size curves, plasticity charts, direct shear test results,
triaxial test results, and compaction test results.
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5.0 GEOLOGIC AND SUBSURFACE CONDITIONS
5.1 REGIONAL SETTING

The project site is located in the Coast Ranges Geologic/Geomorphic Province of
Northern California. The Coast Ranges province consists of an approximately 50-mile wide
range of mountains extending from Santa Barbara County approximately 400 miles northward
into Shasta and Humboldt Counties (Hinds, 1952). It is bounded to the north and east by the
Klamath Mountains province, to the south by the Transverse Ranges province, to the southeast
by the Great Valley province, and to the west by the Pacific Ocean.

The project region occupies a complex geologic environment characterized by high rates
of active tectonic deformation and seismicity. The area lies immediately north of the Mendocino
Triple Junction, which is the location of intersection of three crustal plates (i.e., the North
American, Pacific, and Gorda plates). North of Cape Mendocino, the Gorda plate is being
actively subducted beneath North America, forming what is commonly referred to as the
Cascadia subduction zone, which is located west and offshore of the study area. In Humboldt
County, stresses from the offshore subduction zone are manifested on-land as a series of
northwest-trending, southeast-vergent thrust faults, and intervening folds (i.e., “fold and thrust
belt”). The geomorphic landscape of the project region is largely a manifestation of the active
tectonic processes and the setting in this dynamic coastal environment.

Basement rock within the Blue Lake region consists of the Cretaceous-Jurassic
Franciscan Formation (McLaughlin et al., 2000). The Franciscan Formation is a sequence of
metasedimentary, metavolcanic, metamorphic, and ultramafic rocks that have been and are
continuing to be accreted to the North American plate during subduction of the Pacific plate. As
a consequence, the Franciscan Formation has been mapped as three broad belts (Eastern,
Central, and Coastal belts) that become younger from east to west (McLaughlin et al., 2000).
The Blue Lake basin is situated on the Eastern Belt and is juxtaposed to the relatively older
Klamath Mountains province to the northeast (Hardin et al., 1982). In the project region, it is
composed of northwest-trending units of schist, sandstone, and mudstone, each separated by
faults (Cashman et al., 1995).

5.2 LOCAL GEOLOGIC SETTING

Coastal valleys, such as the Mad River Valley, represent sediment-filled basins that
reflect the late Quaternary history of sea level changes and tectonic deformation. During most
of the late Quaternary, sea level was lower than its present position, resulting in a shoreline
located farther to the west, and a lower fluvial base level to which all coastal streams would be
graded. During these low sea levels, streams within the coastal valleys around Humboldt
County would be incised. Subsequent sea level fluctuations would result in cycles of filling and
incision in these coastal valleys, depending on the relative base level (i.e., the ocean shoreline).
It is thought that sea level reached its current high level in the mid-Holocene, about 6,000 years
ago. As such, most of the sediment filling the Mad River Valley would be anticipated to be mid-
Holocene in age, or younger. A geologic map of the project area and a regional fault map are
shown on Plates 5-1 and 5-2, respectively.
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5.3 GEOMORPHOLOGY & CHANNEL DEGRADATION

The Mad River varies from a single-thread channel downstream from Hatchery Road
Bridge to a braided channel upstream from that bridge. The North Fork is predominantly a
single-thread channel. In the project region, the Mad River flows within a channel that is locally,
artificially constrained. Those constraints include the Blue Lake Levee, riprap placed along the
main channel upstream of the Hatchery Road Bridge, and impingements associated with that
bridge.

The river branches are characterized by large meander belts that have fluctuated across
the active channel over time. That meandering has occurred across the valley and is
responsible for the original oxbow lakes for which Blue Lake was named (Bertolini and Collins,
2014), which reportedly were formed by the floods of 1861 (Tolhurst, 1995). Aside from minor
channel relocations, significant changes within the river channels due to meander cut offs and
channel captures have occurred historically. For instance, a meander cut-off occurred just
below the hatchery during the 1889-90 floods, wiping 3 ranches out of existence within a 24-
hour period (Tolhurst, 1995). In addition, the 1964 flood resulted in relocation of the confluence
between the Mad River and the North Fork about 3,000 feet east of its former location.

Active channel area and sinuosity, two indicators of gradient changes and fluctuations of
bedload, have changed over time. The active Mad River channel area increased by about 16
acres per year between 1948 and 1966, then decreased in area by 10 acres per year from 1966
through 1992 (Tolhurst, 1995). Between 1900 and 1948, sinuosity within the channel
decreased from about 1.8 to 0.9 (sinuous length divided by straight line length; Tolurst, 1995).
Thus, the river changed from a meandering drainage to a straight-line water course within the
project area during this time period. From 1949 through 1992, the sinuosity increased to 1.2,
thus approaching the boundary between a braided and meandering stream.

The changes of the channel area and sinuosity imply that from 1900 to 1948 increased
bedload recruitment resulted in the widening of the river channel and the relative straightening
of the river. This bedload recruitment and aggradation of the river channel in the project area
might have been associated with increased sediment yield within the watershed due to logging
and other historical land activities that were initiated in the late 1800s but were intensified
between 1880 and 1920 (Tolhurst, 1995). Flooding and mechanical manipulations of the
channel also likely contributed to these conditions.

Starting in 1962 gravel extraction began within the river channel in the project area.
Annual extraction volumes averaged about 425,000 cubic yards within the river channel
resulting in a mean deficit recruitment rate within the channel (Tolhurst, 1995). The result of
that deficit was the degradation of the river channel and the lowering of the active channel area.
Estimates of the lower rates vary from 0.12 feet per year (feet/year) to 0.18 feet/year, with an
average of 0.15 feet/year (Lehre et al., 1993). Cross sections measured at the Hatchery Road
bridge in 1982 and 1991 found that the channel in this area had lowered up to 4.5 feet with a
mean bed lowering of 1.6 feet across the measured channel. Thus, using the degradation rates
estimated by Lehre et al. (1993), the river channel may have experienced a maximum lowering
of about 7.5 feet in the project area since the levee was constructed.
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Since 1996, extracted volumes of sand and gravel have been below calculated
replenishment volumes (Klein, 2014). This implies that the river bed should be at a stable
elevation and should not be appreciably aggrading or degrading. Obviously, gravel extraction is
not the only factor that dictates river channel elevations; however, according to Lehre (1993)
and Tolhurst (1995), it appears to be the most significant contributor to the channel elevation.
Minor fluctuations should be expected annually and locally within the river channel within the
project area.

The sediment filling Mad River Valley is alluvium derived from the Mad River, North Fork
of the Mad River, Palmer Creek, and other upstream sources, and it is relatively unconsolidated
and locally contains high concentrations of organics and woody debris. Associated with the
alluvium are colluvial soils along the margins of the valley and concentrations of artificial fill
materials, such as the levee system and approach ramps for the Hatchery Road crossing the
Mad River.

5.4 SUBSURFACE CONDITIONS

As previously noted, the project field exploration program included CPT soundings and
hollow-stem auger drill holes along the crest of the levee, at the landside and waterside toes,
and at landside levee offset locations within the project extent. Subsurface conditions were
explored to a depth of up to approximately 51.5 feet below ground surface (see Section 3.0 for
details of the field exploration program). Subsurface conditions are described and illustrated in
the drill hole and CPT logs (see Appendix B). The logs have also been projected onto cross
sections to depict subsurface conditions across and along the levee system. See Plate 2-1 for a
map showing the location of the cross-sections and Plate 5-3 for the cross-sections. Eight
transverse cross sections (Station Nos. 2+00, 11+00, 22+00, 34+00, 42+00, 50+00, 61+00, and
71+00) were created by projecting exploration logs onto regional topographic and Lidar data
provided by the County. Additionally, profiles along the levee crown and landside of the levee
are shown on Plates 5-4 and 5-5, with a key to the profiles included as Plate 5-6.

5.4.1 Earth Materials

Subsurface conditions are generally similar throughout the project site, although some
variability is seen along the levee system. In general, the embankment materials within the
levee were relatively similar along the length of the levee system, whereas foundation soils are
relatively variable. Earth materials encountered within the levee embankment and in the
foundation soils are discussed in the following sections. Logs of the explorations for this study
are presented in Appendix B. Laboratory data for earth materials are presented in Appendix C,
and a summary of our data synthesis for geotechnical analyses is provided in Appendix D.

Levee Embankment Materials. Levee embankment thicknesses appear to range from
about 6 feet to 1472 feet, as estimated from cross sections presented on Plate 5-3 and based
on a review of USACE (1962). A total of 11 explorations, consisting of hollow-stem auger drill
holes and CPT soundings, were advanced through the levee embankment materials to sample
and characterize selected geotechnical conditions within the embankments.
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Subsurface conditions within levee embankment materials were observed to be
generally consistent throughout the levee system. The explorations encountered about 1%z to 6
feet of granular soils below the crown of the levee. Those granular soils consist of sand, sand
with gravel, gravel with sand, gravel with silt, and gravel, some of which appears to be
aggregate base materials. The granular soils were generally dry to moist, loose to dense, with
fine to coarse grained sand, fine to coarse gravel, and fine to medium cobbles ranging from
subrounded to subangular. Locally, the upper few inches of the granular soils were loose.

Clay, silty clay, silty clay with gravel, sandy clay, sandy clay with gravel and clayey silt
were encountered beneath the surficial granular soils within the levee at all sections except
Station No. 2+00. Those materials generally constitute the "Impervious Fill" noted on the
USACE plans (1962) and extend to the bottom of the levee embankment soils. Occasionally,
thin granular interbeds are present within the impervious fill. The impervious fill materials were
generally moist and soft to stiff.

Foundation Soils. The USACE (1962) notes that, in general, impervious blanket
materials and pervious foundation soils are present beneath the levee embankment. The
following sections discuss foundation soils encountered during this study relative to generalized
soil descriptions presented by USACE (1962). A summary of additional earth material
properties is provided in Appendix D.

Impervious Foundation Materials. The USACE (1962) reports the presence of fine-
grained materials consisting of silty sand, sandy silt, clayey sand, sandy clay, clay and silty clay
varying in thickness from 2 to 17 feet in thickness. The USACE (1962) notes that the thickness
of the impervious blanket materials generally increases upstream of Hatchery Road Bridge.

CGl/Fugro encountered materials during this study similar to those described by the
USACE (1962) as "overburden materials." Those generally impervious materials predominantly
consisted of sandy silt, clayey silt, silty clay, silty clay with gravel, sandy clay, and sandy clay
with gravel. Impervious materials were encountered below levee fill material in crown
explorations at all sections except Station No. 11+00. The maximum and minimum thickness of
those materials below the levee was estimated to be about 17 feet and 2'% feet, respectively.

As shown on Plates 5-3 and 5-5, impervious materials were encountered on the landside
of the levee at Station Nos. 34+00, 61+00, and 71+00, and on the waterside of the levee at
Station Nos. 61+00 and 71+00. The maximum and minimum thicknesses of those materials on
the landside of the levee were estimated to be about 14 feet and 1'% feet, respectively. The
maximum and minimum thickness of impervious materials on the waterside of the levee were
estimated to be about 1374 feet and 6 feet, respectively.

Pervious Foundation Materials. The USACE (1962) reports subsurface exploration
indicated pervious foundation soils consisting of sand and gravel were encountered below
overburden materials. The USACE explorations did not fully penetrate the thickness of the
pervious foundation materials to depths of 25 feet.
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CGl/Fugro encountered pervious foundation materials similar to those reported by the
USACE (1962). In general, the pervious foundation materials encountered during our study
consisted of loose to very dense, moist to wet, poorly- to well-graded sand, silty sand, sand with
silt, sand with silt and gravel, sand with gravel, gravel with silt and sand, gravel with clay and
sand, and gravel with sand. The pervious foundation soils were not fully penetrated by
explorations performed for this study.

5.4.2 Groundwater

Depths to groundwater were measured in hollow-stem auger drill holes advanced during
this study. Depths to groundwater cannot be measured directly using CPT soundings and
dissipation tests were not performed because those soundings were generally placed proximal
to the drill holes.

The observed groundwater levels varied from about 8 to 24.5 feet below ground surface,
with elevations ranging from about 61 to 86 feet MSL (NAVD88). Table 5-1 summarizes the
groundwater levels observed in the field.

Table 5-1. Groundwater Level Observations in Study Explorations

Station & Groundwater Elevations (feet above NAVD88)

Measurement Right Levee

Date Offset Landside Toe Crest Waterside Toe
Station 1+00 - 61 62.4 64

Date NA 4/10/14 4/10/14 4/16/14
Station 10+00 75.5 68 67 67

Date 4/9/14 4/10/14 4/11/14 4/16/14
Station 20+00 70 72.5 69

Date 4/9/14 4/14/14 4/14/14 NA
Station 30+00 73 72 74.3

Date 4/17/14 411714 4/15/14 NA
Station 39+00 76.5 75 78.5 78.5

Date 4/17/14 4/17/14 4/24/14 4/16/14
Station 49+00 78.5 79 78 78.5

Date 4/16/14 4/16/14 4/24/14 4/14/14
Station 59+00 80 81 82.5 81.5

Date 4/17/14 4/17/14 4/25/14 4/15/14
Station 70+00 - - 80 86

Date NA NA 4/25/14 4/15/14
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In addition, groundwater levels in the project area were researched through the
California Department of Water Resources (2014) and through the California State Water
Resources Control Board Geotracker database (2014). Based on information obtained from
these sources and from data provided by the County at the start of this project, we have
compiled historical groundwater levels in the project area. Those data are presented in Table 5-
2.

Table 5-2. Groundwater Data Reported by Others

General Location Groundwater L
; Monitoring
Source Elevation Range Period R
Site Longitude Latitude (datum unknown) €riod kange
‘(’;’6”029')? &Kelly | 530 Railroad Avenue | 40° 52' 47" 123° 59' 17" 95 t0 10.5 10/9-12/2009
LACO (2008) | 410 Railroad Avenue |  40° 52' 51" 123° 59' 23" 8.0’ to 14.0° 1994 - 2008
Moore & Taber | Hatchery Road 40° 52' 34" 123° 59' 33" 21.9't0 22.5 10/26-27/1982
(1983) Bridge

Groundwater depths and subsurface information was requested from SHN Consulting
Engineers & Geologists, Inc., on a number of occasions for the City of Blue Lake Public Works
Corporate Yard, located at 199 Taylor Way, in the City of Blue Lake, in which they have
performed studies. The City of Blue Lake requested that we contact SHN directly to obtain that
information. Despite numerous attempts to obtain those data, they have not been provided to
CGl/Fugro at the time this report was prepared.

In general, groundwater levels were measured to be at relatively consistent depths
beneath the ground surface along the levee system. Some variations in depths to water were
observed; however, in a depositional environment that has the potential to have significant
changes in soil types over relatively short distances, variations in groundwater depths should be
anticipated. None of the variations measured during this study imply the presence of a
significant aquitard or aquiclude impeding horizontal groundwater flow through sediments in the
vicinity of the levee system. Variations in groundwater levels and soil moisture conditions can
occur as a result of rainfall, runoff, and other factors. Therefore, groundwater conditions should
be assumed to fluctuate.
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6.0 SEISMIC DESIGN CRITERIA
6.1 STRONG GROUND MOTION

As part of our geotechnical analyses, a probabilistic seismic hazard evaluation was
conducted with the aid of the United States Geological Survey (USGS) 2008 Interactive
Deaggregation (beta) website. The USGS website provides probabilistic estimates of seismic
hazards using three-dimensional earthquake sources. In accordance with ETL 1110-2-580
(USACE, 2013), we utilized the website to determine the peak ground acceleration estimated to
have approximately 1-percent annual chance of exceedance (Statistical Return Period ~ 100
years).

Based on correlations developed by Sykora (1987), Mayne (2007), Dickenson (1994)
and Mayne and Rix (1995), shear wave velocity data were estimated for the subsurface
conditions encountered at the site. The average shear wave velocity for the upper 100 feet was
estimated to be approximately 250 meters per second (m/s), based on data collected from
explorations D1RC, D20RC, D30RC, D39RO, D49RL, D59RC, D70RC and D70RW.

The peak ground acceleration was calculated by the USGS website using equally-
weighted averages of three (3) attenuation relationships: Boore and Atkinson (2008), Campbell
and Bozorgnia (2008), and Chiou and Youngs (2008). For the purposes of our evaluation, the
site coordinates (latitude and longitude) for the Blue Lake Levee project site were estimated to
be 40.876 degrees north latitude and 123.992 degrees west longitude.

According to the USGS website, the peak horizontal ground acceleration (PHGA) for the
project site is estimated to be approximately 0.23g, corresponding to deaggregated modal and
mean magnitudes of 6.96 and 6.85, respectively. Based on the deaggregation graph generated
by the USGS website, a magnitude 9.0 event also contributed a relatively large percentage to
the estimated seismic hazard. Therefore, we considered a magnitude 9.0 earthquake with a
PHGA of 0.23g as the design seismic event for our evaluation of the levee system.

6.2 SURFACE FAULT RUPTURE

The State of California designates faults as active, potentially active, and inactive
depending on the recency of surface fault rupture that can be substantiated for a fault. Table
6-1 presents the current California fault activity ratings.

Table 6-1. Fault Activity Ratings

Geologic Period

Fault Activity Rating | "' & Rupture

Time Interval (Years)

Active Holocene Within last 11,000 Years
Potentially Active Quaternary >11,000 to 1.6 Million Years
Inactive Pre-Quaternary Greater than 1.6 Million Years
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The California Geologic Survey (CGS) evaluates the activity rating of a fault in fault
evaluation reports (FER). FERs compile available geologic and seismologic data, and evaluate
if a fault should be zoned as active, potentially active, or inactive. If a FER evaluates a fault as
active, then it is typically incorporated into a Special Studies Zone in accordance with the
Alquist-Priolo Earthquake Hazards Act (AP). AP Special Studies Zones require site-specific
evaluation of a fault location and require a structure setback if the fault is found traversing a
project site.

The site is not located within an Alquist-Priolo Earthquake Fault Zone and no active
faults are known to pass through the project site (Smith, 1982; McLaughlin et al., 2000;
Jennings, 1994; Hart & Bryant, 1997; Jennings & Bryant, 2010). However, a number of regional
and local faults traverse the project region. The closest of these faults is an unnamed
potentially active thrust fault located about 4,500 feet northwest of the levee system, as shown
on Plate 5-1. In the project area, that fault separates Quaternary terrace deposits and Plio-
Pleistocene-age Freshwater Formation from Jurassic-age Franciscan melange. That fault is a
north-west trending, northeast-dipping thrust or reverse fault (Smith, 1982).

The closest zoned active fault is the McKinleyville fault, located about 6,000 feet
southwest of where the levee intersects Hatchery Road, as shown on Plate 5-1. The
McKinleyville fault is part of the larger Mad River fault zone, which includes the Trinidad,
McKinleyville, Mad River, Fickle Hill, and related faults (Smith, 1982), which extends from south
of Arcata to west and offshore of Trinidad. The fault is northwest-trending, east-dipping, and
offsets a number of marine terraces along the coastal zone (Carver, 1982, Smith 1982).

In addition to the continental faulting noted above, the project area rests above the
Cascadia subduction zone. West of the site, off the coast of California, the oceanic crust of the
Gorda plate is being subducted beneath the continental crust of the Pacific Plate, in an area
known as the Gorda Escarpment. The descending ramp caused by that subduction, called the
Cascadia Subduction zone, extends beneath the project area at a depth of about 9 to 12 miles
(McLaughlin et al., 2000). That ramp is capable of storing elastic stress that periodically causes
earthquakes that could affect the project area.
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7.0 CROSS SECTIONS FOR ANALYSES

Eight cross sections were selected for seepage and stability analysis. Cross section
locations are shown on Plate 2-1. Selected cross sections are located about 800 and 1,200 feet
apart, with an average spacing of about 1,130 feet. Five sections are located upstream and
three sections are located downstream of the Hatchery Road Bridge crossing Mad River.

Selected cross sections have generalized station number names to indicate the
approximate locations of the cross section. Table 7-1 presents cross section station numbers
and the corresponding stations along the Blue Lake Levee crown.

Table 7-1. Cross Section Station Numbers

Cross Section Station Exact Station Number

Number

2+00 2+29

11+00 10+82

22+00 21+56

34+00 33+65

42+00 42+41

50+00 50+16

61+00 61+07

71+00 71+25

CGl/Fugro approximated cross section topography on the basis of Lidar data provided
by Humboldt County. However, at each section, Lidar-based elevations were compared to field
measurements by the field engineering geologist to reduce the potential impact that vegetation
may have had on Lidar-based elevations.

Subsurface conditions were modeled as levee fill overlying fine- and coarse-grained
alluvial deposits, which were designated as impervious and pervious foundation materials,
respectively. The following paragraphs describe levee subsurface conditions modeled in
seepage and slope stability analyses. Beneath the levee, alluvium was modeled as pervious
material or as impervious material (blanket) overlying a pervious substratum.

Station Nos. 2+00 to 24+50. For sections evaluated between about Station
Nos. 2+00 and 24+50, an impervious fill is present on the landside of existing antecedent
levees, based on a review of the USACE Operation and Maintenance Manuals (1956, 1962).
Based on our review of historical information, we understand the levee was damaged during a
major flood event in December 1964 between about Station Nos. 15+00 and 24+00. However,
as built drawings for the levee embankment repair have not been located (County of Humboldt,
2014).
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Station Nos. 24+50 to 71+00. Based on our review of the USACE Operation and
Maintenance Manuals (1956, 1962) and field exploration logs, we modeled the levee as a
rectangular core of impervious fill material covered by a shell of pervious fill material between
about Stations 34+00 and 71+00. For sections evaluated at Stations 34+00, 61+00, and 71+00,
the core was modeled on the landside of antecedent levees, which were constructed as part of
the 1956 project.

Estimated model dimensions were based on our review of USACE (1956, 1962) and
field exploration logs. In general, the landside and waterside slope inclinations of our models
were estimated to be about 2h:1v and 3h:1v, respectively, with the exception of Station No.
34+00, which is defined by a landside slope inclined at about 1.5h:1v. The dimensions of the
impervious levee fill were based on our review of USACE as-constructed plans (1956, 1962).

Riprap. It should be noted the 12- to 27-inch thick layer of riprap slope protection placed
on the waterside slope along sections of the existing levee was not included in our stability
models. Based on our experience, including the riprap slope protection in our models would
likely result in a relatively small increase in estimated factors of safety for surficial stability.

Design Water Surfaces. For existing conditions, river water surfaces were modeled to
generally correspond with groundwater measurements collected during our field exploration
program and field observations. Groundwater elevations were estimated based on data
collected during our field exploration efforts, between April 10 and 25, 2014; groundwater data
are presented in Table 5-1 and on Plate 5-7.

For flood-stage conditions, river water surfaces were modeled to represent 100-year
water surface elevations as defined by Northern Hydrology & Engineering (NHE, 2014).
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8.0 GEOTECHNICAL ANALYSES
8.1 LIQUEFACTION

Liquefaction triggering analyses were performed for drill holes advanced through the
levee crest. The computer program LiglT (Geologismiki, 2006) was used to: 1) perform the
liquefaction triggering analyses according to the 1998 National Center for Earthquake
Engineering Research (NCEER) guidelines (NCEER, 1998), and 2) to estimate seismic
settlement using Ishihara and Yoshimine (1992). The results of the analyses are presented on
individual drill hole plots in Appendix D as Plates D-17 through D-24.

Liquefaction analyses were performed as follows:

1. In accordance with ETL 1110-2-580 (USACE, 2013), groundwater depths
corresponding to the median annual water surface elevation were assumed to
approximate existing phreatic conditions.

2. Liquefaction triggering was evaluated for a PHGA of 0.23g and a moment magnitude
of 9.0, corresponding to a statistical return period of 108 years. As noted in Section
6.1, a magnitude 9.0 event is not estimated to be the modal or mean event for the
deaggregated seismic hazard. However, a magnitude 9.0 event contributed a
relatively large percentage to the estimated seismic hazard. It should be noted that
the minimum magnitude scaling factor defined by NCEER (1998) was applied in our
analyses because values are not defined for magnitudes greater than 8.5.

3. Ligquefaction analyses are based on estimates of two values: the cyclic stress ratio
(CSR), which characterizes the seismic demand on the soil, and the cyclic resistance
ratio (CRR), which characterizes the soil's capacity to resist liquefaction. CSR and
CRR versus depth were calculated using 1998 NCEER guidelines (NCEER, 1998).

4. Seismic settlement resulting from potential liquefaction was estimated for each drill
hole advanced through the levee crest using procedures presented in Ishihara and
Yoshimine (1992).

8.1.1 Liquefaction Triggering Analyses per NCEER (1998)

NCEER (1998) guidelines (Youd and Idriss, 2001) present deterministic liquefaction
triggering procedures based on SPT data. The factor of safety (FS) against liquefaction is
computed as the ratio of CRR to CSR. The results of the analyses are presented on the
liquefaction plots (Plates D-17 through D-24).

8.1.2 Seismic Settlement per Ishihara and Yoshimine (1992)

Seismic settlement resulting from liquefaction was estimated using procedures
presented in Ishihara and Yoshimine (1992). The procedure relates volumetric strain to the FS
against liquefaction and normalized N values. Estimated volumetric strains are multiplied by
layer thickness to obtain incremental settlement in each liquefiable layer. The increments are
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summed from the bottom of the exploration to the ground surface. Cumulative seismic
settlement versus depth estimates are presented on Plates D-17 through D-24.

8.1.3 Seismically Induced Dry Settlement per Pradel (1998)

Seismically induced dry settlement can occur in association with liquefaction, or in soils
not prone to liquefaction (above the water table) that are loose to medium dense. Seismically
induced dry settlement differs from settlement resulting from liquefaction of saturated granular
materials, discussed above.

We estimated the potential for seismically induced dry settlement to occur at the site
using procedures presented in Pradel (1998). In general, the granular materials encountered in
our field explorations ranged from loose to very dense sandy silt, silty sand, sand, sand with
gravel, gravelly sand, gravel with sand, sandy gravel, and gravel. The loose to medium dense
granular materials may be susceptible to dry seismic settlement. On the basis of our analysis,
we estimate the potential magnitude of seismically induced dry settlement to be up to about one
inch.

8.1.4 Results

The results of our seismically induced settlement analyses for the eight cross sections
are summarized in Table 8-1 below, and presented graphically in Appendix D as Plates D-17
through D-24.

Table 8-1. Seismically Induced Settlement Analyses Results

Section Station | Liquefaction-Induced | Seismically-Induced Dry

Number Settlement (inches) Settlement (inches)

2+00 1.6 <1

11+00 1.7 <1

22+00 0.8 <1

34+00 0.0 <1

42+00 3.0 <1

50+00 5.6 <1

61+00 7.7 <1

71+00 3.3 <1

8.2 PERMEABILITY AND SEEPAGE

The potential for seepage to influence the stability of a levee is dependent upon a
number of factors that include:

1. The geometry of the levee.

2. The composition and engineering properties of the levee and foundation soils.
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3. The elevation of the water being retained by the levee.

The geometry and composition of the levee evaluated during this study are discussed in
Sections 5.0 and 7.0 of this report. The water surface elevations of the 100-year flood event are
discussed below. Estimated water surface elevations along the Blue Lake Levee correspond to
freeboards ranging from about 5 to 11 feet. Freeboards of those magnitudes will generally have
a positive influence relative to stability associated with seepage forces. If those freeboard
values were smaller, seepage forces could have a relatively greater detrimental influence on
levee stability.

Seepage analyses were performed for eight cross sections along the Blue Lake Levee
system. Analyses were performed using the finite element modeling program SLIDE
(Rocscience, 2014).

A discussion of the data synthesis performed to develop soil parameters for seepage
analyses is provided in Appendix D. As noted in Appendix D, our approach to seepage
analyses assumed generalized parameters that could be applied to all of the sections
evaluated. However, for sections with estimated factors of safety (FS) less than the criteria
established by the USACE (2005, 2000a), we further refined parameters, where possible, to be
more site-specific and better correspond with data collected at those sections. The generalized
parameters selected for initial analyses are generally more conservative than the site-specific
parameters selected for subsequent analyses of some sections. Discussion of sections where
site-specific parameters were applied in lieu of generalized parameters is provided in Section
9.3.

In accordance with EM 1110-2-1913 (USACE, 2000a), seepage analyses were
performed for steady-state seepage during a full flood event. As noted above, water surfaces
for flood-stage conditions were modeled to represent the 100-year water surface elevations, as
defined by Northern Hydrology & Engineering (NHE, 2014). Groundwater elevations for existing
conditions were estimated on the basis of data collected during our field exploration, which are
presented in Table 5-1 and on Plate 5-7.

Seepage analyses evaluate two conditions for levees:

e Through-seepage, where seepage daylights on the landside face of the levee

e Underseepage, where seepage flows beneath the levee and daylights at the
landside ground surface

These analyses are discussed in greater detail below.
8.2.1 Through-Seepage Analyses

The potential for through-seepage was estimated at each section by review of seepage
analyses output to determine if the estimated phreatic surface emerges on the landside slope
during the design flood event. As noted in USACE (2000a), seepage exiting on the landside
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slope could potentially decrease the stability of the slope as a result of sloughing or internal
erosion of the slope. An example of output illustrating through-seepage is presented below.

The results of our seepage analyses for the eight cross sections are summarized below,
and presented graphically in Appendix E.

Table 8-2. Summary of Results for Through-Seepage Analyses

Approximate Height
Section Potential for Through- of Daylight Point

Seepage Estimated above Landside Toe
(ft)
2+00 No --
11+00 No --
22+00 Yes* 1.8
34+00 Yes 1.4
42+00 No --
50+00 No --
61+00 No --
71+00 Yes 1.0

* Phreatic surface daylights on landside surface and intersects interior drainage ditch.

8.2.2 Underseepage Analyses

Acceptance criteria have been established by the USACE to reduce the potential
impacts of levee underseepage (USACE, 2005). Those criteria specify that underseepage
beneath an existing levee is acceptable if the exit gradient is 0.5 or less, which would provide a
factor of safety against seepage-related failures of at least about 1.6 (USACE, 2005).

For cross sections modeled with landside impervious foundation (i.e., blanket) material,
average exit gradients were estimated by dividing the difference in total head across the
thickness of the blanket material by the thickness of the stratum. As noted above, impervious
materials were encountered on the landside of the levee at Station Nos. 34+00, 61+00, and
71+00. For cross sections modeled without landside blanket material, localized vertical exit
gradients were estimated by our analyses. Factors of safety for underseepage estimated below
are based on an assumed critical gradient value of approximately 0.8 for impervious and
pervious foundation materials.

For steady-state seepage analyses, the landside extent of the seepage models was
defined by the lesser of the perpendicular horizontal distance to the valley basin limits (bedrock
slope) and a distance of 2,000 feet from the levee centerline.

To simulate the general hydrogeologic conditions we anticipate during a flood event, a
no-flow condition was assigned as the landside boundary condition if the landside model extent
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was defined by the valley basin limits (i.e., relatively impermeable bedrock). Alternatively,
estimated groundwater elevations were applied as boundary conditions at the landside
boundary if the landside model extent was defined by a distance of 2,000 feet from the levee
centerline.

The results of our seepage analyses for the eight cross sections are summarized below,
and presented graphically in Appendix E.

Table 8-3. Summary of Results for Underseepage Analyses

Exit Gradient
Section at Landside Factor of Safety
Toe
Maximum
Threshold 0.5 1.6
per USACE (2005)

2+00 0.4 2.0
11+00 0.4 2.0
22+00 0.4 2.0
34+00 0.4** 2.0
42+00 <0.1 >8.0
50+00 <0.1 >8.0
61+00 <0.1 >8.0
71+00 0.8 1.0

**Site-specific parameters applied to seepage analysis. All
other analyses performed using generalized parameters.

As noted in the table above, site-specific permeability parameters were applied to the
seepage analysis at Station 34+00. It should be noted the seepage analysis performed with
generalized permeability parameters estimated a vertical exit gradient of about 0.8,
corresponding to a factor of safety of about 1.0 relative to underseepage.

8.3 SLOPE STABILITY

Slope stability analyses were performed for the eight cross sections along the Blue Lake
Levee. The analyses were performed using the limit equilibrium program SLIDE (Rocscience,
2014). A discussion of the data synthesis performed to develop soil parameters for slope
stability analyses is provided in Appendix D. Our approach to slope stability analyses assumed
generalized parameters for all of the sections evaluated. In addition, slope stability analyses
focused on failure surfaces that intersected the levee crest. Shallow failure surfaces typically
cut only a small portion of the levee slope and typically do not pose substantial threat to the
integrity and safety of the levees (DWR, 2013).
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Geotechnical design values for impervious and pervious (sand and gravel) materials
were also included in the Detailed Project Report (USACE, 1962). Listed values include dry unit
weights, moist weights, saturated weights, buoyed weights, and shear strength parameters.
These values are presented in Appendix A.

8.3.1 USACE Acceptable Slope Stability Criteria

The USACE has established minimum factor of safety (FS) thresholds for levee slope
stability conditions (USACE, 2000a). The FS against slope failure is estimated by calculating
the forces resisting slope failure divided by the forces causing slope failure. Thus, a FS of
greater than one implies a stable slope, a FS less than one implies a failing slope, and a FS
equal to one implies that a slope is on the verge of failure.

The conditions for analysis specified by the USACE consist of four slope stability cases:

e Case | — End of Construction

e Case Il — Sudden Drawdown

e Case lll — Steady Seepage from Full Flood Stage
e Case IV — Earthquake

Case | represents approximate as-constructed embankment conditions that would be
present at the time when levee construction is just completed. Under this scenario, fine-grained
soils (impervious embankment and foundation soils) are modeled using undrained (more likely
unsaturated) shear strength parameters, whereas granular soils (pervious soils) are modeled
using drained shear strength parameters. Slope stability analyses for this case are performed
for both the landside and waterside slopes. Case | is typically not performed for existing levees.

Case Il represents the scenario when a prolonged flood stage saturates the levee
embankment and then recedes faster than the soil can drain (rapid drawdown). Slope stability
analyses for this case are performed on the waterside slopes.

Conditions for Case Ill occur when a prolonged flood stage allows steady state seepage
flow to occur through the levee. Under this scenario, the landside slope stability is evaluated.

Case IV represents the effects of earthquake forces on the levee stability.

The USACE (2000a, 2013) has established minimum FS values for each levee slope
stability case evaluated. Those allowable minimum FS values, presented in Table 8-4 below,
were referenced in our interpretation of slope stability analyses discussed herein.
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Table 8-4. Minimum Acceptable Factor of Safety Values

Case Minimum Factor of Safety
Case | — End of Construction 1.30
Case Il — Rapid Drawdown 1.00 to 1.20*
Case lll — Steady State Seepage 1.40
Case IV — Earthquake (pseudo-static) 1.00

*FS of 1.0 applies to pool levels prior to drawdown for conditions where
these water levels are unlikely to persist for long periods preceding
drawdown. FS of 1.2 applies to pool levels likely to persist prior to
drawdown.

8.3.2 Methodology

A discussion of the data synthesis performed to develop soil parameters for stability
analyses is provided in Appendix D. As noted in Appendix D, our approach to stability analyses
assumed generalized parameters that could be applied to all of the sections evaluated.
However, for sections with estimated factors of safety (FS) less than the performance criteria
established by the USACE (2000a, 2003), we further refined parameters, where possible, to be
more site-specific and better correspond with data collected at those sections. The generalized
parameters selected for initial analyses were generally more conservative than the site-specific
parameters selected for subsequent analyses. Discussion of sections where site-specific
parameters were applied in lieu of generalized parameters is provided in Sections 9.3 and 9.4.

For our stability analyses of existing conditions and landside slope conditions during a
full flood event, drained shear strength parameters were assigned to the subsurface materials.
Phreatic surfaces and pore pressures used for slope stability analyses of full flood and rapid
drawdown conditions were based on steady-state seepage results.

Rapid drawdown slope stability evaluations used the three-stage method, as described
in Appendix G of EM 1110-2-1902 (USACE, 2003), and programmed into SLIDE. The three-
stage method uses both drained and consolidated-undrained shear strength parameters,
estimated as described in Appendix G of EM 1110-2-1902 (USACE, 2003).

For pseudo-static stability analyses of slopes with soils considered to be potentially
liquefiable during the design seismic event, undrained residual strength parameters were
estimated for potentially liquefiable strata according to the empirical correlation proposed by
Seed and Harder (1990). Potential liquefaction is discussed in Section 8.1 and estimated
undrained residual strength values for potentially liquefiable strata are presented in Appendix E.

We performed screening-level pseudo-static slope stability analyses by applying a
horizontal seismic coefficient equal to approximately half of the estimated PGHA [i.e., 0.5x0.23g
= 0.115g (rounded up to 0.12g)]. If the estimated FS for the initial pseudo-static slope stability
analyses was less than 1.0, we performed a seismic deformation analysis to estimate the
levee's performance during the design seismic event. If the FS was estimated to be equal to or
greater than 1.0, minimal or negligible seismic displacements are anticipated for the design
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seismic event and post-earthquake slope stability analyses were not performed, as
recommended by DWR (2013).

The results of our slope stability analyses for the eight cross sections evaluated are
summarized below, and presented graphically in Appendix E.

Table 8-5. Summary of Slope Stability Analyses Results

Factor of Safety For Each Case Evaluated
Section Levee S
Slope Existing eepage During a . ctari
P Conditions Full Elood Event Rapid Drawdown | Pseudo-static
Minimum Thresholds
per USACE 1.3 1.4 1.0 1.0
(200043, 2013)
Landside 1.4 14 -- 1.1
2+00
Waterside 1.3 | e 15 19
Landside 1.6 1.4 -- 1.5
11+00
Waterside 22 [ e — 1.7 15
Landside 1.6 1.3 - 1.2
22+00
Waterside 21 | e 1.4 14
Landside 1.7 1.6 - 13
34+00
Waterside - T I —— 0.9 13
Landside 1.6 1.5 -- 1.2
42+00
Waterside 24 | e 15 11
Landside 1.9 1.9 -- 1.5
50+00
Waterside 23 | e 23 10
Landside 2.4 2.4 - 13
61+00
Waterside 28 | e 1.8 10
Landside 2.8 1.9 -- 3.5
71+00
Waterside 33 | - 2.0 2.4

8.4 SEISMIC DEFORMATION

As shown in Table 8-4, the estimated factors of safety for the screening-level pseudo-
static slope stability analyses were equal to or greater than 1.0 for all of the sections evaluated.
Therefore, minimal or negligible seismic displacements are anticipated for the design seismic
event and post-earthquake slope stability analyses were not performed to estimate seismic
deformation.
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8.5 SETTLEMENT

In addition to liquefaction-induced settlement analyses, as discussed above, a qualitative
evaluation of static settlement was also performed. The potential for static settlement can arise
through several cases, including consolidation of underlying soils due to fill or structural loads at
the ground surface; subsidence due to removal of groundwater or other subsurface fluids, such
as petroleum; and hydroconsolidation due to saturation of collapsible soils.

Due to the age of the levee (on the order of 52 years or more for most of the project
site), it is very likely that all of the consolidation of underlying soils has already taken place in
response to the weight of the levee fill material. Additional settlements are possible if fill or
structural loads are placed on or in close proximity to the levees.

The project site is not in an area where the withdrawal of groundwater or other
subsurface fluids is known to have caused subsidence. There is a potential for settlement to
occur under the levees if sufficient lowering of the groundwater table were to occur in close
proximity to the project site. Two scenarios that could induce such settlement are construction
dewatering and large-scale pumping of groundwater for industrial, agricultural, or municipal
purposes.

Hydroconsolidation, or hydrocollapse, is a phenomenon associated with soils that are
prone to relatively rapid settling when subjected to wetting or saturation. Near-surface deposits
of dry, porous soils where the particles are cemented with soluble salts are particularly
vulnerable to hydrocollapse. The results of our subsurface exploration and laboratory testing
did not indicate the presence of such soils within or below the levees.
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9.0 CONCLUSIONS AND RECOMMENDATIONS
9.1 VEGETATION AND EROSION

According to USACE (2000b), landscapes within 15 feet of the levee should be free of
vegetation. Based on our observations, there is generally dense vegetation on segments of the
levee slopes and within 15 feet of both the landside and waterside levee toes along the levee
system extent. We noted erosion of waterside access ramps in the vicinity of Station Nos. 2+00
and 12+00. Additionally, we noted erosion along the active channel banks and generally below
the waterside toe of the levee. The erosion we noted does not appear to cut into the levee
prism, although the waterside slope is obscured by large trees and dense vegetation along most
of the levee extent, including between about Station Nos. 31+00 and 33+00, where the
waterside slope appears to be oversteepened. As noted by AMEC (2011), the erosion generally
appears to be due to high water flow events.

Vegetation on the waterside slopes of the levee generally consists of seasonal grasses,
berry vines, and other low shrubs. Trees were not observed on the waterside levee slope faces.
Trees and dense vegetation were observed within 15 feet of the waterside toe of the levee
along most of the levee extent. Additionally, relatively dense vegetation and isolated trees are
also present within 15 feet of the landside levee toe along sections of the levee extent.

According to the USACE, vegetation in these areas has the potential to compromise the
functionality of the levee and limit access for operations and maintenance (USACE, 2000a and
2000b). In our opinion, based on observations at the site, the waterside vegetation, while not
desirable according to the USACE, might not be an adverse condition to the stability of the
levee system. The vegetation could induce more turbulent water and cause some mounding
effect during high flows; however, it also appears to have helped anchor foundation soils along
the waterside levee toes and likely helps stabilize channel banks, thus reducing erosion within
these areas.

While the vegetation treatments should attempt to address recommendations presented
in the most recent inspection reports (USACE, 2013 and AMEC, 2011), it is a much more
complex issue that we understand is currently under consideration and development at the
national and state level. Until updated guidelines are developed, we recommend that the
County continue efforts to reduce vegetation along the waterside and landside levee faces and
toes.

At one levee segment, between about Stations 32+00 and 35+00, we observed the
waterside levee slope to be oversteepened and armored with relatively large riprap. The slope
in this segment was inclined at about 1.5h:1v and extended directly into the river with no bench
or apparent toe above the river margin. The crown in this segment was also wider by six to
eight feet than the levee crown along the remainder of this portion of the levee. The
oversteepening of this section of the levee could be due to one or both of the following reasons:

1. This segment is located near the confluence of the main stem and North Fork of
the river, which might generate the greatest amount of scour and turbulent flow,
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thus resulting in erosion of the levee to at this site. This condition might have
been exacerbated by the degradation, or lowering, of the river thalweg, which
has been documented as occurring historically in this stretch of the river. Repair
of that erosion might have resulted in placement of the oversize riprap.

2. This segment of the levee is wider than the remaining segments of the river and
may have been widened at some point without moving the toe of the waterside
levee slope. That would result in a steepening of the waterside slope. If the
levee crown is adjusted to 17 feet wide and the levee toe is located as observed
during this study, then the waterside levee slope would be inclined at about
2h:1v.

Thus, it is unclear whether the oversteepening of the waterside slope between about
Station Nos. 32+00 and 35+00 is due to erosion, widening of the levee crown, or both.

9.2 LIQUEFACTION AND SEISMICALLY INDUCED SETTLEMENT

There is a likely potential for liquefaction and seismically induced dry settlement of the
pervious foundation material at the project site during the design seismic event, as described in
Section 8.1 of this report. The maximum estimated liquefaction and seismically induced dry
settlements are approximately 7% inches and 1 inch, respectively.

In our opinion, the need for remedial action should be based on an assessment of risk
posed to adjacent improvements. The estimated levee settlement due to liquefaction and
seismically induced dry settlement is not anticipated to result in freeboards less than three feet
at any cross section evaluated. In addition, most liquefaction will occur in relatively deeper
foundation soils underlying the levee.

It should be noted that the probability of a high-water flood event and design seismic
event occurring simultaneously is considered to be relatively low. If levee slopes settle during or
after the design seismic event, water levels in the river will likely be lower than the adjacent
land, and the consequences of settlement may be relatively minimal.

Based on these conclusions, it is our opinion that mitigation measures for liquefaction
are not necessary for the Blue Lake Levee system. However, we recommend that the levees
be inspected for signs of settlement, cracking, or failure as soon as possible following an
earthquake and repaired as soon as conditions will allow.

9.3 PERMEABILITY AND SEEPAGE
9.3.1 Underseepage

The steady state seepage analyses resulted in estimated vertical exit gradients ranging
from about 0.1 to 0.8 at the levee landside toe, for the conditions analyzed at each of the 8
cross section locations (Table 8-3). According to USACE (2005), the allowable FS for
underseepage corresponds to a maximum exit gradient of 0.5. Our initial steady state seepage
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analyses indicated that vertical exit gradients at Station Nos. 34+00 and 71+00 will exceed 0.5
at the levee landside toe.

To further refine our analysis at Station 34+00, we modeled the pervious foundation and
impervious foundation units with permeability estimates based on laboratory data from samples
collected near Station 34+00 in lieu of the generalized permeability estimates applied to the
seepage models at other locations. Our seepage analysis at Station 34+00 with site-specific
permeability estimates resulted in an estimated vertical exit gradient of about 0.4, which is
below the maximum allowable value defined by USACE (2005).

Site-specific permeability data were not available to refine our seepage analysis at
Station 71+00. The permeability values applied to analyses at this cross section were based on
generalized engineering data estimated for all cross sections, and not on site-specific
permeability testing of soil samples collected within the vicinity of Station 71+00. Samples were
unavailable at Station 71+00 for permeability testing due to disturbance during the sampling
process. Sample disturbance was caused by an abundance of coarse gravel and cobbles in the
soils encountered, which made obtaining intact samples of those soils difficult using methods
within our exploration plan. To improve seepage analyses at Station 71+00 and better estimate
the potential for exit gradients to exceed USACE performance criteria during steady state
conditions, additional samples should be obtained to estimate site-specific permeability
parameters. If intact samples cannot be obtained, grain size testing could be performed on
disturbed samples to estimate the permeability of soils based on grain size data correlations.

It should be noted that the estimated exit gradient of 0.8 is also likely attributable to the
proximity of the relatively impermeable bedrock that defines the valley limits at a distance of
approximately 300 feet from the levee centerline. For our steady state seepage evaluations, we
modeled the relatively impermeable bedrock as a no-flow condition to simulate the general
hydrogeologic conditions we anticipate during a flood event. Thus, the dissipation of seepage
forces in a two-dimensional analysis is relatively limited in the horizontal direction, which results
in relatively high exit gradients at the landside toe.

It should be noted that steady state seepage evaluations assume that base flood
elevations are maintained for a sufficient time to allow steady state seepage flow conditions to
develop through and beneath the levee system. However, it is our opinion that steady state
conditions are generally not representative of anticipated base flood conditions for the Blue
Lake Levee system. Based on a review of the standard project flood hydrograph presented in
USACE (1962), it is our understanding that water elevations within the Mad River and North
Fork of the Mad River rise and fall relatively rapidly during and following storm events. With
responsive drainages such as the Mad River, water elevations may not be elevated for
durations sufficient to establish steady state seepage flow through the embankment and
foundation materials. Thus, steady state evaluations of through-seepage flow paths and exit
gradients may represent improbable, conservative geotechnical conditions.

In an effort to model the development of phreatic surfaces and pore pressures during a
full flood event, we conducted a preliminary transient seepage analysis at Station 34+00, based
on the standard project flood hydrograph presented in USACE (1962) as a basis for the
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waterside boundary condition. The transient seepage analysis was conducted with the following
time stages:

Table 9-1. Time Stages of Transient Analyses at Station 34+00

Transient Analysis Mad River Water Surface
Stage Elevation
(days) (ft)
0 72.8
1 92,5
2 92,5
3 92,5
4 92.5
5 92.5

The maximum water surface elevation shown in the table above corresponds to the 100-
year water surface elevation at Station 34+00 defined by NHE (2014). Based on this
rudimentary transient analysis, steady state conditions did not develop after applying the water
surface elevation corresponding to peak discharge for about five days. For comparison, the
standard project flood hydrograph presented in USACE (1962) shows a flood duration of
approximately 4 days, with peak discharges generally occurring over an approximately 36-hour
period. Based on the results of our rudimentary transient analysis, it is our opinion that
conditions evaluated in our steady state seepage analyses are unlikely to develop during the
estimated duration of a 100-year flood event. However, if subsequent transient analyses are to
be performed, then time-stages will need to be developed by the project hydrologist and those
stages should be applied to evaluations at each cross section to estimate the effect of transient
water levels on levee stability.

9.3.2 Through-Seepage

The steady state seepage analyses indicated through-seepage could develop at three of
the eight sections evaluated, which are identified in Table 8-2 of this report. Excessive seepage
forces acting on the landward slope could potentially decrease the stability of the slope as a
result of sloughing or internal erosion of the slope. However, as noted above, it is our opinion
that steady state phreatic surfaces are unlikely to develop during the projected duration of a
100-year flood event.

It should be noted that the levee section at Station Nos. 22+00, where our seepage
analyses indicated the potential for through-seepage, was modeled with an interior drainage
ditch to be consistent with our field observations and design drawings (USACE, 1965). Initially,
we modeled the levee section with no water in the ditch, and the results of our analyses
indicated the potential for through-seepage. Based on a review of DWR (2013), we performed
additional analyses at these sections assuming the ditch would be filled with water during the
design storm event. The results of our analyses for the water-filled ditch condition indicate that
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the phreatic surface would intersect the ditch water surface. Thus, it is our opinion that
sloughing or internal erosion of the slope would likely not occur if the interior drainage ditch is
filled with water during the design storm event.

9.3.3 Design Considerations

Design concepts to mitigate the potential for seepage-related failure and instability are
discussed in Section 9.7. Design plans provided in USACE (1962) indicate that construction of
a toe trench was planned between about Stations 39+50 and 47+50, where the overburden
material was estimated to be less than 5 feet in thickness. However, the toe trench is not
shown on as-constructed plans (USACE, 1964), and evidence of a toe trench was not observed
by CGI/Fugro during the field exploration program.

Prior to developing any remedial actions to address underseepage and through-seepage
at the potentially deficient locations identified by this study, we recommend additional
engineering analyses to better evaluate the anticipated hydrologic conditions and refine the
seepage model. This could also include field exploration to verify whether the toe drain noted
on the USACE drawings was ever constructed.

9.4 SLOPE STABILITY

As discussed in Section 8.3 of this report, slope stability analyses were performed at
each cross section for various conditions. The results are discussed relative to each condition
below.

9.4.1 Existing

Our slope stability analyses of existing levee conditions estimated factors of safety
ranging from approximately 1.4 to 2.8 and 1.3 to 2.8 for the landside and waterside slopes,
respectively. Based on our review of historical information and observations during the field
exploration program, we understand the levee slopes have not experienced past instability,
which is consistent with our estimated factors of safety.

Although a minimum FS is not defined for existing levees in USACE (2000a), our
estimated factors of safety for existing levee conditions meet or exceed the minimum end-of-
construction FS for a new levee, defined as 1.3 (USACE, 2000a).

9.4.2 Pseudo-Static

Our slope stability analyses of existing levee conditions subjected to pseudo-static (i.e.,
earthquake) loading estimated factors of safety ranging from approximately 1.1 to 3.2 and 1.0 to
2.4 for the landside and waterside slopes, respectively. A minimum FS is not defined for
pseudo-static loading conditions in USACE (2000a). As discussed above, if the FS was
estimated to be equal to or greater than 1.0, minimal or negligible seismic displacements are
anticipated for the design seismic event and post-earthquake slope stability analyses were not
performed, as recommended by DWR (2013).

9-5



Humboldt County Public Works Department C CGI TECHNICAL —l'-llGRIl
(Fugro Project No. 04.62140035; CGlI Project No. 14-1949.02) SERVICES INC.

February 9, 2015

Based on our review of historical information, we understand the levee slopes have not
experienced instability during a seismic event. At a minimum, it is recommended that the levees
be inspected for signs of instability or slope failure as soon as possible following an earthquake
and, if necessary, repaired as soon as conditions will allow.

9.4.3 Full Flood Event

Our slope stability analyses of existing landside levee slopes, based on steady-state full
flood conditions, estimated factors of safety ranging from approximately 1.3 to 2.4. Station No.
22+00 was the only section evaluated with an estimated factor of safety below the minimum FS
of 1.4 defined for long-term (steady-state seepage) flood conditions in USACE (2000a).

Based on our review of historical information, we understand the levee was damaged
during a major flood event in December 1964 between about Station Nos. 15+00 and 24+00
(USACE, 1965). However, we are unaware of documents describing the damage and as built
drawings for the repair have not been located (County of Humboldt, 2014). We understand the
estimated flow for the 1964 event was approximately 81,000 cfs, which exceeds the estimated
flow for the 100-year flood event (NHE, 2014).

As noted above, phreatic surfaces and pore pressures modeled in slope stability
analyses of full flood conditions were based on the results of our steady-state seepage
analyses. It is our opinion that steady state phreatic surfaces are unlikely to develop during the
projected duration of a 100-year flood event. Furthermore, slope stability analyses of sections
with phreatic surfaces more likely to develop during the design flood event are anticipated to
result in higher estimated factors of safety than the FS values shown in Section 8.3, including
Station No. 22+00, considering full flood conditions.

Therefore, the potential for landside slope failures during the 100-year flood event is
considered to be low. Design concepts to mitigate the potential for seepage-related failure and
instability are discussed in Section 9.6. At a minimum, it is recommended that the levees be
inspected for signs of instability or slope failure during a flood event and, if necessary, repaired
as soon as conditions will allow.

9.4.4 Rapid Drawdown

Our slope stability analyses of existing waterside levee slopes following a rapid
drawdown of full flood water levels estimated factors of safety ranging from approximately 0.9 to
2.3. Station No. 34+00 was the only section evaluated with an estimated factor of safety below
the minimum FS of 1.0 defined by USACE (2000a) for rapid drawdown conditions where water
levels are unlikely to persist for long periods preceding drawdown.

As noted above, phreatic surfaces and pore pressures modeled in slope stability
analyses of rapid drawdown conditions were based on the results of our steady-state seepage
analyses. It is our opinion that steady state phreatic surfaces are unlikely to develop during the
projected duration of a 100-year flood event. Furthermore, slope stability analyses with phreatic
surfaces likely to develop during the design flood event are anticipated to result in higher
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estimated factors of safety than the FS values shown in Section 8.3, including Station No.
34+00, following rapid drawdown.

Therefore, the potential for waterside slope failures due to rapid drawdown during the
100-year flood event is considered to be low. Design concepts to mitigate the potential for
seepage-related failure and instability are discussed in Section 9.7. Following flood events, we
recommend that the levees be inspected for signs of instability or slope failure and, if necessary,
repaired as soon as conditions will allow.

9.5 SEISMIC DEFORMATION

As noted in Section 8.4, the estimated factors of safety for the screening-level pseudo-
static slope stability analyses were equal to or greater than 1.0 for all of the sections evaluated.
Therefore, minimal or negligible seismic displacements are anticipated for the design seismic
event and post-earthquake slope stability analyses were not performed to estimate seismic
deformation. Therefore, no remedial actions are considered necessary at this time.

9.6 SEEPAGE MITIGATION CONCEPTS

Based on our steady state seepage evaluation of eight cross sections spaced along the
length of the levee system, levee segments in the vicinity of Stations 22+00, 34+00 and 71+00
are potentially susceptible to seepage-related failure or instability relative to USACE
performance criteria. Therefore, seepage mitigation measures at these locations may be
necessary to achieve FEMA certification for the levee. However, based on a preliminary
transient seepage analysis at Station 34+00, it is our opinion that steady state seepage
conditions are unlikely to develop and the existing Blue Lake Levee system may not be
susceptible to seepage-related failure or instability during the 100-year flood event considering
transient conditions. Thus, a detailed evaluation of mitigation concepts, including estimated
implementation costs, is not included in this report. Nevertheless, if the County prefers to
further reduce the potential for steady state seepage-related failure or instability of the existing
levee, a discussion of potential mitigation concepts is provided below. General considerations
for each concept relative to construction and land use are included.

Typical mitigation measures to control foundation underseepage below the levee include
cutoff trenches or sheet pile cutoff walls, landside seepage berms, pervious toe trenches, and
pressure relief wells. Typical mitigation measures to control seepage through the levee
embankment include cutoff trenches or sheet pile cutoff walls, landside seepage berms, and toe
drains.

The concepts presented are not intended to be all-inclusive; it may be that a
combination, modification or alternative concept is more appropriate for design, based on
additional considerations and input from the design team. Generalized illustrations and further
discussion of the mitigation alternatives discussed herein are presented in USACE (2000a).

Cutoffs. Cutoffs reduce the potential for underseepage failure by blocking seepage
paths through the pervious foundation material. Cutoffs may consist of excavated trenches,
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backfilled with low-permeability soil or slurry, located within the levee footprint or along the levee
toe. Alternatively, a steel sheet pile cutoff wall may be driven through the pervious foundation.
Although sheet piling is not entirely watertight, it will likely reduce the possibility of piping of sand
strata in the foundation. Cutoff walls located within the levee footprint may also serve as
mitigation for through-seepage, as potential through-seepage paths could be blocked by the
cutoff.

To maximize effectiveness, cutoffs are typically designed to penetrate approximately 95-
percent or more of the thickness of the pervious foundation material. Based on our review of
boring logs for this investigation and historical subsurface data, the thickness of the pervious
foundation unit may be greater than 40 feet thick in some sections of the levee alignment. As a
result, cutoff trench excavations for low-permeability earth backfill would likely extend below the
water table and require a dewatering system. However, slurry cutoff trenches and sheet pile
cutoff walls could be constructed without dewatering.

Landside Seepage Berms. Landside berms are constructed on the landward side of
embankments to reduce the potential for underseepage failure by lengthening seepage paths to
reduce hydraulic head, and providing additional weight to counteract upward seepage forces.
Berms may also mitigate through-seepage by lengthening seepage paths and providing
protection against sloughing of the levee landside slope. In addition, berms may serve as a
source of borrow material for emergency repairs to the levee.

Berms may be composed of impervious or semi-pervious material, sand, or free-draining
gravel. However, the configuration (thickness and width) of berms should be designed for site-
specific conditions, and may require an impractical amount of space.

Pervious Toe Trenches. Pervious toe trenches are constructed along the levee
landside toe to improve seepage conditions by allowing controlled drainage of excess seepage
forces at the levee toe. Trenches are typically excavated with dimensions suited to site-specific
seepage conditions and space limitations. Excavations extending below the water table may
require a dewatering system. Trench backfill should consist of graded-granular material that will
help to retain foundation material where the seepage exits. Trenches are typically provided with
a perforated pipe to collect and convey seepage to a suitable collection point.

It should be noted that the effectiveness of a pervious toe trench may be limited by the
thickness of pervious foundation material, as seepage paths may bypass the trench and
generate excess seepage forces beyond the limits of the trench. Therefore, the primary
purpose of a pervious toe trench would be to control shallow underseepage and protect the area
in the vicinity of the levee toe.

As noted above, design plans provided in USACE (1962) indicate that construction of a
toe trench was planned between about Stations 39+50 and 47+50, where the overburden
material was estimated to be less than 5 feet in thickness. However, the toe trench is not
shown on as-constructed plans (USACE, 1964), and evidence of a toe trench was not observed
by CGI/Fugro during the field exploration program.
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Pressure Relief Wells. Pressure relief wells are installed along the landside toe of
levees to reduce uplift pressure by intercepting and providing controlled outlets for seepage.
Well systems are usually effective where pervious foundation material is too thick to be
penetrated by cutoffs or toe drains, or where space for landside berms is limited. Wells must
offer little resistance to the discharge of water and prevent the loss of any soil, although the
discharge capacity of wells can be temporarily increased by pumping if necessary.

Well spacing, size, and penetration depth should be evaluated relative to site-specific
conditions; individual wells should be designed by an experienced professional and suited to
subsurface materials encountered at the site. Pressure relief wells require periodic
maintenance, and frequently lose efficiency with time due to clogging of well screens, bacteria
growth, or carbonate incrustation.

Pervious Toe Drain. Pervious drainage material placed along the landside levee toe
would provide a controlled exit for seepage passing through the embankment and lower the
phreatic surface to reduce the potential for seepage to emerge on the landside levee slope.
Drainage material should consist of graded-granular material that will help to retain levee fill
material where the seepage exits. A pervious toe drain could likely be combined with the
pervious toe trench discussed above.

9.7 STATIC SETTLEMENT

As discussed in Section 8.5, the potential for static settlement to impact the levees is
considered to be minimal under the present conditions. Therefore, no remedial actions are
considered necessary at this time.
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(Fugro Project No. 04.62140035; CGlI Project No. 14-1949.02) SERVICES INC.

February 9, 2015

APPENDIX A - HISTORICAL BORING LOGS, LABORATORY DATA, AND PLANS

As part of our investigation, we reviewed the following documents for geotechnical data
or qualitative information relevant to our evaluation, including site and subsurface descriptions,
groundwater data, laboratory testing results, boring logs, and as-built plans.

HUMBOLDT COUNTY
Northern Hydrology & Engineering and Manhard Consulting

¢ Northern Hydrology and Engineering & Manhard Consulting (2013), Hydrologic
Analysis for Mad River near the City of Blue Lake, Humboldt County, California,
unpublished consultant’s report prepared for Humboldt County Department of Public
Works, February 8, 17 p. with appendices.

¢ Manhard Consulting & Northern Hydrology and Engineering (2013), Hydrologic
Analysis for Mad River near the City of Blue Lake, Humboldt County, California,
unpublished consultant’s report prepared for Humboldt County Department of Public
Works, June 3, 18 p. with appendices.

¢ Northern Hydrology & Engineering (2014), Blue Lake Levee Evaluation — Water
Surface Elevation Estimates for Mad River 100-Yr Flood Flow near the City of Blue
Lake, Humboldt County, California, unpublished consultant’s report prepared for
Humboldt County Public Works Department, dated June 26, 4 p.

U. S. Army Corps of Engineers, San Francisco District (USACE)

e USACE (1953), Project Report on Mad River at Blue Lake, California for Flood
Control, November 4, 49 p.

e USACE (1956), Operation and Maintenance Manual for Flood Control Project, Mad
River at Blue Lake, Humboldt County, June, 42 p.

e USACE (1962), Detailed Project Report, Local Flood Protection Project on North
Fork, Mad River, near Blue Lake, Humboldt County, California, May, 96 p.

e USACE (1964), Mad River at Blue Lake Local Flood Protection Project, Operation
and Maintenance Manual, July, 41 p.

The Project Report (USACE, 1953) includes design plans, included herein as Plate A-1,
showing typical sections for the original proposed levee and logs of 12 borings drilled along the
proposed levee alignment. Plate A-2 shows as-constructed plans and typical levee sections
from the Operation and Maintenance Manual for Flood Control Project (USACE, 1956).

The Operation and Maintenance Manual (USACE, 1964) included as-constructed typical
levee sections following the improvement and expansion of the levee system, which are shown
on Plate A-3.



Humboldt County Public Works Department C CGI TECHNICAL —l'-llGRIl
(Fugro Project No. 04.62140035; CGlI Project No. 14-1949.02) SERVICES INC.

February 9, 2015

The Detailed Project Report (USACE, 1962) notes that approximately 22 borings were
drilled along the banks and proposed channel alignment of Blue Lake Levee between May 1952
and March 1962. The locations and logs of these explorations were presented in the Detailed
Project Report (USACE, 1962), and are presented in this appendix as Plates A-4 and A-5,
respectively.

Laboratory data for borrow area samples and foundation material samples were included
in the Detailed Project Report (USACE, 1962). These are presented as Plates A-6 and A-7,
respectively. In addition, geotechnical design values for impervious and pervious (sand and
gravel) materials were also included in the Detailed Project Report (USACE, 1962). Listed
values, which are presented on Plate A-8, include dry unit weights, moist weights, saturated
weights, buoyed weights, and shear strength parameters.

A standard project flood hydrograph based on the December 1955 flood event was
included in the Detailed Project Report (USACE, 1962), and is included herein as Plate A-9
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[EN1EV] o [

e. Stations 0400 To 5L4f06E

Between Stations 0400 and 23#00E, the thickness of the fine=
grained overburden materials varies from 3 to 5 feet in depth and from
9 to 17 feet upstream of Station 23400E. The overburden materials consist
of sandy silt, silty sand, clayey sand, clay and silty clay. Sand and
gravel were encountered below the fire-grained materials.

B-10. GROUND WATER

During foundation exploration in May 1953, July 1954, and November
1961, ground water was encountered in '9 exploration holes. In 5 of the
exploration holes, located between Stations 23}39W and 30}00E, the ground
water level was 2 to 4 feet higher than the existing bottom of the chamnel.
In 4 of the exploration holes drilled along the alignment of the set-back
levees, between Stations 30400E and 5L#06E, ground water was encountered
3.5 to 10 feet below the existing ground line. On Plate B-2, the ground
water readings made during exploration are indicated on the logs of explora-
tion holes.

B-1l. DESIGN VALUES

Results of all secondary laboratory tests are summarized on
Tables B-1 and B-2. The foundstions and the levee section were divided
into zones according to their soil characteristies. Based on a study of
the laboratory tests results, the following design values for the foundation
and the embankment materials were adopted:

a. Impervious, Silty Sand, Sandy Silt, Silty Clay:

Dry weight = « = = = =« @ @ .= = = = 107 1bs./cu. ft.
Moist weight = = = = = = = = = = = 123 1bs./eu. ft.
Saturated weight = = = = = = = = = 130 1bs./cu. ft.
Bucyed weight = = = = = = == o === 68 lbs./cu. £t.
Angle of internal frietion - = = = 28 degrees
Cohesion = =« = = ©« = = = = = = = = 0

b. Sand and Gravel, (Assumed)

mmigbﬁﬁu-unmﬂno-—- llol'bﬁ-/cu-ft-

Moist weight = = @« = = = = = = = = 115 1bs./eu. ft.

Saturated weight = = = = = = =« = = 130 lbs./cua.fhi.
Buoyed weight = = = = @ = = = = = = 68 1bs./cu. ft.
Angle of internal friection - « = = 33 degrees
Cohesion = = = =« « @ & =« =« 2 = = = 0

B-5
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APPENDIX B - FIELD EXPLORATION

The field exploration program for the Blue Lake Geotechnical Levee Evaluation Program
consisted of explorations advanced using cone penetration test (CPT) soundings and hollow-
stem auger drill holes. CPT services were provided by California Push Technologies, Inc., of
Menlo Park, California using a Geoprobe Model 6625CPT track-mounted CPT rig. A CME-75
track-mounted drill rig was provided by Britton Exploration of Los Gatos, California, for hollow-
stem auger drill holes. In addition, Fisch Environmental of Eureka, California provided hollow-
stem auger drilling services using a Geoprobe Model 6625 track mounted rig.

CONE PENETRATION TESTS

CPTs were located at roughly 1,000-foot intervals along the levee crests and at various
landside toe and offset locations, as shown on Plate 2-1. Seventeen CPT soundings were
attempted between April 7 and 8, 2014, nine of which experienced refusal on gravel and eight of
which were able to achieve moderate to full penetration. Depths of those CPT soundings
ranged from 5.5 to 25 feet below the existing ground surface. Six CPT soundings along the
levee crest (C1RL, C1RC, C10RW, C10RC, C20RL, C20RO, C30RC, C30RL, C30RO, C39RL,
C49RC, C49RL, C59RL, C59R0, and C70RC) met almost immediate refusal on gravels and
cobbles.

The CPTs were performed using an electric cone penetrometer with a diameter of
approximately 15 square centimeters. The instrumented cone is hydraulically pushed into the
ground at a rate of about 2 centimeters per second (cm/s). Cone penetration resistance (q.),
and sleeve resistance (f;) were monitored continuously during penetration and recorded. The
friction ratio (FR) was computed for each value of q. and fs recorded. CPT data and soil
classifications were used in conjunction with drill hole and core hole information to estimate soill
boundaries encountered at the site. A key to the CPT logs is provided on Plate B-3. Logs of
the CPT profiles are shown on Plates B-4 through B-11.

Each CPT hole was backfilled with cement-bentonite grout pumped through open-ended
CPT casing from the surface to the bottom of the hole and filled upward. When grout returned
to the surface, the grout hose was removed, CPT casing pulled, and the holes were topped off
with additional grout as needed.

HOLLOW-STEM AUGER DRILL HOLES

Drill holes were advanced along the levee crown, and at selected locations along the
waterside toes, landside toes, and offset locations along the levee system. Approximate drill
hole locations are shown on Plate 2-1. Dirill holes were advanced between April 10 and 25,
2014.

To advance the drill holes, hollow-stem flight augers were used for the entire depth of
each drill hole. The hollow-stem augers have an outside diameter of 8.25-inches and have a
center tube that is 4.25 inches in diameter. During drilling, a plug is inserted at the cutting shoe
of the auger to keep the interior tube open. During drilling, cuttings are mobilized upwards by

B-1
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the flights along the outside of the auger. To sample, the interior plug was removed and the
selected sampler extended down to the hole bottom using drilling rods. The samplers for this
project were driven using a 140-pound CME automatic-trip hammer having a vertical throw of 30
inches, in conformance with standard test method ASTM D1586-99.

Twenty-seven drill holes were advanced to depths ranging from 25 to 51.5 feet bgs. Soil
samples were obtained from the drill holes at selected depths using a driven 2-3/8 inch-inside-
diameter (ID) modified California sampler and a 1-3/8-inch ID Standard Penetration Test (SPT)
sampler. Samples were obtained at roughly 5-foot depth intervals, although the interval was
frequently adjusted to sample critical layers encountered in the CPT soundings. The samplers
were driven using the automatic-trip hammer discussed above. The number of blows needed to
drive the sampler the last 12 inches into the soils was recorded, and is shown on the drill hole
logs. Recovered samples were placed in containers and transported to the laboratory for further
classification and testing.

The drill hole logs present descriptions of the earth materials encountered, sampling
method used, and field and laboratory tests performed. The logs also show the location, drill
hole number, date of start and completion, and the name of the logger and drilling
subcontractor. A field engineering geologist logged the drill holes in general accordance with
ASTM D2488 for visual soil classification. The boundaries between soil types shown on the
logs are approximate and the transition between different soil layers may be gradual. The logs
of the drill holes are presented as Plates B-2.1 through B-2.27 - Logs of Explorations. A legend
to the logs is presented on Plate B-1.

Each drill hole was backfilled with cement-bentonite grout pumped from the surface to
the bottom of the hole and filled upward. When grout returned to the surface, the grout hose
was removed and the holes were topped off with additional grout as needed.



LOG OF EXPLORATION: Expl. No.

PROJECT: CGI's Project Name EXPL. VENDOR: Expl. Subcontractor SURFACE ELEVATION: Expl. Elevation
PROJECT NO.: CGI's Project No. EXPL. METHOD: Method of Expl. TOTAL DEPTH OF HOLE:Total Depth of Expl.
LOCATION:  General Location LOGGED BY: CGI's Logger DEPTH TO WATER: Depth to Water
START DATE: Date Started CHECKED BY: CGI's Reviewer BACKFILLED WITH: Backfill Materials
END DATE:  Date Finished HAMMER TYPE: Type of Sample Hammer
& st
— g Sle | g
2 2 g1 |8 y
g < | 3 B8 | S| |l
> . = ils) ) = 8 Z s =t
g2 S 18| E 5 S| w| |7
= | s Z |13 & < 215l e|= | B Notes &
S [E|le e O A 2| T | 3T
a8 el < B 4] . oo b o 3] & |5 |8 Assigned
o |=s |8 | E |3 3 Material Desctiption g 8|8 |52
AISISE | =3 =] E P |BE | 2= Laboratory
0
X 1 SAMPLES/BLOW COUNT SYMBOLS KEY
1 Bulk Soils Sample
| CMSS: 2-3/8"
B o, California modified split spoon sampler (CMSS) 1D, 3" OD,
1 ) Brackets on blow counts indicates CMSS sample Driven
i @ 505" Standard penetration test (SPT) sample and blow count SPT: 1-3/8" 1D,
5 3 ’ 2" OD, Driven
| No sample recovery Blow counts are
- recorded as the
LITHOLOGIC GRAPHICS DESCRIPTIONS FOR SOILS number of blows
il MATERIALS (per ASTM D2487 & D2488) required for one
] N foot of sampler
. penetration using
Gw | well graded GRAVEL 2 140.1b hammer
_______________________________________________ falling 30 inches.
GP | poorly graded GRAVEL Typically, sampler
ottt is driven 18" and
GM | silty GRAVEL the initial 6"
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ discarded.
GC | clayey GRAVEL
SW well graded SAND
_______________________________________________ 4 Initial water level
sp | poorly graded SAND measurement
T Tttt TTTTTTTTT e T ¥ Water level after
sM | silty SAND initial
_______________________________________________ measurement
SC | clayey SAND (may not
——————————————————————————————————————————————— represent
ML | low plasticity SILT stabilized water
_______________________________________________ levels)
MH | high plasticity SILT
g CL | lean CLAY Lab
_______________________________________________ Abbreviations
T CH fat CLAY DS-direct shcar;
D C-consolidation;
| PT | organic soils or peat GS-sieve; EI-
1 Expansion Index;
_______________________________________________ PI-Plasticity;
R HHHH Ol organic SILTS or CLAYS with low plasticity UC-Unconfined:
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ SC-soil chem.;
1 OH | organic SILTS or CLAYS with high plasticity SE-sand equiv.;
I | | | e e e e e R-R valug; P-
RX | ROCK curve; PP-pocket
30 penetrometert.
]
‘ CGI TECHNICAL The log and data presented are a simplification of actual conditions

SErvICES INC.

encountered at the given location and time of exploration. Subsurface

conditions may differ at other locations and with the passage of time.

PLATE NO.:B-1




LOG OF EXPLORATION: DIRC

PROJECT: Blue Lake Levee EXPL. VENDOR: Britton Exploration SURFACE ELEVATION: 87 feet
PROJECT NO.: 14-1949.02 EXPL. METHOD: 8.25" HSA DEPTH OF HOLE: 51.0
LOCATION: Humboldt Co., CA LOGGED BY: J.Bianchin DEPTH TO WATER: 24.5 feet
START DATE: April 10,2014 CHECKED BY: J.Bianchin BACKFILLED WITH: Cement grout
END DATE:  April 10, 2014 HAMMER TYPE: 140-Lb
& U
3 2
o ‘§ ~ =3 O
[=) =l X =
e 2 'go o N b
£ < |3 TS|
> : = 2 5 = g Z ‘g =
= n ) %‘ g 3 st o0 | -8 —
= |3 4|3 & < eS8 lE2 | B Notes &
ST lel2 |9 | g PR NS v A =T = Assioned
. . < =] 1
S |38 € % $ Material Description g Ble | & | & 2 ssigne
A SIS |3 ! S S > I I Laboratory
0=
O ARTIFICIAL FILL (af)
. C Sandy GRAVEL to Gravelly SAND, moderate brown, dry to moist,
N GW/ fine to coarse grained with subrounded to rounded fine to coarse
O ] SW | gravel.
Cdd 1| v ,a
5. ..
O L@ At 5 feet: loose to medium dense. 6 GS
e sw [ ALLUVIUM (Qal)
: SAND, moderate brown to grey, moist, loose to medium dense, fine to
. coarse grained with trace subrounded fine gravel.
@B 2 | an | oL o
@ Sandy to Silty CLAY, moderate yellowish brown, moist, firm, slightly
plastic, with fine to medium sand, trace coarse sand, and trace fine
subrounded gravel.
B D 3 | o P
% 3b 11| 17 28 | 11 |PI
SM/ |t A g T T T
SW Silty SAND with Gravel, greyish brown to grey, moist, fine to medium
grained with trace coarse grains, moderate to abundant subrounded fine
1 to medium gravel, and trace to moderate wood fragments and organic
debris.
e 4 15 16.2 | 13 GS
15 - |
Sl At 15 feet: medium dense.
@
. E The log and data presented are a simplification of actual conditions
CS(}I TECH?I('A L encountered at the given location and time of exploration. Subsutface
ERVICES INC. conditions may differ at other locations and with the passage of time.
b PLATE NO.:B-2.1




LOG OF EXPLORATION: DIRC

SEervices INc.

encountered at the given location and time of exploration. Subsutface
conditions may differ at other locations and with the passage of time.

PROJECT: Blue Lake Levee EXPL. VENDOR: Britton Exploration SURFACE ELEVATION: 87 feet
PROJECT NO.: 14-1949.02 EXPL. METHOD: 8.25" HSA DEPTH OF HOLE: 51.0
LOCATION: Humboldt Co., CA LOGGED BY: J.Bianchin DEPTH TO WATER: 24.5 feet
START DATE: April 10,2014 CHECKED BY: J.Bianchin BACKFILLED WITH: Cement grout
END DATE: April 10, 2014 HAMMER TYPE: 140-Lb
S g
_ £ Tle |8
2 2 5157 ’
£ < | 3 T|E S| x|
& . 8 4 [3) = = Z g =
|4 S |5 g ) g ep | 5 |
s | = Z | 3 = < o R Notes &
slElele || 2 = A Clz |z g Assioned
ol - .
5|5 |¢g g % $ Material Description = 2| & o a* 2 ssigne
2 [am aborato
SNE|5 |52 |2 2 |5 |8 | =[5 | & | Laboraory
204 : : lﬁ 5 20 SW Gravelly SAND, medium grey, moist, medium dense, fine to coatse
-] lﬁ grained with subrounded fine to coarse gravel.
I \ 4
25— . .. Clﬁ 0 15| GW Sandy GRAVEL, medium grey, wet, medium dense, with fine to coarse 17.7 K GS
O lﬁ sand and subrounded fine to medium gravel and trace coarse gravel.
1:d
O
O . Between 27 and 29 feet: decrease in gravels.
| ¥
O
|
C ldl 7 | »
30— - Clﬁ
O
1.4
O
| A
L Between 32 and 33.5 feet: Increased gravels with possible cobbles and
4
| O ] boulders.
i
12
35— U C% 8 8 At 34.5 feet: dense to very dense. 173 9 GS
O
o % Between 36 and 37 feet: decrease in gravels.
(] g
10
i
12
@
I: CGI TECHNICAL The log and data presented are a simplification of actual conditions

PLATE NO.:B-2.1




LOG OF EXPLORATION: DIRC

PROJECT: Blue Lake Levee EXPL. VENDOR: Britton Exploration SURFACE ELEVATION: 87 feet
PROJECT NO.: 14-1949.02 EXPL. METHOD: 8.25" HSA DEPTH OF HOLE: 51.0
LOCATION: Humboldt Co., CA LOGGED BY: J.Bianchin DEPTH TO WATER: 24.5 feet
START DATE: April 10,2014 CHECKED BY: J.Bianchin BACKFILLED WITH: Cement grout
END DATE:  April 10, 2014 HAMMER TYPE: 140-Lb
S g
_ £ Tle |8
£ 2 2159 .
g < | 3 5 | & S| o |3
> . + 0 [} B L Z = (=]
o | ©) g g o) g o0 g =
Slic Z |3 = < elS|lE|=2 |k Notes &
ST lel2 |9 | g 5Q~£7939A~d
+ <
5|5 g g % 8 Material Description % = 5:: ~ a* 2 ssigne
Als|s S| 4 = D lE |9 | & Laboratory
? 37| 8w Gravelly SAND, moderate grey, wet, dense, fine to coarse grained with
trace to moderate subangular to subrounded fine to medium gravel.
10 H At 44.5 feet: with trace subrounded coarse gravel.
11 60 . .
At 49.5 feet: with abundant coarse gravel and possible cobbles.
Bottom of Drill Hole at a Depth of 51 feet.
C
. E The log and data presented are a simplification of actual conditions
€ CGI TECHNICAL encountered at the given location and time of exploration. Subsutface
n SERVICES INC. conditions may differ at other locations and with the passage of time.

PLATE NO.:B-2.1




LOG OF EXPLORATION: D10RC

PROJECT: Blue Lake Levee EXPL. VENDOR: Britton Exploration SURFACE ELEVATION: 91.5 feet
PROJECT NO.: 14-1949.02 EXPL. METHOD: 8.25" HSA DEPTH OF HOLE: 50.9 Feet
LOCATION: Humboldt Co., CA LOGGED BY: J.Bianchin DEPTH TO WATER: 24.5 feet
START DATE: April 11,2014 CHECKED BY: J.Bianchin BACKFILLED WITH: Cement Grout
END DATE: April 11,2014 HAMMER TYPE: 140-Lb
g 2
— ; o N 2
= + X )
2 = ol o | ¥
= < |3 B E | S| |2
> . = 0 I3) B L Z B= &
e |2 S |5 | E 2 S| w| &7
<3 Z | 3 & < o S = I I I Notes &
=T R =T e £ 1Aa 2| = |3
alg8la| = B A . o o) o 3] |8 |z Assigned
O < | & g 3 8 Material Description = g = ~ | T 2
A SIS |3 5 = e = LA | = Laboratory
G . .
(] ARTIFICIAL FILL (af)
0 ] Gravelly SAND, light brown to medium gtey, dry to moist, fine to
1= S\W | coarse grained with subrounded to rounded fine to medium gravel and
L C trace coarse gravel.
13 L Silty to Sandy CLAY, moderate yellowish brown, moist, soft, slightly 14
plastic, with trace to few fine sand and trace subrounded fine gravel.

@4 Sampled with
sand catcher, no
return

@4 Sampled with
sand catcher, no
return

17) PI; Sampled with

109 16 29 8 sand catcher
i sw | ALLUVIUM (Qa)
Gravelly SAND to SAND, moderate grey, moist, loose to medium
dense, fine to coarse grained with trace to few subrounded fine gravel.
% 3 ? At 14.5 feet: loose with trace to moderate amounts of woody debris.
C
. E The log and data presented are a simplification of actual conditions
CS(}I TECH?I('A L encountered at the given location and time of exploration. Subsutface
ERVICES INC. conditions may differ at other locations and with the passage of time.
b : passag PLATE NO.:B-2.2




LOG OF EXPLORATION: D10RC

PROJECT: Blue Lake Levee EXPL. VENDOR: Britton Exploration SURFACE ELEVATION: 91.5 feet
PROJECT NO.: 14-1949.02 EXPL. METHOD: 8.25" HSA DEPTH OF HOLE: 50.9 Feet
LOCATION: Humboldt Co., CA LOGGED BY: J.Bianchin DEPTH TO WATER: 24.5 feet
START DATE: April 11,2014 CHECKED BY: J.Bianchin BACKFILLED WITH: Cement Grout
END DATE:  April 11, 2014 HAMMER TYPE: 140-Lb
= -
- H 2 ls
2 2 g1 |8 y
& < |3 3le | S| |
> . + 0 [} B L Z = (=]
o | ©) g g o) g o0 g =
Slic Z |3 = < SR = i Notes &
ST lel2 |9 | g 5Q~£7939A~d
+ <
5|5 |¢g g % $ Material Description = 2| L a¥ a* Z ssigne
A SIS |3 3 S S > I I Laboratory
20 - Clﬁ 4 20 Gravelly SAND to Sandy GRAVEL, moderate grey, moist, medium 55 0 GS
A lﬁ GW/ | dense, fine to coarse grained with subangular to subrounded fine to
Q ] GM | coarse gravel and trace silt.
A C
O]
1.4
O]
O . At 23 feet: abundant gravel with possible cobbles and boulders.
| ¥
o8 v
o2 {5 |
25— (]
5 1
1.4
O]
1.4
lo:
i
15
14
AN ] 6 29 7.2 9 GS
oy
15
i
10
i
10
i
1
35— o lﬁ 7 74 S:é{/ SAND with Gravel, moderate grey, wet, very dense, fine to coarse 131 8 7 GS
. lﬁ " | grained with subrounded fine to coatse gravel.
@
. E The log and data presented are a simplification of actual conditions
€ CGI TECHNICAL encountered at the given location and time of exploration. Subsutface
n SERVICES INC. conditions may differ at other locations and with the passage of time.

PLATE NO.:B-2.2




LOG OF EXPLORATION: D10RC

PROJECT: Blue Lake Levee EXPL. VENDOR: Britton Exploration SURFACE ELEVATION: 91.5 feet
PROJECT NO.: 14-1949.02 EXPL. METHOD: 8.25" HSA DEPTH OF HOLE: 50.9 Feet
LOCATION: Humboldt Co., CA LOGGED BY: J.Bianchin DEPTH TO WATER: 24.5 feet
START DATE: April 11,2014 CHECKED BY: J.Bianchin BACKFILLED WITH: Cement Grout
END DATE: April 11,2014 HAMMER TYPE: 140-Lb
2 3
s 3 = X 8
e 2 'go o N b
g < | 3 5 | & S| o |3
> . + 0 [} B L Z = (=]
= wn o %‘ g = =) 50 é —
= s Z |3 & < o S = I B I Notes &
15 lel2|9 ]2 Eoua.'g.gA.d
- . .. + < =}
55 g g % 8 Material Description % g 5:: ~ LT @ ssigne
Als|s S| 4 = D lE |9 | & Laboratory
8 35 %Wr/ GRAVEL with Sand, moderate grey, wet, dense, with fine to coarse 06 ) GS
M
sand and subangular to subrounded fine to coarse gravel.
9 27
Between 46 and 49.5 feet: abundant gravel, cobbles, and boulders.
e h
. ! Silty SAND with Gravel, moderate yellowish brown mottled doark A
10 | 50:5 SM brown, moist, very dense, fine to medium grained with trace coarse 9.0 17 GS
sand, sunangular to subrounded fine to coarse gravel, and trace to few
clay.
| Bottom of Drill Hole at a Depth of 50.9 Feet.
@
. E The log and data presented are a simplification of actual conditions
€ CGI TECHNICAL encountered at the given location and time of exploration. Subsutface
n SERVICES INC. conditions may differ at other locations and with the passage of time.

PLATE NO.:B-2.2




LOG OF EXPLORATION: D20RC

SEervices INc.

encountered at the given location and time of exploration. Subsutface
conditions may differ at other locations and with the passage of time.

PROJECT: Blue Lake Levee EXPL. VENDOR: Britton Exploration SURFACE ELEVATION: 93 feet
PROJECT NO.: 14-1949.02 EXPL. METHOD: 8.25" HSA DEPTH OF HOLE: 51.0 Feet
LOCATION: Humboldt Co., CA LOGGED BY: J.Bianchin DEPTH TO WATER: 24.0 feet
START DATE: April 14,2014 CHECKED BY: J.Bianchin BACKFILLED WITH: Cement Grout
END DATE:  April 14, 2014 HAMMER TYPE: 140-Lb
= U
3 2
o ‘§ ~ = =
[=) =l X =
2 9 | x| W
& < |3 3le | S| |
> . = 2 [3) = 8 Z | 8§ =
ez S| 8 | € = S| w| E |2
= |3 e | & = eS8 lE2 | B Notes &
slElele || 2 Elal: z12 |38 Assioned
[N =~ . - < =) ’ 1
5|5 |¢g g % $ Material Desctiption = 2| & o = ssigne
A SIS |3 5 2 | R lB |22 & Laboratory
0
WE af | ARTIFICIAL FILL (af)
0 ] \ Asphaltic Concrete (2 inches); Aggregate Base (6 inches)
s {2/ e
S C GRAVEL to Sandy GRAVEL, moderate brown to moderate gtey, dry,
O ] fine to coarse grained with subrounded fine to coarse gravel and few
o C subrounded cobbles up to at least 6 inches in diameter.
% ! (7 | cL Silty CLAY, moderate yellowish brown, moist, soft, slightly plastic, with 717 40 20| PLDS
% trace fine sand.
Vit ittt A
& GW/ Sandy GRAVEL to Gravelly SAND, moderf&te grey, moist, fine to Sampled with
gy | coarse grained with subrounded fine to medium gravel. sand catcher. no
CL | Silty CLAY, moderate yellowish brown, moist, soft, slightly plastic, with Eeafr‘?ltpried with
trace fine sand. sand catchet, no
N i bbb — return
%}{/ Silty CLAY to CLAY, moderate brown, moist, soft, plastic.
2 5 20.4 Sampled with
sand catcher
CLlALLUVIUM Q)
CLAY with Sand, greenish grey, moist, soft, plastic, with trace to
moderate fine sand and trace subrounded fine to medium gravel.
30O
<
The log and data presented are a simplification of actual conditions
C CGI TECHNICAL s P v

PLATE NO.:B-2.3




LOG OF EXPLORATION: D20RC

PROJECT: Blue Lake Levee EXPL. VENDOR: Britton Exploration SURFACE ELEVATION: 93 feet
PROJECT NO.: 14-1949.02 EXPL. METHOD: 8.25" HSA DEPTH OF HOLE: 51.0 Feet
LOCATION: Humboldt Co., CA LOGGED BY: J.Bianchin DEPTH TO WATER: 24.0 feet
START DATE: April 14,2014 CHECKED BY: J.Bianchin BACKFILLED WITH: Cement Grout
END DATE: April 14,2014 HAMMER TYPE: 140-Lb
= -
- H 2 ls
2 2 %o - 8 ><
& < |3 3le | S| |
> . = Nat 9 = 8 Z ‘g =
o | @ o =) g a = 50 g —
Slic Z |3 = < elS|lE|=2 |k Notes &
ST lel2 |9 | g 5Q~3939A~d
+ <
5|5 |¢g g % $ Material Description = 2| L a¥ a* Z ssigne
A SIS |3 5 2 | R lB |22 & Laboratory
4 © CL CLAY with Gravel, greenish grey, moist, soft, plastic, with trace to
moderate fine sand and subrounded fine to medium gravel. 33 20 | PI
Between 21.5 and 24 feet: with interbedded gravel and possible cobbles.
h 4
. % > 31 (;I\)/[/ GRAVEL with Sand, moderate grey to greyish brown, wet, medium 75 9 GS
] dense to dense, fine to coarse graibed with subangular to subrounded
Q : ] fine to medium gravel.
154
O]
1.4
|EX
i
15
i
ol O @ 6 | 20
ey
15
i
10
i
10
i
1
35— O . @ l 40 Cé‘vl\v/[/ GRAVEL with Sand, moderate grey, wet, dense, fine to coarse grained, 8.1 7 GS
o C@ 7 with subrounded fine to medium gravel.
10
i
10
i
1O
@
. E The log and data presented are a simplification of actual conditions
CGI TEecHNICA L encountered at the given location and time of exploration. Subsutface
b SErvICES INC. conditions may differ at other locations and with the passage of time. PLATE NO.: B-2.3




LOG OF EXPLORATION: D20RC

PROJECT: Blue Lake Levee EXPL. VENDOR: Britton Exploration SURFACE ELEVATION: 93 feet
PROJECT NO.: 14-1949.02 EXPL. METHOD: 8.25" HSA DEPTH OF HOLE: 51.0 Feet
LOCATION: Humboldt Co., CA LOGGED BY: J.Bianchin DEPTH TO WATER: 24.0 feet
START DATE: April 14,2014 CHECKED BY: J.Bianchin BACKFILLED WITH: Cement Grout
END DATE:  April 14, 2014 HAMMER TYPE: 140-Lb
5 2
) 3 < X 8
e 2 'go o N b
g < | 3 5 | & S| o |3
> . - e [5) = ] Z | 2 =
1|2 ° |5 g = E || E S
<3 Z |3 = < elS|lE|=2 |k Notes &
ST lel2 |9 | g 5Q~£7939A~d
+ <
5|5 g g % 8 Material Description % = 5:: ~ a* 2 ssigne
Als|s S| 4 = D lE |9 | & Laboratory
8 32 .
At 39.5 feet: with subrounded fine to coarse gravel.
9 28 . .
At 44.5 feet: with angular to subangular fragments of chert (likely
fractured during sampling).
10 | 35
Botton of Drill Hole at a Depth of 51 Feet.
C
. E The log and data presented are a simplification of actual conditions
€ CGI TECHNICAL encountered at the given location and time of exploration. Subsutface
n SERVICES INC. conditions may differ at other locations and with the passage of time.

PLATE NO.:B-2.3




LOG OF EXPLORATION: D30RC

PROJECT: Blue Lake Levee EXPL. VENDOR: Britton Exploration SURFACE ELEVATION: 98.5 feet
PROJECT NO.: 14-1949.02 EXPL. METHOD: 8.25" HSA DEPTH OF HOLE: 51.0 Feet
LOCATION: Humboldt Co., CA LOGGED BY: J.Bianchin DEPTH TO WATER: 24.2 feet
START DATE: April 15,2014 CHECKED BY: J.Bianchin BACKFILLED WITH: Cement Grout
END DATE:  April 15, 2014 HAMMER TYPE: 140-Lb
& U
3 2
o ‘§ ~ = =
[=) =l X =
e 2 "go o N b
& < |3 3le | S| |
> . = 2 (5) = g Z | 8 =
ez S| 8 | € = S| w| E |2
s | = Z | 3 & < o S £~ =y Notes &
e = ) ) Q K & 17 e B
a8 || el &3 . . bt - | B |8 |z Assigned
) < | & g 3 3 Material Description 5 = = ~ T 2
A SIS |3 5 2 | R lB |22 & Laboratory
ARTIFICIAL FILL (af)
Sandy GRAVEL, moderate brown, dry, fine to coarse grained with
GW | subrounded fine to coarse gravel and few to moderate subrounded fine
to medium cobbles.
CL [ o T T T N
Silty CLAY with Gravel, moderate yellowish brown, moist, slightly
plastic, with fine to medium sand and moderate subrounded fine to
medium gravel.
1 28 | SW/ SAND with Gravel, grey, moist, dense, fine to coarse grained with >4 10
SM .
subrounded fine to medium gravel.
CL [ o T T .
Silty to Sandy CLAY, moderate yellowish brown, moist, firm to stiff,
slightly plastic, with fine sand.
(15| €L Silty CLAY with Gravel, moderate yellowish brown to greenish grey, w717 30 131 PL gamtp Led with
2a moist, firm, slightly plastic, with moderate fine to medium sand and sand catchet
2b subrounded fine to medium gravel. 1012 20.5
310
CLl ALLUVIUM Q)
Silty CLAY with Gravel, moderate yellowish brown to greenish grey,
moist, firm, slightly plastic, with moderate fine to medium sand and
subrounded fine to medium gravel.
4 101 SM Silty fine SAND, grey, moist, loose to medium dense, fine grained with
trace clay. Curve
B1 .
At 16 feet: increased clay content.
@
The log and data presented are a simplification of actual conditions
CS(}I TECHTI\”CA].' encountered at the given location and time of exploration. Subsutface
ERVICES INC. conditions may differ at other locations and with the passage of time.
b : PLATE NO.:B-2.4




LOG OF EXPLORATION: D30RC

PROJECT: Blue Lake Levee EXPL. VENDOR: Britton Exploration SURFACE ELEVATION: 98.5 feet
PROJECT NO.: 14-1949.02 EXPL. METHOD: 8.25" HSA DEPTH OF HOLE: 51.0 Feet
LOCATION: Humboldt Co., CA LOGGED BY: J.Bianchin DEPTH TO WATER: 24.2 feet
START DATE: April 15,2014 CHECKED BY: J.Bianchin BACKFILLED WITH: Cement Grout
END DATE: April 15,2014 HAMMER TYPE: 140-Lb
&g g
~ g Sl |8
£ 2 2159 .
g < | 3 Tle | S| |3
s s | g s o 2| 8 Z | g s
E | = 3 £ = € | | § |7
= | Z ) & < o O = I B I Notes &
S|ElR|2 |92 5D“£799A'd
S |a | & . . = @ 3 |-
55 g g % E;)) Material Description % g g ~ | T 4 ssigne
Als|s S| 4 = D lE |9 | & Laboratory
e 5 11 A feet sli L . .
20| [ t 19.5 feet: slightly plastic with organics and woody debris.
el % 99.5 | 28.6 | 74 GS
| SAND, datk brown, moist, loose, medium grained. 100 20 46 GS, DS
St Sp
l i SC% Gravelly SAND to Sandy GRAVEL, grey, wet, dense, fine to coarse
O ] 7 grained, with subangular to subrounded fine to coarse gravel.
i
O]
.. C h 4
ey
10
i
10
i
10
i
1
30— =, |2| lﬁ l 3 ((iié Sandy to Silty GRAVEL, gtey, wet, medium dense, fine to coarse 77 8 GS
S lﬁ 7 grained, with subangular to subrounded fine to coarse gravel.
.
4%
.
N
U=
N
.
1=
.
4%
R 1 T O U -
35— C; Clﬁ 8 2 | GW Sandy GRAVEL, moderate brown, wet, medium dense, fine to coarse
' lﬁ grained with fine to medium subangular to subrounded gravel.
O]
: . C Between 36 and 38 feet: abundant gravel and cobbles.
10
i
1O
@
. E The log and data presented are a simplification of actual conditions
CGI TECHNICAL encountered at the given location and time of exploration. Subsutface

SEervices INc.

conditions may differ at other locations and with the passage of time.

PLATE NO.:B-2.4




LOG OF EXPLORATION: D30RC

PROJECT: Blue Lake Levee EXPL. VENDOR: Britton Exploration SURFACE ELEVATION: 98.5 feet
PROJECT NO.: 14-1949.02 EXPL. METHOD: 8.25" HSA DEPTH OF HOLE: 51.0 Feet
LOCATION: Humboldt Co., CA LOGGED BY: J.Bianchin DEPTH TO WATER: 24.2 feet
START DATE: April 15,2014 CHECKED BY: J.Bianchin BACKFILLED WITH: Cement Grout
END DATE:  April 15, 2014 HAMMER TYPE: 140-Lb
S B
— ; > N 8
£ 2 2159 .
g < | 3 5 | & S| o |3
> . - s 3 = s Z | 2 =
= wn o %‘ g = =) 50 é —
= s Z |3 & < o S = I B I Notes &
15 lel2|9 ]2 Elals ||z g Assioned
- . .. - < =)
55 g g % 8 Material Description % g 5:: ~ LT @ ssigne
Als|s S| 4 = D lE |9 | & Laboratory
L ) 32 | GP/ GRAVEL with Sand, gtrey, wet, dense, fine to coatse grained, with 1.6 ? GS
: GM
] subangular to subrounded fine to coarse gravel.
{a
N
X
1=
X
4.
2 || o ___ —
45— |Z . 10 >4 %1\\/)[(// Silty GRAVEL with Sand, moderate brown to grey, wet, very dense,
E’ : fine to coarse grained with subangular to subrounded fine to coarse
. gravel.
1 X
X
=
X
=
X
=
50— D . 1 3 C(}}I;/{ Sandy GRAVEL, moderate grey, wet, dense, fine to coarse grained with 88 8 GS
2 subangular to subrounded fine to coarse gravel.
0.
Bottom of Drill Hole at a Depth of 51 Feet.
@
. E The log and data presented are a simplification of actual conditions
; CGI TECHNICAL encountered at the given location and time of exploration. Subsutface
SErvICES INC. conditions may differ at other locations and with the passage of time.

PLATE NO.:B-2.4




LOG OF EXPLORATION: D39RC

PROJECT: Blue Lake Levee EXPL. VENDOR: Fisch Drilling SURFACE ELEVATION: 100 feet
PROJECT NO.: 14-1949.02 EXPL. METHOD: 8.25" HSA DEPTH OF HOLE: 51.0 Feet
LOCATION: Humboldt Co., CA LOGGED BY: J.Bianchin DEPTH TO WATER: 21.5 feet
START DATE: April 24,2014 CHECKED BY: J.Bianchin BACKFILLED WITH: Cement grout
END DATE:  April 24, 2014 HAMMER TYPE: 140-Lb
& U
3 2
o ‘g ~ =3 O
[=) +— X S
e 2 'go o N b
£ < |3 Bl | S| |8
> . = Nat 9 = 8 Z ‘g =
ez S| 8 | € = S| w| E |2
E |3 Z | 3 & < o S £~ 2 Notes &
S|ElR|2 |92 Eoga.@'gA.d
[N =~ . . < =) ’ 1
55 g g % 8 Material Description % g | & ~LE | 8 ssighe
Als|s S| 4 = D lE |9 | & Laboratory
09—
0 ] ARTIFICIAL FILL (af)
T Gravelly SAND, moderate grey, moist, fine to coarse grained with
10 C S\W | subrounded fine to coarse gravel and trace subrounded fine to medium
O cobbles.
VY% SC | o i T
s Clayey SAND, moderate yellowish brown to moderate brown, dry to
/] moist, slightly plastic, fine grained.
8 25 H o1 | e 38 GS
s 26) At 5 feet: medium dense, fine to coarse grained with trace to moderate i 7
/] % subrounded fine to moderate gravel.
At 7 feet: increased gravel. 17
2a 20) | CL Sandy CLAY with Gravel, moderate brown, moist, stiff, fine to coarse
2h grained with subrounded fine to medium gravel.
104 17 32 10 | PI
CLl ALLUVIUM Q)
Sandy CLAY with Gravel, moderate brown, moist, stiff, fine to coarse
grained with subrounded fine to medium gravel.
Fine Sandy SILT, grey, moist, loose.
3 (7) | ML
SW |
] Gravelly SAND, grey, wet, fine to coarse grained with subrounded fine
to medium gravel.
@
. E The log and data presented are a simplification of actual conditions
CS(}I TECH?I('A L encountered at the given location and time of exploration. Subsutface
ERVICES INC. conditions may differ at other locations and with the passage of time.
b PLATE NO.:B-2.5




LOG OF EXPLORATION: D39RC

PROJECT: Blue Lake Levee EXPL. VENDOR: Fisch Drilling SURFACE ELEVATION: 100 feet
PROJECT NO.: 14-1949.02 EXPL. METHOD: 8.25" HSA DEPTH OF HOLE: 51.0 Feet
LOCATION: Humboldt Co., CA LOGGED BY: J.Bianchin DEPTH TO WATER: 21.5 feet
START DATE: April 24,2014 CHECKED BY: J.Bianchin BACKFILLED WITH: Cement grout
END DATE:  April 24, 2014 HAMMER TYPE: 140-Lb
S Z

) 3 < X 8

¢ e 3 IR ’

g < |3 sl |l S| |2

> . - e [5) = ] Z | 2 =
1|2 ° |5 g = E || E S
Slic Z |3 = < SR = i Notes &

+ <
5|5 g g % E;)) Material Description % = 5:: ~ a* 2 ssigne

Als|s S| 4 = D lE |9 | & Laboratory

4 36 At 20 feet: dense.

RO A 4

At 23 feet: increased gravel. Wos)dy‘debris in

Tl cuttings

: : : : 5 10 SAND with Gravel, grey, wet, fine to coarse grained with subrounded 0.3 5 GS

: ) : ) fine to medium gravel.
g o |

Between 32 and 34 feet: fewer gravels.
7 Sl R Sandy GRAVEL, grey, wet, dense, fine to coarse grained, with 0.3
subrounded fine to medium gravel.
@
. E The log and data presented are a simplification of actual conditions
; CGI TECHNICAL encountered at the given location and time of exploration. Subsutface
SErvICES INC. conditions may differ at other locations and with the passage of time.

PLATE NO.:B-2.5




LOG OF EXPLORATION: D39RC

PROJECT: Blue Lake Levee EXPL. VENDOR: Fisch Drilling SURFACE ELEVATION: 100 feet
PROJECT NO.: 14-1949.02 EXPL. METHOD: 8.25" HSA DEPTH OF HOLE: 51.0 Feet
LOCATION: Humboldt Co., CA LOGGED BY: J.Bianchin DEPTH TO WATER: 21.5 feet
START DATE: April 24,2014 CHECKED BY: J.Bianchin BACKFILLED WITH: Cement grout
END DATE:  April 24, 2014 HAMMER TYPE: 140-Lb
S Z
s 3 = X 8
e 2 'go o N b
g < | 3 5 | & S| o |3
> . - e [5) = ] Z | 2 =
o | ©) g g o) g o0 g =
Slic Z |3 = < elS|lE|=2 |k Notes &
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+ <
5|5 |¢g g % $ Material Description = 2| L a¥ a* Z ssigne
A SIS |3 3 S S > I I Laboratory
O]
1 d
“ O]
O ) lﬁ 8 2 At 40 feet: medium dense with trace to few clay.
1 e
O]
L C
O]
1 d
O]
Q : ] Between 44 and 50 feet: abundant gravel, cobbles, and/or boulders.
s .9
O]
I
O]
| ¥
O]
L C
O]
1 d
O ] 225 Y
50— == ! Sandy GRAVEL with Clay, moderate brown, wet, dense, slightly plastic,
- ilﬁ 9 46 | GW | fine to coarse grained, with subangular to subrounded fine to medium
O ) :,E gravel and tace to moderate clay.
Bottom of Drill Hole at a Depth of 51 Feet.
@
. E The log and data presented are a simplification of actual conditions
€ CGI TECHNICAL encountered at the given location and time of exploration. Subsutface
n SERVICES INC. conditions may differ at other locations and with the passage of time.

PLATE NO.:B-2.5




LOG OF EXPLORATION: D49RC

PROJECT: Blue Lake Levee EXPL. VENDOR: Fisch Drilling SURFACE ELEVATION: 99.5 feet
PROJECT NO.: 14-1949.02 EXPL. METHOD: 8.25" HSA DEPTH OF HOLE: 41.5 Feet
LOCATION: Humboldt Co., CA LOGGED BY: J.Bianchin DEPTH TO WATER: 21.5 feet
START DATE: April 24,2014 CHECKED BY: J.Bianchin BACKFILLED WITH: Cement grout
END DATE:  April 24, 2014 HAMMER TYPE: 140-Lb
& U
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o ‘g ~ =3 O
[=) =l X =
e 2 'go o N b
g < | 3 5 | & S| o |3
> : = 2 (5) = g Z | 8 =
ez S| 8 | € = S| w| E |2
E |3 Z | 3 & < o S £~ 2 Notes &
S|ElR|2 |92 Eoga.@'gA.d
o | . . < =) ’ 1
55 g g % 8 Material Description % g | & ~LE | 8 ssighe
Als|s S| 4 = D lE |9 | & Laboratory
0=
] ARTIFICIAL FILL (af)
a3 Sandy GRAVEL to Gravelly SAND, grey, moist, fine to coatse grained
1 O ° ] GW/ | with subrounded fine to coarse gravel and trace subrounded fine to
200 C SW | medium cobbles.
Sandy CLAY with Gravel, moderate yellowish brown, moist, slightly
CL | plastic, with fine to medium sand and trace subrounded fine to medium
gravel.
! @ At 5 feet: very stiff. w717 3 § P
CLl ALLUVIUM Q)
Sandy CLAY with Gravel, moderate yellowish brown, moist, slightly
plastic, with fine to medium sand and trace subrounded fine to medium
gravel.
] Fine Sandy SILT, grey, moist.
ML
10—
|% 2 12 At 10 feet: loose to medium dense. 2251 3 GS
3 6 SW [ s o T T ST T T o
SAND, dark grey, moist, loose, fine to medium grained with interbeds
of fine sand.
Gravelly SAND, moderate grey, moist, fine to coarse grained, with
SW | moderate subrounded fine to coarse gravel.
C
. E The log and data presented are a simplification of actual conditions
CS(}I TECH?I('A L encountered at the given location and time of exploration. Subsutface
ERVICES INC. conditions may differ at other locations and with the passage of time.
b PLATE NO.:B-2.6




LOG OF EXPLORATION: D49RC

PROJECT: Blue Lake Levee EXPL. VENDOR: Fisch Drilling SURFACE ELEVATION: 99.5 feet
PROJECT NO.: 14-1949.02 EXPL. METHOD: 8.25" HSA DEPTH OF HOLE: 41.5 Feet
LOCATION: Humboldt Co., CA LOGGED BY: J.Bianchin DEPTH TO WATER: 21.5 feet
START DATE: April 24,2014 CHECKED BY: J.Bianchin BACKFILLED WITH: Cement grout
END DATE: Aptﬂ 24,2014 HAMMER TYPE: 140-Lb
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'_o' z Fuy O\O 8

¢ e 3 IR ’

g < |3 sl |l S| |2

> I s 0 B |2 | Z | E =
1|2 ° |5 g = E || E S
<3 Z |3 = < = 8 g3 2 Notes &
ST lel2 |9 | g PR NS v A =T = Assioned

+ <

5|5 g g % E;)) Material Description % = 5:: ~ a* 2 ssigne
Als|s S| 4 = D lE |9 | & Laboratory

:: :: : 4 12 P SAND with Gravel, moderate grey, moist, medium dense, fine to coarse 26 3 GS

008 grained with moderate subrounded fine to coarse gravel.

e A 4
Pl |

5 14 SS\:Z{/ SAND, moderate grey, wet, medium dense, fine to medium grained 98 1 GS
) with trace coarse grains.
Between 32 and 35 feet: with interbeds of gravel and/or cobbles.
0 2 16w Sandy GRAVEL, moderate brown, wet, dense, fine to coarse grained
with subrounded fine to coarse gravel and trace to moderate clay.

@

‘ CGI TECHNICAL The log and data presented are a simplification of actual conditions

SEervices INc.

encountered at the given location and time of exploration. Subsutface

conditions may differ at other locations and with the passage of time.

PLATE NO.:B-2.6




LOG OF EXPLORATION: D49RC

PROJECT: Blue Lake Levee EXPL. VENDOR: Fisch Drilling SURFACE ELEVATION: 99.5 feet
PROJECT NO.: 14-1949.02 EXPL. METHOD: 8.25" HSA DEPTH OF HOLE: 41.5 Feet
LOCATION: Humboldt Co., CA LOGGED BY: J.Bianchin DEPTH TO WATER: 21.5 feet
START DATE: April 24,2014 CHECKED BY: J.Bianchin BACKFILLED WITH: Cement grout
END DATE: April 24,2014 HAMMER TYPE: 140-Lb
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& < |3 3le | S| |
> . = Nat 9 = 8 Z ‘g =
o | ©) g g i) g o0 é =
£ | = zZ |2 g < SR = i Notes &
ST lel2 |9 | g 5Q~£7939A~d
+ <
5|5 g g % 8 Material Description % = 5;), ~ a* 2 ssigne
A SIS |3 3 S S > I I Laboratory
-
12
.
0. 8l 7 | 3
-4
e @
| Bottom of Drill Hole at a Depth of 41.5 Feet.
D
‘ CGI TECHNICAL The log and data presented are a simplification of actual conditions

b SErvICES INC.

encountered at the given location and time of exploration. Subsutface
conditions may differ at other locations and with the passage of time.

PLATE NO.:B-2.6




LOG OF EXPLORATION: D59RC

PROJECT: Blue Lake Levee EXPL. VENDOR: Fisch Drilling SURFACE ELEVATION: 101.5 feet
PROJECT NO.: 14-1949.02 EXPL. METHOD: 8.25" HSA DEPTH OF HOLE: 51.0 Feet
LOCATION: Humboldt Co., CA LOGGED BY: J.Bianchin DEPTH TO WATER: 19.0 feet
START DATE: April 25,2014 CHECKED BY: J.Bianchin BACKFILLED WITH: Cement grout
END DATE:  April 25, 2014 HAMMER TYPE: 140-Lb
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'_o' 2 « O\O 8
e 2 'go o N b
£ < |3 Bl | S| |8
> . = Nat 9 = 8 Z ‘g =
ez S| 8 | € = S| w| E |2
= |3 4|3 & < eS8 lE2 | B Notes &
S|ElR|2 |92 Eogatg'gA.d
o a . . < 3 ’ 1
55 g g % 8 Material Description % g | & ~LE | 8 ssighe
A SIS |3 5 2 | R lB |22 & Laboratory
0
ARTIFICIAL FILL (af)
Gravelly SAND, moderate brown to grey, moist, fine to coarse grained
1 S\W | with subrounded fine to coarse gravel and trace subrounded fine to
EF T E medium cobbles.
| N e e mmmmmm—o
ML | Clayey SILT, moderate yellowish brown, moist, slightly plastic, with
trace to moderate fine to coarse sand and trace subangular to
E subrounded gravel.
5_
% ! @4 At 5 feet: medium dense. 11451152
'_:_.'.' o GW ___________A _______________ ) ___A ___________
0 ] Gravel, grey, moist, subrounded, fine to medium size.
ML | ALLUVIUM (Qal)
Clayey SILT, moderate yellowish brown, moist, slightly plastic, with
trace to moderate fine to coarse sand and trace subangular to
CL |\ subrounded gravel.
e e e =
Silty CLAY, moderate brown, wet, plastic.
2 | G A .
At 10 feet: very soft to soft, increased silt, trace fine sand.
3 (10) | SM Silty SAND, moderate brown, wet, fine to coarse grained.
3b g 111 16 NP | NP [ PL, DS
SW | SAND, grey, wet, loose, fine to coarse grained. 1152 11.7 | 23 GS
Gravelly SAND, grey, wet, loose, fine to coarse grained with
SW | subrounded fine to medium gravel.
] h 4
C
. E The log and data presented are a simplification of actual conditions
CS(}I TECH?I('A L encountered at the given location and time of exploration. Subsutface
ERVICES INC. conditions may differ at other locations and with the passage of time.
b PLATE NO.:B-2.7




LOG OF EXPLORATION: D59RC

PROJECT: Blue Lake Levee EXPL. VENDOR: Fisch Drilling SURFACE ELEVATION: 101.5 feet
PROJECT NO.: 14-1949.02 EXPL. METHOD: 8.25" HSA DEPTH OF HOLE: 51.0 Feet
LOCATION: Humboldt Co., CA LOGGED BY: J.Bianchin DEPTH TO WATER: 19.0 feet
START DATE: April 25,2014 CHECKED BY: J.Bianchin BACKFILLED WITH: Cement grout
END DATE: April 25,2014 HAMMER TYPE: 140-Lb
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) 3 < X 8
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g < |3 sl |l S| |2
> . + 0 [} B L Z = (=]
o | ©) g g o) g o0 g =
Slic ARG = < SR = i Notes &
ST lel2 |9 | g 5Q~£7939A~d
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5|5 g g % E;)) Material Description % = 5:: ~ a* 2 ssigne
Als|s S| 4 = D lE |9 | & Laboratory
h 4
4 106w GRAVEL with Sand, dark grey, wet, loose to medium dense, fine to 72 1 GS
coarse grained with subrounded fine to medium gravel.
SS\)IZI/ SAND with few gravels.
4
5 s R Sandy GRAVEL with Clay, moderate brown, wet, medium dense to
dense, fine to coarse grained with subangular to subrounded fine to
medium gravel and trace to moderate clay.
D
‘ CGI TECHNICAL The log and data presented are a simplification of actual conditions

SEervices INc.

encountered at the given location and time of exploration. Subsutface
conditions may differ at other locations and with the passage of time.

PLATE NO.:B-2.7




LOG OF EXPLORATION: D59RC

PROJECT: Blue Lake Levee EXPL. VENDOR: Fisch Drilling SURFACE ELEVATION: 101.5 feet
PROJECT NO.: 14-1949.02 EXPL. METHOD: 8.25" HSA DEPTH OF HOLE: 51.0 Feet
LOCATION: Humboldt Co., CA LOGGED BY: J.Bianchin DEPTH TO WATER: 19.0 feet
START DATE: April 25,2014 CHECKED BY: J.Bianchin BACKFILLED WITH: Cement grout
END DATE:  April 25, 2014 HAMMER TYPE: 140-Lb
s 2
s 3 = X 8
e 2 'go o N b
g < | 3 5 | & S| o |3
> . - e [5) = ] Z | 2 =
1|2 ° |5 g = E || E S
Slic ARG = < SR = i Notes &
+ <
5|5 g g % 8 Material Description % = 5:: ~ a* 2 ssigne
Als|s S| 4 = D lE |9 | & Laboratory
6 8 SAND with Gravel, grey, wet, loose, fine to coarse grained with 33 12 GS
subrounded fine to medium gravel.
Between 42 and 43.5 feet: increased gravel and/or cobbles.
30 sw [T T T T -
Gravelly SAND with Clay, moderate brown, wet, medium dense, fine to
coatse grained with trace to moderate subrounded fine to medium
gravel and trace to moderate clay.
28
| Bottom of Drill Hole at a Depth of 51.5 feet.
D
I: CGI TECHNICAL The log and data presented are a simplification of actual conditions

SEervices INc.

encountered at the given location and time of exploration. Subsutface
conditions may differ at other locations and with the passage of time.

PLATE NO.:B-2.7




LOG OF EXPLORATION: D70RC

b SErvICES INC.

encountered at the given location and time of exploration. Subsutface
conditions may differ at other locations and with the passage of time.

PROJECT: Blue Lake Levee EXPL. VENDOR: Fisch Drilling SURFACE ELEVATION: 103 feet
PROJECT NO.: 14-1949.02 EXPL. METHOD: 8.25" HSA DEPTH OF HOLE: 41.5 Feet
LOCATION: Humboldt Co., CA LOGGED BY: J.Bianchin DEPTH TO WATER: 23.0 feet
START DATE: April 25,2014 CHECKED BY: J.Bianchin BACKFILLED WITH: Cement grout
END DATE:  April 25, 2014 HAMMER TYPE: 140-Lb
& U
g 2
) 3 < X 8
e 2 'go o N b
& < |3 3le | S| |
> . = 0 Q B ) Z R= (=]
= wn ) g g = c a0 § —
= |3 4|3 & < eS8 lE2 | B Notes &
< |8 |o v | O = & 2 | —w | T
al8|le|els | & . - 5 | = |8 | 2|38 Assigned
) < | & g 3 3 Material Description 5 = = ol A
Als|s S| 4 = D lE |9 | & Laboratory
0
ARTIFICIAL FILL (af)
Sandy GRAVEL to Gravelly SAND, moderate brown to grey, moist,
1 GW/ | fine to coarse grained with subrounded fine to coarse gravel and trace
SW | subrounded fine to medium cobbles.
P | i ST TS TS T TS TS T T T T T T TS TSI TSI TSI TSI T TSI TSI T TS ST -~
ML Clayey SILT, moderate yellowish brown, moist, slightly plastic, with fine
sand.
SW Sandy GRAVEL to Gravelly SAND, moderate brown to grey, moist,
. fine to coarse grained with subrounded fine to coarse gravel.
> l@ 1| 12 | ML Pm===mmmmmmmmmoooeeooooooooooooooooooo-
Clayey SILT, moderate yellowish brown, moist, medium dense, slightly
] @ plastic, with fine sand and trace subrounded fine gravel.
ML Aruviom @Qa
Clayey SILT, moderate yellowish brown, moist, medium dense, slightly
1 plastic, with fine sand and trace subrounded fine gravel.
10—
% 2 © At 10 feet: grey, very loose to loose, plastic, with charcoal, woody 94T | 295
% debris, and interspersed organics.
CL [T o, T T N
Silty CLAY, grey, wet, plastic, with trace fine sand.
3 an | cr CLAY, moderate brown, mottled moderate yellowish brown, moist, % 26 36 20| P
soft to firm, plastic.
D
The log and data presented are a simplification of actual conditions
C CGI TECHNICAL s P v

PLATE NO.:B-2.8




LOG OF EXPLORATION: D70RC

PROJECT: Blue Lake Levee EXPL. VENDOR: Fisch Drilling SURFACE ELEVATION: 103 feet
PROJECT NO.: 14-1949.02 EXPL. METHOD: 8.25" HSA DEPTH OF HOLE: 41.5 Feet
LOCATION: Humboldt Co., CA LOGGED BY: J.Bianchin DEPTH TO WATER: 23.0 feet
START DATE: April 25,2014 CHECKED BY: J.Bianchin BACKFILLED WITH: Cement grout
END DATE: April 25,2014 HAMMER TYPE: 140-Lb
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> . = 0 Q B ) Z R= (=]
oy |5 g€ ) E | w| § 1|42
= |3 Z |3 = < SR = i Notes &
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5|5 |¢g g % $ Material Description = 2| & ¥ a* 2 ssigne
Als|s S| 4 = D lE |9 | & Laboratory
4 (12 At 20 feet: with charcoal, woody debris and interspersed organics and
this fine sand stringers.
h 4
Sw/ Gravelly SAND, grey, wet, fine to medium grained with moderate
GW gravel.
Between 25 and 27 feet: abundant gracel, cobbles, and/or boulders.
Below 27 feet: decreased gravel, coobles, and/or boulders.
5 38 SM Silty SAND, moderate brown, wet, dense, slightly plastic, with fine to 58 GS
coarse sand and subangular to subrounded fine to medium gravel.
C
. E The log and data presented are a simplification of actual conditions
CGI TEecHNICA L encountered at the given location and time of exploration. Subsutface
b SErvICES INC. conditions may differ at other locations and with the passage of time. PLATE NO.: B-2.8




LOG OF EXPLORATION: D70RC

PROJECT: Blue Lake Levee EXPL. VENDOR: Fisch Drilling SURFACE ELEVATION: 103 feet
PROJECT NO.: 14-1949.02 EXPL. METHOD: 8.25" HSA DEPTH OF HOLE: 41.5 Feet
LOCATION: Humboldt Co., CA LOGGED BY: J.Bianchin DEPTH TO WATER: 23.0 feet
START DATE: April 25,2014 CHECKED BY: J.Bianchin BACKFILLED WITH: Cement grout
END DATE: Aprﬂ 25, 2014 HAMMER TYPE: 140-Lb
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5|5 g g % 8 Material Description % = 5;), ~ a* 2 ssigne
A SIS |3 3 S S > I I Laboratory
R
72,
12
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B
N 6 | e
B
| e
B
| Bottom of Drill Hole at a Depth of 41.5 Feet.
@
‘ CGI TECHNICAL The log and data presented are a simplification of actual conditions

b SErvICES INC.

encountered at the given location and time of exploration. Subsutface
conditions may differ at other locations and with the passage of time.

PLATE NO.:B-2.8




LOG OF EXPLORATION: DIRW

PROJECT: Blue Lake Levee EXPL. VENDOR: Britton Exploration SURFACE ELEVATION: 82 feet
PROJECT NO.: 14-1949.02 EXPL. METHOD: 8.25" HSA DEPTH OF HOLE: 26.5 Feet
LOCATION: Humboldt Co., CA LOGGED BY: J.Bianchin DEPTH TO WATER: 18.0 feet
START DATE: April 16, 2014 CHECKED BY: J.Bianchin BACKFILLED WITH: Cement grout
END DATE:  April 16, 2014 HAMMER TYPE: 140-Lb
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) 3 < X 8
¢ e 3 IR ’
g < |3 sl |l S| |2
> . - e [5) = ] Z | 2 =
o | ©) g g e} g o0 é =
£ | = zZ |2 g < SR = i Notes &
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5|5 g g % E;)) Material Description % = 5:: ~ a* 2 ssigne
A SIS |3 3 S S > I I Laboratory

ARTIFICIAL FILL (af)

Rip-Rap
af
A
Gravelly SAND, moderate brown to grey, moist, fine to coarse grained
with subrounded fine to coarse gravel and cobbles.
! > S¢ Clayey SAND, moderate brown, moist to wet, soft/loose, plastic. ? = e
SW

Gravelly SAND, moderate brown to grey, moist, loose, fine to coarse
grained with subrounded fine to coarse gravel and cobbles.

Sandy GRAVEL, grey, moist, medium dense, fine to coarse grained,
with subrounded fine to medium gravel.

Between 12 and 14 feet: abundant gravel, cobbles, and/or boulders.

7
3 | SW Gravelly SAND, grey, moist, medium dense to dense, fine to coarse +1 7

grained with subrounded fine to coarse gravel.

h 4
@
. E The log and data presented are a simplification of actual conditions
CGI TECHNICAL encountered at the given location and time of exploration. Subsutface
SErvICES INC. conditions may differ at other locations and with the passage of time.

PLATE NO.:B-2.9




LOG OF EXPLORATION: DIRW

PROJECT: Blue Lake Levee EXPL. VENDOR: Britton Exploration SURFACE ELEVATION: 82 feet
PROJECT NO.: 14-1949.02 EXPL. METHOD: 8.25" HSA DEPTH OF HOLE: 26.5 Feet
LOCATION: Humboldt Co., CA LOGGED BY: J.Bianchin DEPTH TO WATER: 18.0 feet
START DATE: April 16,2014 CHECKED BY: J.Bianchin BACKFILLED WITH: Cement grout
END DATE:  April 16, 2014 HAMMER TYPE: 140-Lb
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5|5 g g % 8 Material Description % = 5:: [V - A ssigne
Als|s S| 4 = D lE |9 | & Laboratory
4 30
Between 22 and 24.5 feet: abundant gravels, cobbles, and/or boulders.
5 20 1 GW Sandy GRAVEL, greyish brown, wet, medium dense, fine to coatse 95 5
grained with subangular fine gravel and trace subrounded medium
gravel.
i Bottom of Drill Hole at a Depth of 26.5 Feet.
@
. E The log and data presented are a simplification of actual conditions
€ CGI TECHNICAL encountered at the given location and time of exploration. Subsutface
n SERVICES INC. conditions may differ at other locations and with the passage of time.

PLATE NO.:B-2.9




LOG OF EXPLORATION: D10RW

PROJECT: Blue Lake Levee EXPL. VENDOR: Britton Exploration SURFACE ELEVATION: 82 feet
PROJECT NO.: 14-1949.02 EXPL. METHOD: 8.25" HSA DEPTH OF HOLE: 26.5 Feet
LOCATION: Humboldt Co., CA LOGGED BY: J.Bianchin DEPTH TO WATER: 15.0 feet
START DATE: April 11, 2014 CHECKED BY: J.Bianchin BACKFILLED WITH: Cement grout
END DATE:  April 16, 2014 HAMMER TYPE: 140-Lb
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g < |3 sl |l S| |2
> . - e [5) = ] Z | 2 =
o | ©) g g e} g o0 é =
£ | = zZ |2 g < SR = i Notes &
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5|5 g g % E;)) Material Description % = 5:: ~ a* 2 ssigne
A SIS |3 3 S S > I I Laboratory

ARTIFICIAL FILL (af)

Rip-Rap
af
T\
Sandy GRAVEL, moderate brown to grey, dry, fine to coarse grained
with subrounded fine to coarse gravel and cobbles.
1 8 At 5 feet: loose.
2 17 5.6 7

At 10 feet: medium dense with subrounded fine gravel and trace
subrounded medium gravel.

Between 12 and 14 feet: possible cobbles and/or bouldets.

________________________________________ | ¥
3 2 | 6w Sandy fine GRAVEL, moderate brown, wet, medium dense, fine to
coarse grained with subrounded fine to medium gravel.
C
. E The log and data presented are a simplification of actual conditions
CGI TECHNICAL encountered at the given location and time of exploration. Subsutface
SErvICES INC. conditions may differ at other locations and with the passage of time.

PLATE NO.:B-2.10




LOG OF EXPLORATION: D10RW

PROJECT: Blue Lake Levee EXPL. VENDOR: Britton Exploration SURFACE ELEVATION: 82 feet

encountered at the given location and time of exploration. Subsutface

PROJECT NO.: 14-1949.02 EXPL. METHOD: 8.25" HSA DEPTH OF HOLE: 26.5 Feet
LOCATION: Humboldt Co., CA LOGGED BY: J.Bianchin DEPTH TO WATER: 15.0 feet
START DATE: April 11,2014 CHECKED BY: J.Bianchin BACKFILLED WITH: Cement grout
END DATE:  April 16, 2014 HAMMER TYPE: 140-Lb
5 2
) 3 < X 8
e 2 'go o N b
g < | 3 5 | & S| o |3
> : = 2 (5) = g Z | 8 =
o | ©) g g o) g o0 g =
£ | = zZ |2 g < SR = i Notes &
ST lel2 |9 | g 5Q~£7939A~d
+ <
5|5 g g % 8 Material Description % = 5;), ~ a* 2 ssigne
A SIS |3 3 S S > I I Laboratory
(8
i
s 1l o | » 72 | 9
1A
O]
154
O]
A C
O]
144
25 o
@ > 3| SW Gravelly SAND, moderate brown to grey, wet, dense, fine grained with
el @ trace to moderate subangular to subrounded fine to medium gravel and
) S trace clay.
i Bottom of Drill Hole at a Depth of 26.5 Feet.
D
.: CGI TECHNICAL The log and data presented are a simplification of actual conditions

"=y SERVICES INC.

conditions may differ at other locations and with the passage of time.

PLATE NO.:B-2.10




LOG OF EXPLORATION: D39RW

PROJECT: Blue Lake Levee EXPL. VENDOR: Britton Exploration SURFACE ELEVATION: 86.5 feet
PROJECT NO.: 14-1949.02 EXPL. METHOD: 8.25" HSA DEPTH OF HOLE: 25.0 Feet
LOCATION: Humboldt Co., CA LOGGED BY: J.Bianchin DEPTH TO WATER: 8.0 feet
START DATE: April 16,2014 CHECKED BY: J.Bianchin BACKFILLED WITH: Cement grout
END DATE: April 16, 2014 HAMMER TYPE: 140-Lb
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g < |3 sl |l S| |2
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E/ = ° % S 2 & E S | & F’é k= Notes &
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5|5 g g % E;)) Material Description % = 5:: & a* 2 Assigned
Als|s S| 4 = D lE |9 | & Laboratory
> ARTIFICIAL FILL (af)
¥ Rip-Rap
<
v af
<
<
<
<
<
<
<
<
<
<
- | | | ... _
2% SW Gravelly SAND, light brown to grey, moist, medium dense, fine to
coarse grained with subrounded fine to coarse gravel and trace cobbles.
1 25
At 6 feet: abundant gravel.
h 4
GW | o o T e
Sandy GRAVEL, moderate brown, wet, dense, fine to coarse grained
2 29 with subrounded fine to coarse gravel and trace silt and clay.
J- . C Between 11.5 and 13.5 feet: decrease in gravel.
O]
L C
O]
1 d
5 O ] 8 GS
e lﬁ 3 2 SSI;/{ SAND with Gravel, light brown to grey, wet, dense, fine to coarse
- o lﬁ grained with subrounded fine to coarse gravel and trace cobbles.
D
‘ CGI TECHNICAI The log and data presented are a simplification of actual conditions

SEervices INc.

encountered at the given location and time of exploration. Subsutface

conditions may differ at other locations and with the passage of time.

PLATE NO.:B-2.11




LOG OF EXPLORATION: D39RW

PROJECT: Blue Lake Levee EXPL. VENDOR: Britton Exploration SURFACE ELEVATION: 86.5 feet
PROJECT NO.: 14-1949.02 EXPL. METHOD: 8.25" HSA DEPTH OF HOLE: 25.0 Feet
LOCATION: Humboldt Co., CA LOGGED BY: J.Bianchin DEPTH TO WATER: 8.0 feet
START DATE: April 16,2014 CHECKED BY: J.Bianchin BACKFILLED WITH: Cement grout
END DATE:  April 16, 2014 HAMMER TYPE: 140-Lb
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S| 5 g g g S Material Description g | E g £ | a* 2 Assigned
A SIS |3 3 S S > I I Laboratory
]
204 O C@ . ”s At 19.5 feet: with subangular to subrounded fine to coarse gravel.
ICHy
O]
T 4
O ] Between 22 and 23 feet: decrease in volume or size of gravel.
i . C
o 8.1
T dd s |
eay:

25 — A

Bottom of Drill Hole at a Depth of 25 Feet.

@
. E The log and data presented are a simplification of actual conditions
. CGI TECHNICAL encountered at the given location and time of exploration. Subsutface
==y SERVICES INC. conditions may differ at other locations and with the passage of time.

PLATE NO.:B-2.11




LOG OF EXPLORATION: D49RW

PROJECT: Blue Lake Levee EXPL. VENDOR: Britton Exploration SURFACE ELEVATION: 95.5 feet
PROJECT NO.: 14-1949.02 EXPL. METHOD: 8.25" HSA DEPTH OF HOLE: 26.0 Feet
LOCATION: Humboldt Co., CA LOGGED BY: J.Bianchin DEPTH TO WATER: 17.0 feet
START DATE: April 14,2014 CHECKED BY: J.Bianchin BACKFILLED WITH: Cement grout
END DATE:  April 14, 2014 HAMMER TYPE: 140-Lb
e
3 g
— ; o N 2
o - X =
e 2 'go o N b
g < | 3 5 | & S| o |3
> . = la) 3 = 8 Z RS =t
ez S| 8 | € = S| w| E |2
E |3 Z | 3 & < o S £~ 2 Notes &
e = ) ) Q K & 17 e B
218 |a| o B v . o o = 3] |8 |z Assigned
O | |E| E |5 3 Matetial Description S | E|E |~ | T 5
A SIS |3 5 2 | R lB |22 & Laboratory
0
Silty to Sandy CLAY, moderate brown, wet, plastic, with trace fine
CL/ | sand.
ML
1 | a3
At 5 feet: firm/loose 1011 22.7
Gw/ Sandy GRAVEL to Gravelly SAND, moderate greyish brown to grey, 0z 22 45 Gs
SW . . . .
moist, loose to medium dense, fine to coarse grained with abundant
subangular to subrounded fine to coarse gravel.
2 22 5.6 5 GS
(€] 7 T T
GRAVEL with Sand, moderate greyish brown to grey, moist, loose to
GM . . .
medium dense, fine to coarse grained with abundant subangular to
subrounded fine to coarse gravel.
Between 12 and 13.5 feet: possible cobbles and/or boulders.
12 GRAVEL with Sand, moderate brown to grey, moist, medium dense,
GW | fine to coarse grained, with subangular to subrounded fine to coarse
gravel.
h 4
@
. E The log and data presented are a simplification of actual conditions
CS(}I TECH?I('A L encountered at the given location and time of exploration. Subsutface
ERVICES INC. conditions may differ at other locations and with the passage of time.
b PLATE NO.:B-2.12




LOG OF EXPLORATION: D49RW

PROJECT: Blue Lake Levee EXPL. VENDOR: Britton Exploration SURFACE ELEVATION: 95.5 feet
PROJECT NO.: 14-1949.02 EXPL. METHOD: 8.25" HSA DEPTH OF HOLE: 26.0 Feet
LOCATION: Humboldt Co., CA LOGGED BY: J.Bianchin DEPTH TO WATER: 17.0 feet
START DATE: April 14, 2014 CHECKED BY: J.Bianchin BACKFILLED WITH: Cement grout
END DATE: Aptﬂ 14,2014 HAMMER TYPE: 140-Lb
& Y
_ £ Tle |8
2 2 %o Sl a 9
& < |3 3le | S| |
> . = la) 3 = 8 Z g =t
oy |5 g€ = E | w| § 1|42
<3 Z |3 & < elS|lE|=2 |k Notes &
5|5 |¢g g % $ Material Description = 2| & ~ | T g ssigne
A SIS |3 3 S S > I I Laboratory
C.> : ] 3 10 9.5 1 GS
20— ;- Clam
o
1° 6
o
154
o
1 .
S C Between 23 and 24 feet: increased gravel and/or cobbles.
1 1
25 4 3 Gravelly SAND to Sandy GRAVEL, moderate grey, wet, dense, fine to
@ SW/ | coarse grained, with subangular to subrounded fine to coarse gravel.
Bottom of Drill Hole at a Depth of 26 Feet.
C
. E The log and data presented are a simplification of actual conditions
€ CGI TEcHNICAL encountered at the given location and time of exploration. Subsutface
==y SERVICES INC. conditions may differ at other locations and with the passage of time.

PLATE NO.:B-2.12




LOG OF EXPLORATION: D59RW

PROJECT: Blue Lake Levee EXPL. VENDOR: Britton Exploration SURFACE ELEVATION: 97 feet
PROJECT NO.: 14-1949.02 EXPL. METHOD: 8.25" HSA DEPTH OF HOLE: 26.0 Feet
LOCATION: Humboldt Co., CA LOGGED BY: J.Bianchin DEPTH TO WATER: 15.6 feet
START DATE: April 15,2014 CHECKED BY: J.Bianchin BACKFILLED WITH: Cement grout
END DATE:  April 15, 2014 HAMMER TYPE: 140-Lb
S B
— ; =l R 8
8 2 £ ]S y
& < |3 3le | S| |
> . = 0 Q B ) Z é (=]
ez S| 8 | € = € | w| B |2
s | = Z | 3 & < o S £~ =y Notes &
ST lel2 |9 | g 5Q~£7939A~d
- . .. - < =)
55 g g % % Material Description % = E ol A ssigne
Als|s S| 4 = D lE |9 | & Laboratory
0
Gravelly SAND, moderate grey, dry to moist, fine to coarse grained
SM | with moderate to abundant subrounded fine to coarse gravel and trace
cobbles.
CL Silty CLAY to Clayey SILT, moderate brown, moist, firm/loose, slightly
M I{ plastic, with trace fine sand.
1 (10) 97 26 37 19 | PI
21O
SW | SAND, moderate brown to grey, moist, very loose to loose, fine to
medium grained.
:::: Between 12 and 13.5 feet: with gravel.
3 @2) Gravelly SAND, moderate brown to grey, wet, medium dense, fine to % 2 1 GS
% SP/ | coarse grained, with moderate to abundant subrounded fine to medium
% SM | gravel. h 4
C
. E The log and data presented are a simplification of actual conditions
CS(}I TECH?I('A L encountered at the given location and time of exploration. Subsutface
ERVICES INC. conditions may differ at other locations and with the passage of time.
b } prasag PLATE NO.:B-2.13




LOG OF EXPLORATION: D59RW

PROJECT: Blue Lake Levee EXPL. VENDOR: Britton Exploration SURFACE ELEVATION: 97 feet
PROJECT NO.: 14-1949.02 EXPL. METHOD: 8.25" HSA DEPTH OF HOLE: 26.0 Feet
LOCATION: Humboldt Co., CA LOGGED BY: J.Bianchin DEPTH TO WATER: 15.6 feet
START DATE: Aprﬂ 15, 2014 CHECKED BY: J.Bianchin BACKFILLED WITH: Cement grout
END DATE: Aprﬂ 15,2014 HAMMER TYPE: 140-Lb
< %
'_o' z Fuy O\O 8
=2 = ol o | %
g 2 | 3 5| € S| o | 2
> . + 0 [} B L Z = (=]
o | ©) g g o) g o0 g =
<3 Z |3 = < = 8 g3 2 Notes &
+ <
5|5 g g % 8 Material Description % g 5:: ~ a* 2] ssigne
A SIS |3 5 2 | R lB |22 & Laboratory
4 28 At 19.5 feet: medium dense to dense.
Between 21 and 23 feet: increase in gravel, cobbles, and/or boulders.
5 32 GRAVEL with Sand, moderate brown, wet, dense, fine to coarse 53 ? GS
GW/ grained with subangular to subrounded fine to coarse gravel and trace
GM clay.
Bottom of Drill Hole at a Depth of 26 Feet.
C«'
. E The log and data presented are a simplification of actual conditions
€ CGI TEcHNICAL encountered at the given location and time of exploration. Subsutface
n SERVICES INC. conditions may differ at other locations and with the passage of time. PLATE NO.:B-2.13




LOG OF EXPLORATION: D70RW

PROJECT: Blue Lake Levee EXPL. VENDOR: Britton Exploration SURFACE ELEVATION: 98 feet
PROJECT NO.: 14-1949.02 EXPL. METHOD: 8.25" HSA DEPTH OF HOLE: 26.5 Feet
LOCATION: Humboldt Co., CA LOGGED BY: J.Bianchin DEPTH TO WATER: 12.0 feet
START DATE: April 15,2014 CHECKED BY: J.Bianchin BACKFILLED WITH: Cement grout
END DATE:  April 15, 2014 HAMMER TYPE: 140-Lb
& s
%) o (e}
) z « N e
2 2 AR )
& < |3 3le | S| |
> . + ) 9 = 8 Z é =
ez S| 8 | € = € | w| B |2
s | = Z | 3 & < o S £~ =y Notes &
181229 | 2 SUS 15 21228 Asigned
= . . + < =]
& | & g g % % Material Description i:{; g % ol A ssigne
A SIS |3 5 2 | R lB |22 & Laboratory
0
Gravelly SAND with Cobbles, moderate brown, moist, fine to coarse
SW grained with subrounded fine gravel, subrounded fine to medium
cobbles, and abundant roots in upper 12 inches. Pieces of rip rap
in upper foot of
soil.
cL Silty CLAY, moderate yellowish brown, moist, soft to firm, plastic, with
trace fine sand.
1 ®
2 (10| e CLAY, moderate brown, moist, loose, plastic, with trace fine sand. % 3 8 20 M
h 4
3 (13) 101.1] 16.8
________________________________________ |z
SM/ | SAND with Silt, moderate brown to grey, wet, loose, fine to medium
SW | grained.
C
The log and data presented are a simplification of actual conditions
QSGITECW encountered at the given location and time of exploration. Subsutface
ERVICES INC. conditions may differ at other locations and with the passage of time.
' P PLATE NO.:B-2.14




LOG OF EXPLORATION: D70RW

GW/

Gravelly SAND with Clay, moderate brown, wet, dense, fine to coatse
grained with trace to moderate subrounded fine to medium gravel.

Sandy GRAVEL to Gravelly SAND, moderate brown, wet, dense, fine
to coarse grained with subangular to subrounded fine to medium gravel
and trace silt and clay.

Bottom of Drill Hole at a Depth of 26.5 Feet.

PROJECT: Blue Lake Levee EXPL. VENDOR: Britton Exploration SURFACE ELEVATION: 98 feet
PROJECT NO.: 14-1949.02 EXPL. METHOD: 8.25" HSA DEPTH OF HOLE: 26.5 Feet
LOCATION: Humboldt Co., CA LOGGED BY: J.Bianchin DEPTH TO WATER: 12.0 feet
START DATE: April 15,2014 CHECKED BY: J.Bianchin BACKFILLED WITH: Cement grout
END DATE:  April 15, 2014 HAMMER TYPE: 140-Lb
= Z
v—o1 3 Fuy O\O 8
e 2 'go o N b
g < | 3 5 | & S| o |3
> . + 0 [} B L Z = (=]
o | ©) g g e} g o0 é =
£ | = zZ |2 g < SR = i Notes &
Rl <
5|5 g g % 8 Material Description % = 5:: ~ a* 2 ssigne
A SIS |3 3 S S > I I Laboratory
204k =Lk s [T -

, CGI TECHNICAL
7=y SERVICES INC.

The log and data presented are a simplification of actual conditions
encountered at the given location and time of exploration. Subsutface
conditions may differ at other locations and with the passage of time.

PLATE NO.:B-2.14




LOG OF EXPLORATION: DIRL

PROJECT: Blue Lake Levee EXPL. VENDOR: Britton Exploration SURFACE ELEVATION: 73 feet
PROJECT NO.: 14-1949.02 EXPL. METHOD: 8.25" HSA DEPTH OF HOLE: 26.0 Feet
LOCATION: Humboldt Co., CA LOGGED BY: J.Bianchin DEPTH TO WATER: 12.0 feet
START DATE: April 10,2014 CHECKED BY: J.Bianchin BACKFILLED WITH: Cement grout
END DATE:  April 10, 2014 HAMMER TYPE: 140-Lb
e 2
— g = 2 8
2 9 < Sl a 9
£ < |3 sl |l S| |2
> . + 0 [} B L Z = (=]
ez S| 8 | € = S| w| E |2
= s Z |3 & < o S = I B I Notes &
ST lel2 |9 | g 59~£9~9A~d
- . .. - < =)
55 g g % E;)) Material Description % g g ~ | T 4 ssigne
Als|s S| 4 = D lE |9 | & Laboratory
0
Gravelly SAND, moderate grey, moist, fine to coarse grained with
SW | subrounded fine to coarse gravel.
At 4.5 feet: wet, medium dense. 17 6 GS
1 21
Between 6 and 7.5 feet: abundant gravel, cobbles, and/or boulders.
Between 7.5 and 9.5 feet: few gravels.
2 18
GW [ & T e T o
Sandy GRAVEL, moderate grey, wet, fine to coarse grained with
abundant subangular to subrounded fine to coarse gravel and fine A 4
cobbles.
At 15 feet: dense. 67 6 GS
3 28
@
. E The log and data presented are a simplification of actual conditions
; CGI TECHNICAL encountered at the given location and time of exploration. Subsutface
SErvICES INC. conditions may differ at other locations and with the passage of time.

PLATE NO.:B-2.15




LOG OF EXPLORATION: DIRL

encountered at the given location and time of exploration. Subsutface

PROJECT: Blue Lake Levee EXPL. VENDOR: Britton Exploration SURFACE ELEVATION: 73 feet
PROJECT NO.: 14-1949.02 EXPL. METHOD: 8.25" HSA DEPTH OF HOLE: 26.0 Feet
LOCATION: Humboldt Co., CA LOGGED BY: J.Bianchin DEPTH TO WATER: 12.0 feet
START DATE: April 10,2014 CHECKED BY: J.Bianchin BACKFILLED WITH: Cement grout
END DATE:  April 10, 2014 HAMMER TYPE: 140-Lb
= -
~ H 2l s
8 2 £ ]S y
& < |3 3le | S| |
> . + 0 Q B ) Z = (=]
1|2 ° |5 g = E || E S
£ | = zZ |2 g < SR = i Notes &
ST lel2 |9 | g 5Q~£7939A~d
+ <
5|5 g g % 8 Material Description % = 5;), ~ a* 2 ssigne
A SIS |3 3 S S > I I Laboratory
1o
2 o 4 37
10
i
10
i
10
i
1¢
25 U C@ 5 " At 24.5 feet: very dense. 85 o GS
Ry
Bottom of Drill Hole at a Depth of 26 feet.
)
.:. CGI TECHNICAL The log and data presented are a simplification of actual conditions

SEervices INc.

conditions may differ at other locations and with the passage of time.

PLATE NO.:B-2.15




LOG OF EXPLORATION: D10RL

PROJECT: Blue Lake Levee EXPL. VENDOR: Britton Exploration SURFACE ELEVATION: 76 feet
PROJECT NO.: 14-1949.02 EXPL. METHOD: 8.25" HSA DEPTH OF HOLE: 26.0 Feet
LOCATION: Humboldt Co., CA LOGGED BY: J.Bianchin DEPTH TO WATER: 8.0 feet
START DATE: April 10,2014 CHECKED BY: J.Bianchin BACKFILLED WITH: Cement grout
END DATE:  April 10, 2014 HAMMER TYPE: 140-Lb
g 2
— ; o N 2
o - X =
e 2 'go o N b
g < | 3 Tle | S| |3
> . + 0 [} B L Z = (=]
ez S| 8 | € = S| w| E |2
= s Z |3 & < SR = i Notes &
e = ) ) Q K & 17 e B
218 |a| o B v . o o = 3] |8 |z Assigned
) < | & g 3 E;)) Material Description = g = ~ LT @
A SIS |3 ! S S > I I Laboratory
Gravelly SAND, moderate brown, moist, fine to coarse grained with
SW | moderate to abundant subrounded fine to coarse gravel.
At 4.5 feet: medium dense with trace to moderate subrounded fine to
1 24 medium gravel.
Between 6.5 to 8 feet: abundant gravel, cobbles, and/or bouldets.
h 4
Between 8 and 9.5 feet: interbedded gravelly sand and gravel.
7.0 7 GS
2 3# 16w/ Sandy GRAVEL, moderate grey, wet, medium dense, fine to coatse
GM . . .
grained, with subangular to subrounded medium to coarse gravel.
Between 11.5 and 13.5 feet: abundant gravel, cobbles, and/or boulders.
Sandy GRAVEL, moderate grey, wet, medium dense, fine to coatse
3 21 | GW | grained, with subangular to subrounded medium to coarse gravel.
D
‘ CGI TECHNICAL The log and data presented are a simplification of actual conditions

SEervices INc.

encountered at the given location and time of exploration. Subsutface
conditions may differ at other locations and with the passage of time.

PLATE NO.:B-2.16




LOG OF EXPLORATION: D10RL

PROJECT: Blue Lake Levee EXPL. VENDOR: Britton Exploration SURFACE ELEVATION: 76 feet
PROJECT NO.: 14-1949.02 EXPL. METHOD: 8.25" HSA DEPTH OF HOLE: 26.0 Feet
LOCATION: Humboldt Co., CA LOGGED BY: J.Bianchin DEPTH TO WATER: 8.0 feet
START DATE: April 10,2014 CHECKED BY: J.Bianchin BACKFILLED WITH: Cement grout
END DATE:  April 10, 2014 HAMMER TYPE: 140-Lb
S Z
) 3 < X 8
e 2 'go o N b
g < | 3 5 | & S| o |3
> . + 0 [} B L Z = (=]
o | ©) g g o) g o0 g =
Slic Z |3 = < SR = i Notes &
ST lel2 |9 | g PR NS v A =T = Assioned
+ <
5|5 g g % 8 Material Description % = 5:: ~ a* 2 ssigne
Als|s S| 4 = D lE |9 | & Laboratory
Gravelly SAND, moderate grey, wet, medium dense to dense, fine to 98 7 GS
4 37 | SW/ | coarse grained, with abundant subangular to subrounded fine to coarse
SM | gravel.
5 30
Bottom of Drill Hole at a Depth of 26 Feet.
@
. E The log and data presented are a simplification of actual conditions
€ CGI TECHNICAL encountered at the given location and time of exploration. Subsutface
n SERVICES INC. conditions may differ at other locations and with the passage of time.

PLATE NO.:B-2.16




LOG OF EXPLORATION: D20RL

PROJECT: Blue Lake Levee EXPL. VENDOR: Britton Exploration SURFACE ELEVATION: 82.5 feet
PROJECT NO.: 14-1949.02 EXPL. METHOD: 8.25" HSA DEPTH OF HOLE: 26.0 Feet
LOCATION: Humboldt Co., CA LOGGED BY: J.Bianchin DEPTH TO WATER: 10.2 feet
START DATE: April 14,2014 CHECKED BY: J.Bianchin BACKFILLED WITH: Cement grout
END DATE:  April 14, 2014 HAMMER TYPE: 140-Lb
s 2
s 3 = X 8
¢ e 3 IR ’
g < |3 sl |l S| |2
> | e 2 v |2 |8 |Z2 ]| 8| <
ez S| 8 | € = S| w| E |2
= s Z |3 & < o S = I B I Notes &
ST lel2 |9 | g 59~£9~9A~d
+ <
5|5 g g % E;)) Material Description % = 5:: ~ a* 2 ssigne
A SIS |3 ! S S > I I Laboratory
0 . ° . ° . ° .
S Gravelly SAND, moderate brown to greyish brown, dry, fine to coarse
e SW | grained with moderate subrounded to rounded fine to coarse gravel.
TEA GW [ ot o e
o C GRAVEL with Sand, moderate grey, moist, fine to coarse grained with
O ] abundant subrounded fine to medium gravel and few subrounded
1] coarse gravel.
iy
15
5 O Glﬁ . 16 At 4.5 feet: medium dense. 74 14 GS
10 1
iy
10
iy
10
iy
1<
D c - . .
10| - Clﬁ ) o At 9.5 feet: very dense with possible cobbles. -
O [
1 d
O]
|
o C Between 12 and 14 feet: abundant gravel, cobbles, and/or boulders.
15
¥
1.
IO At 14.5 feet: medium dense. 4.0 1 GS
LR e o I I B e T -
: x Glﬁ 3 161 GW GRAVEL with Sand, moderate brown to moderate grey, wet, fine to 2
0 jlﬁ coarse grained with moderate to abundant subangular to subrounded
1= C fine to coarse gravel.
10
¥
10
¥
NN
D
‘ CGI TECHNICAL The log and data presented are a simplification of actual conditions

SEervices INc.

encountered at the given location and time of exploration. Subsutface
conditions may differ at other locations and with the passage of time.

PLATE NO.:B-2.17




LOG OF EXPLORATION: D20RL

PROJECT:

Blue Lake Levee

EXPL. VENDOR: Britton Exploration SURFACE ELEVATION: 82.5 feet

PROJECT NO.: 14-1949.02 EXPL. METHOD: 8.25" HSA DEPTH OF HOLE: 26.0 Feet
LOCATION: Humboldt Co., CA LOGGED BY: J.Bianchin DEPTH TO WATER: 10.2 feet
START DATE: April 14,2014 CHECKED BY: J.Bianchin BACKFILLED WITH: Cement grout
END DATE:  April 14, 2014 HAMMER TYPE: 140-Lb
S g
g F Sl |g
2 2 £1% |9 ﬁ
i) R3] =} =} =
3 S g 2 3 § 8 Z | 2 g
o | ©) g g e} g o0 é =
£ | = zZ |2 g < SR = i Notes &
SN -RERAE AEAE S
5|5 g g % 8 Material Description % 3= 5;), [V - A ssigne
A SIS |3 3 S S > I I Laboratory
L.
e SW At 19.5 feet: dense.
4 | 40
] Between 22.5 and 23.5 feet: abundant gravel.
7.8
5 20
Bottom of Drill Hole at a Depth of 26 Feet.
CGI TECHNICAL The log and data presented are a simplification of actual conditions

&

SEervices INc.

encountered at the given location and time of exploration. Subsutface
conditions may differ at other locations and with the passage of time.

PLATE NO.:B-2.17




LOG OF EXPLORATION: D30RL

PROJECT: Blue Lake Levee EXPL. VENDOR: Britton Exploration SURFACE ELEVATION: 86 feet
PROJECT NO.: 14-1949.02 EXPL. METHOD: 8.25" HSA DEPTH OF HOLE: 25.5 Feet
LOCATION: Humboldt Co., CA LOGGED BY: J.Bianchin DEPTH TO WATER: 14.0 feet
START DATE: April 17,2014 CHECKED BY: J.Bianchin BACKFILLED WITH: Cement grout
END DATE:  April 17, 2014 HAMMER TYPE: 140-Lb
& g
_ £ Tle |8
£ 2 2159 .
= < |3 TlE | S| |3
> A ) (5) = = Z g <
= 72} ) %‘ g = =) o0 | -8 —
= | S Z |3 & = elS|lE|=2 |k Notes &
S lEl2]l2|9 |« 5 | 2 3 |2 |2 Assigned
5|5 |¢g g % $ Material Description = 2| &8 ~ | T g ssigne
A SIS |3 3 S S > I I Laboratory
0=y
o C Sandy GRAVEL, moderate brown, dry to moist, fine to coarse grained,
L] GW | with subangular fine to coarse gravel.
14 1
S
14 1
] Clayey SILT, moderate yellowish brown, moist, slightly plastic with
ML | trace fine sand.
JE ! © At 4 feet: very loose.
s ||| |
. : : : : lﬁ 2 @ | SM Silty SAND, moderate brown to dark grey, wet, very loose to loose, fine o = 17 Gs
e lﬁ to medium grained.
101
: Between 12 and 14 feet: increasing gravel.
el L ___ |
L Q 3 206w Sandy GRAVEL, moderate brown, wet, medium dense, fine to coarse
] grained, with subangulat to subrounded fine to medium gravel and trace
2 o) silt and clay.
S
10
S
10
S
12 1
S
g
[ £
D
‘ CGI TECHNICAL The log and data presented are a simplification of actual conditions

SEervices INc.

encountered at the given location and time of exploration. Subsutface

conditions may differ at other locations and with the passage of time.

PLATE NO.:B-2.18




LOG OF EXPLORATION: D30RL

PROJECT: Blue Lake Levee EXPL. VENDOR: Britton Exploration SURFACE ELEVATION: 86 feet
PROJECT NO.: 14-1949.02 EXPL. METHOD: 8.25" HSA DEPTH OF HOLE: 25.5 Feet
LOCATION: Humboldt Co., CA LOGGED BY: J.Bianchin DEPTH TO WATER: 14.0 feet
START DATE: April 17,2014 CHECKED BY: J.Bianchin BACKFILLED WITH: Cement grout
END DATE: April 17,2014 HAMMER TYPE: 140-Lb
s 2

) 3 < X 8

=2 = | - | O P

g < | 3 CHE:E e

> . + 0 [} B L Z = (=]
oy |5 g€ = E | w| § 1|42
Slic ARG = < SR = i Notes &

+ <
5|5 |¢g g % $ Material Description = 2| & ¥ a* 2 ssigne
A SIS |3 3 S S > I I Laboratory
=7 @ 4 |25 | L _ 9.7 | 8 GS
20— . lﬁ SS\)’ZI/ Gravelly SAND, greyish brown, wet, medium dense, fine to coarse
) grained, with subangular to subrounded fine gravel and trace subangular
. to subrounded medium gravel.
> 18] SW Gravelly SAND to Sandy GRAVEL, greyish brown, wet, medium
dense, fine to coarse grained, with subangular to subrounded fine gravel
25 and trace subangular to subrounded medium gravel.
i Bottom of Drill Hole at a Depth of 25.5 Feet.
D

‘ CGI TECHNICAL The log and data presented are a simplification of actual conditions

SEervices INc.

encountered at the given location and time of exploration. Subsutface
conditions may differ at other locations and with the passage of time.

PLATE NO.:B-2.18




LOG OF EXPLORATION: D39RL

PROJECT: Blue Lake Levee EXPL. VENDOR: Britton Exploration SURFACE ELEVATION: 88 feet
PROJECT NO.: 14-1949.02 EXPL. METHOD: 8.25" HSA DEPTH OF HOLE: 25.5 Feet
LOCATION: Humboldt Co., CA LOGGED BY: J.Bianchin DEPTH TO WATER: 13.0 feet
START DATE: April 17,2014 CHECKED BY: J.Bianchin BACKFILLED WITH: Cement grout
END DATE:  April 17, 2014 HAMMER TYPE: 140-Lb
S Z
) 3 < X 8
¢ e 3 IR ’
g < |3 sl |l S| |2
> | e 2 v |2 |8 |Z2 ]| 8| <
o | ©) g g o) g o0 g =
Slic Z |3 = < SR = i Notes &
ST lel2 |9 | g PR NS v A =T = Assioned
+ <
5|5 g g % E;)) Material Description % = 5:: ~ a* 2 ssigne
Als|s S| 4 = D lE |9 | & Laboratory
0=
. :- : SAND with Gravel, moderate brown, moist, fine to coarse grained,
.. GW/ | with subrounded fine to coarse gravel.
Ao SW
g :% ! 1 At 4 feet: medium dense.
i 55 | 7 Gs
Between 6 and 9 feet: increasing gravel with possible cobbles and/or
boulders.
lﬁ 2 10 SW Gravelly SAND, moderate grey, moist, medium dense, fine to coatse
lﬁ grained, with trace to moderate subrounded fine to medium gravel.
Between 12 and 13 feet: increased gravel.
9 h 4
lﬁ 3 1S SAND with Gravel, moderate grey, moist, medium dense, fine to coarse
lﬁ grained, with trace to moderate subrounded fine to medium gravel. 22.9
% 92 | 4 GS

[

C CGI TECHNICAL
SEervices INc.

The log and data presented are a simplification of actual conditions
encountered at the given location and time of exploration. Subsutface
conditions may differ at other locations and with the passage of time.

PLATE NO.:B-2.19




LOG OF EXPLORATION: D39RL

encountered at the given location and time of exploration. Subsutface

PROJECT: Blue Lake Levee EXPL. VENDOR: Britton Exploration SURFACE ELEVATION: 88 feet
PROJECT NO.: 14-1949.02 EXPL. METHOD: 8.25" HSA DEPTH OF HOLE: 25.5 Feet
LOCATION: Humboldt Co., CA LOGGED BY: J.Bianchin DEPTH TO WATER: 13.0 feet
START DATE: Aprﬂ 17,2014 CHECKED BY: J.Bianchin BACKFILLED WITH: Cement grout
END DATE: Aprﬂ 17,2014 HAMMER TYPE: 140-Lb
) =
g F Sl |g
Q = S
o] 2 _ 'go o N b
E & @) T = o = -QU)
o | & S | g i = = | 2 %0 E |5
E/ = ° % S 2 = E S g F’é k= Notes &
2 3 |2 el n — - = 2] = . 8 .
S| 5 g g g S Material Description g | E g | & a* 2 Assigned
A SIS |3 3 S S > I I Laboratory
O Z@ 25 | GW | GRAVEL, moderate brown, wet, medium dense, coarse.
My
o
154
o
4
0 ] Below 22 feet: decreasing gravel increasing sand
1:d
o
oAl L | o | e e e e e -
g 24 W GRAVEL with Sand, moderate brown, moist, medium dense, fine to
iR coarse grained, with trace to moderate subrounded fine to medium
25— IR, gravel. 4.7 8 GS
i Bottom of Drill Hole at a Depth of 25.5 Feet
@
‘ CGI TECHNICAI The log and data presented are a simplification of actual conditions

SEervices INc.

conditions may differ at other locations and with the passage of time.

PLATE NO.:B-2.19




LOG OF EXPLORATION: D49RL

PROJECT: Blue Lake Levee EXPL. VENDOR: Britton Exploration SURFACE ELEVATION: 94 feet
PROJECT NO.: 14-1949.02 EXPL. METHOD: 8.25" HSA DEPTH OF HOLE: 25.5 Feet
LOCATION: Humboldt Co., CA LOGGED BY: J.Bianchin DEPTH TO WATER: 15.0 feet
START DATE: April 16,2014 CHECKED BY: J.Bianchin BACKFILLED WITH: Cement grout
END DATE:  April 16, 2014 HAMMER TYPE: 140-Lb
s 2
) 3 < X 8
¢ e 3 IR ’
g < |3 sl |l S| |2
> A A v |2 |8 |Z2 ]| 8| <
o | ©) g g o) g o0 g =
£ | = zZ |2 g < SR = i Notes &
+ <
5|5 g g % E;)) Material Description % = 5:: ~ a* 2 ssigne
A SIS |3 3 S S > I I Laboratory
0
Silty SAND, moderate brown, moist, fine grained with trace clay.
SM
! @ At 4 feet: very loose to loose. 93.0°| 230146 GS
GRAVEL with Sand, moderate brown, wet, fine to coarse grained, with
GW/ | subround fine to medium gravel.
GP
Betwen 6.5 and 8 feet: abundant gravel, cobbles, and/or boulders.
2 15 3.5 5 GS

SW

SAND, moderate grey, moist, medium dense, fine to coarse grained.

3 16 |GW/| Sandy GRAVEL to Gravelly SAND, moderate brown, wet,medium
SW | dense, fine to coarse grained with subrounded fine to coarse gravel.

. \ 4
[ £
@
. E The log and data presented are a simplification of actual conditions
] CGI TECHNICAL encountered at the given location and time of exploration. Subsutface
SErvICES INC. conditions may differ at other locations and with the passage of time.

PLATE NO.:B-2.20




LOG OF EXPLORATION: D49RL

PROJECT: Blue Lake Levee

EXPL. VENDOR: Britton Exploration SURFACE ELEVATION: 94 feet

encountered at the given location and time of exploration. Subsutface

PROJECT NO.: 14-1949.02 EXPL. METHOD: 8.25" HSA DEPTH OF HOLE: 25.5 Feet
LOCATION: Humboldt Co., CA LOGGED BY: J.Bianchin DEPTH TO WATER: 15.0 feet
START DATE: April 16,2014 CHECKED BY: J.Bianchin BACKFILLED WITH: Cement grout
END DATE: April 16, 2014 HAMMER TYPE: 140-Lb
2 B |,
) 3 < X =]
E 2| = Tl g
o | & s & | £ 222|283
E/ = ° % é 2 E E S g 5 k= Notes &
2 3 |2 el n — - = 2] = 8 .
S| 5 g g g S Material Description g | E g £ | a* 2 Assigned
A SIS |3 3 S S > I I Laboratory
O Z@ 4 14 166 | 5 GS
20| el
O]
A C
O]
154
O]
I s
. C Below 23 feet: decreasing gravel.
10 ¥ 43
o o
i Bottom of Drill Hole at a Depth of 25.5 Feet.
D
‘ CGI TECHNICAI The log and data presented are a simplification of actual conditions

SEervices INc.

conditions may differ at other locations and with the passage of time.

PLATE NO.:B-2.20




LOG OF EXPLORATION: D59RL

PROJECT: Blue Lake Levee EXPL. VENDOR: Britton Exploration SURFACE ELEVATION: 59 feet
PROJECT NO.: 14-1949.02 EXPL. METHOD: 8.25" HSA DEPTH OF HOLE: 26.5 Feet
LOCATION: Humboldt Co., CA LOGGED BY: J.Bianchin DEPTH TO WATER: 14.0 feet
START DATE: April 17,2014 CHECKED BY: J.Bianchin BACKFILLED WITH: Cement grout
END DATE:  April 17, 2014 HAMMER TYPE: 140-Lb
s 2
'_o' 2 « O\O 8
e 2 'go o N b
g < | 3 5 | & S| o |3
> . - e [5) = ] Z | 2 =
1|2 ° |5 g = E || E S
= |3 Z |3 Y = SR = i Notes &
+ <
5|5 g g % 8 Material Description % = 5:: ~ a* 2 ssigne
Als|s S| 4 = D lE |9 | & Laboratory
0
SILT, moderate brown, moist, plastic with trace fine sand.
ML
5_
% 1 (10) At 5 feet: firm/loose. 103 23 36 1P
N B B ) s -
sw | Sandy GRAVEL to Gravelly SAND, moderate grey, moist to wet,
medium dense, fine to coarse grained, with subrounded fine to medium
gravel.
Between 12 and 13.5 feet: increased gravel, cobbles, and/or boulders.
h 4
': ': . 3 21 P SAND with Gravel, moderate brown, wet, medium dense, fine to 10.7 7 GS
el coarse grained, with subrounded fine to medium gravel and trace clay.
[ _—
I Below 18.5 feet: increasing gravel.
@
‘ CGI TECHNICAL The log and data presented are a simplification of actual conditions

SEervices INc.

encountered at the given location and time of exploration. Subsutface
conditions may differ at other locations and with the passage of time.

PLATE NO.:B-2.21




LOG OF EXPLORATION: D59RL

encountered at the given location and time of exploration. Subsutface

PROJECT: Blue Lake Levee EXPL. VENDOR: Britton Exploration SURFACE ELEVATION: 59 feet
p
PROJECT NO.: 14-1949.02 EXPL. METHOD: 8.25" HSA DEPTH OF HOLE: 26.5 Feet
LOCATION: Humboldt Co., CA LOGGED BY: J.Bianchin DEPTH TO WATER: 14.0 feet
START DATE: April 17,2014 CHECKED BY: .Bianchin BACKFILLED WITH: Cement grout
p > g
END DATE: April 17,2014 HAMMER TYPE: 140-Lb
H B
v—o1 3 < O\O 8
Ne 2 = N N W
E 2| 3 TIE | g g
13} =1 e}
| & s |8 | ¢ 2 |B |24 E|S
Slic Z |3 = < SR = i Notes &
slElele || 2 = A < z12 |38 Assioned
ol - .
5|5 |¢g g % $ Material Description = 2| & o a* & ssigne
A SIS |3 3 S S > I I Laboratory
oy
20 e
=
0 :@ 4 2 At 20 feet: increased clay, with subangular to subrounded fine to coarse
7 @ gravel.
1.4
O
|- 4
O . Below 22 feet: decreasing gravel.
A C
O
1.4
25 en
L-Z ] g 30 CE‘Y{/ GRAVEL with Sand, moderate grey, wet, medium dense, fine to coarse 8.5 1 GS
| ' C@ 7 grained, with subrounded fine to medium gravel.
O
i Bottom of Drill Hole at a Depth of 26.5 Feet.
<
.: CGI TECHNICAL The log and data presented are a simplification of actual conditions

"=y SERVICES INC.

conditions may differ at other locations and with the passage of time.

PLATE NO.:B-2.21




LOG OF EXPLORATION: D10RO

PROJECT: Blue Lake Levee EXPL. VENDOR: Britton Exploration SURFACE ELEVATION: 87.5 feet
PROJECT NO.: 14-1949.02 EXPL. METHOD: 8.25" HSA DEPTH OF HOLE: 25.0 Feet
LOCATION: Humboldt Co., CA LOGGED BY: J.Bianchin DEPTH TO WATER: 12.0 feet
START DATE: April 9, 2014 CHECKED BY: J.Bianchin BACKFILLED WITH: Cement grout
END DATE:  April 9, 2014 HAMMER TYPE: 140-Lb
& w
S g, _
'_o' z Fuy 2 ]
Q2 e 'go . N e
& < |3 3le | S| |
> . - s 3 = s Z | 2 =
ez S| 8 | € = S| w| E |2
= s ARG & < SR = i Notes &
e = ) ) Q K & 17 e B
218 |a| o B v . o o = 3] |8 |z Assigned
O | |E| E |5 3 Matetial Description S | E|E |~ | T 5
A SIS |3 3 S S > I I Laboratory
0
ARTIFICIAL FILL (af)
af | Wood chips
Gravel.
SW Gravelly SAND, moderate brown, moist, fine to coarse grained with 42 2 Gs
1 11 subrounded fine to medium gravel and abundant woody debris.
Below 6 feet: increased gravel, cobbles, and/or boulders.
CSIE:/ Sandy CLAY to Clayey SAND, greenish grey, stiff to very stiff, slightly 1126 Gs
2 21 plastic, fine to medium grained with organic debris.
e e
SW | Gravelly SAND, moderate grey, moist, medium dense, fine to coarse
grained, with trace to moderate subrounded fine gravel. s
cL/ Sandy CLAY to Clayey SAND, greenish grey, stiff to very stiff, slightly
SC ; AR . . . K
plastic, fine to medium grained with organic debris.
Ny Gw | T Tttt TTTTTTTTTToTTTTTTTTT
ce C Sandy GRAVEL with Cobbles, moderate grey, wet, fine to coarse
AN grained with abundant subrounded fine to coarse gravel.
154 O {5 |50
D
The log and data presented are a simplification of actual conditions
. CGI TECHNICAL . b v .

SEervices INc.

encountered at the given location and time of exploration. Subsutface
conditions may differ at other locations and with the passage of time.

PLATE NO.:B-2.22




LOG OF EXPLORATION: D10RO

encountered at the given location and time of exploration. Subsutface

PROJECT: Blue Lake Levee EXPL. VENDOR: Britton Exploration SURFACE ELEVATION: 87.5 feet
PROJECT NO.: 14-1949.02 EXPL. METHOD: 8.25" HSA DEPTH OF HOLE: 25.0 Feet
LOCATION: Humboldt Co., CA LOGGED BY: J.Bianchin DEPTH TO WATER: 12.0 feet
START DATE: April 9, 2014 CHECKED BY: J.Bianchin BACKFILLED WITH: Cement grout
END DATE: April 9, 2014 HAMMER TYPE: 140-Lb
s 2
v—o1 3 « O\O 8
Q2 e 'go o N W
g < | 3 CHE:E e
> . + 0 Q B ) Z = (=]
oy |5 g€ = E | w| § 1|42
= |3 Z |3 Y < SR = i Notes &
-5'5%%02 PR NS v A =T = Assioned
+ <
5|5 |¢g g % $ Material Description = 2| & ¥ a* 2 ssigne
A SIS |3 3 S S > I I Laboratory
(O
o 82
207 o :ﬁ 4 |17
BN
o
1
o
A C
o
154
o
25
Bottom of Drill Hole at a Depth of 25 feet.
i
.:. CGI TECHNICAL The log and data presented are a simplification of actual conditions

SEervices INc.

conditions may differ at other locations and with the passage of time.

PLATE NO.:B-2.22




LOG OF EXPLORATION: D20RO

PROJECT: Blue Lake Levee EXPL. VENDOR: Britton Exploration SURFACE ELEVATION: 84 feet
PROJECT NO.: 14-1949.02 EXPL. METHOD: 8.25" HSA DEPTH OF HOLE: 26.0 Feet
LOCATION: Humboldt Co., CA LOGGED BY: J.Bianchin DEPTH TO WATER: 14.0 feet
START DATE: April 9, 2014 CHECKED BY: J.Bianchin BACKFILLED WITH: Cement grout
END DATE:  April 9, 2014 HAMMER TYPE: 140-Lb
& w
- H 2 ls
o - X =
e 2 'go o N b
g < | 3 Tle | S| |3
> . + 0 [} B L Z é (=]
2|2 °S1 5| E = € | | § |7
= s Z |3 & < o S = I B I Notes &
e o | o 3} )] I & 73 g s}
218 |a| o B v . o o = 3] |8 |z Assigned
O | |E| E |5 3 Matetial Description S | E|E |~ | T 5
A SIS |3 ! S S > I I Laboratory
0 0
] Sandy GRAVEL to Gravelly SAND, moderate brown, dry, fine to
7 GW/ | coarse grained, with subrounded fine to coarse gravel and trace fine
- C SW | cobbles.
1o
o C At 2 feet: moderate grey.
0 ] 14 .
5 > ] At 4.5 feet: medium dense.
! 65 Gravelly SAND, moderate brown to light grey, moist, very dense, fine
SW | to coarse grained, with subrounded fine to coarse gravel and possibly
cobbles.
Below 12 feet: increasing gravel, cobbles, and/or boulders.
h 4
2 23| 8w/ Gravelly SAND to SAND, moderate brown, wet, medium dense, fine 71 4 GS
SM ’ . . .
to coarse grained with trace to moderate subrounded fine to medium
gravel.
C
. E The log and data presented are a simplification of actual conditions
CGI TECHNICAL encountered at the given location and time of exploration. Subsutface
SErvICES INC. conditions may differ at other locations and with the passage of time.

PLATE NO.:B-2.23




LOG OF EXPLORATION: D20RO

PROJECT: Blue Lake Levee

EXPL. VENDOR: Britton Exploration SURFACE ELEVATION: 84 feet

encountered at the given location and time of exploration. Subsutface

PROJECT NO.: 14-1949.02 EXPL. METHOD: 8.25" HSA DEPTH OF HOLE: 26.0 Feet
LOCATION: Humboldt Co., CA LOGGED BY: J.Bianchin DEPTH TO WATER: 14.0 feet
START DATE: Aprﬂ 9,2014 CHECKED BY: J.Bianchin BACKFILLED WITH: Cement grout
END DATE: Aprﬂ 9, 2014 HAMMER TYPE: 140-Lb
& Y
_ £ Tle |8
2 2 %o O\ﬂ Q 9
— ol o . %
g ) % 2 o § S |2 | = ki
oy |5 g€ = E | w| § 1|42
<3 Z |3 Y = SR = i Notes &
SEHPAERE AL I e
5|5 |¢g g % $ Material Description = 2| & ~ | T g ssigne
A SIS |3 ! S S > I I Laboratory
3 42
Between 23 and 24.5 feet: increased gravels, cobbles, and/or boulders
4 | 34
Bottom of Drill Hole at a Depth of 26 Feet.
@
.:. CGI TECHNICAL The log and data presented are a simplification of actual conditions

SEervices INc.

conditions may differ at other locations and with the passage of time.

PLATE NO.:B-2.23




LOG OF EXPLORATION: D30RO

PROJECT: Blue Lake Levee EXPL. VENDOR: Britton Exploration SURFACE ELEVATION: 86 feet
PROJECT NO.: 14-1949.02 EXPL. METHOD: 8.25" HSA DEPTH OF HOLE: 25.50 Feet
LOCATION: Humboldt Co., CA LOGGED BY: J.Bianchin DEPTH TO WATER: 13.0 feet
START DATE: April 17,2014 CHECKED BY: J.Bianchin BACKFILLED WITH: Cement grout
END DATE:  April 17, 2014 HAMMER TYPE: 140-Lb
) = X =]
o] 2 _ "go o N b
& < |3 3|8 | S| |2
- | & s |8 | ¢ e B2 |4E|S
;\:/ = ° % é 2 —5 E S g _’g k= Notes &
2 3 |2 el n — - = 2] = . 8 .
& | & g g % $ Matetial Description = g | & & % 2 Assigned
Als|s S| 4 = D lE |9 | & Laboratory
0
Silty CLAY, moderate yellowish brown to moderate brown, moist,
CL | plastic with trace fine sand.
! ®) At 4 feet: very soft to soft. 948 | 279
2 | @ e -~
SW | SAND, dark grey, wet, dense, fine grained.
W0l 0 | | e ____ —
O ; GW | Sandy GRAVEL, moderate brown to grey, wet, dense, fine to coarse
.. C grained with subrounded fine to medium gravel.
O]
L C
O]
O]
4
O :@ 3 19 At 9 feet: medium dense with subangular to subrounded fine to > GS
15 - : C@ medium gravel.
O]
1 Y
0 ] Between 16 and 19 feet: decrease in gravel.
[E L. C
O]
1 d
lo:
[
C
The log and data presented are a simplification of actual conditions
CGI TECHNICA].‘ encountered at the given location and time of exploration. Subsutface
b SErvICES INC. conditions may differ at other locations and with the passage of time. PLATE NO.: B-2.24




LOG OF EXPLORATION: D30RO

PROJECT: Blue Lake Levee EXPL. VENDOR: Britton Exploration SURFACE ELEVATION: 86 feet
PROJECT NO.: 14-1949.02 EXPL. METHOD: 8.25" HSA DEPTH OF HOLE: 25.50 Feet
LOCATION: Humboldt Co., CA LOGGED BY: J.Bianchin DEPTH TO WATER: 13.0 feet
START DATE: April 17,2014 CHECKED BY: J.Bianchin BACKFILLED WITH: Cement grout
END DATE:  April 17, 2014 HAMMER TYPE: 140-Lb
S Z
s 3 = X 8
e 2 'go o N b
g < | 3 5 | & S| o |3
> . © Nat 9 = 8 Z ‘g =
ez S| 8 | € = S| w| E |2
= s Z |3 & < = S = I B I Notes &
ST lel2 |9 | g 59~£9~9A~d
+ <
5|5 g g % 8 Material Description % = 5;), ~ a* 2 ssigne
A SIS |3 3 S S > I I Laboratory
g e
0 O |
4
1O
4
10
4
10
4
1018 s | v 6.7
Xy
25 — O ]
@
. E The log and data presented are a simplification of actual conditions
CGI TECHNICAL encountered at the given location and time of exploration. Subsutface
7 SErvICES INC. conditions may differ at other locations and with the passage of time.

PLATE NO.:B-2.24




LOG OF EXPLORATION: D39RO

PROJECT: Blue Lake Levee EXPL. VENDOR: Britton Exploration SURFACE ELEVATION: 88 feet
PROJECT NO.: 14-1949.02 EXPL. METHOD: 8.25" HSA DEPTH OF HOLE: 25.5 Feet
LOCATION: Humboldt Co., CA LOGGED BY: J.Bianchin DEPTH TO WATER: 11.5 feet
START DATE: April 17,2014 CHECKED BY: J.Bianchin BACKFILLED WITH: Cement grout
END DATE:  April 17, 2014 HAMMER TYPE: 140-Lb
> 2
) 3 < X 8
o] 2 'go o N b
g < | 3 S| e | S| e |2
o | & s g | % 2 B2 |48 |S
= — z 3 E 0 8 o0 = )T‘
D - T A el & = 5‘ O | £ F’é = Notes &
= s | 3 .
a8 |la|l o 4 . _ b5 = b3) 3 | 2
55 g g % E;)) Material Description % g g ~ o 4 Assigned
A SIS |3 ! S S > I I Laboratory
0 -
O ; Sandy GRAVEL to Gravelly SAND, moderate brown, moist, fine to
o C GW/ | coarse grained, with subrounded fine to coarse gravel.
- SW
O]
4 C
O]
1 d
O]
4
0 :lﬁ ! 31 At 4 feet: medium dense.
5l Clﬁ
O]
1 4
O ] Between 6 and 9 feet: increasing gravel with possible cobbles and/or
.' C boulders.
O]
1 d
O]
2 lﬁ 2 13 SW Gravelly SAND, moderate grey, moist, medium dense, fine to coatse
: lﬁ grained, with trace to moderate subrounded fine to medium gravel.
h 4
Between 12 and 13 feet: increased gravel.
3 24 %\36\:[/ GRAVEL with Sand, moderate brown, wet, medium dense, coarse. 69
[
C
. E The log and data presented are a simplification of actual conditions
; CGI TECHNICAL encountered at the given location and time of exploration. Subsutface
SErvICES INC. conditions may differ at other locations and with the passage of time.

PLATE NO.:B-2.25




LOG OF EXPLORATION: D39RO

PROJECT: Blue Lake Levee EXPL. VENDOR: Britton Exploration SURFACE ELEVATION: 88 feet
PROJECT NO.: 14-1949.02 EXPL. METHOD: 8.25" HSA DEPTH OF HOLE: 25.5 Feet
LOCATION: Humboldt Co., CA LOGGED BY: J.Bianchin DEPTH TO WATER: 11.5 feet
START DATE: April 17,2014 CHECKED BY: J.Bianchin BACKFILLED WITH: Cement grout
END DATE: April 17,2014 HAMMER TYPE: 140-Lb
S 3 I
'_o' 2 < O\O =]
o] 2 _ 'go o N b
E & @) T = o = -8
o | & S § e = = | £ %0 E | S
E/ = ° % S 2 & E S = F’é k= Notes &
2 3 |2 el n — - = 2] = . 8 .
S| 5 g g g S Material Description g | E g | & a* 2 Assigned
A SIS |3 3 S S > I I Laboratory
O ] 4 33 | GW | GRAVEL, moderate brown, wet, medium dense, coarse.
MEy
O
154
O
4
0 ] Below 22 feet: decreasing gravel increasing sand
1 d
O
lﬁ > 15| SW Gravelly SAND to Sandy GRAVEL, moderate brown, moist, medium > GS
lﬁ dense, fine to coarse grained, with trace to moderate subrounded fine to
25 Sl medium gravel.
i Bottom of Drill Hole at a Depth of 25.5 Feet
<
‘ CGI TECHNICAI The log and data presented are a simplification of actual conditions

SEervices INc.

encountered at the given location and time of exploration. Subsutface
conditions may differ at other locations and with the passage of time.

PLATE NO.:B-2.25




LOG OF EXPLORATION: D49RO

PROJECT: Blue Lake Levee EXPL. VENDOR: Britton Exploration SURFACE ELEVATION: 94 feet
PROJECT NO.: 14-1949.02 EXPL. METHOD: 8.25" HSA DEPTH OF HOLE: 26.5 Feet
LOCATION: Humboldt Co., CA LOGGED BY: J.Bianchin DEPTH TO WATER: 15.5 feet
START DATE: April 16,2014 CHECKED BY: J.Bianchin BACKFILLED WITH: Cement grout
END DATE:  April 16, 2014 HAMMER TYPE: 140-Lb
3 £ 1S |8
o] 2 _ 'go o N b
E & o E = ©] - -8
- | & s |8 | ¢ e B2 |4E|S
=) —_ e o N
E/ R % é 2 &= E S | & F’é = Notes &
128 s | 3 .
I Y | &« A — - = = -3
5|5 g g % E;)) Material Description % = 5:: & a* 2 Assigned
Als|s S| 4 = D lE |9 | & Laboratory
0 =T
-l Silty SAND, moderate brown, moist, slightly plastic, fine grained, with
e SM | trace clay.
5 . % 1 @ At 4.5 feet: very loose. o8 18 49 GS, DS
: SS\?\:[/ Gravelly SAND, brownish grey, moist, fine to coarse grained, with
subrounded fine to medium gravel.
2 2 At 9.5 feet: medium dense. >3 > GS
At 12 feet: increased gravel. cobbles, and/or bouldets.
3 8 Sg(/\;é SAND, moderate grey, wet, loose, fine to coarse grained interbedded
with Sandy GRAVEL, moderate grey, wet, loose, fine to coarse grained A 4
with subrounded fine gravel.
Between 16.5 and 19 feet: few gravels.
D
‘ CGI TECHNICAI The log and data presented are a simplification of actual conditions

SEervices INc.

encountered at the given location and time of exploration. Subsutface
conditions may differ at other locations and with the passage of time.

PLATE NO.:B-2.26




LOG OF EXPLORATION: D49RO

encountered at the given location and time of exploration. Subsutface

PROJECT: Blue Lake Levee EXPL. VENDOR: Britton Exploration SURFACE ELEVATION: 94 feet
PROJECT NO.: 14-1949.02 EXPL. METHOD: 8.25" HSA DEPTH OF HOLE: 26.5 Feet
LOCATION: Humboldt Co., CA LOGGED BY: J.Bianchin DEPTH TO WATER: 15.5 feet
START DATE: April 16,2014 CHECKED BY: J.Bianchin BACKFILLED WITH: Cement grout
END DATE:  April 16, 2014 HAMMER TYPE: 140-Lb
& g
_ £ Tle |8
£ 2 2159 .
g < | 3 5 | & S| o |3
> . + 0 Q B ) Z = (=]
1|2 ° |5 g = E || E S
S| E Z |18 2 = elS|lE|=2 |k Notes &
2181229 | o S 125|222 Assigned
5|5 g g % 8 Material Description % = 5;), [V - A ssigne
A SIS |3 3 S S > I I Laboratory
204 D J@ 216w GRAVEL with Sand, moderate brown, wet, medium dense, fine to
L @ coarse grained with subangular to subrounded fine to medium gravel
O ] and trace silt and clay.
i
10
i
10
i
10
= C@ 23 93 | s Gs
25— (> | @
i
1
i Bottom of Drill Hole at a DEpth of 26.5 Feet.
D
.: CGI TECHNICAL The log and data presented are a simplification of actual conditions

SEervices INc.

conditions may differ at other locations and with the passage of time.

PLATE NO.:B-2.26




LOG OF EXPLORATION: D59RO

PROJECT: Blue Lake Levee EXPL. VENDOR: Britton Exploration SURFACE ELEVATION: 94 feet
PROJECT NO.: 14-1949.02 EXPL. METHOD: 8.25" HSA DEPTH OF HOLE: 26.5 Feet
LOCATION: Humboldt Co., CA LOGGED BY: J.Bianchin DEPTH TO WATER: 14.0 feet
START DATE: April 17,2014 CHECKED BY: J.Bianchin BACKFILLED WITH: Cement grout
END DATE:  April 17, 2014 HAMMER TYPE: 140-Lb
S B
— ; > N 8
2 9 %o Sl a 9
& < |3 3le | S| |
> . - e [5) = ] Z | 2 =
ez S| 8 | € = S| w| E |2
= s Z |3 & < o S = I B I Notes &
15 lel2|9 ]2 Eoua.'g.gA.d
- . .. - < =)
55 g g % 8 Material Description % g 5:: ~ LT @ ssigne
Als|s S| 4 = D lE |9 | & Laboratory
0
Clayey SILT, moderate brown, moist, slightly plastic.
ML
5 % 1 ® At 4.5 feet: loose. 9.3 28
GW | T T T N
Sandy GRAVEL, moderate grey, moist, medium dense, fine to coarse
2 21 grained, with subangulat to subrounded fine to medium gravel.
Below 12 feet: increase in gravel, cobbles, and/or bouldets.
________________________________________ | ¥
SW SAND with Silt, moderate grey, wet, loose, fine to coarse grained.
3 6 175 | 8 GS
GW/ | R AVEL with Sand. moderate brown. wet. fine t coarse ora T
SW RAVEL with Sand, moderate brown, wet, fine to coarse grained with
abundant subangular to subrounded fine to medium gravel and trace silt
and clay.
C
. E The log and data presented are a simplification of actual conditions
; CGI TECHNICAL encountered at the given location and time of exploration. Subsutface
SErvICES INC. conditions may differ at other locations and with the passage of time.

PLATE NO.:B-2.27




LOG OF EXPLORATION: D59RO

encountered at the given location and time of exploration. Subsutface

PROJECT: Blue Lake Levee EXPL. VENDOR: Britton Exploration SURFACE ELEVATION: 94 feet
PROJECT NO.: 14-1949.02 EXPL. METHOD: 8.25" HSA DEPTH OF HOLE: 26.5 Feet
LOCATION: Humboldt Co., CA LOGGED BY: J.Bianchin DEPTH TO WATER: 14.0 feet
START DATE: Aprﬂ 17,2014 CHECKED BY: J.Bianchin BACKFILLED WITH: Cement grout
END DATE: Aptﬂ 17,2014 HAMMER TYPE: 140-Lb
S g
v—o1 3 « O\O 8
o] 2 _ 'go o N b
E & @) T = o = -QU)
o | & S | g i = = | 2 %0 E |5
E/ = ° % S 2 = E S g F’é k= Notes &
2 3 |2 el n — - = 2] = 8 .
S| 5 g g g S Material Description g | E g £ | a* 2 Assigned
A SIS |3 3 S S > I I Laboratory
. [
20— O Z@ 4 2 At 19.5 feet: medium dense. 7 ? GS
&y
12
i
121
oy
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conditions may differ at other locations and with the passage of time.
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office: 650 B54 0300
fox: 650 854 0301

www.cphinc.com

Cone penetration testing and soil sampling methods description.

Rig Description
Our services are based on the state-of-the-art, Geoprobe Model 6625CPT rig, a limited-access,

self-anchoring, 20-ton push capacity, track-mounted push platform for dedicated Geotechnical
CPT applications with the unique and valuable added ability to quickly perform intermittent or
continuous soil sampling.

Weight = ~ 9,500 pounds

Surface load = ~ 4.5 psi

Push capacity = ~ 20 tons; self-anchoring achieved using 10- or 15-inch diameter helical soil
anchors driven 4- to 10-feet into the soil

Sampling hammer percussion rate = 32 Hz & 20,000 Ibs force/blow

Length = ~ 12 feet; Width =~ 7 feet

Height (folded) = 7 feet; Height (unfolded) = 14 feet

CPT Description

Our Geoprobe 6625CPT incorporates the Swedish-made Geotech AB Cone Penetration Testing
tools which meet the ASTM D-5778 Standard Test Method for Performing Electronic Friction
Cone and Piezocone Penetration Testing of Soils. Cones have 10 cm” tips and 150 cm” friction
sleeves, and include a porous filter and pressure sensor located in the u;, position directly behind
the cone. The cone and porous filter are saturated under vacuum with glycerin to promote rapid
equilibration with in-situ pore pressures. Cones are advanced at the ASTM standard rate of 2
cm/second. Baseline readings are performed both before and after each push to check for load
cell drift. The cone measures bearing (max load = 100 MPa ~ 1044 TSF), friction sleeve (max
load = 1.0 MPa ~ 10.4 TSF), and dynamic pore pressure (max load = 2.5 MPa ~ 363 psi) at 2 cm
or 4 cm intervals (client’s choice) and this data is plotted in real-time and recorded on a laptop
computer adjacent to the push platform. Holes are grouted upon completion of each push, or at
the end of each day, as site conditions and regulations warrant.

The basic equation to determine the depth to the free water surface from the pore pressure
dissipation test is;

Depth to phreatic surface = [Dissipation depth] — [equilibrium pore pressure / unit weight of H20
X unit conversation factor]

...where;

1) Surface elevation is always assumed to be 0 feet

2) Dissipation depth = the depth (feet) below surface elevation where the cone advancement
was paused while waiting for equilibrium pore pressure to be achieved

3) Equilibrium pore pressure = the pore pressure after an elapsed time where no increase or
decrease in pore pressure is occurring, in pounds per square inch (psi)

4) Unit weight of water = 62.3 pounds per cubic foot (Ib/ft"3)

5) Unit conversion factor (for dimensional analysis): 1 psi = 144 Ib/ft"3

CPT Inc. methods description.doc June 25, 2008
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From the dissipation plots, simply read the dissipation depth and dissipated pressure for the
values to plug into the equation above. On the plots, pore pressure (psi) is on the abscissa and log
time (seconds) is on the ordinate.

Sampling Description
Geoprobe® brand Dual Tube Sampling Systems are efficient methods of collecting continuous

soil cores with the added benefit of a cased hole. Dual tube sampling uses two sets of probe rods
to collect continuous soil cores. One set of rods is driven into the ground as an outer casing (2.2
or 3.25 inches in diameter). These rods receive the driving force from the hammer and provide a
sealed hole from which soil samples may be recovered without the threat of cross contamination.
The second, smaller set of rods are placed inside the outer casing. The smaller rods hold a sample
liner in place as the outer casing is driven one sampling interval. The small rods are then retracted
to retrieve the filled liner. Soil samples are collected in 1.85-inch diameter or 1.125-inch
diameter clear PVC sample sheaths.

Interpretations
Soil behavior type (SBT), SPT N60 energy ratio, undrained shear strength, OCR, and unit

weights are calculated and/or are interpretations generated by the CPT-Pro software based on
empirical relationships derived in the following references;

P.K. Robertson, R.G. Campanella, D. Gillespie, and J. Greig, 1986, Use of Piezometer Cone Data,
Proceedings of the ASCE Specialty Conference In Situ *86: Use of In Situ Tests in Geotechnical
Engineering; pp. 1263-1280.

P.K. Roberston, 1990, Soil Classification Using the Cone Penetration Test, Canadian Geotechnical
Journal, 27(1), pp. 151-158.

T. Lunne, P.K. Robertson, and J.J.M. Powell, 1997, Cone Penetration in Geotechnical Practice,
Taylor and Francis Publishing.

CPT Inc. makes no recommendation on which soil behavior type analysis is “most-correct”. The
engineer should be aware of the limitations of using CPT data to derive soil behavior type and
other engineering parameters and is encouraged to review the above references to better
understand the applicability and limitations of CPT data. It is sometimes not possible to
determine soil type based solely on tip resistance, sleeve friction, and dynamic pore pressure
response, and confirmatory samples may be required.

Please do not hesitate to contact CPT Inc. if you have questions.

Sincerely,
John Rogie

President
California Push Technologies, Inc.

CPT Inc. methods description.doc June 25, 2008
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APPENDIX C
LABORATORY TESTING

This appendix discusses the results of the laboratory testing program performed for this
geotechnical investigation. Laboratory soil testing was performed subsequent to the field
exploration program at Fugro's laboratories in Ventura and Oakland, California, and CGl's
laboratory in Redding, California. Laboratory tests were performed on selected samples to help
classify the soils encountered and to estimate some of their engineering properties.

Driven-ring and bulk samples tested in the laboratory testing program were obtained
from various locations during the course of the field exploration, as discussed in Appendix B.
Each sample is identified by sample number and depth. The various laboratory tests performed
are described below. A summary of the laboratory tests performed on selected samples is
presented on Plates C-1a to C-1c - Summary of Laboratory Test Results.

The testing programs performed at Fugro's and CGl's laboratories are listed in Tables C-
1 and C-2, respectively, and described below. Results of gradation, hydraulic conductivity, shear
strength, triaxial, consolidation, and compaction testing are included in this appendix.

Table C-1. Summary of Fugro Laboratory Testing Program

Laboratory Test Quantity Testing Standard

Density (in situ) 14 ASTM D2937
Grain Size Distribution 6 ASTM D422

Consolidation 1 ASTM D2435
Atterberg Limits 14 ASTM D4318
Hydraulic Conductivity 6 ASTM 5084

Direct Shear 4 ASTM D3080
CU (R) Triaxial 2 ASTM D4767

Table C-2. Summary of CGI Laboratory Testing Program

Laboratory Test Quantity Testing Standard
Grain Size Distribution 60 ASTM D422
Compaction (maximum density/optimum 1 ASTM D1557
moisture content)
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e Laboratory Moisture Content and Density. Water content and unit weight tests
were performed on selected driven samples obtained during the field exploration to
evaluate the natural moisture content and dry unit weight of the various materials
encountered. The results are presented on Plates C-1a to C-1¢ and the drill hole
logs.

e Sieve Analyses. Sieve analyses were performed to determine the gradation of soil
grains. Selected samples were tested in accordance with ASTM D422. The results
of the sieve analyses are presented on Plates C-2a to C-2f - Grain Size Curves.

e Atterberg Limit Tests. Tests for liquid limit, plastic limit, and plasticity index were
conducted on selected samples in general accordance with ASTM D4318. The
Atterberg limit test results are presented on Plates C-1a to C-1c, Plates C-3a and C-
3b - Plasticity Chart, and the drill hole logs.

e Hydraulic Conductivity. Flexible Wall and constant head hydraulic conductivity
tests were performed in accordance with ASTM D5084 and ASTM D2434,
respectively, to evaluate saturated permeability of selected samples. The results of
the permeability tests are presented on Plates C-4a to C-4f - Hydraulic Conductivity
Test Results.

e Direct Shear Tests. Direct shear tests were performed on selected driven ring
samples in general accordance with ASTM D3080. The results of the direct shear
tests are presented on Plates C-5a to C-5d - Direct Shear Test Results.

e |sotropically Consolidated, Undrained Triaxial Test with Pore Water Pressure
Measurements. Two triaxial compression tests with R-pore pressure measurement
were performed on relatively undisturbed samples in general accordance with ASTM
D4767. Results of the individual triaxial tests are presented on Plates C-6a and
Plate C-6b.

e Consolidation Tests. A one-dimensional consolidation tests were performed on
selected driven-ring samples in accordance with ASTM D2435. The sample was
incrementally loaded to up to 32 kips per square foot (ksf), with water introduced at a
of load of 1 ksf. The samples were allowed to consolidate under each load
increment. Rebound was measured by unloading the sample. Results of the
consolidation tests are presented as Plates C-7 - Consolidation Test Results.

e Modified Proctor Test. A Modified Proctor compaction test was performed on a
bulk sample to assess compaction characteristics. Bulk samples of surficial material
were obtained from locations adjacent to selected drill holes. The test was
performed in general accordance with ASTM D1557. A compaction curves is
presented on Plate C-8 - Compaction Test Results.
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Humboldt County Public Works Department

Project No. 04.62140035

US STD SIEVE SIZE
INCHES

US STD SIEVE SIZE
NUMBERS

HYDROMETER ANALYSIS
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GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
SILT or CLAY
Coarse Fine Coarse Medium Fine
LEGEND CLASSIFICATION Cc Cu
(location) (depth,ft)
O D1RC 5.0 Well-graded GRAVEL with silt and sand (GW-GM) 1.7 48.3
o D1RC 14.5 Silty SAND with gravel (SM)
A D1RC 24.5 Well-graded GRAVEL with silt and sand (GW-GM) 2.3 81.1
A D1RC 345 Well-graded GRAVEL with silt and sand (GW-GM) 2.2 162.2
® D1RL 4.5 Well-graded GRAVEL with silt and sand (GW-GM) 1.4 67.9
Lo ] D1RL 14.5 Poorly-graded GRAVEL with silt and sand (GP-GM) 0.8 324
A D1RL 24.5 Well-graded SAND with silt and gravel (SW-SM) 21 67.1
a D1RW 15.0 Well-graded GRAVEL with silt and sand (GW-GM) 2.0 39.6
(] D1RW 25.0 Well-graded GRAVEL with silt and sand (GW-GM) 1.3 27.6
® D10RC 19.5 Well-graded GRAVEL with silt and sand (GW-GM) 1.1 28.7
O D10RC 29.5 Well-graded GRAVEL with silt and sand (GW-GM) 1.7 95.9
@ D10RC 34.5 Well-graded SAND with clay and gravel (SW-SC) 2.2 27.5

GRAIN SIZE CURVES VENTURA (C:\USERS\GECKRICHIDESKTOP\ACTIVE PROJECTS\04.6214.0035 BLUE LAKE LEVEE EVALUATION\GINT\LAB\04.62140035_MASTER.GPJ) 10/10/14 03:56 p-sz
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Humboldt County Public Works Department

Project No. 04.62140035

US STD SIEVE SIZE
INCHES

US STD SIEVE SIZE HYDROMETER ANALYSIS

NUMBERS
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GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
SILT or CLAY
Coarse Fine Coarse Medium Fine
LEGEND CLASSIFICATION Cc Cu
(location) (depth,ft)

O D10RC 39.5 Well-graded GRAVEL with silt and sand (GW-GM) 2.2 80.2
o D10RC 49.5 Silty SAND with gravel (SM)
A D10RL 9.5 Well-graded GRAVEL with silt and sand (GW-GM) 1.9 50.3
A D10RL 19.5 Well-graded SAND with silt and gravel (SW-SM) 2.3 26.1
® D10RO 4.5 Silty SAND with gravel (SM)
o] D10RO 9.5 Silty SAND with gravel (SM)
A D10RW 10.0 Well-graded GRAVEL with silt and sand (GW-GM) 2.3 26.8
o D10RW 20.0 Well-graded GRAVEL with silt and sand (GW-GM) 2.6 118.7
() D20RC 24.5 Poorly-graded GRAVEL with silt and sand (GP-GM) 0.6 59.3
(&) D20RC 34.5 Well-graded GRAVEL with silt and sand (GW-GM) 1.8 431
O D20RL 4.5 Silty GRAVEL with sand (GM)
) D20RL 14.5 Well-graded GRAVEL with sand (GW) 2.4 411

GRAIN SIZE CURVES VENTURA (C:\USERS\GECKRICHIDESKTOP\ACTIVE PROJECTS\04.6214.0035 BLUE LAKE LEVEE EVALUATION\GINT\LAB\04.62140035_MASTER.GPJ) 10/10/14 03:57 p-sz
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Humboldt County Public Works Department

Project No. 04.62140035

US STD SIEVE SIZE
INCHES
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PERCENT FINER BY WEIGHT
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US STD SIEVE SIZE HYDROMETER ANALYSIS

NUMBERS

10 |-
0 sl
100
GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
SILT or CLAY
Coarse Fine Coarse Medium Fine
LEGEND CLASSIFICATION Cc Cu
(location) (depth,ft)

O D20RO 14.5 Well-graded SAND with silt and gravel (SW-SM) 1.6 9.7
o D30RC 4.5 Well-graded SAND with silt and gravel (SW-SM) 1.5 75.0
A D30RC 20.0 SILT (ML)
A D30RC 20.5 Silty SAND (SM) 2.4 19.6
® D30RC 29.5 Poorly-graded GRAVEL with silt and sand (GP-GM) 0.8 65.5
Lo D30RC 39.5 Poorly-graded GRAVEL with silt and sand (GP-GM) 2.5 60.5
A D30RC 49.5 Poorly-graded GRAVEL with silt and sand (GP-GM) 2.7 54.3
a D30RL 9.0 Silty SAND (SM) 1.9 6.2
(2 D30RL 19.0 Well-graded SAND with clay (SW-SC) 1.9 32.9
52} D30RO 24.0 Well-graded GRAVEL with silt and sand (GW-GM) 1.8 29.4
O D39RC 25.0 Well-graded SAND with silt and gravel (SW-SM) 1.5 17.7
@ D39RL 5.0 Poorly-graded SAND with silt and gravel (SP-SM) 0.6 30.1

GRAIN SIZE CURVES
Blue Lake Levee Evaluation
Humboldt County, California

GRAIN SIZE CURVES VENTURA (C:\USERS\GECKRICHIDESKTOP\ACTIVE PROJECTS\04.6214.0035 BLUE LAKE LEVEE EVALUATION\GINT\LAB\04.62140035_MASTER.GPJ) 10/10/14 03:57 p-sz

PLATE C-2c



Humboldt County Public Works Department

Project No. 04.62140035

US STD SIEVE SIZE US STD SIEVE SIZE HYDROMETER ANALYSIS
INCHES NUMBERS
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GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
SILT or CLAY
Coarse Fine Coarse Medium Fine
LEGEND CLASSIFICATION Cc Cu
(location) (depth,ft)
O D39RL 15.0 Well-graded SAND gravel (SW) 1.8 15.7
o D39RL 25.0 Poorly-graded GRAVEL with silt and sand (GP-GM) 3.0 87.4
A D39RO 14.0 Well-graded GRAVEL with silt and sand (GW-GM) 2.2 30.5
A D39RW 14.5 Poorly-graded SAND with silt and gravel (SP-SM) 1.2 44.8
® D49RC 10.0 Sandy SILT (ML)
Lo ] D49RC 20.0 Poorly-graded SAND with gravel (SP) 0.8 16.6
A D49RC 30.0 Well-graded SAND with silt and gravel (SW-SM) 1.5 34.6
o D49RL 4.0 Silty SAND (SM)
(] D49RL 9.0 Well-graded GRAVEL with silt and sand (GW-GM) 1.1 40.0
® D49RL 19.0 Well-graded GRAVEL with sand (GW) 21 26.5
O D49RO 4.5 Silty SAND (SM) 3.2 16.0
] D49RO 9.5 Well-graded SAND with silt and gravel (SW-SM) 1.1 27.6

GRAIN SIZE CURVES
Blue Lake Levee Evaluation
Humboldt County, California
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Project No. 04.62140035

US STD SIEVE SIZE

INCHES
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US STD SIEVE SIZE HYDROMETER ANALYSIS
NUMBERS
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GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
SILT or CLAY
Coarse Fine Coarse Medium Fine
LEGEND CLASSIFICATION Cc Cu
(location) (depth,ft)

O D49RO 24.5 Well-graded GRAVEL with sand (GW) 2.3 324
o D49RW 6.0 Clayey SAND (SC) 3.3 53.1
A D49RW 9.5 Poorly-graded GRAVEL with silt and sand (GP-GM) 0.6 35.5
A D49RW 19.5 Well-graded GRAVEL with sand (GW) 1.3 5.3
® D59RC 16.0 Silty SAND (SM)
o] D59RC 20.0 Well-graded GRAVEL with sand (GW) 1.6 11.8
A D59RC 40.0 Well-graded SAND with silt and gravel (SW-SM) 2.2 115.2
a D59RL 15.0 Poorly-graded SAND with silt and gravel (SP-SM) 0.9 16.9
() D59RL 25.0 Well-graded GRAVEL with silt and sand (GW-GM) 1.4 239.2
(&) D59RO 14.5 Well-graded SAND with silt (SW-SM) 1.4 7.9
O D59RO 19.5 Well-graded GRAVEL with silt and sand (GW-GM) 1.9 66.0
) D59RW 14.5 Poorly-graded SAND with SILT (SP-SM) 15 3.4

GRAIN SIZE CURVES
Blue Lake Levee Evaluation
Humboldt County, California
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Humboldt County Public Works Department
Project No. 04.62140035

US STD SIEVE SIZE US STD SIEVE SIZE HYDROMETER ANALYSIS
INCHES NUMBERS
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GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
SILT or CLAY
Coarse Fine Coarse Medium Fine
LEGEND CLASSIFICATION Cc Cu
(location) (depth,ft)
O D59RW 24.5 Well-graded GRAVEL with silt and sand (GW-GM) 2.4 140.4
o D70RC 35.0 Silty SAND (SM)
GRAIN SIZE CURVES
Blue Lake Levee Evaluation
Humboldt County, California
PLATE C-2f
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Humboldt County Public Works Department
Project No. 04.62140035
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LIQUID LIMIT (LL)
ATTERBERG LIMITS TEST RESULTS
LIQUID PLASTIC  PLASTICITY
LEGEND CLASSIFICATION LIMIT(LL) LIMIT(PL) INDEX (PI
location depth, ft
(@) D1RC 9.5 Sandy SILT (ML) 33 24 9
[ ) D1RC 10.0 Sandy Lean CLAY with gravel (CL) 28 17 11
A D1RW 5.0 Clayey SAND (SC) 25 14 1
A D10RC 10.0 Sandy Lean CLAY (CL) 29 21 8
® D20RC 4.5 Sandy CLAY (CL) 40 20 20
o] D20RC 20.0 Sandy Lean CLAY with gravel (CL) 33 13 20
A D30RC 7.0 Sandy Lean CLAY with gravel (CL) 30 17 13
a D39RC 11.0 Sandy Lean CLAY (CL) 32 22 10
PLASTICITY CHART
Blue Lake Levee Evaluation
Humboldt County, California
PLATE C-3a
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Humboldt County Public Works Department _l'-“GRn
Project No. 04.62140035

100

PLASTICITY INDEX (PI)

90| oo .

LEGEND
location depth, ft
O D49RC 5.0
o D59RC 15.5
A D59RL 5.0
A D59RW 4.5
® D70RC 15.0
Lo ] D70RW 10.0

LIQUID LIMIT (LL)

ATTERBERG LIMITS TEST RESULTS

CLASSIFICATION LMTAY)  LMTED  INDEX

Sandy Lean CLAY with gravel (CL) 31 23 8

Silty SAND (SM) NP NP NP

Sandy SILT (ML) 36 25 11

Lean CLAY with sand (CL) 37 18 19

Lean CLAY (CL) 36 16 20

Lean CLAY (CL) 38 17 21

PLASTICITY CHART
Blue Lake Levee Evaluation
Humboldt County, California
PLATE C-3b
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Humboldt County Public Works Department

Fugro Project No. 04.62140035
CGl Project No. 14-1949.02

-l-'utann

Boring Number Di1RC Sieve Size % Passing Other Parameters
QO |Sample Number 3b = |3/8-in. (9.5mm) Liquid Limit 28
o
'é Sample Depth, ft 10.0 £ |"4 (4.75mm) Plastic Limit 17
<
= [Classification Sandy CLAY w/ Gravel (CL) - Dark G [#16 (1.18mm) Plasticity Index 11
= Yellowish Brown, Moist T _
UU')) 30 (0.6mm) Estimated Gs 2.6
é #100 (0.150mm)
Intial Final #200 (0.075mm)
Mass, g 258.61 260.20
Water Content, % 16.9% 17.6% > Kavg 20°C, cm/s 3.8E-07
ﬂ Dry Unit Weight, pcf 111.1 111.1 % Sample Type MCA
= =
'E Saturation, % 95% 100% % Permeant Deaired Tap-W ater
[}
% Void Ratio 0.46 0.46 2 Pipette Area, cm? 0.0314
& |Diameter, in 2.41 2.41 Q Annulus Area, cm? 0.7671
W IHeight, in 1.67 1.67 Tested By AB
o
<§( Area, in’ 4.54 4.54 Test Method: ASTM D5084 (Method F)
N
i Volume, in® 7.59 7.59 é Estimated Gs provides final saturation of 100%.
<
=
i
[4
Trial Date Time, sec Temppyg, °C o', ksf M, ksf [ i k, cm/s
fE 1 77114 399 24.5 12 104 20.1 12.3 4.2E-07
<
o 2 77114 387 24.5 12 104 20.1 12.3 4.3E-07
z
E 3 77114 392 24.5 12 10.4 20.1 12.3 4.3E-07
= 4
2 5
L
o 6
N
L
©}
<
=
w
—
o
=
<
N
HYDRAULIC CONDUCTIVITY
Blue Lake Levee Evaluation
Humboldt County, California PLATE C-4a



Humboldt County Public Works Department l L
Fugro Project No. 04.62140035
CGI Project No. 14-1949.02

Boring Number D30RL Sieve Size % Passing Other Parameters
O |Sample Number 2 = |3/8-in. (9.5mm) 100 Liquid Limit
o
E Sample Depth, ft 9.0 = [*4 (4.75mm) 100 Plastic Limit
; ; <
= |Classification Silty SAND (SM) - Dark Grayish O [*16 (1.18mm) 100 Plasticity Index
& Brown, Moist |, )
8 30 (0.6mm) 99.9 Estimated Gs 2.6
< 1%100 (0.150mm) 412
Intial Final © I#200 (0.075mm) 16.9
Mass, g 405.07 428.81
Water Content, % 22.4% 29.5% N Kavg 20°C, cm/s 1.3E-03
m Dry Unit Weight, pcf 90.9 91.6 % Sample Type MCA
= =
'n_: Saturation, % 74% 100% % Permeant Deaired Tap-Water
wi
% Void Ratio 0.79 0.77 2 Pipette Area, cm? 0.971
E Diameter, in 2.40 2.39 9 |Tested By AB
|_
é,i Height, in 3.08 3.07
<§( Area, in® 451 4.49 Test Method: ASTM D5084 (Method C)
n
¥ [volume, in® 13.88 13.77 § Estimated Gs provides final saturation of 100%.
<
>
w
4
Trial Date Time, sec Tempayg, °C o', ksf M, ksf [ i¢ ki, cm/s
|<E 1 7/21/14 365 24.0 1.2 11.7 0.9 0.1 1.4E-03
<
o 2 7/21/14 350 24.0 1.2 11.7 0.9 0.1 1.5E-03
z
(@] 3 7/21/14 354 24.0 1.2 11.7 0.9 0.1 1.4E-03
|_
5 4 7/21/14 355 24.0 1.2 11.7 0.9 0.1 1.5E-03
=
5 5
o 6
n
L
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w
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o
=
<
n

HYDRAULIC CONDUCTIVITY
Blue Lake Levee Evaluation
Humboldt County, California PLATE C-4b



Humboldt County Public Works Department l Ll
Fugro Project No. 04.62140035
CGl Project No. 14-1949.02

Boring Number D49RW Sieve Size % Passing Other Parameters
QO |Sample Number 1b = |3/8-in. (9.5mm) 100 Liquid Limit
o
'é Sample Depth, ft 6.0 £ |"4 (4.75mm) 98.5 Plastic Limit
<
= [Classification Clayey SAND (SC) - Very Dark O [*16 (1.18mm) 91.3 Plasticity Index
= Grayish Brown, Moist L _
UU')) 30 (0.6mm) 88.6 Estimated Gs 2.67
é #100 (0.150mm) 68.7
Intial Final #200 (0.075mm) 44.6
Mass, g 429.86 432.85
Water Content, % 22.3% 23.1% > Kavg 20°C, cm/s 7.5E-07
ﬂ Dry Unit Weight, pcf 101.7 102.8 % Sample Type MCA
= =
'E Saturation, % 93% 100% % Permeant Deaired Tap-W ater
[}
% Void Ratio 0.64 0.62 2 Pipette Area, cm? 0.0314
& |Diameter, in 2.40 2.39 Q Annulus Area, cm? 0.7671
W [Height, in 2.92 2.90 Tested By AB
o
<§( Area, in’ 4.52 4.49 Test Method: ASTM D5084 (Method F)
N
i Volume, in® 13.17 13.02 é Estimated Gs provides final saturation of 100%.
<
o
r |Torvane Reading (Su in ksf) 0.60
Pocket Pen Reading (Qu in tsf) 1.00
Trial Date Time, sec Temppyg, °C o', ksf M, ksf [ i k, cm/s
fE 1 7/30/14 425 24.5 0.7 115 20.1 11.2 8.4E-07
<
o 2 7/30/14 325 24.5 0.7 115 20.1 13.0 8.2E-07
z
E 3 7/30/14 322 24.5 0.7 115 20.1 13.0 8.3E-07
j 4 7/30/14 315 24.5 0.7 115 20.1 13.0 8.4E-07
=
o 5
L
o 6
N
L
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Humboldt County Public Works Department l Ll
Fugro Project No. 04.62140035
CGl Project No. 14-1949.02

Boring Number D59RW Sieve Size % Passing Other Parameters
QO |Sample Number 1 = |3/8-in. (9.5mm) Liquid Limit 37
o
'é Sample Depth, ft 45 £ |"4 (4.75mm) Plastic Limit 18
<
= [Classification Lean CLAY w/ Sand (CL) - Very O [*16 (1.18mm) Plasticity Index 18
% Dark Grayish Brown, Moist L M .
UU')) 30 (0.6mm) Estimated Gs 2.7
é #100 (0.150mm)
Intial Final #200 (0.075mm)
Mass, g 230.97 232.85
Water Content, % 25.8% 26.8% > Kavg 20°C, cm/s 4.1E-08
ﬂ Dry Unit Weight, pcf 97.2 97.8 % Sample Type MCA
= =
'E Saturation, % 95% 100% % Permeant Deaired Tap-W ater
[}
% Void Ratio 0.73 0.72 2 Pipette Area, cm? 0.0314
& |Diameter, in 2.41 2.41 Q Annulus Area, cm? 0.7671
W [Height, in 1.58 1.58 Tested By AB
o
<§( Area, in’ 4.56 4.54 Test Method: ASTM D5084 (Method F)
N
i Volume, in® 7.20 7.15 é Estimated Gs provides final saturation of 100%.
<
o
r |Pocket Pen Reading (Qu in tsf) 2.10
Trial Date Time, sec Temppyg, °C o', ksf M, ksf [ i k, cm/s
fE 1 7/30/14 921 25.0 0.7 11.6 30.1 26.5 4.5E-08
<
o 2 7/30/14 823 25.0 0.7 11.6 30.1 26.8 4.6E-08
z
8 3 7/30/14 804 25.0 0.7 11.6 30.1 26.8 4.7E-08
j 4 7/30/14 828 25.0 0.7 11.6 30.1 26.8 4.5E-08
=
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Humboldt County Public Works Department l L
Fugro Project No. 04.62140035
CGI Project No. 14-1949.02

Boring Number D59RW Sieve Size % Passing Other Parameters
O |Sample Number 3a = |3/8-in. (9.5mm) 100 Liquid Limit
o
E Sample Depth, ft 14.5 = [*4 (4.75mm) 99.6 Plastic Limit
; <
= |Classification Poorly-Graded SAND w/ Silt (SP- | G [#16 (1.18mm) 97.8 Plasticity Index
g SM) - Dark Grayish Brown, Moist w, )
8 30 (0.6mm) 93.1 Estimated Gs 2.6
< 1%100 (0.150mm) 245
. . ]
Intial Final #200 (0.075mm) 10.8
Mass, g 441.53 442.67
Water Content, % 26.4% 26.7% N Kavg 20°C, cm/s 1.4E-04
m Dry Unit Weight, pcf 95.9 95.9 % Sample Type MCA
= =
'n_: Saturation, % 99% 100% % Permeant Deaired Tap-Water
wi
% Void Ratio 0.69 0.69 2 Pipette Area, cm? 0.971
E Diameter, in 2.40 2.40 9 |Tested By AB
|_
é,i Height, in 3.08 3.08
<§( Area, in® 451 451 Test Method: ASTM D5084 (Method C)
n
¥ [volume, in® 13.88 13.88 § Estimated Gs provides final saturation of 100%.
<
>
w
4
Trial Date Time, sec Tempayg, °C o', ksf M, ksf [ i¢ ki, cm/s
|<5 1 7/21/14 652 24.0 1.7 10.3 0.9 0.7 1.4E-04
<
o 2 7/21/14 576 24.0 1.7 10.3 0.9 0.6 1.6E-04
z
(@] 3 7/21/14 575 24.0 1.7 10.3 0.9 0.6 1.6E-04
|_
5 4 7/21/14 643 24.0 1.7 10.3 0.9 0.6 1.6E-04
5 5 7/21/14 581 24.0 1.7 10.3 0.9 0.6 1.6E-04
i 6
n
L
V]
<
=
w
-
o
=
<
n

HYDRAULIC CONDUCTIVITY
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Humboldt County Public Works Department
Fugro Project No. 04.62140035
CGl Project No. 14-1949.02
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Boring Number D70RW Sieve Size % Passing Other Parameters
QO |Sample Number 2 = |3/8-in. (9.5mm) Liquid Limit 38
o
'é Sample Depth, ft 10.0 £ |"4 (4.75mm) Plastic Limit 17
: <
= [Classification Lean CLAY (CL) - Dark Grayish O [*16 (1.18mm) Plasticity Index 21
= Brown, Moist L _
UU')) 30 (0.6mm) Estimated Gs 2.7
é #100 (0.150mm)
Intial Final #200 (0.075mm)
Mass, g 173.56 174.15
Water Content, % 28.4% 28.8% > Kavg 20°C, cm/s 9.3E-08
ﬂ Dry Unit Weight, pcf 94.0 94.9 % Sample Type MCA
= =
'E Saturation, % 97% 100% % Permeant Deaired Tap-W ater
[}
% Void Ratio 0.79 0.78 2 Pipette Area, cm? 0.0314
& |Diameter, in 2.39 2.39 Q Annulus Area, cm? 0.7671
W IHeight, in 1.22 1.21 Tested By AB
o
<§( Area, in’ 4.49 4.49 Test Method: ASTM D5084 (Method F)
N
i Volume, in® 5.48 5.43 é Estimated Gs provides final saturation of 100%.
<
o
r |Torvane Reading (Su in ksf) Bottom 0.95
Pocket Pen Reading (Qu in tsf) Top 1.20 Bottom 0.80
Trial Date Time, sec Temppyg, °C o', ksf M, ksf [ i k;, cm/s
fE 1 77114 822 24.5 12 10.2 29.8 21.3 1.0E-07
<
o 2 77114 864 24.5 12 10.2 29.8 21.3 9.9E-08
z
E 3 77114 811 24.5 1.2 10.2 29.8 21.3 1.1E-07
= 4
2 5
L
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N
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<
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Humboldt County Public Works Department

Fugro Project No. 04.62140035
CGI Project No. 14-1949.02

8

6
OPeak: ®'=30°, ¢'=0.4 ksf Sample A
Sample B
7 1 OMin. Post-Peak
— Sample C
5
6
4
5 7]
X
0
g
4 9 % 3
- A @
< 2
3 _z T n
0g 2
s
re
L 7
2 -
o 7
d 1
1 P
b
7
0 1 2 3 4 5 6 7 0.0 0.1 0.2 0.3
Normal Stress, ksf Horizontal Displacement, in
- 0.0 0.1 0.2 0.3 0.4 0.5
Boring Number: D20RC 0.00
E Sample Number: 1
T Sample Depth: 4.5 ft ~——
= |USCS Classification: Sandy CLAY (CL): yellowish brown, with T E
S few gravels 0.03 ‘qc';
IS
- ()
Specimen A B C D i“%
Water Content, % 16.9% 16.9% 16.9% _%
2 [Dry Unit Weight, pef 104.0 107.1 108.3 008 \ e
£ [saturation, % 76% 83% 85% 3
< |Void Ratio 0.59 0.54 0.53 3
Diameter, in 2.42 2.42 2.42 0.09
Height, in 1.00 1.00 1.00
_1 |Water Content, % 26.5% 21.0% 20.1%
2 Dry Unit Weight, pcf 97.2 106.4 108.0 Sieve Size % Passing
L |void Ratio 0.70 0.55 0.53 3/8-in. (9.5mm)
Displacement at Peak, in 0.22 0.25 0.17 #4 (4.75mm)
E Displacement Rate, in/min 0.000 0.000 0.000 #16 (1.18mm)
< |Normal Stress, ksf 2.0 4.0 6.1 Z #30 (0.6mm)
= Peak Shear Stress, ksf 1.64 2.76 4.13 5 #100 (0.150mm)
0 |Min. Post-Peak Stress, ksf 1.62 2.75 4.05 S) #200 (0.075mm)
LL
o 7
[= 2 Atterberg Limits
O [Liquid Limit, %
fQ Test Method: ASTM D3080 Plastic Limit, %
E Plasticity Index, %
E Estimated Gs 2.65
o Kavg 20°C, cm/sec
DIRECT SHEAR TEST RESULTS
Blue Lake Levee Evaluation
Humboldt County, California PLATE C-5a



Humboldt County Public Works Department

Fugro Project No. 04.62140035
CGI Project No. 14-1949.02

8

6
Sample A
OPeak: @'=32° c'=0.2 ksf OMin. Post-Peak Sample B
" e Sample C
5
6
4
5 7]
X
0
[%]
a L
4 o) e} 3
i 3
7 o
3 7 n
& 2
s
s
P
2 e
N
s 1
s
1 -
-
e
e
oA | | | | | 6 | |
0 1 2 3 4 5 6 0.0 0.1 0.2 0.3
Normal Stress, ksf Horizontal Displacement, in
- 0.0 0.1 0.2 0.3 0.4 0.5
Boring Number: D30RC 0.00
E Sample Number: 5b N
T Sample Depth: 20.5 ft — T
S |uscs Classification: Silty SAND(SM);brown to grayish brown, =
‘<’(’ moist 0.05 g
\ £
- ()
Specimen A B C i“%
Water Content, % 20.2% 20.2% 20.2% _%
<—(l Dry Unit Weight, pcf 99.7 100.3 99.1 010 Q
£ [saturation, % 81% 82% 80% ' 3
Z |Void Ratio 0.66 0.65 0.67 3
Diameter, in 2.42 2.42 2.42
Height, in 1.00 1.00 1.00
_, |water Content, % 26.9%  26.0%  25.8% o1
2 Dry Unit Weight, pcf 96.5 97.9 98.1 Sieve Size % Passing
L |void Ratio 0.71 0.69 0.69 3/8-in. (9.5mm)
Displacement at Peak, in 0.08 0.22 0.25 #4 (4.75mm)
E Displacement Rate, in/min 0.002 0.002 0.002 #16 (1.18mm)
<§E Normal Stress, ksf 2.0 4.0 6.0 % #30 (0.6mm) 100
= Peak Shear Stress, ksf 1.66 2.87 4.24 5 #100 (0.150mm) 84
0 |Min. Post-Peak Stress, ksf 1.57 2.81 4.24 S) #200 (0.075mm) 45.6
LL
o 7
[= 2 Atterberg Limits
O |Liquid Limit, %
fQ Test Method: ASTM D3080 Plastic Limit, %
E Plasticity Index, %
E Estimated Gs 2.65
o Kavg 20°C, cm/sec
DIRECT SHEAR TEST RESULTS
Blue Lake Levee Evaluation
Humboldt County, California PLATE C-5b



Humboldt County Public Works Department

Fugro Project No. 04.62140035
CGI Project No. 14-1949.02

8

6
Sample A
OPeak: @'=31° c'=0.2 ksf OMin. Post-Peak Sample B
" e Sample C
5
6
4
5 7]
X
0
[%]
g L
4 & 3
/O E
< o
P &
3 o - v
e 2
e
e
s
2 7
@] //
P
el 1
1 7 <
e
7
7
0 (,)’ k . . . 0
0 1 2 3 4 5 6 0.0 0.1 0.2 0.3
Normal Stress, ksf Horizontal Displacement, in
- 0.0 0.1 0.2 0.3 0.4 0.5
Boring Number: D49RO 0.00
E Sample Number: 1
T Sample Depth: 4.5 ft g
> |USCS Classification: Silty SAND(SM); very dark gray, slightly T =
& moist, with rootlets 005 T ‘qc';
\ £
- ()
Specimen A B C i“%
Water Content, % 18.1% 18.1% 18.1% \ g
<—(l Dry Unit Weight, pcf 98.6 98.3 100.9 010 Q
£ |Saturation, % 71% 70% 75% ' 3
Z |Void Ratio 0.68 0.68 0.64 3
Diameter, in 2.42 2.42 2.42
Height, in 1.00 1.00 1.00
_, |water Content, % 26.9%  25.0%  24.7% o1
2 Dry Unit Weight, pcf 96.4 99.5 100.0 Sieve Size % Passing
L |void Ratio 0.72 0.66 0.65 3/8-in. (9.5mm)
Displacement at Peak, in 0.25 0.25 0.22 #4 (4.75mm)
E Displacement Rate, in/min 0.001 0.001 0.001 #16 (1.18mm)
<§E Normal Stress, ksf 2.0 4.0 6.0 % #30 (0.6mm) 100
= Peak Shear Stress, ksf 1.67 2.99 4.08 5 #100 (0.150mm) 95
0 |Min. Post-Peak Stress, ksf 1.67 2.99 4.04 S) #200 (0.075mm) 48.8
LL
o 7
[= 2 Atterberg Limits
O [Liquid Limit, %
fQ Test Method: ASTM D3080 Plastic Limit, %
E Plasticity Index, %
E Estimated Gs 2.65
o Kavg 20°C, cm/sec
DIRECT SHEAR TEST RESULTS
Blue Lake Levee Evaluation
Humboldt County, California PLATE C-5c



Humboldt County Public Works Department
Fugro Project No. 04.62140035
CGI Project No. 14-1949.02

8

OPeak: ®'=33° c'=0.4 ksf OMin. Post-Peak

e Sample C

Sample A
Sample B

5 7]
X
0
) 3
4 //D o
s o
[
7 2
3 otd 2
s
s 2
s
7
2 s
A
_ 1
1 -
s
s
0 1 2 3 4 5 6 0.0 0.1 0.2 0.3
Normal Stress, ksf Horizontal Displacement, in
- 0.0 0.1 0.2 0.3 0.4 0.5
Boring Number: D59RC 0.00
E Sample Number: 3a
T Sample Depth: 155 ft
= |USCS Classification: Silty SAND(SM);grayish brown, moist 002 E
3
0.04 g
Specimen A B C i“%
Water Content, % 16.3% 16.3% 16.3% _%
2 |Dry Unit Weight, pf 110.5 110.6 110.4 006 o
£ [saturation, % 87% 87% 87% 3
< |Void Ratio 0.50 0.50 0.50 008 g
Diameter, in 2.42 2.42 2.42
Height, in 1.00 1.00 1.00
_ |water Content, % 18.1%  17.0%  16.9% o0
2 Dry Unit Weight, pcf 111.7 114.2 1141 Sieve Size % Passing
L |void Ratio 0.48 0.45 0.45 3/8-in. (9.5mm)
Displacement at Peak, in 0.11 0.11 0.14 #4 (4.75mm)
E Displacement Rate, in/min 0.001 0.001 0.001 #16 (1.18mm)
< |Normal Stress, ksf 2.0 4.0 6.0 Z #30 (0.6mm)
= Peak Shear Stress, ksf 1.63 3.12 4.16 5 #100 (0.150mm)
0 |Min. Post-Peak Stress, ksf 1.55 2.93 3.95 S) #200 (0.075mm)
LL
o 7
[= 2 Atterberg Limits
d Liquid Limit, % Non-plastic
fQ Test Method: ASTM D3080 Plastic Limit, % Non-plastic
E Plasticity Index, % Non-plastic
E Estimated Gs 2.65
o Kavg 20°C, cm/sec
DIRECT SHEAR TEST RESULTS
Blue Lake Levee Evaluation
Humboldt County, California PLATE C-5d



Hu

mboldt County Public Works Department

Fugro Project No. 04.62140035
CGl Project No. 14-1949.02

-l-'utann

7
— #&— — Effective Stress Consolidation Stress: 0.8 ksf
6 — & — Eff. Stress at Max. Obliquity: ®'= 37°, c¢'=0.2 ksf Consolidation Stress: 1.5 ksf
—_— - —
Total Stress i == Consolidation Stress: 2.1 ksf
— #— — Eff. Stress at User Defined Strain / -
5 i

0 4
X
o
)
n
lon 2 |
1 4
0 | | | | | | | |
0 1 3 4 6 7 8 9 10 11 12 13 14
p' = (0'1+0'5)/2, ksf
Boring Number D30RC Trial ID A B C
Sample Number 2a % Liquid Limit 30 - -
A |Specimen Depth 7.0 ft I:: Plastic Limit 17 - -
w |USCS Classification Sandy O [Plastic Index 13 - -
T CLAY w/ &= |Passing #4 (4.75 mm) 76.0% -
> Gravel (SC) @ |Passing #200 (0.075 mm) 330% -
@ Y(;I‘i:;:;h O |Estimated Gs 265 265 265
Brown,
Moist Trial ID A B C
Trial ID A B C B-Parameter 0.95 0.95 0.95
Water Content, % 17.2% 19.8% 19.5% t50, minutes N/A N/A N/A
. Dry Unit Weight, pcf 106.6 108.5 109.0 Strain Rate, %/min 0.02 0.02 0.02
|<_f Saturation, % 83% 100% 100% Cell Pressure, ksf 10.8 11.6 12.3
= [Void Ratio 0.55 0.52 0.52 Back Pressure, ksf 10.1 101 10.1
" |Diameter, in 2.42 2.43 2.45 o Consolidation Stress, ksf 0.8 1.5 2.1
Height, in 4.91 4.80 4.71 5( Deviator Stress @ Failure, ksf 2.5 4.1 5.2
% Axial Strain @ Failure, % 2.7 4.9 5.8
o |Water Content, % 19.8% 19.5% 19.2% S |0'4E, ksf 3.2 5.2 6.7
ﬁ Dry Unit Weight, pcf 108.5 109.0 109.5 E 0'sr, ksf 0.7 1.1 1.5
% Saturation, % 100% 100% 100% ﬂ Tested By: AB AB AB
IElrJ Void Ratio 0.52 0.52 0.51 - Date Tested: 7/14/14  7/15/14 7/16/14
o
" Test Method: ASTM 4767 (modified for staged testing)
N4
g Pocket Pen Reading (Qu in tsf) 4.50
IElrJ

ISOTROPICALLY CONSOLIDATED, UNDRAINED TRIAXIAL TEST WITH PORE WATER
PRESSURE MEASUREMENTS
Blue Lake Levee Evaluation
Humboldt County, California

PLATE C-6a



Humboldt County Public Works Department
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7
— #&— — Effective Stress Consolidation Stress: 0.3 ksf
6 | — & — Eff. Stress at Max. Obliquity: ®'=30°, c¢'=0.2 ksf Consolidation Stress: 1.4 ksf
— - — Total Stress = Consolidation Stress: 2.1 ksf
— #— — Eff. Stress at User Defined Strain
5 i
A
~
r
— 7 -
et Pre
o -7
- e
© 3 i
) P
n
lon
6 7 8 9 10 11 12 13 14
p' = (0'1+0'5)/2, ksf
Boring Number D70RC Trial ID A B C
Sample Number 3 % Liquid Limit 30 - -
A |Specimen Depth 15.0 ft = |Plastic Limit 16 - -
= <
w |USCS Classification Lean CLAY O [Plastic Index 20 - -
T (CL)- Qlive, L@" Passing #4 (4.75 mm) - - -
> Moist @ |Passing #200 (0.075 mm) 98.3% -
@ O |Estimated Gs 270 270 270
Trial ID A B C
Trial ID A B C B-Parameter 0.95 0.95 0.95
Water Content, % 25.9% 27.5% 26.7% t50, minutes N/A N/A N/A
N Dry Unit Weight, pcf 99.1 96.7 97.9 Strain Rate, %/min 0.00 0.02 0.02
|<_f Saturation, % 100% 100% 100% Cell Pressure, ksf 11.1 11.6 12.4
= [Void Ratio 0.70 0.74 0.72 Back Pressure, ksf 10.8 10.2 10.2
" |Diameter, in 2.41 2.46 2.46 o Consolidation Stress, ksf 0.3 14 2.1
Height, in 4.93 4.85 4.76 5( Deviator Stress @ Failure, ksf 1.2 2.3 3.5
% Axial Strain @ Failure, % 2.0 45 6.5
o |Water Content, % 27.5% 26.7% 26.1% 8 0'r, ksf 1.5 3.2 4.9
ﬁ Dry Unit Weight, pcf 96.7 97.9 98.9 — |0'sk, ksf 0.3 0.9 1.4
% Saturation, % 100% 100% 100% Q Tested By: AB AB AB
IElrJ Void Ratio 0.74 0.72 0.70 Date Tested: 7110114 71114 7112114
o
" Test Method: ASTM 4767 (modified for staged testing)
s
<§( Torvane Reading (Su in ksf) 1.55
IEIKJ Pocket Pen Reading (Qu in tsf) 2.00

ISOTROPICALLY CONSOLIDATED, UNDRAINED TRIAXIAL TEST WITH PORE WATER

PRESSURE MEASUREMENTS
Blue Lake Levee Evaluation
Humboldt County, California

PLATE C-6b



Humboldt County Public Works Department

Fugro Project No. 04.62140035
CGI Project No. 10-1949.02

Vertical Stress, ksf

0.1 1 10 100
0 r 4\\ f :
2 \
4
6 4
N \
X
c
s 10 N
n
12 +
14 +
16
18
20
a Boring, Sample #, Depth D59RL , #1,5.0 ft Preconsolidation Pressure, ksf
éJ USCS Classification: Sandy SILT (ML): dark grayish brown, moist > Inundation Increment, ksf 0.10
s g Liquid Limit
(</() % Plastic Limit
Initial Final 8 Plasticity Index
& Water Content, % 22.5% 18.9% Passing *200
E Dry Unit Weight, pcf 103.3 111.1 Estimated Gs 2.65
I&J Saturation, % 99% 102% Q Test Method: D2435
8 Void Ratio 0.60 0.49 %
Q. |Diameter, in 2.42 2.42 E
Height, in 0.81 0.76 04

CONSOLIDATION TEST RESULTS
Blue Lake Levee Evaluation
Humboldt County, California

PLATE C-7



Client: Humboldt County Job No.: 14-1949.02

Project: Blue Lake Levee evaluation Lab No.: 7604
Location: Blue Lake
Material Description: Sand CURVE NO.: 1

Material Supplier: NA
Material Type: On-site
Sample Location: D30RC Bl @ 15-20

Sampled By: JB Date Sampled:
Received By: DL Date Received:
Tested By: JFB Date Tested: 16-Jul-14
Reviewed By: AB Date Reviewed:
Test Procedure: ASTM Method: D-1557

Oversized Material (%), +3/4": Correction Required:[ __No |

145.0
\ .
\ B CURVENO.:1

140.0
4 \\
3 /N
; 135.0 // \Q\ Zero Air Voids
al \ N\
5 / \
g 130.0 ‘ N
> N\
o

N\
125.0 N\
N\
N\
120.0

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
MOISTURE, %

[SPECIMEN A B C D

MOISTURE AT TEST, % 7.1 8.9 55

[DRY DENSITY 136.6 130.9 129.9
Maximum Dry Density, PCF 136.8 @ Optimum Moisture, % 7.2
With 10% Rock Correction 139.4 Corrected Moisture Content 6.5
With 20% Rock Correction 142.1 Corrected Moisture Content 5.8
With 30% Rock Correction 145.0 Corrected Moisture Content 5.0

PLATE C-8
Copyright (c) 2011 - 2014
CGlI Technical Services, Inc. Page 1 of 1 D-1557 jlh
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Humboldt County Public Works Department C CGI TECHNICAL —l'-llGRIl
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APPENDIX D
SOIL PARAMETER SYNTHESIS

INTRODUCTION

This appendix presents a synthesis of soil property data and summarizes soil
parameters used for evaluations. Parameters include unit weight, permeability, and shear
strength. Parameters were developed from field exploration (drill holes, CPTs and pumping
tests) and laboratory tests performed for the Blue Lake Levee Evaluation. This appendix should
not be used independently from the geotechnical report.

Geotechnical design values for impervious and pervious (sand and gravel) materials
were also included in the Detailed Project Report (USACE, 1962). Listed values include dry unit
weights, moist weights, saturated weights, buoyed weights, and shear strength parameters.
These values are presented on Plate A-8.

UNIT WEIGHT

Plate D-1 presents a plot of measured dry density versus elevation for pervious and
impervious fill and foundation soils for selected samples from drill holes. Fill soils are composed
of both granular, generally pervious material and fine-grained, generally impervious material.

Plate D-2 presents a plot of measured total unit weight versus elevation for pervious and
impervious fill and foundation soils. Selected dry and total unit weight values are summarized
on Plate D-3.

Based on a review of USACE (1962), we assumed the pervious fill material was sourced
from local stream deposits. Although estimated unit weights for two existing fill samples tested
by the USACE (1962) were approximately 101 and 113 pcf, we selected a value of 120 pcf
based on the estimated density of sandy and gravelly materials encountered below the levee fill
(i.e., pervious foundation materials).

PERMEABILITY
Fines Content and Dyq

Fines content is the percentage of soil passing the No. 200 sieve (0.074 mm particle
size). Measured values are plotted on Plate D-4 versus elevation. Most of the data are for
pervious foundation soils between elevations +55 and +85 feet.

The D4, value is defined as the diameter where 10-percent of the grains are smaller in
diameter. Measured values of D4 are plotted on Plate D-5 versus elevation. Most of the data
are for sandy alluvial soils between elevations +55 and +85 feet.

As indicated on Plate D-4, fines content data for pervious foundation soils suggest those
soils consist primarily of sand with silt and gravel, and gravel with silt and sand, with fines
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content between 5- and 12-percent. As indicated on Plate D-5, D,y values for pervious
foundation soils range from about 0.01 to 1.0 mm.

Saturated Permeability for Pervious Soil

Plate D-6 presents a plot of estimated permeability data for levee fill materials that
includes laboratory testing estimates and empirical permeability estimates based on Chapuis
(2004) using D4 and void ratio values. Plate D-7 presents a plot of estimated permeability data
for levee foundation materials that includes empirical permeability estimates from D4, values
and laboratory testing estimates from this study and USACE (1962).

Pertinent points about the data sets shown on Plates D-6 and D-7 include the following:

e Permeability estimates based on Dy values are primarily pertinent to pervious soils;

¢ Permeability values measured in laboratory on samples collected during field
investigation are representative of vertical permeability; and

e Permeability estimates using D4, and void ratio are representative of vertical
permeability

As shown on Plate D-6, limited data was collected for the levee fill materials. Plate D-7
shows permeability variations of about 3% orders of magnitude for primarily coarse-grained
soils. Permeability of pervious soils is dependent on grain size variations and fines content;
hence, variation over more than one order of magnitude is not uncommon.

Selected Saturated Permeability

Selected saturated permeability values for different materials anticipated for the levee
project are summarized on Plate D-8. Both horizontal (k,) and vertical permeability (k) values
are required for numerical seepage modeling. Permeability values are assigned by inputting the
saturated permeability in the horizontal direction, and the vertical to horizontal permeability ratio
(k/kp).

Unsaturated Permeability

For steady seepage conditions, unsaturated zones will occur within the levee fill.
Seepage modeling of unsaturated zones requires variations of unsaturated permeability as a
function of matric suction (air pressure minus pore pressure). Unsaturated permeability
estimates are typically based on laboratory measured volumetric water content versus matric
suction variations and theoretical/empirical derivations of unsaturated permeability.

Because no direct measurements of volumetric water content versus matric suction were
performed, curves for volumetric water content and unsaturated permeability were estimated
using generic curves programmed into SLIDE for anticipated levee fill and foundation materials.
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SHEAR STRENGTH
Summary

Shear strength parameters are summarized on Plate D-9 for levee and foundation
materials. Shear strength parameters were developed from field and laboratory data, and as
described below.

For slope stability evaluations, different shear strength parameters are applied for
different conditions, which include the following:

e Analyses for long-term, steady state seepage conditions apply drained shear
strength (or effective stress) parameters for all soil types;

¢ Analyses for rapid drawdown conditions apply drained parameters for pervious soils
and consolidated-undrained or R-envelope parameters for impervious soils; and

e Analyses for seismic conditions apply drained parameters for pervious soils and
undrained parameters for impervious soils.

Drained Shear Strength for Foundation Soils

Pervious Materials. Direct shear testing was performed on selected samples of fill and
coarse-grained alluvium. Individual tests results are presented in Appendix C. Based on a
review of USACE (1962), we assumed the pervious fill material was sourced from local stream
deposits. Thus, we assumed strength properties for both the pervious fill and foundation
material are generally similar.

Plate D-10 presents a summary plot of direct shear data for pervious fill and foundation
material. USACE (1962) lists three friction angles based on direct shear tests of undisturbed
samples ranging between 27 and 30 degrees for the pervious materials. However, individual
test data points were not provided and as a result, were not included on the summary plot. For
this study, a friction angle of 33 degrees was interpreted. For slope stability analyses, zero
cohesion was assumed for the pervious foundation material. An effective or “apparent” cohesion
of 25 psf was assumed for the pervious fill material to approximate the low effective shear
strength effects for unsaturated shear strength within the levee fill and surficial strength provided
by vegetation.

The friction angle for pervious materials was compared to friction angle estimates based
on CPT tip resistance. CPT-based friction angle estimates are generally higher than the value
interpreted from direct shear data.

Impervious Materials. Direct shear tests and consolidated-undrained (CU) triaxial
shear tests with pore pressure measurements were performed to develop strength parameters
for impervious materials. Individual test results are presented in Appendix C. Based on a review
of USACE (1962), we assumed the impervious fill material was imported from sources within 172
to 3 miles of the site. Thus, we assumed strength properties for the impervious fill and
foundation material are generally dissimilar.
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Drained Shear Strength. Plates D-11 and D-12 present shear strength data used to
develop drained strength parameters for impervious fill and impervious foundation material,
respectively. Direct shear data and staged consolidated-undrained (CU) Mohr-circle data are
plotted with final p-q values shown for each CU test stage. The q value is the maximum shear
stress [q=(04—03)/2=(0+/—03)/2] and p’ is the mean effective stress [p'=(0:/+03)/2]. The
estimated envelope shown was plotted to approximate a line tangent to CU Mohr-circle data
and aligned with the general trend of direct shear data.

USACE (1962) lists two friction angles based on direct shear tests of remolded samples
as 23 and 29 degrees for the impervious fill materials, with cohesion values of 300 psf and 80
psf, respectively. However, individual test data points were not provided and as a result, were
not included on Plate D-11. A friction angle of 30 degrees and 300 psf cohesion was interpreted
from drained shear strength results for impervious fill material.

In addition, USACE (1962) lists three friction angles based on direct shear tests of
undisturbed samples ranging from 25 to 28 degrees for the impervious foundation materials with
cohesion values ranging from zero to 300 psf, respectively. Individual test data points were not
provided and as a result, were not included on Plate D-12. A friction angle of 31 degrees and
200 psf cohesion was interpreted from drained shear strength results for impervious foundation
material.

Consolidated-Undrained Shear Strength. R-envelope shear strength parameters
used for rapid drawdown slope stability analyses are plotted on Plates D-13 and D-14. The R-
envelope is sometimes incorrectly referred to as a total stress envelope. The cg and ¢r values
are used by SLIDE (Rocscience, 2014) for rapid drawdown analyses. Plates D-13 and D-14
present plots developed with CU test data for impervious fill and foundation samples,
respectively, along with interpreted cr and ¢r values.

Undrained Shear Strength for Impervious Material

Undrained shear strength data is available for impervious fill and foundation material
from field pocket penetrometer measurements, field torvane measurements, and CPT
interpretations. Summary plots of undrained shear strength versus elevation are presented as
Plates D-15 and D-16 for impervious fill and foundation material.

As shown on Plate D-15, limited data was collected for the impervious levee fill material.
Pocket penetrometer and torvane data plotted on Plate D-16 generally correlate well with CPT-
interpreted undrained shear strength for the impervious foundation material. Undrained shear
strength values of 2,000 psf and 1,200 psf were selected for the impervious fill and foundation
materials, respectively.

Undrained Residual Shear Strength for Pervious Foundation Material

Undrained residual shear strength values were estimated for potentially liquefiable strata
according to the empirical correlations proposed by Seed and Harder (1990). The undrained
residual shear strength values were estimated based on blow counts for each section evaluated
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and ranged from 175 psf to 600 psf. Estimated undrained residual strength values for
liquefiable strata are shown on slope stability output presented in Appendix E.
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Selected Design Dry

Selected Design Total

ot Unit Weight (pcf) Unit Weight (pcf)
Pervious Fill 100 120
Impervious Core 110 125
Impervious Foundation 100 120
Pervious
Foundation 105 125

Summary of Unit Weight Data
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Horizontal Vertical Assumed
Permeability, Kh Permeability, Kv Ratio
Unit
ft/day cm/s ft/day cm/s Kv/Kh
Pervious Fill 144 0.050 72 0.025 0.50
Impervious Fill 0.004 1.5E-06 0.001 3.8E-07 0.25
Pervious 144 0.052 37 0.013 0.25
Foundation
Impervious 0.04 1.4E-05 0.01 3.5E-06 0.25
Foundation

Summary of Selected Saturated Permeability Values
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Tota! Unit Effective Stress/CD Conditions |R-Envelope/CU Conditions quufactlon_/L_Jndra|ned
Weight Conditions
Unit
¥ (pcf) ¢’ (psf) ¢' (deg) Cr (psf) dr (deg) Su (psf)
. . Non-liquefiable
Pervious Fill 120 25 33 -- -- (above water table)
Impervious Fill 125 300 30 130 35 2000
Impervious Foundation 120 200 31 120 28 1200
Pervious Foundation 125 0 33 -- -- Refer to Note Below

Note: Undrained Residual Strength varied for each section with potentially liquefiable Pervious
Foundation material. Refer to Appendix E, SLIDE Output for parameters applied to each section.

Summary of Shear Strength Parameters

PLATE D-9
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LIQUEFACTION ANALYSIS REPORT

Project title : Blue Lake Levee

Project subtitle : D1RC

Input parameters and analysis data

In-situ data type: Standard Penetration Test Depth to water table: 20.00 ft
Analysis type: Deterministic Earthquake magnitude M,: 9.00
Analysis method: NCEER 1998 Peak ground accelaration: 0.23 g
Fines correction method: ~ Idriss & Seed User defined F.S.: 1.00
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it Field input data ::

Point ID Depth Field Nser Unit weight Fines content
(ft) (blows/feet) (pcf) (%)
1 4.50 10.00 120.00 5.50
2 7.00 7.70 120.00 5.50
3 9.50 10.50 120.00 5.50
4 14.50 15.00 120.00 12.90
5 19.50 20.00 120.00 12.90
6 24.50 15.00 120.00 9.10
7 29.50 29.00 120.00 9.10
8 34.50 48.00 120.00 9.30
9 39.50 37.00 120.00 9.30
10 44.50 44.00 120.00 9.30
11 49.50 60.00 120.00 9.30
Depth : Depth from free surface, at which SPT was performed (ft)
Field SPT : SPT blows measured at field (blows/feet)

Unit weight : Bulk unit weight of soil at test depth (pcf)

Fines content :  Percentage of fines in soil (%)

i1 Cyclic Stress Ratio calculation (CSR fully adjusted and normalized) ::

Point ID Depth Sigma u Sigma' rg CSR  MSF CSRegme7s Kagms CSR’
(ft) (tsf) (tsf) (tsf)

1 4.50 0.27 0.00 0.27 0.99 0.15 0.63 0.24 1.00 0.24
2 7.00 0.42 0.00 0.42 0.98 0.15 0.63 0.23 1.00 0.23
3 9.50 0.57 0.00 0.57 0.98 0.15 0.63 0.23 1.00 0.23
4 14.50 0.87 0.00 0.87 0.97 0.14 0.63 0.23 1.00 0.23
5 19.50 1.17 0.00 1.17 0.95 0.14 0.63 0.23 0.98 0.23
6 24.50 1.47 0.14 1.33 0.94 0.16 0.63 0.25 0.95 0.26
7 29.50 1.77 0.30 1.47 0.93 0.17 0.63 0.27 0.93 0.29
8 34.50 2.07 0.45 1.62 0.89 0.17 0.63 0.27 0.92 0.30
9 39.50 2.37 0.61 1.76 0.85 0.17 0.63 0.27 0.90 0.30
10 44.50 2.67 0.77 1.91 0.81 0.17 0.63 0.27 0.89 0.31
11 49.50 2.97 0.92 2.05 0.77 0.17 0.63 0.27 0.87 0.31
Depth : Depth from free surface, at which SPT was performed (ft)

Sigma : Total overburden pressure at test point, during earthquake (tsf)

u: Water pressure at test point, during earthquake (tsf)

Sigma’ : Effective overburden pressure, during earthquake (tsf)

fq: Nonlinear shear mass factor

CSR: Cyclic Stress Ratio

MSF : Magnitude Scaling Factor

CSReo 75 CSR adjusted for M=7.5

K o Effective overburden stress factor

CSR CSR fully adjusted
:: Cyclic Resistance Ratio calculation CRR;s ::

PointID FieldSPT G G G G C Nio) DeltaN Nieoxs CRR:s

1 10.00 1.70 090 1.15 0.75 1.00 13.13 0.05 14.00 0.15

2 7.70 1.58 093 1.15 0.75 1.00 9.74 0.04 10.00 0.11

3 10.50 1.35 096 1.15 0.85 1.00 13.40 0.05 14.00 0.15

4 15.00 1.10 1.03 1.15 0.85 1.00 16.61 246 20.00 0.22

5 20.00 094 1.10 1.15 0.95 1.00 22.78 2.68 26.00 0.30

6 15.00 0.89 1.17 1.15 095 1.00 17.03 0.88 18.00 0.20

7 29.00 0.84 1.24 1.15 1.00 1.00 34.87 1.19 37.00 2.00

8 48.00 0.80 1.31 1.15 1.00 1.00 58.16 1.71 60.00 2.00

9 37.00 0.77 133 1.15 1.00 1.00 43.68 145 46.00 2.00

10 44.00 0.74 133 1.15 1.00 1.00 49.95 1.56 52.00 2.00

11 60.00 0.71 133 1.15 1.00 1.00 65.68 1.85 68.00 2.00

LigIT v.4.7.6.2 - Soil Liquefaction Assesment Software
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:: Cyclic Resistance Ratio calculation CRRys ::

Point ID  Field SPT Co C Co C Cs Nio) DeltaN Nieoxs CRRss
Overburden corretion factor

Gt Energy correction factor

G Borehole diameter correction factor

| o Rod length correction factor

- Liner correction factor

Nyeo) * Corrected Negry

DeftaN : Addition to corrected Neor value due to the presence of fines

Nyoones * Corected Ny, value for fines

CRR; ) : Cyclic resistance ratio for M=7.5

:: Settlements calculation for saturated sands ::

Point ID Nicso) N: FS e Settle.
(%) (in)
1 14.00 11.67 0.65 3.21 0.00
2 10.00 8.33 0.47 3.88 0.00
3 14.00 11.67 0.65 3.21 0.00
4 20.00 16.67 0.94 2.35 0.00
5 26.00 21.67 1.30 0.16 0.00
6 18.00 15.00 0.75 2.68 1.61
7 37.00 30.83 5.00 0.00 0.00
8 60.00 50.00 5.00 0.00 0.00
9 46.00 38.33 5.00 0.00 0.00
10 52.00 43.33 5.00 0.00 0.00
11 68.00 56.67 5.00 0.00 0.00
Total settlement : 1.61
Ny eyt Stress normalized and corrected SPT blow count
1 Japanese equivalent corrected value
FS: Calculated factor of safety
& Post-liquefaction volumentric strain (%)
Settie.: Calculated settlement (in)

:: Liquefaction potential according to Iwasaki ::

Point ID F Wz I
1 0.35 9.31 4.51
2 0.53 8.93 3.63
3 0.35 8.55 2.25
4 0.06 7.79 0.66
5 0.00 7.03 0.00
6 0.25 6.27 2.40
7 0.00 5.50 0.00
8 0.00 4.74 0.00
9 0.00 3.98 0.00
10 0.00 3.22 0.00
11 0.00 2.46 0.00

Overall potential I, : 13.44

I, = 0.00 - No lquefaction

I, between 0.00 and 5 - Liquefaction not probable
I, between 5 and 15 - Liquefaction probable
I, > 15 - Liquefaction certain
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C CGI TecHNICAL
b SERvVICES INC.

CGI Technical Services, Inc.
1612 Wedding Way

Redding, CA 96003
currygroup.com

LIQUEFACTION ANALYSIS REPORT

Project title : Blue Lake Levee

Project subtitle : D10RC

Input parameters and analysis data

In-situ data type:
Analysis type:

Deterministic

Standard Penetration Test

Depth to water table: 20.00 ft

Earthquake magnitude M, 9.00

Analysis method: NCEER 1998 Peak ground accelaration: 0.23 g
Fines correction method: ~ Idriss & Seed User defined F.S.: 1.00
SPT data graph Shear stress ratio Factor of safety Settlements (in)
0.00+ 0.00 0.00 0.00
2.00 2,00 2.00 2.00
4.00: 4‘00-5 4_(»-: \ -|.00-_l
6.00 6.00] 6007 ) 6.004
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12.004 12.00- 12.00 12.00
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18.00 18.00 18.00- 18.00
20,00 20.00 20007 ) 20.004
= 22,007 £ 22,007 22.00 Z 22.00
= 24.00 = 24.001 24,00 24.00]
£ 26.007 £ 26.00] \ 26.00- \ 26.00
28.00 28.00+] 28.00- 28,00
30,001 30.004 30.00] 30.00
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34,00 34.00- 4 34.00 34.004
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42.00 42,004 42.00 42.00
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This software is licensed to : Azeddine Bahloul

it Field input data ::

Point ID Depth Field Nser Unit weight Fines content
(ft) (blows/feet) (pcf) (%)
1 4.50 13.00 120.00 0.00
2 6.00 16.80 120.00 0.00
3 7.00 16.80 120.00 0.00
4 9.50 11.90 120.00 0.00
5 14.50 9.00 120.00 0.00
6 19.50 20.00 120.00 6.40
7 24.50 14.00 120.00 6.40
8 29.50 29.00 120.00 8.50
9 34.50 74.00 120.00 8.50
10 39.50 35.00 120.00 9.30
11 44.50 27.00 120.00 9.30
12 49.50 50.00 120.00 16.90
Depth : Depth from free surface, at which SPT was performed (ft)
Field SPT : SPT blows measured at field (blows/feet)
Unit weight : Bulk unit weight of soil at test depth (pcf)

Fines content :  Percentage of fines in soil (%)

:: Cyclic Stress Ratio calculation (CSR fully adjusted and normalized) ::

Point ID Depth Sigma u Sigma' ra CSR  MSF CSRegym.7s Kugma CSR’
(ft) (tsf) (tsf) (tsf)

1 4.50 0.27 0.00 0.27 0.99 0.15 0.63 0.24 1.00 0.24
2 6.00 0.36 0.00 0.36 0.99 0.15 0.63 0.24 1.00 0.24
3 7.00 0.42 0.00 0.42 0.98 0.15 0.63 0.23 1.00 0.23
4 9.50 0.57 0.00 0.57 0.98 0.15 0.63 0.23 1.00 0.23
5 14.50 0.87 0.00 0.87 0.97 0.14 0.63 0.23 1.00 0.23
6 19.50 1.17 0.00 1.17 0.95 0.14 0.63 0.23 0.98 0.23
7 24.50 1.47 0.14 1.33 0.94 0.16 0.63 0.25 0.95 0.26
8 29.50 1.77 0.30 1.47 0.93 0.17 0.63 0.27 0.93 0.29
9 34.50 2.07 0.45 1.62 0.89 0.17 0.63 0.27 0.92 0.30
10 39.50 2.37 0.61 1.76 0.85 0.17 0.63 0.27 0.90 0.30
11 44.50 2.67 0.77 1.91 0.81 0.17 0.63 0.27 0.89 0.31
12 49.50 2.97 0.92 2.05 0.77 0.17 0.63 0.27 0.87 0.31
Depth : Depth from free surface, at which SPT was performed (ft)

Sigma : Total overburden pressure at test point, during earthquake (tsf)

u: Water pressure at test point, during earthquake (tsf)

Sigma’ : Effective overburden pressure, during earthquake (tsf)

fq: Nonlinear shear mass factor

CSR: Cyclic Stress Ratio

MSF : Magnitude Scaling Factor

CSReg a7 CSR adjusted for M=7.5

K gre Effective overburden stress factor

CSR CSR fully adjusted
:: Cyclic Resistance Ratio calculation CRR;s ::

Point ID  Field SPT Ca C Co C Cs Niso)y DeltaN Nieopxs CRR;s

1 13.00 1.70 0.90 1.15 0.75 1.00 17.07 0.00 18.00 0.20

2 16.80 1.70 092 1.15 0.75 1.00 22.58 0.00 23.00 0.25

3 16.80 1.58 093 1.15 0.75 1.00 21.26 0.00 22.00 0.24

4 11.90 1.35 096 1.15 0.85 1.00 15.19 0.00 16.00 0.17

5 9.00 1.10 1.03 1.15 0.85 1.00 9.97 0.00 10.00 0.11

6 20.00 0.94 1.10 1.15 0.95 1.00 22.78 0.20 23.00 0.25

7 14.00 0.89 1.17 1.15 0.95 1.00 15.90 0.15 17.00 0.18

8 29.00 0.84 1.24 1.15 1.00 1.00 34.87 0.93 36.00 2.00

9 74.00 0.80 1.31 1.15 1.00 1.00 89.67 1.74 92.00 2.00

10 35.00 0.77 133 1.15 1.00 1.00 41.32 140 43.00 2.00
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This software is licensed to : Azeddine Bahloul

:: Cyclic Resistance Ratio calculation CRRys ::

PointID FieldSPT G G G G C. Niso) DeltaN Nieoxs CRR:s
11 27.00 0.74 133 1.15 1.00 1.00 30.65 1.21 32.00 2.00
12 50.00 0.71 133 1.15 1.00 1.00 54.73 6.24 61.00 2.00
Gt Overburden corretion factor

G Energy correction factor

G Borehole diameter correction factor

s Rod length correction factor

[ - Liner correction factor

Nyeo) Corrected Neer

DeltaN : Addition to corrected Neor value due to the presence of fines

Nyeoes © Corected Ny value for fines

CRR; ) : Cydlic resistance ratio for M=7.5

:: Settlements calculation for saturated sands ::

Point ID Niso) Ny FS¢ e, Settle.
(%) (in)
1 18.00 15.00 0.83 2.66 0.00
2 23.00 19.17 1.08 0.58 0.00
3 22.00 18.33 1.03 0.98 0.00
4 16.00 13.33 0.75 291 0.00
5 10.00 8.33 0.48 3.88 0.00
6 23.00 19.17 1.09 0.53 0.00
7 17.00 14.17 0.71 2.78 1.67
8 36.00 30.00 5.00 0.00 0.00
9 92.00 76.67 5.00 0.00 0.00
10 43.00 35.83 5.00 0.00 0.00
11 32.00 26.67 5.00 0.00 0.00
12 61.00 50.83 5.00 0.00 0.00
Total settlement : 1.67
Ny seop Stress normalized and corrected SPT blow count
Nyt Japanese equivalent corrected value
FS: Calculated factor of safety
';;n - Post-liquefaction volumentric strain (%)

Calculated settlement (in)

:: Liquefaction potential according to Iwasaki ::

Point ID F W; I
1 0.17 9.31 2.19
2 0.00 9.09 0.00
3 0.00 8.93 0.00
4 0.25 8.55 1.65
5 0.52 7.79 6.23
6 0.00 7.03 0.00
7 0.29 6.27 2.79
8 0.00 5.50 0.00
9 0.00 4.74 0.00
10 0.00 3.98 0.00
11 0.00 3.22 0.00
12 0.00 2.46 0.00

Overall potential I, : 12.86

I, = 0.00 - No lquefaction
I, between 0.00 and 5 - Liquefaction not probable

I, between 5 and 15 - Uquefaction probable
I > 15 - Liquefaction certain
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& CGI Technical Services, Inc.
C CGI TecHNICAL 1612 Wedding Way
b SErvICES INC. Redding, CA 96003

currygroup.com

LIQUEFACTION ANALYSIS REPORT

Project title : Blue Lake Levee

Project subtitle : D20RC

Input parameters and analysis data

In-situ data type: Standard Penetration Test Depth to water table: 20.00 ft
Analysis type: Deterministic Earthquake magnitude M,,: 9.00
Analysis method: NCEER 1998 Peak ground accelaration: 0.23g
Fines correction method: Idriss & Seed User defined F.S.: 1.00
SPT data graph Shear stress ratio Factor of safety Settlements (in)
0.00 3 0.00 0.00 0.00 ]
2.00 2,00 2.00 2.00
4.00 4.00 4.00- 4.004
6.00 6.00 6.00 6.00
8.00 8.00 8.00- 8.00
10.00 10.00 10.00- 10.00
12.00 12.00 12.00 12.00
14.00 14.00 14.00 14.004
16.00- 16.00 16.00- 16.00-
18.00 18.00 18.00- 18.00
20.00 20.00 20,00 20.00
= 22,007 £ 22,007 22.00 22.00
= 24.00 £ 24.00 24.00- 24.004
§ 26.00 g 26.00 26.00+ 26.00-
28.00 28.00 28.00 28,00+
30.00 30.00 30.00 30.00
32.007 32.001 32.00 32.007
34,00 34.00 34.00 34.00
36.007 36.00- 36.00 36.00
38.00-] 38,00 38.00 38.00
40,00~ 40,00 1 40.00- 40.00-
42.00 42,00 42.00 42.00-
44,00 44,00 4 44.00- 44.004
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48.004 48.00 48.00 48.00
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This software is licensed to : Azeddine Bahloul

it Field input data ::

Point ID Depth Field Nser Unit weight Fines content
(ft) (blows/feet) (pcf) (%)
1 4.50 11.90 120.00 0.00
2 9.50 5.00 120.00 0.00
3 14.50 4.90 120.00 0.00
4 19.50 4.20 120.00 0.00
5 24.50 31.00 120.00 8.50
6 29.50 20.00 120.00 8.50
7 34.50 40.00 120.00 7.20
8 39.50 32.00 120.00 7.20
9 44.50 28.00 120.00 7.20
10 49.50 35.00 120.00 7.20
Depth : Depth from free surface, at which SPT was performed (ft)
Field SPT : SPT blows measured at field (blows/feet)
Unit weight : Bulk unit weight of soil at test depth (pcf)

Fines content :  Percentage of fines in soil (%)

:: Cyclic Stress Ratio calculation (CSR fully adjusted and normalized) ::

Point ID Depth Sigma u Sigma' r4 CSR  MSF CSRegme7s Kagms CSR’
(ft) (tsf) (tsf) (tsf)

1 4.50 0.27 0.00 0.27 0.99 0.15 0.63 0.24 1.00 0.24
2 9.50 0.57 0.00 0.57 0.98 0.15 0.63 0.23 1.00 0.23
3 14.50 0.87 0.00 0.87 0.97 0.14 0.63 0.23 1.00 0.23
4 19.50 1.17 0.00 1.17 0.95 0.14 0.63 0.23 0.98 0.23
5 24.50 1.47 0.14 1.33 0.94 0.16 0.63 0.25 095 0.26
6 29.50 1.77 0.30 1.47 0.93 0.17 0.63 0.27 0.93 0.29
7 34.50 2.07 0.45 1.62 0.89 0.17 0.63 0.27 0.92 0.30
8 39.50 2.37 0.61 1.76 0.85 0.17 0.63 0.27 0.90 0.30
9 44.50 2.67 0.77 1.91 0.81 0.17 0.63 0.27 0.89 0.31
10 49.50 2.97 0.92 2.05 0.77 0.17 0.63 0.27 0.87 0.31
Depth : Depth from free surface, at which SPT was performed (ft)

Sigma : Total overburden pressure at test point, during earthquake (tsf)
u: Water pressure at test point, during earthquake (tsf)

Sigma’ : Effective overburden pressure, during earthquake (tsf)
'K Nonlinear shear mass factor

CSR : Cyclic Stress Ratio
MSF : Magnitude Scaling Factor

CSR g me75 CSR adjusted for M=7.5

g Effective overburden stress factor

CSR CSR fully adjusted

:: Cyclic Resistance Ratio calculation CRRs ::

PointID FieldSPT G G G G C Nio) DeltaN Niyeoxs CRR:s
1 11.90 1.70 0.90 1.15 0.75 1.00 15.63 0.00 16.00 0.17
2 5.00 1.35 096 1.15 0.85 1.00 6.38 0.00 7.00 0.08
3 4.90 1.10 1.03 1.15 0.85 1.00 5.43 0.00 6.00 0.07
4 4.20 094 1.10 1.15 095 1.00 4.78 0.00 5.00 0.07
5 31.00 0.89 1.17 1.15 095 1.00 35.20 0.94 37.00 2.00
6 20.00 0.84 1.24 1.15 1.00 1.00 24.05 0.77 25.00 0.29
7 40.00 0.80 1.31 1.15 1.00 1.00 48.47 0.60 50.00 2.00
8 32.00 0.77 133 1.15 1.00 1.00 37.78 0.50 39.00 2.00
9 28.00 0.74 133 1.15 1.00 1.00 31.79 0.45 33.00 2.00
10 35.00 0.71 133 1.15 1.00 1.00 38.31 0.51 39.00 2.00
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:: Cyclic Resistance Ratio calculation CRRys ::

Point ID Field SPT Ca Ce o C C; Nx[eo)

DeltaN Nieoxs CRRss

Overburden corretion factor

Gt Energy correction factor

G Borehole diameter correction factor

| o Rod length correction factor

- Liner correction factor

Nyeo) * Corrected Negry

DeftaN : Addition to corrected Neor value due to the presence of fines
Nyoones * Corected Ny, value for fines

CRR; ) : Cyclic resistance ratio for M=7.5

:: Settlements calculation for saturated sands ::

Point ID Nicso) Ny FS¢ e, Settle.
(%) (in)
1 16.00 13.33 0.74 291 0.00
2 7.00 5.83 0.35 4.46 0.00
3 6.00 5.00 0.32 4.77 0.00
4 5.00 4.17 0.28 5.07 0.00
5 37.00 30.83 5.00 0.00 0.00
6 25.00 20.83 1.00 1.34 0.80
7 50.00 41.67 5.00 0.00 0.00
8 39.00 32.50 5.00 0.00 0.00
9 33.00 27.50 5.00 0.00 0.00
10 39.00 32.50 5.00 0.00 0.00

Total settlement : 0.80

Ny seopt Stress normalized and corrected SPT blow count
1 Japanese equivalent corrected value

FS: Calculated factor of safety

& Post-liquefaction volumentric strain (%)

Settle.: Calculated settlement (in)

:: Liquefaction potential according to Iwasaki ::

Point ID F Wz I
1 0.26 9.31 3.35
2 0.65 8.55 8.52
3 0.68 7.79 8.12
4 0.72 7.03 7.67
5 0.00 6.27 0.00
6 0.00 5.50 0.02
7 0.00 4.74 0.00
8 0.00 3.98 0.00
9 0.00 3.22 0.00
10 0.00 2.46 0.00

Overall potential I, : 27.69

I, = 0.00 - No lquefaction

I, between 0.00 and 5 - Liquefaction not probable
I, between 5 and 15 - Liquefaction probable

I, > 15 - Liquefaction certain
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C CGI TecHNICAL
b SERvVICES INC.

CGI Technical Services, Inc.
1612 Wedding Way

Redding, CA 96003
currygroup.com

LIQUEFACTION ANALYSIS REPORT

Project title : Blue Lake Levee

Project subtitle : D30RC

Input parameters and analysis data

In-situ data type: Standard Penetration Test Depth to water table: 20.00 ft
Analysis type: Deterministic Earthquake magnitude M,: 9.00
Analysis method: NCEER 1998 Peak ground accelaration: 0.23 g
Fines correction method: Idriss & Seed User defined F.S.: 1.00
SPT data graph Shear stress ratio Factor of safety Settlements (in)
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This software is licensed to : Azeddine Bahloul

it Field input data ::

Point ID Depth Field Nser Unit weight Fines content
(ft) (blows/feet) (pcf) (%)
1 4.50 28.00 120.00 10.40
2 7.00 10.50 120.00 10.40
3 9.50 5.60 120.00 10.40
4 14.50 10.00 120.00 10.40
5 19.50 11.00 120.00 73.80
6 24.50 32.00 120.00 73.80
7 29.50 31.00 120.00 7.80
8 34.50 25.00 120.00 7.80
9 39.50 32.00 120.00 8.70
10 44.50 54.00 120.00 8.70
11 49.50 33.00 120.00 7.80
Depth : Depth from free surface, at which SPT was performed (ft)
Field SPT : SPT blows measured at field (blows/feet)
Unit weight : Bulk unit weight of soil at test depth (pcf)

Fines content :  Percentage of fines in soil (%)

i1 Cyclic Stress Ratio calculation (CSR fully adjusted and normalized) ::

Point ID Depth Sigma u Sigma' rg CSR  MSF CSRegme7s Kagms CSR’
(ft) (tsf) (tsf) (tsf)

1 4.50 0.27 0.00 0.27 0.99 0.15 0.63 0.24 1.00 0.24
2 7.00 0.42 0.00 0.42 0.98 0.15 0.63 0.23 1.00 0.23
3 9.50 0.57 0.00 0.57 0.98 0.15 0.63 0.23 1.00 0.23
4 14.50 0.87 0.00 0.87 0.97 0.14 0.63 0.23 1.00 0.23
5 19.50 1.17 0.00 1.17 0.95 0.14 0.63 0.23 0.98 0.23
6 24.50 1.47 0.14 1.33 0.94 0.16 0.63 0.25 0.95 0.26
7 29.50 1.77 0.30 1.47 0.93 0.17 0.63 0.27 0.93 0.29
8 34.50 2.07 0.45 1.62 0.89 0.17 0.63 0.27 0.92 0.30
9 39.50 2.37 0.61 1.76 0.85 0.17 0.63 0.27 0.90 0.30
10 44.50 2.67 0.77 1.91 0.81 0.17 0.63 0.27 0.89 0.31
11 49.50 2.97 0.92 2.05 0.77 0.17 0.63 0.27 0.87 0.31
Depth : Depth from free surface, at which SPT was performed (ft)

Sigma : Total overburden pressure at test point, during earthquake (tsf)
u: Water pressure at test point, during earthquake (tsf)

Sigma’ : Effective overburden pressure, during earthquake (tsf)
fq: Nonlinear shear mass factor

CSR: Cyclic Stress Ratio
MSF : Magnitude Scaling Factor

CSReo 75 CSR adjusted for M=7.5
K o Effective overburden stress factor
CSR CSR fully adjusted

:: Cyclic Resistance Ratio calculation CRR;s ::

PointID FieldSPT G G G G C Nio) DeltaN Nieoxs CRR:s
1 28.00 1.70 090 1.15 0.75 1.00 36.77 1.87 39.00 2.00
2 10.50 1.58 093 1.15 0.75 1.00 13.28 1.32 15.00 0.16
3 5.60 1.35 096 1.15 0.85 1.00 7.15 1.17 9.00 0.10
4 10.00 1.10 1.03 1.15 0.85 1.00 11.08 1.26 13.00 0.14
5 11.00 094 1.10 1.15 0.95 1.00 12.53 7.51 21.00 0.23
6 32.00 0.89 1.17 1.15 0.95 1.00 36.34 12.27 49.00 2.00
7 31.00 0.84 1.24 1.15 1.00 1.00 37.28 0.70 38.00 2.00
8 25.00 0.80 1.31 1.15 1.00 1.00 30.29 0.61 31.00 2.00
9 32.00 0.77 133 1.15 1.00 1.00 37.78 1.06 39.00 2.00
10 54.00 0.74 133 1.15 1.00 1.00 61.30 143 63.00 2.00
11 33.00 0.71 133 1.15 1.00 1.00 36.12 0.68 37.00 2.00
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:: Cyclic Resistance Ratio calculation CRRys ::

Point ID Field SPT Ca Ce o C C; Nx[eo)

DeltaN Nieoxs CRRss

Overburden corretion factor

Gt Energy correction factor

G Borehole diameter correction factor

| o Rod length correction factor

- Liner correction factor

Nyeo) * Corrected Negry

DeftaN : Addition to corrected Neor value due to the presence of fines
Nyoones * Corected Ny, value for fines

CRR; ) : Cyclic resistance ratio for M=7.5

:: Settlements calculation for saturated sands ::

Point ID Nicso) Ny FS¢ e, Settle.
(%) (in)
1 39.00 32.50 5.00 0.00 0.00
2 15.00 12.50 0.70 3.06 0.00
3 9.00 7.50 0.43 4.06 0.00
4 13.00 10.83 0.62 3.35 0.00
5 21.00 17.50 0.99 1.84 0.00
6 49.00 40.83 5.00 0.00 0.00
7 38.00 31.67 5.00 0.00 0.00
8 31.00 25.83 5.00 0.00 0.00
9 39.00 32.50 5.00 0.00 0.00
10 63.00 52.50 5.00 0.00 0.00
11 37.00 30.83 5.00 0.00 0.00

Total settlement : 0.00

Ny seopt Stress normalized and corrected SPT blow count
1 Japanese equivalent corrected value

FS: Calculated factor of safety

& Post-liquefaction volumentric strain (%)

Settle.: Calculated settlement (in)

:: Liquefaction potential according to Iwasaki ::

Point ID F Wz I
1 0.00 9.31 0.00
2 0.30 8.93 2.07
3 0.57 8.55 3.74
4 0.38 7.79 4.56
5 0.01 7.03 0.16
6 0.00 6.27 0.00
7 0.00 5.50 0.00
8 0.00 4.74 0.00
9 0.00 3.98 0.00
10 0.00 3.22 0.00
11 0.00 2.46 0.00

Overall potential I, : 10.53

I, = 0.00 - No lquefaction

I, between 0.00 and 5 - Liquefaction not probable
I, between 5 and 15 - Liquefaction probable

I, > 15 - Liquefaction certain

LigIT v.4.7.6.2 - Soil Liquefaction Assesment Software
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C CGI TecHNICAL
b SERvVICES INC.

CGI Technical Services, Inc.
1612 Wedding Way
Redding, CA 96003
currygroup.com

LIQUEFACTION ANALYSIS REPORT

Project title : Blue Lake Levee

Project subtitle : D39RC

Input parameters and analysis data

In-situ data type: Standard Penetration Test Depth to water table: 20.00 ft
Analysis type: Deterministic Earthquake magnitude M,: 9.00
Analysis method: NCEER 1998 Peak ground accelaration: 0.23 g
Fines correction method:  Idriss & Seed User defined F.S.: 1.00
SPT data graph Shear stress ratio Factor of safety Settlements (in)
0.007 0.00 0.00 0.00
2.00 2,00 2,00 2.00
4.00+ 4‘00-5 4_(»-: 4.00:‘
sl s00] ff 6.007 6.00
8.00- 8,00+ 8.00 8.00
10.00- 10,00: K: 10.00] 10.00-p
12.00: 12,00-' 12‘00- 12.00-_'
14.00 14.00 14.00 14.004
16.00 16.00 16.00 16.00
18.00 18.00 18.00 18.00
20.00 20,00 20.00- 20.00}
z 22.00-: - 22400-: 22,00-: 22.001
= 24.007 = 24,007 24.00 24.00 =
£ 26.007 £ 26.00 26.00- 26.00
28.00 28.00 \ 28.00 28.00
30.00 30.009 > 30.00 30.00
32.00 32,00 32.00 32.00
34,00 34,00 34.00 34.00
36.00 36.007 36.00- 36.00-
38.004 38,004 38.00 38&]‘_
40,007 40.00 y  40.001 40.00%
42.001 42.00- 42.00- 42.00
44,007 44,007 44.007 44.00
48,001 48.00 48.00- 48.00-
e B e L S B R e e I e —
0 10 20 30 40 50 0 05 1 15 2 0 1 2 3 4 5 099 199 299
[= Field SPTA N1(60) * N1(60)xs | - F5. — F.5.=1]
M, =7%2, sigma'=1 atm base curve
O.U S B R g p_g- B _g..p g g g g g P g .o gog_R-g_g p_.g B g 23 R 39 4.2
1 Liquefaction I
& [
A _
No Liquefaction [
T e e e e
0 5 10 15 20 25 30 35 40
N1(60)s
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This software is licensed to : Azeddine Bahloul

it Field input data ::

Point ID Depth Field Nspr Unit weight ~ Fines content
(ft) (blows/feet) (pcf) (%)
1 5.00 18.20 120.00 0.00
2 10.00 18.20 120.00 0.00
3 15.00 4.90 120.00 0.00
4 20.00 36.00 120.00 0.00
5 25.00 10.00 120.00 5.10
6 30.00 20.00 120.00 5.10
7 35.00 34.00 120.00 8.00
8 40.00 29.00 120.00 8.00
9 50.00 46.00 120.00 8.00
Depth : Depth from free surface, at which SPT was performed (ft)
Field SPT : SPT blows measured at field (blows/feet)
Unit weight : Bulk unit weight of soil at test depth (pcf)

Fines content :  Percentage of fines in soil (%)

:: Cyclic Stress Ratio calculation (CSR fully adjusted and normalized) ::

Point ID Depth Sigma u Sigma' r4 CSR  MSF CSRegmers Kagms CSR’
(ft) (tsf) (tsf) (tsf)
1 5.00 0.30 0.00 0.30 0.99 0.15 0.63 0.24 1.00 0.24
2 10.00 0.60 0.00 0.60 0.98 0.15 0.63 0.23 1.00 0.23
3 15.00 0.90 0.00 0.90 0.97 0.14 0.63 0.23 1.00 0.23
4 20.00 1.20 0.00 1.20 0.95 0.14 0.63 0.23 0.97 0.23
5 25.00 1.50 0.16 1.34 0.94 0.16 0.63 0.25 0.95 0.26
6 30.00 1.80 0.31 1.49 0.93 0.17 0.63 0.27 0.93 0.29
7 35.00 2.10 0.47 1.63 0.89 0.17 0.63 0.27 091 0.30
8 40.00 2.40 0.62 1.78 0.85 0.17 0.63 0.27 0.90 0.30
9 50.00 3.00 0.94 2.06 0.77 0.17 0.63 0.27 0.87 0.31
Depth : Depth from free surface, at which SPT was performed (ft)
Sigma : Total overburden pressure at test point, during earthquake (tsf)
u: Water pressure at test point, during earthquake (tsf)
Sigma’ : Effective overburden pressure, during earthquake (tsf)
'K Nonlinear shear mass factor
CSR: Cyclic Stress Ratio
MSF : Magnitude Scaling Factor
CSR g 75 CSR adjusted for M=7.5
K-_-a-': Effective overburden stress factor
CSR CSR fully adjusted
:: Cyclic Resistance Ratio calculation CRRys ::
Point ID  Field SPT G G o C C, Niso) DeltaN Nieoxs CRRss
1 18.20 1.70 090 1.15 0.75 1.00 24.09 0.00 25.00 0.29
2 18.20 1.32 097 1.15 0.85 1.00 22.81 0.00 23.00 0.25
3 4.90 1.08 1.04 1.15 0.95 1.00 6.00 0.00 7.00 0.08
4 36.00 0.93 1.11 1.15 0.95 1.00 40.74 0.00 41.00 2.00
5 10.00 0.88 1.18 1.15 0.95 1.00 11.36 0.02 12.00 0.13
6 20.00 0.84 1.25 1.15 1.00 1.00 24.07 0.04 25.00 0.29
7 34.00 0.80 1.32 1.15 1.00 1.00 41.23 0.82 43.00 2.00
8 29.00 0.77 133 1.15 1.00 1.00 34.10 0.73 35.00 2.00
9 46.00 0.71 133 1.15 1.00 1.00 50.18 0.93 52.00 2.00
o Overhurden corretion factor
Gt Energy correction factor
G Borehole diameter correction factor
| ol Rod length correction factor
G s Liner correction factor
Nyeo) * Corrected Negy
DeitaN : Addition to corrected Nepr value due to the presence of fines
Nysores * Corected Ny value for fines
CRR; ) : Cydlic resistance ratio for M=7.5
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:: Settlements calculation for saturated sands ::

Point ID Niso) N FS. e, Settle.
(%) (i)
1 25.00 20.83 1.21 0.25 0.00
2 23.00 19.17 1.09 0.54 0.00
3 7.00 5.83 0.35 4.46 0.00
4 41.00 34.17 5.00 0.00 0.00
5 12.00 10.00 0.50 3.50 2.10
6 25.00 20.83 0.99 1.49 0.89
7 43.00 35.83 5.00 0.00 0.00
8 35.00 29.17 5.00 0.00 0.00
9 52.00 43.33 5.00 0.00 0.00
Total settlement : 2.99
Ny e Stress normalized and corrected SPT blow count
Ny: Japanese equivalent corrected value
FS: Calculated factor of safety
& Post-liquefaction volumentric strain (%)
Settie.: Calculated settlement (in)

:: Liquefaction potential according to Iwasaki ::

Point ID F Wz L
1 0.00 9.24 0.00
2 0.00 8.48 0.00
3 0.65 7.71 7.63
4 0.00 6.95 0.00
5 0.50 6.19 4.75
6 0.01 5.43 0.09
7 0.00 4.67 0.00
8 0.00 3.90 0.00
9 0.00 2.38 0.00

Overall potential I, : 12.46

I, = 0.00 - No lquefaction

I, between 0.00 and 5 - Liquefaction not probable
I, between 5 and 15 - Liquefaction probable
I, > 15 - Liquefaction certain

LigIT v.4.7.6.2 - Soil Liquefaction Assesment Software
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C CGI TecHNICAL
b SERvVICES INC.

1612 Wedding Way
Redding, CA 96003
currygroup.com

CGI Technical Services, Inc.

LIQUEFACTION ANALYSIS REPORT

Project title : Blue Lake Levee

Project subtitle : D49RC

Input parameters and analysis data

In-situ data type: Standard Penetration Test Depth to water table: 20.00 ft
Analysis type: Deterministic Earthquake magnitude M,.: 9.00
Analysis method: NCEER 1998 Peak ground accelaration: 0.23 g
Fines correction method: Idriss & Seed User defined F.S.: 1.00
SPT data graph Shear stress ratio Factor of safety Settlements (in)
0.00 0.00 0.00 0.00
2,00 2,00-: z_oo-: 2.00-]
4,00 4.00- 4.00 4-00“
6.00 sl D 6.00- 6.00-
8.00- 8,00+ 8.00- 8.00-
10,004 10,00 L 10.00- 10.00-p
12.00+ 12.004 12.00 12.00+
14.00 14.00 14.00+ 14.00~‘
16,00 16,004 16.00- 16.00+
Z 18.001 £ 18.007 18.00 18.00-
£ 20.00 £ 20.00+ 20.001 20.00-] A
& 22.00 & 22.00] 22.00- 22.00-
24,00+ 24.00 24.00 24,00 z
26.00 26,00 26.00- 26.00]
28.00 28.00 28,00 28.00]
30.00+ 30,00 30,004 30.00+
32.00 32,00+ 32.00+ 32.00-
34.00 34,00 34.00 34.00+
36.004 36.004 36.004 36.004
38.00 38,00 38.00~ 38.00
40.00 | o e o EOMA SRV JEme R S3em ) 40.00 ) DA S B 40.00 v TrYrrrrrry 40.00 T T T T T
0 10 20 30 40 50 0 05 1 15 2 0 1 2 3 4 5 1.58 358 558
[= Fied SPTA N1(60) & N1(60Xs | — CSR% CRR - FS. — F.S.=1)
M, =7%2, sigma'=1 atm base curve
06 b g g _p p_g ‘B _g..g g g g4 g g .3 g g_%-g g g3 0 3 g 23 S 2442
1 Liquefaction i
No Liquefaction [
e e S EE e T S e T T S S
0 5 10 15 20 25 30 35 40
N1(60)s
LigIT v.4.7.6.2 - Soil Liquefaction Assesment Software PLATE D-22a 1



This software is licensed to : Azeddine Bahloul

it Field input data ::

Point ID Depth Field Nspr Unit weight ~ Fines content
(ft) (blows/feet) (pcf) (%)
1 5.00 16.80 120.00 0.00
2 10.00 12.00 120.00 50.80
3 15.00 6.00 120.00 50.80
4 20.00 12.00 120.00 2.90
5 25.00 10.00 120.00 2.90
6 30.00 14.00 120.00 10.70
7 35.00 32.00 120.00 10.70
8 40.00 38.00 120.00 10.70
Depth : Depth from free surface, at which SPT was performed (ft)
Field SPT : SPT blows measured at field (blows/feet)

Unit weight : Bulk unit weight of soil at test depth (pcf)
Fines content :  Percentage of fines in soil (%)

:: Cyclic Stress Ratio calculation (CSR fully adjusted and normalized) ::

Point ID Depth Sigma u Sigma' rg CSR  MSF CSRegme7s Kagms CSR’
(ft) (tsf) (tsf) (tsf)
1 5.00 0.30 0.00 0.30 0.99 0.15 0.63 0.24 1.00 0.24
2 10.00 0.60 0.00 0.60 0.98 0.15 0.63 0.23 1.00 0.23
3 15.00 0.90 0.00 0.90 0.97 0.14 0.63 0.23 1.00 0.23
4 20.00 1.20 0.00 1.20 0.95 0.14 0.63 0.23 0.97 0.23
5 25.00 1.50 0.16 1.34 0.94 0.16 0.63 0.25 0.95 0.26
6 30.00 1.80 0.31 1.49 0.93 0.17 0.63 0.27 0.93 0.29
7 35.00 2.10 0.47 1.63 0.89 0.17 0.63 0.27 091 0.30
8 40.00 2.40 0.62 1.78 0.85 0.17 0.63 0.27 0.90 0.30
Depth : Depth from free surface, at which SPT was performed (ft)
Sigma : Total overburden pressure at test point, during earthquake (tsf)
u: Water pressure at test point, during earthquake (tsf)
Sigma’ : Effective overburden pressure, during earthquake (tsf)
fq: Nonlinear shear mass factor
CSR : Cyclic Stress Ratio
MSF : Magnitude Scaling Factor
CSReg a7 CSR adjusted for M=7.5
K-_-;-'u Effective overburden stress factor
CSR CSR fully adjusted
:: Cyclic Resistance Ratio calculation CRRs ::
PointID FieldSPT G G G G G Nieo) DeltaN Nieoxs CRR;s
1 16.80 1.70 090 1.15 0.75 1.00 22.23 0.00 23.00 0.25
2 12.00 1.32 097 1.15 0.85 1.00 15.04 8.01 24.00 0.27
3 6.00 1.08 1.04 1.15 0.95 1.00 7.35 6.47 14.00 0.15
4 12.00 0.93 1.11 1.15 0.95 1.00 13.58 0.00 14.00 0.15
5 10.00 0.88 1.18 1.15 0.95 1.00 11.36 0.00 12.00 0.13
6 14.00 0.84 1.25 1.15 1.00 1.00 16.85 1.53 19.00 0.21
7 32.00 0.80 1.32 1.15 1.00 1.00 38.81 2.08 41.00 2.00
8 38.00 0.77 133 1.15 1.00 1.00 44.68 2.22 47.00 2.00
G Overburden corretion factor
[ 255 Energy correction factor
G Borehole diameter correction factor
G: Rod length correction factor
Gt Liner correction factor
Nyeo) * Corrected Negr
DeftaN : Addition to corrected Neer value due to the presence of fines
Nysones * Corected Nyg, value for fines
CRR; 5, © Cyclic resistance ratio for M=7.5
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:: Settlements calculation for saturated sands ::

Point ID Nieo) N: FSc e Settle.
(%) (i)
1 23.00 19.17 1.08 0.59 0.00
2 24.00 20.00 1.16 0.35 0.00
3 14.00 11.67 0.66 3.21 0.00
4 14.00 11.67 0.65 3.21 1.93
5 12.00 10.00 0.50 3.50 2.10
6 19.00 15.83 0.72 2.60 1.56
7 41.00 34.17 5.00 0.00 0.00
8 47.00 39.17 5.00 0.00 0.00
Total settlement : 5.58
Nyseop Stress normalized and corrected SPT blow count
Ny: Japanese equivalent corrected value
FSy: Calculated factor of safety
el Post-liquefaction volumentric strain (%)
Settle.: Calculated settlement (in)

:: Liquefaction potential according to Iwasaki ::

Point ID F W: I
1 0.00 9.24 0.00
2 0.00 8.48 0.00
3 0.34 7.71 3.96
4 0.35 6.95 3.68
5 0.50 6.19 4.75
6 0.28 5.43 2.34
7 0.00 4.67 0.00
8 0.00 3.90 0.00

Overall potential I, : 14.72

I, = 0.00 - No liquefaction
Liquefaction not probable
I, between 5 and 15 - Liquefaction probable

I, > 15 - Liquefaction certain

I, between 0.00 and 5

LigIT v.4.7.6.2 - Soil Liquefaction Assesment Software
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Project title

CGI Technical Services, Inc.
1612 Wedding Way

Redding, CA 96003
currygroup.com

LIQUEFACTION ANALYSIS REPORT

: Blue Lake Levee

Project subtitle : D59RC

Input parameters and analysis data

In-situ data type: Standard Penetration Test Depth to water table: 20.00 ft
Analysis type: Deterministic Earthquake magnitude M,: 9.00
Analysis method: NCEER 1998 Peak ground accelaration: 0.23g
Fines correction method:  Idriss & Seed User defined F.S.: 1.00
SPT data graph Shear stress ratio Factor of safety Settlements (in)
0.007 0.00 0.00 0.00
2.00 2,00 2.00- 2.00
4,007 4009 4,00 4.007
6.00 6.00 x 6.004 A 6.00-_‘
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16.00 16.00 16.00 16.00
18.00 18.009 18.00 18.00
20,00 20,00 20.00 20.00 A
z 22.00-: £ 22400-: 22,00-: 22.001
= 24.007 = 24.007 24,00 24.00
£ 26.007 £ 26.007 26.00 26.00
28.00 28.00 28.00 28.00
30.00 30,00 30.00 30.00-
32.00 32,00 32.00 32.00
34,00 34,00 34.00 34.00-
36.00 36.007 36.00- 36.00-
38.004 38.004 38.00 38@‘_
40,007 40.00 y  40.001 40.00%
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it Field input data ::

Point ID Depth Field Nspr Unit weight ~ Fines content
(ft) (blows/feet) (pcf) (%)
1 5.00 16.80 120.00 0.00
2 10.00 3.50 120.00 0.00
3 15.00 7.00 120.00 22.90
4 20.00 10.00 120.00 1.10
5 30.00 4.00 120.00 1.10
6 35.00 44.00 120.00 1.10
7 40.00 48.00 120.00 12.00
8 45.00 30.00 120.00 12.00
9 50.00 28.00 120.00 12.00
Depth : Depth from free surface, at which SPT was performed (ft)
Field SPT : SPT blows measured at field (blows/feet)
Unit weight : Bulk unit weight of soil at test depth (pcf)

Fines content :  Percentage of fines in soil (%)

:: Cyclic Stress Ratio calculation (CSR fully adjusted and normalized) ::

Point ID Depth Sigma u Sigma' rg CSR  MSF CSRegme7s Kagms CSR’
(ft) (tsf) (tsf) (tsf)
1 5.00 0.30 0.00 0.30 0.99 0.15 0.63 0.24 1.00 0.24
2 10.00 0.60 0.00 0.60 0.98 0.15 0.63 0.23 1.00 0.23
3 15.00 0.90 0.00 0.90 0.97 0.14 0.63 0.23 1.00 0.23
4 20.00 1.20 0.00 1.20 0.95 0.14 0.63 0.23 0.97 0.23
5 30.00 1.80 0.31 1.49 0.93 0.17 0.63 0.27 0.93 0.29
6 35.00 2.10 0.47 1.63 0.89 0.17 0.63 0.27 091 0.30
7 40.00 2.40 0.62 1.78 0.85 0.17 0.63 0.27 0.90 0.30
8 45.00 2.70 0.78 1.92 0.81 0.17 0.63 0.27 0.89 0.31
9 50.00 3.00 0.94 2.06 0.77 0.17 0.63 0.27 0.87 0.31
Depth : Depth from free surface, at which SPT was performed (ft)
Sigma : Total overburden pressure at test point, during earthquake (tsf)
u: Water pressure at test point, during earthquake (tsf)
Sigma’ : Effective overburden pressure, during earthquake (tsf)
'K Nonlinear shear mass factor
CSR: Cyclic Stress Ratio
MSF : Magnitude Scaling Factor
CSR g 75 CSR adjusted for M=7.5
K-_-a-': Effective overburden stress factor
CSR CSR fully adjusted
:: Cyclic Resistance Ratio calculation CRRys ::
PointID FieldSPT G G G G C. Nigo) DeltaN Nieoxs CRR:s
1 16.80 1.70 090 1.15 0.75 1.00 22.23 0.00 23.00 0.25
2 3.50 1.32 097 1.15 0.85 1.00 4.39 0.00 5.00 0.07
3 7.00 1.08 1.04 1.15 0.95 1.00 8.58 490 14.00 0.15
4 10.00 0.93 1.11 1.15 0.95 1.00 11.32 0.00 12.00 0.13
5 4.00 0.84 1.25 1.15 1.00 1.00 4.81 0.00 5.00 0.07
6 44.00 0.80 1.32 1.15 1.00 1.00 53.36 0.00 54.00 2.00
7 48.00 0.77 133 1.15 1.00 1.00 56.44 3.34 60.00 2.00
8 30.00 0.74 133 1.15 1.00 1.00 33.93 2.62 37.00 2.00
9 28.00 0.71 133 1.15 1.00 1.00 30.54 2.52 34.00 2.00
o Overhurden corretion factor
Gt Energy correction factor
G Borehole diameter correction factor
| ol Rod length correction factor
G s Liner correction factor
Nyeo) * Corrected Negy
DeitaN : Addition to corrected Nepr value due to the presence of fines
Nysores * Corected Ny value for fines
CRR; ) : Cydlic resistance ratio for M=7.5
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This software is licensed to : Azeddine Bahloul

:: Settlements calculation for saturated sands ::

Point ID Niso) N FS. e, Settle.
(%) (i)
1 23.00 19.17 1.08 0.59 0.00
2 5.00 4.17 0.28 5.07 0.00
3 14.00 11.67 0.66 3.21 0.00
4 12.00 10.00 0.56 3.50 3.15
5 5.00 4.17 0.23 5.07 4.57
6 54.00 45.00 5.00 0.00 0.00
7 60.00 50.00 5.00 0.00 0.00
8 37.00 30.83 5.00 0.00 0.00
9 34.00 28.33 5.00 0.00 0.00
Total settlement : 7.72
Ny e Stress normalized and corrected SPT blow count
Ny: Japanese equivalent corrected value
FS: Calculated factor of safety
& Post-liquefaction volumentric strain (%)
Settie.: Calculated settlement (in)

:: Liquefaction potential according to Iwasaki ::

Point ID F Wz L
1 0.00 9.24 0.00
2 0.72 8.48 9.26
3 0.34 7.71 3.96
4 0.44 6.95 4.66
5 0.77 5.43 12.75
6 0.00 4.67 0.00
7 0.00 3.90 0.00
8 0.00 3.14 0.00
9 0.00 2.38 0.00

Overall potential I, : 30.62

I, = 0.00 - No lquefaction
Liquefaction not probable
I, between 5 and 15 - Liquefaction probable

I, > 15 - Liquefaction certain

I, between 0.00 and 5

LigIT v.4.7.6.2 - Soil Liquefaction Assesment Software
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& CGI Technical Services, Inc.
C CGI TecHNICAL 1612 Wedding Way
b SErvICES INC. Redding, CA 96003

currygroup.com

LIQUEFACTION ANALYSIS REPORT

Project title : Blue Lake Levee

Project subtitle : D70RC

Input parameters and analysis data

In-situ data type: Standard Penetration Test Depth to water table: 20.00 ft
Analysis type: Deterministic Earthquake magnitude M,: 9.00
Analysis method: NCEER 1998 Peak ground accelaration: 0.23g
Fines correction method:  Idriss & Seed User defined F.S.: 1.00
SPT data graph Shear stress ratio Factor of safety Settlements (in)
0.00 0.00 0.00
2.004 2.00 2.00
4.00- 4,00 4.00
6.00- 6.00- 6.00
8.00 8.00- 8.00-
10.00:‘ 10.00-. l0.00:A
12.00- 12.001 12.00-:
14.00-: M.oo-: 14.000
16,00 16.00- 16.00+
g 18.00-3 18.00 18.00-5
£ 20.00 20.00- 20.00-
& 22.00- 22.00- 22.00-
24,001 24.00- 24.00
26001 26,001 26.00-
28.00': 28.00-. 28.00:
30001 30.00 30.00
32.004 32.00- 32.00
3400': 34.00- 34.00:
3600': 36.w‘: 36.(!)':
38.005 38.00-: 38.00-:
G B e R e e o B 40,00~ —F——1——1—
0 10 20 30 40 50 05 1 15 2 0 1 2 3 4 5 032 132 232 332
[= Field SPTA N1(60) & N1(60Xs | - F5. — F.5.=1]

M, =7%2, sigma'=1 atm base curve
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PO SO U (L TSNY T UNNY W St USRP T WISY LA Ay Y p peuy v

Liquefaction

No Liquefaction
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This software is licensed to : Azeddine Bahloul

it Field input data ::

Point ID Depth Field Nser Unit weight Fines content
(ft) (blows/feet) (pcf) (%)
1 5.00 12.00 120.00 0.00
2 10.00 4.20 120.00 0.00
3 15.00 7.70 120.00 50.00
4 20.00 8.40 120.00 50.00
5 35.00 38.00 120.00 50.00
6 40.00 42.00 120.00 50.00
Depth : Depth from free surface, at which SPT was performed (ft)
Field SPT : SPT blows measured at field (blows/feet)
Unit weight : Bulk unit weight of soil at test depth (pcf)

Fines content :

Percentage of fines in soil (%)

:: Cyclic Stress Ratio calculation (CSR fully adjusted and normalized) ::

Point ID Depth Sigma u Sigma' rg CSR  MSF CSRegmers Kagms CSR’
(ft) (tsf) (tsf) (tsf)
1 5.00 0.30 0.00 0.30 0.99 0.15 0.63 0.24 1.00 0.24
2 10.00 0.60 0.00 0.60 0.98 0.15 0.63 0.23 1.00 0.23
3 15.00 0.90 0.00 0.90 0.97 0.14 0.63 0.23 1.00 0.23
4 20.00 1.20 0.00 1.20 0.95 0.14 0.63 0.23 0.97 0.23
5 35.00 2.10 0.47 1.63 0.89 0.17 0.63 0.27 091 0.30
6 40.00 2.40 0.62 1.78 0.85 0.17 0.63 0.27 090 0.30
Depth : Depth from free surface, at which SPT was performed (ft)
Sigma : Total overburden pressure at test point, during earthquake (tsf)
u: Water pressure at test point, during earthquake (tsf)
Sigma’ : Effective overburden pressure, during earthquake (tsf)
'K Nonlinear shear mass factor
CSR : Cyclic Stress Ratio
MSF : Magnitude Scaling Factor
CSReg 75 CSR adjusted for M=7.5
K'.v"e Effective overburden stress factor
CSR fully adjusted
:: Cyclic Resistance Ratio calculation CRRs ::
PointID FieldSPT G G G G G Nio) DeltaN Niyeoxs CRR:s
1 12.00 1.70 0.90 1.15 0.75 1.00 15.88 0.00 16.00 0.17
2 4.20 1.32 097 1.15 0.85 1.00 5.26 0.00 6.00 0.07
3 7.70 1.08 1.04 1.15 0.95 1.00 9.43 6.89 17.00 0.18
4 8.40 093 1.11 1.15 095 1.00 9.51 6.90 17.00 0.18
5 38.00 0.80 1.32 1.15 1.00 1.00 46.08 14.22 61.00 2.00
6 42.00 0.77 133 1.15 1.00 1.00 49.39 14.88 65.00 2.00
o Overburden corretion factor
G Energy correction factor
G Borehole diameter correction factor
s Rod length correction factor
| O Liner correction factor
Nyeo) Corrected Negy
DeftaN Addition to corrected Neor value due to the presence of fines
Nyeoes * Corected Nyg, value for fines
CRR; ) : Cyclic resistance ratio for M=7.5
:: Settlements calculation for saturated sands ::
Point ID Nieo) N; FSc e Settle.
(%) (in)
1 16.00 13.33 0.74 2.91 0.00
2 6.00 5.00 0.31 4.77 0.00
3 17.00 14.17 0.80 2.76 0.00
4 17.00 14.17 0.79 2.77 3.32
5 61.00 50.83 5.00 0.00 0.00
LigIT v.4.7.6.2 - Soil Liquefaction Assesment Software PLATE D-24b



This software is licensed to : Azeddine Bahloul

:: Settlements calculation for saturated sands ::

Point ID Niso) N FS. e, Settle.
(%) (in)
6 65.00 54.17 5.00 0.00 0.00

Total settlement : 3.32

Ny a0y Stress normalized and corrected SPT blow count
Ny: Japanese equivalent corrected value

FS: Calculated factor of safety

& Post-liquefaction volumentric strain (%)

Settie.: Calculated settlement (in)

:: Liquefaction potential according to Iwasaki ::

Point ID F W; I
1 0.26 9.24 3.68
2 0.69 8.48 8.88
3 0.20 7.71 2.32
4 0.21 6.95 2.22
5 0.00 4.67 0.00
6 0.00 3.90 0.00

Overall potential I, : 17.10

I, = 0.00 - No liquefaction

I, between 0.00 and 5 - Liquefaction not probable
I, between 5 and 15 - Liquefaction probable

I, > 15 - Liquefaction certain

LigIT v.4.7.6.2 - Soil Liquefaction Assesment Software PLATE D-24c
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Humboldt County Public Works Department
Fugro Project No. 04.62140035
CGl Project No. 14-1949.02

APPENDIX E - SLIDE OUTPUT

CONTENTS

Seepage Model ... E-1
Slope Stability MOUEl............oovviiiiiii E-2
STA 2+00, Existing Conditions, Landside..............cccccvvvvviieiiiiiiieiiieeeeeeeeeeeeeee, E-3
Existing Conditions, Waterside ..., E-4

Steady State FIood ConditionS..........cccuvveeiiiiieiiiiiiiiieeee e E-5

Rapid Drawdown CoNditioNS.............eeeiiiieriiiiiiiiiiieeee e E-6
Earthquake Conditions, Landside .........ccccoeeeeieiiiiiiiieii e, E-7
Earthquake Conditions, Waterside.........cccooeeeeeeeiieieieee e, E-8

STA 11+00, Existing Conditions, Landside .............ccccccvvvvvveviiiiiieiiiieiieeeeeeeeeeee, E-9
Existing Conditions, Waterside ............cccccoee e E-10

Steady State FIood ConditionS..........ccuuveeeiieiiiiiiiiiiieieeeee e E-11

Rapid Drawdown ConditioNS.............ceeeeeeniiiiiiiiieeeee e E-12

Earthquake Conditions, Landside ..........cccccceevieii e, E-13

Earthquake Conditions, Waterside.........ccoeveeveeeeii e E-14

STA 22+00, Existing Conditions, Landside..............cccccevvviiiiieeeee E-15
Existing Conditions, Waterside ............ccccceeeeii e E-16

Steady State FIood Conditions...........ccuvvevieeeiiiiiiiiiiieeeee e E-17

Rapid Drawdown ConditioNS............cceeeeeiiiniiiiiiieeeee e E-18

Earthquake Conditions, Landside ..............cccvvvieeiieiiiiiiiiiiieeeeen E-19

Earthquake Conditions, Waterside.........cccoovveeveeiei e E-20

STA 34+00, Existing Conditions, Landside.............ccccccevvviiiiieeeeee E-21
Existing Conditions, Waterside ............ccccceeiiii e E-22

Steady State Flood ConditionS..........ccceevvvevviiiiieiiiieiieeiieeeieeeeeeeee, E-23

Rapid Drawdown ConditioNS...........cccuviiiiiieeriiciiiee e, E-24

Earthquake Conditions, Landside ..., E-25

Earthquake Conditions, Waterside.........ccooovveeeeieeeeeeee, E-26

STA 42+00, Existing Conditions, Landside..............cccccvvvvviiiieee E-27
Existing Conditions, Waterside ............ccoceeiiii e E-28

Steady State Flood ConditionS..........cceeevvieiiiiiiieiiiiiiiiiiieieieeeeeeeee E-29

Rapid Drawdown ConditioNS............ceeeeieiiiiiiiniiieeeee e E-30

Earthquake Conditions, Landside ..., E-31

Earthquake Conditions, Waterside.........ccooovveeeeeeeeeeee E-32

STA 50+00, Existing Conditions, Landside .............ccceevvvviiiiiiieiiieeiicis e E-33
Existing Conditions, Waterside .........cccccceeviieeiieeeiiiii e, E-34

Steady State Flood Conditions.........ccccoovvviviiiiiiiii e, E-35

Rapid Drawdown ConditioNS...........cccuuviiiiiieeireciiie e, E-36

Earthquake Conditions, Landside ........cccccoevvevviiiiiiiiiiiiee e, E-37

Earthquake Conditions, Waterside........ccccoevveevvviiiiiiiiniee e, E-38

STA 61+00, Existing Conditions, Landside ............cccovvveviiiiiiiieciieeiiiin e E-39
Existing Conditions, Waterside .........cccccceevveeeiiieiiiie e, E-40

Steady State Flood Conditions.........ccoooovvviviiiiiiinn e, E-41

Rapid Drawdown ConditioNS...........cccuvuiiiiiieeiiiciiiee e, E-42
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Earthquake Conditions, Landside ..........cccooeveeiiiiie,

Earthquake Conditions, Waterside

Earthquake Conditions, Waterside

STA 71+00, Existing Conditions, Landside...............cccccccvviiiee
Existing Conditions, Waterside ............ccccceee e
Steady State Flood Conditions............ccevvvevviiiiiiiiiiiiieeeieeeeeeeeeeee,
Rapid Drawdown ConditioNS............ceeeeeeiniiiiiiiiieeeee e
Earthquake Conditions, Landside ...,

PLATE E-ii



Unit Weight | Cohesion | Phi
(Ibs/ft3) (psf) | (deg)

110 25 | 33 | PerviousFill I | 0.00043

Material Name Color Material Name Color | KS (ft/s) | K2/K1 Kl(':::)h Soil Type

Pervious Fill 90 Sand

Impervious Core 125 300 30 Jmpervious Core 1.2e-008 90 Clay

1‘50

Impervious Foundation

| ‘ Minimum Factor of Safety for Slope Stability Pervious Foundation

Clay

O/l =

P IS IV VS
©
S

120 200 | 31 jervious Foundation | [l | 4.9¢-006

125 0 33 }rvious Foundation 4.3e-005 90 Sand

Impervious Blanket Thickness (Shown If Present) ‘

1 Total Head
| rd 72.250
73.950 N g I
74.800 =
75.650
76.500
4 77.350
78.200
79.050
79.900
1 80.750
1 81.600
1 82.450
83.300
84.150
85.000
1 85.850
. 86.700
i 87.550
88.400
89.250
90.100
1 90.950
. 91.800
i 92.650
———
-150 -125 -100 -75 -50 -25 0 25 50 75 100 125

Project

100

Total Head (If Impervious Blanket Present) or Vertical Exit Gradient

50

Blue Lake Levee Evaluation, Humboldt County, California

Analysis Description

Cross-section 34+00, Steady State Flood
Drawn By GDE Scale 1:360 Company

Fugro

pate 8/26/2014, 3:35:26 PM Frle Name STA 34+00_S.State Flood_Plate Key.slim

[SLIDEINTERPRET 6.029
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1?0

Material Name Color U'(‘:;!}If:;g)ht Co(l;) essfi)on (::;)
Pervious Fill N 120 25 | 33
Impervious Core . 125 2000
i Impervious Foundation . 120 1200
— Pervious Foundation D 125 0 33

/

‘ Seismic Coefﬁcient‘

> 0.12

‘ Minimum Factor of Safety for Slope Stability

/

‘Slope Stability Search Limits

8 <
- Phreatic Surface
L e e L
-125 -100 -75 -50 -25 0 25 50 75 100 125 150
Project
Blue Lake Levee Evaluation, Humboldt County, California

Analysis Description Cross-section 34+00, Earthquake Conditions, Waterside
Drawn By GDE Scale 1:360 Company Fu gro
Date . . File Ne .

L IDEINTERPRET 6,020 e 8/26/2014, 8:09:01 PM e fame STA 34+00_EQ_Plate Key.slim
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Unit Weight | Cohesion| Phi

R Material Name Color (Ibs/f3) (psf) | (deg)
| Pervious Fill B 120 25 | 33
N Impervious Core . 125 300 30

Pervious Foundation 125

7

-150 -125 -100 -75 -50 -25 0 25 50 75 100 125

Project

Blue Lake Levee Evaluation, Humboldt County, California

Analysis Description Cross-section 2+00, Existing Conditions, Landside

Drawn By GDE Scale 1:360 Company Fu g ro

Dat EC-. File N ‘g :
L IDEINTERPRET 6,020 e 8/25/2014, 10:55:56 AM e fame STA 2+00_Existing.slim
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2?0

1?0

Material Name Color Ur;:;:}l;;g)ht CO(IL czii)on (::;)
Pervious Fill = 120 25 | 33
impervious Core | [ 125 300 | 30
Pervious Foundation 125

50

-150 -125 -100 -75 -50 -25 0 25 50 75 100 125
Project
Blue Lake Levee Evaluation, Humboldt County, California
Analysis Description Cross-section 2+00, Existing Conditions, Waterside
Drawn By GDE Scale 1:360 Company Fu gro
Date R . File Name P .
L DEINTERPRET 6,020 8/25/2014, 10:55:56 AM STA 2+00_Existing.slim
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o
2
—

1.416
o
24
—

-] . Unit Weight | Cohesion | Phi K1 Angle .

1 Material Name Color (Ibs/ft3) (psf) | (deg) KS (ft/s) | K2/K1 (deg) Soil Type
gj Pervious Fill . 120 25 33 0.00043 4 90 Sand
1 Vertical ) impervious Core | [ 125 300 | 30 [1.2e008| 2 90 Clay

| Hydraulic Gradient

] -0.300 Pervious Foundation D 125 0 33 | 0.00043 4 90 Sand
8 -0.190 .

-

B -0.080
|
N~

] 0.030 L e

7 : ‘

1 0.140 Y y ; 0
8 P .

] 0.250

] 0.360
|
N - o -— —

1 0.470 - -

-150 -125 -100 -75 -50 -25 0 25 50 75 100 125
Project
Blue Lake Levee Evaluation, Humboldt County, California
Analysis Description Cross-section 2+00, Steady State Flood
Drawn By GDE Scale 1:360 Company Fug ro
Date R . File Name .
L IDEINTERPRET 6.029 8/25/2014, 10:55:56 AM STA 2+00_S.State Flood.slim
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2?0

o

B

-
| : Unit Weight | Cohesion | Phi | RD Cr | RD PhiR
i Material Name Color

(Ibs/ft3) (psf) | (deg) | (psf) | (deg)

] Pervious Fill [ 120 25 | 33
8 impervious Core | [ 125 300 |30 | 130 | 35
- Pervious Foundation 125

o

S

—

o_|

e}

-125 -100 -75 -50 -25 0 25 50 75 100 125 150

Project

Blue Lake Levee Evaluation, Humboldt County, California

Analysis Description Cross-section 2+00, Rapid Drawdown

Drawn By GDE Scale 1:360 Company Fug ro

Date . . File Ne .
L IDEINTERPRET 6,020 e 8/25/2014, 10:55:56 AM e fame STA 2+00_R.Drawdown.slim
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1 . Unit Weight | Cohesion | Phi
] Material Name Color (Ibs/ft3) (psf) (deg)
o 1 Pervious Fill [ 120 25 33
O
—
] Impervious Core . 125 2000
B Pervious Foundation D 125 0 33
o i Liquefiable Foundation D 105 600 0
S
—
| k
~ -
] e S— f
o]
o -
ol
N -

-125 -100 -75 -50 -25 0 25 50 75 100 125 150
Project
Blue Lake Levee Evaluation, Humboldt County, California
Analysis Description Cross-section 2+00, Earthquake Conditions, Landside
Drawn By GDE Scale 1:360 Company Fu gro
Date R . File Name .
L DEINTERPRET 6,020 8/25/2014, 10:55:56 AM STA 2+00_PostEQ.slim
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15‘0

Material Name Color Ur(\li;:/\lfetif)ht Co(hpe;i)on (::;)
Pervious Fill B 120 25 33
Impervious Core . 125 2000
Pervious Foundation D 125 0 33
Liquefiable Foundation D 105 600 0

> 0.12

7

-125 -100 -75 -50 -25 0 25 50 75 100 125 150
Project
Blue Lake Levee Evaluation, Humboldt County, California
Analysis Description Cross-section 2+00, Earthquake Conditions, Waterside
Drawn By GDE Scale 1:360 Company Fu gro
Date R . File Name .
L DEINTERPRET 6,020 8/25/2014, 10:55:56 AM STA 2+00_PostEQ.slim
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Unit Weight

Cohesion | Phi

Material Name Color (Ibs/ft3) Strength Type (psf) (deg)
Pervious Fill 120 Mohr-Coulomb 25 33
Impervious Core 125 Mohr-Coulomb 300 30
Pervious Foundation 125 Mohr-Coulomb 0 33

— |
i -
4 B O
o_|
Te)
o
L N e L L e e L e e
-100 -75 -50 -25 0 25 50 75 100 125 150 175
Project
Blue Lake Levee Evaluation, Humboldt County, California
Analysis Description Cross-section 11+00, Existing Conditions, Landside
Drawn By GDE Scale 1:360 Company Fu gro
Date R . File Name P .
L DEINTERPRET 6,020 8/26/2014, 3:35:26 PM STA 11+00_Existing.slim
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) Material Name Color U?Ii;:)lfet;g)ht Strength Type Co(hpess;i)on (::;)
N: Pervious Fill . 120 Mohr-Coulomb 25 33
| Impervious Core 125 Mohr-Coulomb
Pervious Foundation Mohr-Coulomb

| 0
E L L e R
-175 -150 -125 -100 -75 -50 -25 0 25 50 75 100
Project
Blue Lake Levee Evaluation, Humboldt County, California
Analysis Description Cross-section 11+00, Existing Conditions, Waterside
Drawn By GDE Scale 1:360 Company Fu gro
Date R . File Name P .
L DEINTERPRET 6,020 8/26/2014, 3:35:26 PM STA 11+00_Existing.slim
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«
. i
ﬂi h Coh Ph K1 Angl;
i . Unit Weight esion i ngle .
Material Name Color (Ibs/f3) Strength Type (psf) | (deg) KS (ft/s) | K2/K1 b Soil Type
| Pervious Fill . 120 Mohr-Coulomb 25 33 |l 0.00043 4 90 Sand
i \H/%E;ﬁ?:c Gradient 1.450 impervious Core | [ 125 Mohr-Coulomb | 300 | 30 [ 1.2e-008| 2 % Clay
| -0.170 Pervious Foundation D 125 Mohr-Coulomb 0 33 0.00043 4 90 Sand
1 -0.075
. i
S
=1
1 0.020
J 0.115
| 0.210
o 0.305
Ire}
i 0.400
n 0.495
e e e e R B
-125 -100 -75 -50 -25 0 25 50 75 100 125 150 174
Project
Blue Lake Levee Evaluation, Humboldt County, California
Analysis Description Cross-section 11+00, Steady State Flood
Drawn By GDE Scale 1:360 Company Fu g ro
Date . . File Name .
L DEINTERPRET 6,020 8/26/2014, 3:35:26 PM STA 11+00_8S.State Flood.slim
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. . Unit Weight | Cohesion | Phi | RD Cr | RD PhiR
1 Material Name Color
] (Ibs/ft3) (psf) | (deg) | (psf) | (deg)
o]
o]
] Pervious Fill B 120 25 | 33
] impervious Core | [} 125 300 |30 | 130 | 35
o
9
—
] Pervious Foundation
o]
g
—
0|
~ -
o ]
Lr) -

-150 -125 -100 -75 -50 -25 0 25 50 75 100 125

Project

Blue Lake Levee Evaluation, Humboldt County, California

Analysis Description Cross-section 11+00, Rapid Drawdown

Drawn By GDE Scale 1:360 Company Fu gro

Date . . File Ne .
L IDEINTERPRET 6,020 e 8/26/2014, 3:35:26 PM e fame STA 11+00_R.Drawdown.slim
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7 . Unit Weight Cohesion | Phi
| Material Name Color (Ibs/ft3) Strength Type (psf) | (deg)
i Pervious Fill 120 Mohr-Coulomb 25 33
b Impervious Core 125 Undrained 2000
i Pervious Foundation 125 Mohr-Coulomb 0 33
. i
S
—
i % — ’—4
o_|
n
7\ [ | ‘ [ | [ | ‘ [ | [ | ‘ [ | [ | ‘ [ | [ | ‘ [ | [ | ‘ [ | [ | ‘ [ | [ | ‘ [ | [ | ‘ [ | [ | ‘ [ | [ | ‘ [ | [ | ‘ [ | (]
-125 -100 -75 -50 -25 25 50 75 100 125 150
Project
Blue Lake Levee Evaluation, Humboldt County, California
Analysis Description Cross-section 11+00, Earthquake Conditions, Landside
Drawn By GDE Scale 1:360 Company Fug ro
Date R . File Name .
L IDEINTERPRET 6.029 8/26/2014, 3:35:26 PM STA 11+00_PostEQ.slim
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Material Name Color Ur(lli;!/vf(:;g)ht Co(l‘npiii)on (::;)
: Pervious Fill . 120 25 33

Impervious Core . 125 2000

Pervious Foundation

H > 0.12

o
-175

o
-150 -125

o
-100

T T T B T B A A
25 50 75 100

Project
Blue Lake Levee Evaluation, Humboldt County, California
Analysis Description Cross-section 11+00, Earthquake Conditions, Waterside
Drawn By GDE Scale 1:360 Company Fu gro
Date R R File N .
L IDEINTERPRET 6,020 e 8/26/2014, 3:35:26 PM e fame STA 11+00_PostEQ.slim
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2(‘)0

o

a7 Unit Weight Cohesion | Phi
i Material N | hT

aterial Name Color (Ibs/ft3) Strength Type (psf) (deg)

i Pervious Fill . 120 Mohr-Coulomb 25 33
N Impervious Core . 125 Mohr-Coulomb 300 30
: Pervious Foundation 125 Mohr-Coulomb 0 33

g |

—

o_|

[Te)

-100 -75 -50 -25 0 25 50 75 100 125 150 175

Project

Blue Lake Levee Evaluation, Humboldt County, California

Analysis Description Cross-section 22+00, Existing Conditions, Landside

Drawn By GDE Scale 1:360 Company Fu gro

pate 8/28/2014, 12:01:34 PM File Name STA 22+00_Existing.slim

[SLIDEINTERPRET 6.029
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. Unit Weight Cohesion
M IN I hT
aterial Name Color (Ibs/ft3) Strength Type (psf)
Pervious Fill . 120 Mohr-Coulomb 25
2| Impervious Core . 125 Mohr-Coulomb 300
| Pervious Foundation 125 Mohr-Coulomb
200  ays  aso__ a5 00 75 50 25 0 25 50 75 100

[SLIDEINTERPRET 6.029

Project

Blue Lake Levee Evaluation, Humboldt County, California

Analysis Description

Cross-section 22+00, Existing Conditions, Waterside

Drawn By GDE Scale

1:360

C
ompany Fugro

pate 8/28/2014, 12:01:34 PM

File Name STA 22+00_Existing.slim
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7: Material Name Color Ur(\li;;%etisg)ht Co(l:) essfi)nn (::;) KS (ft/s) | K2/K1 K](.‘:er;g)le Soil Type
o Pervious Fill B 120 25 33 || 0.00043 | 4 %0 Sand
S'f: \I-/I)e/g::aﬁ?:c Gradient impervious core | [ 125 300 | 30 || 1.2e-008| 2 90 Clay

] -0.380 Pervious Foundation | [ | 125 0 33 || 0.00043 | 4 90 sand
o -0.265
81
— |

_ -0.150
2] -0.035

E 0.080
o |
m .

R 0.195

] 0.310
0 |
N .

1 0.425

e T T T T R
-150 -125 -100 -75 -50 -25 0 50 75 100 125 150
Project
Blue Lake Levee Evaluation, Humboldt County, California
Analysis Description Cross-section 22+00, Steady State Flood
Drawn By GDE Scale 1:360 Company Fu g ro
Date R . File Name .
L DEINTERPRET 6,020 8/26/2014, 3:35:26 PM STA 22+00_S.State Flood.slim
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7 . Unit Weight | Cohesion| Phi | RD Cr | RD PhiR
| Material Name Color (Ibs/f3) (psf) (deg) | (psh) (deg)
o ] Pervious Fill . 120 25 33
15—
- B Impervious Core . 125 300 30 130 35
) Pervious Foundation
. i
S5
—
B W (Final)
| v
o_ |
n
T T N R N A
-100 -75 -50 -25 0 25 50 75 100 125 150 175
Project
Blue Lake Levee Evaluation, Humboldt County, California
Analysis Description Cross-section 22+00, Rapid Drawdown
Drawn By GDE Scale 1:360 Company Fu gro
Date R . File Name .
 ocmTeReRer 6.020 8/26/2014, 3:35:26 PM STA 22+00_R.Drawdown.slim
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2(‘)0

< 0.12

o
o
—l
q Unit Weight Cohesion | Phi
- Material Name Color (Ibs/ft3) Strength Type (psh) (deg)
n Pervious Fill B 120 Mohr-Coulomb | 25 | 33
} Impervious Core . 125 Undrained 2000
1 Pervious Foundation D 125 Mohr-Coulomb 0 33
Liquefiable Foundation D 105 Mohr-Coulomb 600 0
o
o
-
o_|
Yo}
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-125

-100

-75

-50 -25 0

25 50 75 100 125

[SLIDEINTERPRET 6.029

Project

Blue Lake Levee Evaluation, Humboldt County, California

Analysis Description

Cross-section 22+00, Existing Conditions, Landside

Drawn By

GDE seale1:360

C
ompany Fugro

Date

8/28/2014, 12:01:34 PM

File Name

STA 22+00_PostEQ.slim
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— > 0.12
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—
_ Material Name Color U'(jlilt)s‘yfig;)ht Strength Type Co(l:’ essfi)on (::;)
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