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TECHNICAL MEMORANDUM 

Date: June 27, 2008 

Geotechnical Engineering 
Materials Testing & Inspection 
Environmental Science & Engineering 
Water Resources 
Earthquake Engineering 
Air Quality 

To: Charlie Narwold, Senior Engineering Geologist 
State of California. Dewartment of Transwortation 
Division of ~n~ ineer ing  Services 
Office of Geotechnical Design North 
Branch B 

From: Terry Craven, G.E. 
William V. McCormick, C.E.G. 

Kleinfelder Project: 8540111 (Revised) 

Subject: Preliminary Foundation Report 
Storm Damage Repair 
01 HUM 254 PM 5.10 
EA: 01 -4751 01 
Humboldt County, CA 

1 PROJECT DESCRIPTION 

During the winter of 200512006, a landslide occurred on the southwest (downhill) side of 
Highway 254, near milepost 5.10, south of Miranda, in Humboldt County, California. The 
location of the site is shown on Plate 1, Site Location. As shown on the Site Plan, Plate 2, the 
main landslide scarp is approximately 200 feet long and the landslide mass extends greater 
than 200 feet down slope to the southwest (see Plate 3, Section A-A'). The landslide scarp is 
located partly within the southwest shoulder and extends into the pavement, crossing the 
southbound lane and extending into the northbound lane up to approximately 8 feet. No 
existing retaining structures are located within the limits of this project. 

The purpose of this project is to provide geotechnical design parameters for a retaining 
structure to protect the road from landslide related movement. Stabilization of the landslide as 
a whole is not part of this project and the main mass of the landslide may continue to move 
down slope of the proposed wall after the retaining structure is constructed. 
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2 GEOTECHNICAL SCOPE OF WORK 

The scope of our work for this project included the following: 

Review of available geologic information addressing this area. 

Geologic mapping of the landslide and immediate vicinity. 

Drilling, logging, and sampling of four exploratory borings. 

Installation of two Slope Inclinometer casings. 

Laboratory testing of selected samples from the borings. 

Global stability analyses. 

Preparation of this summary report. 

3 PERTINENT REPORTS AND INVESTIGATIONS 

In preparation of this memorandum, the following documents/reports were reviewed: 

United States Department of Transportation, Federal Highway Administration-California 
Division, Damage Assessment Form (DAF) - Title 23, Humboldt County, Highway 254, Post 
Mile 5.10 to 5.15, dated 1-10-06. 

State of California, Department of Transportation, Project Plans for Construction on State 
Highway in Humboldt County North of Garberville on Route 101 at 0.2 km North of Alderpoint 
Road Overcrossing and at 1.1 km South of South Fork Eel River Bridge and on Route 254 at 
2.0 km South of Miranda Post Office (As-Built Plans), Contract 01-3933114, Plans Approval 
June 28,1999. 

1983, Spittler, T.E., California Geological Survey [formerly the Division of Mines and Geology] 
Open File Report 83-25, Geology and Geomorphic Features Related to Landsliding, Miranda 
7.5' Quadrangle, Humboldt County, California 

2000, McLaughlin, R. J. et al., United States Geological Survey Miscellaneous Field Studies 
MF-2336, Version 1.0, Geology of the Cape Mendocino, Eureka, Garberville, and 
Southwestern part of the Hayfork 30x60 Minute Quadrangles and Adjacent Offshore Area, 
Northern California) 

Caltrans Seismic Hazard Map and Report, Mualchin, 1996 with errata dated November 2004. 
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4 PROPOSED STRUCTURE DESCRIPTION 

It is proposed to construct a retaining structure on the southwest side of the existing roadway, 
to protect the road surface and supporting prism from landslide related damage. As proposed, 
the retaining structure will be a soldier pile and lagging wall, which may be partially restrained 
by one or more rows of tiebacks. In accordance with Caltrans standard practice, the wall will 
be located approximately four feet outside of the fog line. Our recommendations for the lateral 
limits of the wall are illustrated on Plate 2. 

5 SITE DESCRIPTION AND TOPOGRAPHY 

At Post Mile 5.1, the two lane Highway 254 roadway is relatively flat. Slope gradients 
southwest (down slope) of the roadway range from approximately 1.5H:lV (Horizontal: 
Vertical) to 2H:lV on the existing fill prism to as flat as 3H: 1V further down slope within the 
landslide mass. The cut slopes bordering the northeast edge of the roadway were constructed 
at a gradient of approximately 1.3H:lV in the vicinity of the landslide feature. Gradients above 
the cut slope flatten to between approximately 2H and 4H:lV. 

The landslide movement currently impacting the roadway is generally translational, with an 
estimated mass thickness of 45 to 50 feet. The arcuate headscarp of the landslide extends up 
to eight (8) feet northeast (up slope) of the roadway centerline. The location of the headscarp 
was clearly visible during our field exploration in the form of a semi-continuous tension crack 
approximately one (1) inch wide, even after recent roadway resurfacing. A secondary 
landslide scarp is located approximately 180 feet southwest (down slope) of the roadway 
within the main landslide mass. Hummocky topography and minimal mature vegetation 
observed above the roadway cut slope suggests possible landslide activity. As the roadway 
outside of the active headscarp appears unaffected by upslope movement, the landslide is 
either dormant, or the adverse topography was generated as a result of a prior logging 
operation. In addition, a shallow, localized cut slope failure was noted directly above the main 
landslide feature. Exploration of this area upslope of Highway 254 was beyond the scope of 
our investigation. 

Sheet flow from the cut slopes and the northeast lane roadway are collected within a roadside 
v-ditch and captured within a corrugated metal culvert which extends below the roadway and 
outfalls down slope to the southwest within the existing landslide area. The culvert is damaged 
and will require repair, replacement, or relocation outside the retaining wall limits. Drainage 
from the southwest lane within the landslide currently flows down over the slope face of the fill 
prism. 
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Due to recent grading, the fill prism slope face is denuded of any form of vegetation. The area 
southwest of the fill slope supports a tall growth of wild grasses, blackberry vines, and mature 
oak, redwood and fir trees. The cut slope and area above is sparsely vegetated with a low to 
moderate growth of wild grasses. 

6 SUBSURFACE EXPLORATION AND LAB TESTING 

SUBSURFACE INVESTIGATION 

Four (4) exploration borings, designated R-07-001 through R-07-004, were drilled at this site 
by Caltrans Office of Drilling Services and Woodward Drilling using rotary wash drilling 
methods. Drilling was performed on August 15, 2007 through August 28, 2007. All drilling and 
sampling operations were supervised by Kleinfelder staff. Borings R-07-001 and R-07-003 
were advanced with a truck-mounted Mobile B-57 drill rig utilizing 114mm (HWT) and 96mm 
(HQ) casing, equipped with a tri-cone mill tooth bit and a #8 diamond impregnated core bit, 
respectively. Borings R-07-002 and R-07-004 were performed using truck-mounted Mobile B- 
47 drill rig utilizing 102-mm diameter and 96-mm (HQ) casing equipped with a tungsten carbide 
Geo Barrel and #8 diamond impregnated core bit, respectively. Borings R-07-001 through R- 
07-003 were advanced from the Highway 254 pavement level in the southeast-bound traffic 
lane to a maximum depth of approximately 100 feet. Boring R-07-004 was advanced from the 
gravel shoulder adjacent to the northbound lane of 254, also to a maximum depth of 
approximately 100 feet. The approximate locations of the borings are shown on Plate 2. 

Samples of the soil and in-place bedrock were obtained by coring, using equipment as 
described above, and using 2-inch (inside diameter) Modified California and 1 .Cinch (inside 
diameter) Standard Penetrometer Test samplers each driven with an automatic 140-pound 
hammer dropped 30 inches. The blows required to drive the Modified California and Standard 
Penetrometer Test samplers were recorded for each 6 inches of penetration or fraction thereof. 
Visual classifications were made in accordance with the attached Boring Record Legend. The 
results of the exploration are summarized on the attached Boring Records and Logs of Test 
Borings. 

As part of this work, two slope inclinometer casings were installed to approximately 99 feet 
below the ground surface within the bore hole for Boring R-07-002 and to approximately 92 
feet below the ground surface within the bore hole for R-07-004. The casings were perforated 
for their full lengths except for the upper 10 feet to permit possible monitoring of future water 
levels within the casings. The annular space around the perforated portion of the casings was 
backfilled with sand and the upper 10 feet was backfilled with bentonite. The inclinometers 
were completed at the surface with traffic rated access boxes. 
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Inclinometer readings were obtained by Caltrans on January 16, February 6, February 10, 
March 6, April 17, and June 11 of 2008. The inclinometer in Boring R-07-002 was sheared off 
at a depth of 46 feet at the time of initialization on January 16, 2008. The casing was later 
sheared off at 17.4 feet when a reading was attempted on March 6, 2008. Inclinometer 
monitoring results are presented in Appendix C. 

LABORATORY TESTING 

Laboratory testing of selected soil samples obtained from the test borings was performed at 
Kleinfelder's Geotechnical Laboratory in Santa Rosa, California. The purpose of the testing 
was to verify the field descriptions and identifications, and obtain information for subsequent 
engineering evaluations. Tests performed included: 

Natural moisture content (ASTM D2216). 

Unit weight (ASTM D2937). 

Mechanical analyses (ASTM D422) for classification. 

Atterberg Limits tests (ASTM D4318). 

Consolidated undrained triaxial strength test (ASTM D4767). 

Corrosivity tests were performed by an independent testing laboratory (AP Engineering & 
Testing, Inc. in Pomona, California) in accordance with Caltrans Test Methods 532 - pH, 643 - 
resistivity, 417 -sulfate content, and 422 - ch1orid.e content. 

A summary of laboratory test results is attached in Appendix B. 

7 SITE GEOLOGY AND SUBSURFACE CONDITIONS 

REGIONAL GEOLOGY 

The site is located on the eastern edge of the Eel River Drainage within the northern Coast 
Ranges Geomorphic Province, a dynamic region of California characterized by complex folding 
and faulting. The province is generally characterized by northwest-trending mountain ranges 
and intervening valleys that are a reflection of the dominant northwest structural trend of the 
bedrock in the region. The basement rock in the region is presumed to consist of the 
Franciscan Complex, a diverse group of igneous, sedimentary, and metamorphic rocks. The 
Franciscan Complex is part of a northwest trending belt of material immediately adjacent to the 
eastern edge of the San Andreas Fault system, which is located approximately 18 miles 
southwest of the site. The site is located approximately 29 miles east of the Mendocino Triple 
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Junction where the Gorda, North American, and the Pacific plates meet. Regional Geology is 
shown on Plate 4. 

SITE GEOLOGY 

Site geology, as mapped by Kleinfelder for this investigation, is shown on Plate 2. The 
geology of the site and vicinity has been mapped by McLaughlin et al. (2000, United States 
Geological Survey Miscellaneous Field Studies MF-2336, Geology of the Cape Mendocino, 
Eureka, Garberville, and Southwestern part of the Hayfork 30 X 60 Minute Quadrangles and 
Adjacent Offshore Area, Northern California). McLaughlin et al. (2000) indicate the project site 
is underlain by the Jurassic-Cretaceous age Broken Formation of the Central Belt Franciscan 
Complex bedrock, which typically consists of conglomeratic meta-sandstone and meta-argillite. 
The areas north of the site and west/southwest of the Eel River are mapped as being underlain 
by Yager Terrane bedrock of the Coastal Belt Franciscan complex. This Eocene to Paleocene 
age bedrock is comprised of sheared and highly folded mudstone with minor sandstone and 
conglomerate interbeds. A bedrock thrust fault, located approximately 300 feet southwest of 
the proposed retaining wall at its closest point, separates the two Franciscan Complex units. 
Bedrock faults are common features within the Franciscan Complex and likely occurred during 
the formation of the geologic units. The features are not considered to be active. The Eel 
River bed located southwest (down slope) of the site is shown to be underlain by Quaternary 
age alluvial deposits consisting of clay, silt, sand, and gravel. 

The site has also been mapped by Spittler (1983, California Geological Survey [formerly the 
Division of Mines and Geology] Open File Report 83-25, Geology and Geomorphic Features 
Related to Landsliding, Miranda 7.5' Quadrangle, Humboldt County, California). Spittler (1983) 
indicates the site and surrounding vicinity is underlain by Tertiary to Cretaceous age Yager 
Formation, with the Eel River bed underlain by Quaternary age stream channel deposits. 

Neither publication identified any landslide features at the site or within the site vicinity. 

SUBSURFACE CONDITIONS 

The following table summarizes the drilling program performed for this investigation. 
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Table 1: Boring Summary 

(1) Approximate distance from highway centerline, facing in direction of increasing stationing. 

(2) Landsliding has occurred within the bedrock formation. This column designates the depth to the top of in- 
place bedrock, below the identified landslide material. 

Borings R-07-001 through R-07-003 drilled for this investigation encountered multiple layers of 
asphaltic concrete and aggregate base to depths of approximately 7 to 21 feet indicative of 
past efforts to maintain the roadway grade during on-going movement of the slide zone within 
the paved area. These borings also encountered fill to depths of approximately 20 to 22 feet 
and landslide debris to depths of 29.5 to 46.5 feet. Then, the borings encountered moderately 
weathered in-place meta-sandstone and meta-shale to the termination depths of 75 to 100 
feet. 

Boring R-07-004, drilled in the shoulder on the north side of the pavement, encountered a 2- 
foot layer of aggregate'base rock underlain by fill consisting of sandy silty clay with gravel to a 
depth of 8 feet over apparently dormant clayey gravel landslide debris to a depth of about 29 
feet. An approximately 2-inch-thick, clay-lined shear was encountered at the base of the 
debris. The shear is underlain by intensely fractured, disaggregated dormant landslide blocks 
derived from meta-sandstone and meta-shale bedrock to a depth of 33 feet. The blocks are 
underlain by in-place metamorphic bedrock consisting of meta-sandstone, meta-shale, and 
argillite to the termination depth of 100 feet. 

Triaxial (unconsolidated, undrained "TXUU") tests were performed on three samples of the 
landslide debris fo aid in the evaluation of subsurface conditions. The range of shear strength 
ranged from 578 to 813 pounds per square foot (psf) and averaged 696 psf. A single triaxial 
TXUU was performed on a sample of the sandstone bedrock; however, the low value of 426 
psf for shear strength is attributable to the gravelly nature of the sample and the probability that 
the sample was disturbed during sampling. 
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8 GROUNDWATER 

Due to the use of drilling fluid, it was not possible to record groundwater depths at the time of 
drilling. Moistureldensity test results indicate that most samples below a depth of 
approximately 10 feet were saturated or nearly saturated. Piezometers (perforated SI casings) 
were installed in Borings R-07-002 and R-07-004 to allow future groundwater monitoring. 
Results of groundwater monitoring to date are tabulated below. 

9 CORROSION POTENTIAL 

Chemical analyses were performed on two(2) samples collected from the borings to evaluate 
corrosion potential of the on-site soils. Testing was performed by AP Engineering & Testing, 
Inc. in Pomona, California. The results of the corrosion tests are attached in Appendix B. 

Based on the Caltrans Corrosion Guidelines (2003 version 1.0), a site is considered corrosive 
if one or more of the following conditions exist for the representative soil andlor water samples 
taken at the site: Chloride concentration is 500 ppm (0.05%) or greater, sulfate concentration is 
2000 ppm (0.2%) or greater, or the pH is 5.5 or less. Based on these Guidelines and the 
laboratoly test results, the site may be considered non-corrosive to steel and concrete. 

10 EARTHQUAKE FAULTS AND SEISMICITY 

According to the Caltrans Seismic Hazard Map and Report (CSHM, Mualchin, 1996 with errata 
dated November 2004), the nearest fault is the Russ fault, which is located approximately 6.8 
miles north of the site. The Russ fault is a fault of unknown mechanism (style) capable of 
generating earthquakes with a maximum credible earthquake (MCE) magnitude of 7.50. The 
Caltrans Seismic Hazard Map (CSHM) and Report (1996) locates the site on or immediately 
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adjacent to the 0.4g Peak Bedrock Acceleration (PBA) contour associated with the Russ fault. 
We recommend a PBA value of 0.4g and corresponding Peak Ground Acceleration (PGA) of 
0.49 for the analysis and design of the proposed retaining wall. The PGA is estimated based 
on site soil class C. A portion of the CSHM map is shown on Plate 5. 

The site does not lie within an Alquist-Priolo Special Studies Zone (CDMG, 1997). No active 
faults are mapped crossing the project site nor do any project towards the site. The bedrock 
fault contact identified by McLaughlin et al. (2000), located approximately 300 feet southwest 
of the proposed retaining wall, is a common feature within the Franciscan Complex and likely 
occurred during the formation of the geologic units. The features are not considered to be 
active. As such, the possibility of primary surface rupture or deformation at the site is 
considered low. 

11 GEOTECHNICAL AND FOUNDATION RECOMMENDATIONS 

WALL LOCATION & DEPTH 

Based on the field and laboratory data, it is our opinion that, without remediation, the material 
designated as active landslide deposits will continue to translate down slope. We recommend 
that a wall be designed to retain the landslide deposits that are located beneath the roadway 
prism. The proposed wall location is shown on Plate 2. In accordance with Caltrans standard 
practice, the wall is located approximately four feet outside of the highway fog line. Both ends 
of the proposed wall terminate approximately 10 feet outside the limits of the active landslide 
(as presently mapped), for a total length of approximately 184 feet. 

The landslide appears to be 45 to 50 feet deep, with the bottom of the landslide occurring 
within the bedrock formation. Over time it is probable that the existing landslide deposits will 
continue to translate down slope and we recommend that the wall be designed to retain all soil 
and rock that is located above the in-place bedrock surface. Plate 6 illustrates the 
approximate elevation of in-place bedrock along the length of the wall. 

We point out that the active landslide appears to be part of a much larger dormant landslide 
which extends far upslope of the road as well as beyond the lateral limits of the active 
landslide. The subsurface exploration did not explore the limits of the dqrmant landslide. The 
proposed wall is not designed to restrain this much larger landslide and reactivation of the 
dormant landslide could undermine and seriously damage the proposed retaining wall. 
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SOIL AND ROCK PARAMETERS 

Based on the results of our subsurface investigation and laboratory testing, subsurface 
materials within the retained height of the proposed retaining wall (approximately 45 to 50 feet) 
consist of fill and landslide debris overlying intensely fractured and moderately weathered 
bedrock mainly comprised of meta-sandstone and meta-shale. A cross section along the 
length of the proposed wall depicting our interpretation of the subsurface geologic conditions is 
presented on Plate 6. Based on our review of available data, we recommend that the following 
parameters be used for retaining wall design. These values represent our best estimate of 
actual soil properties and do not contain a factor of safety. Appropriate factors of safety 
must be applied during wall design. A surcharge pressure of 270 psf should be applied to the 
roadway surface behind the wall in accordance with Caltrans standard procedures. 

Table 2: SoiVRock Parameters for Retaining Wall Design 

Fill (Qaf) 14 to23 135 352 o2 
I I I I 

' See Plate 6 for anticipated thickness along wall. 
Estimated based on correlations with blowcounts and soil type. 
Estimated based on correlations with blowcounts and soil type, back-checked by assuming existing landslide 
has a factor of safety of -1 .O. 
Bedrock was too highly fractured to perform triaxial testing. Strength was estimated based on correlations 
with field blowcounts and material type. 
Coulomb method of analysis with S = 0. 

6 Slope stability analyses indicate that materials overlying bedrock (down slope from the wall) possess a factor 
of safety against sliding that is less than 1.3; hence, we recommend that no passive resistance be assumed 
from these materials. 

Active Landslide 
Deposits (1 163) 

Dormant 
Landslide 

Deposits (21 13) 

Fractured 
Bedrock (Js) 
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We understand that seismic wall loads will not be used in design since this is not a "critical" 
structure. 

Tieback Anchors 

Due to differences in strain compatibility between soil and bedrock, we recommend that 
tiebacks derive their support solely from the bedrock formation. The tieback unbonded length 
will depend on the tieback inclination, elevation, and the overall wall height. 

In general, the no-load zone should be determined by the longest of the following values: 

1) The distance from the back of the wall to a point that is 5 feet beyond the critical failure 
surface (in this case the critical failure surface is the surface of the bedrock formation). 

2) The distance from the back of the wall to a point that is a distance of HI5 (H = wall 
height) beyond the critical failure surface. 

3) 15 feet beyond the back of the wall. 

The location of the unbonded zone for Section A-A' is shown on Plate 7. This section is 
approximately a worst case condition. For tiebacks that are located 8 feet from the top of the 
wall and are inclined at 20°, the unbonded zone may be taken as 70 feet. For tiebacks that are 
located at other depths or inclinations, the unbonded zone should be estimated from Plate 7, 
with a minimum length of 15 feet behind the wall. 

Soldier Piles 

Soldier piles should gain their vertical resistance from friction in the in-place bedrock. Because 
of the fractured nature of the rock and the difficulty in removing slough from drilled holes, end 
bearing resistance should be neglected. Bedrock quality varies widely. We recommend that 
soldier piles be designed for a skin friction in bedrock of 1000 psf. This value is intended for 
use in a working stress analysis and contains a factor of safety of approximately 2.0. 

We recommend that all soldier piling have a minimum embedment of 5 feet into in-place 
bedrock, deeper penetrations may be required to satisfy wall vertical or lateral loading 
conditions. As discussed in Section 12 of this memorandum, an embedment of 5 feet is 
expected to be adequate to force a landslide failure below the existing failure plane and into in- 
place bedrock. 

The depth to in-place bedrock will be variable. The three borings closest to the wall 
encountered in-place bedrock at depths of 29.5 to 46.5 feet with the greatest depth near the 
center of the slide zone in the vicinity of Boring R-07-002. A sketch of estimated in-place 
bedrock depth along the length of the wall is provided on Plate 6. 
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The purpose of the proposed wall is to protect the road from landslide related movements, not 
to stabilize the active landslide mass below the wall. As discussed in Section 12, and as 
shown on Plate 11, the factor of safety against landsliding below the wall is very low, even if 
the upper 20 feet of soil is removed from below the wall (maximum allowable excavation based 
on right-of-way and environmental constraints). It should be assumed that the landslide mass 
below the wall will continue to move and will eventually pull away from the downhill side of the 
wall. This could result in the loss of material between the piling. To protect against loss of 
material, lateral earth support should be provided extending down to the in-place bedrock 
surface (see Plate 6). If support is provided by lagging, this would require temporary 
excavation to a depth of up to approximately 50 feet below existing grade, which is probably 
not practical within the project budget. If soldier pilings are spaced at three pile diameters or 
closer (center to center), soil arching should occur between the pilings to limit the internal loss 
of soil without the use of lagging. However, over time or in the presence of groundwater, loss 
of soil could still be significant and future maintenance may be necessary. 

Wall Backfill 

If required, backfill material behind the wall should be Class 1, Type B Permeable Material 
(Caltrans Standard Specifications 68-1.025). To prevent internal soil erosion, we recommend 
that a filter fabric (Caltrans Standard Specification 88-1.03) be placed between the Permeable 
fill and native soil. To prevent the accumulation of hydrostatic pressures behind the wall, we 
recommend that HDPE shims be installed between the lagging members. 

To reduce backfill pressures, we recommend that any backfill placed within five feet of the wall 
(measured horizontally) be compacted with lightweight, hand-operated compaction equipment. 
Over-compaction of this fill can greatly increase wall pressures andlor deflections. 

12 SLOPE STABILITY REVIEW 

Kleinfelder performed slope stability analyses for the project using "Slide" version 5.03 by 
Rocscience. Plate 8 presents the results of analyses of the existing (active) landslide. This 
analysis was performed to back calculate the residual soil strength at the identified failure 
surface. For this analysis we used the geometry of cross section A-A' (Plate 3). The internal 
angle of soil friction that produced a factor of safety equal to one was 25', which agrees well 
with empirical correlations to field blow counts and soil type. 

We then added the proposed retaining wall to this section and ran the model again. The wall 
was modeled as a rigid block so that the analysis was independent of the type of wall to be 
constructed. A 270 psf surcharge pressure was applied to the roadway area above the wall. 
The result of this analysis is summarized on Plate 9. The wall was modeled as a series of rigid 
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piling with sufficient shear strength to force the landslide below the tips of the piling. Based on 
this analysis, with the wall socketed a minimum of 5 feet into bedrock, the calculated factor of 
safety against global stability was in the range of 1.5 (a minimum of 1.3 is required). 

We then checked wall design pressures by modeling a 49 foot wall with a triangular load 
applied to the face of the wall, see Plate 10. The force necessary to provide a factor of safety 
of 1.3 was calculated to be equivalent to that exerted by a fluid with a unit weight of 67 pcf, or a 
total load of 81,000 pounds per lineal foot of wall. This calculated force is approximately 4% to 
5% less than the design load calculated using the coefficients in Table 2 (including the 
roadway surcharge and a factor of safety of 1.3); thus, we recommend designing the wall in 
accordance with the parameters in Table 2. 

Finally, we checked the slope stability of material below the wall, to see if removal of 20 feet of 
soil would improve stability of the material below the wall. Twenty feet is the maximum allowed 
excavation depth due to right-of-way and environmental limitations. A result of this analysis is 
shown on Plate1 1. Removal of this material had no significant effect on down slope stability. 
If should be assumed-that the active landslide deposits below the proposed wall will continue 
to move. 

13 CONSTRUCTION CONSIDERATIONS 

Caving conditions will likely be encountered during drilling for piles and tiebacks due to 
the granular nature of the fill and landslide deposits, and the intensely fractured nature 
of the bedrock. Temporary casing, drilling under slurry, or placement of slurry cement 
backfill or concrete and redrilling may be required to control caving and should be 
performed in conformance with the provisions in Section 49-4.03 "Drilled Holes"' of 
Caltrans Standard Specifications. 

Groundwater will likely be encountered in the pile and tieback holes. Pile and tieback 
installations may require dewaterin~ or the p la cement of concrete and arout underwater. 
If water is present 'and the holecare not dewatered, displacement-of the water by 
means of a closed system using a concrete pump or tremie tube to place concrete and 
grout at the bottom of the holes will be required in conformance with the provisions in 
Section 51-1.10 "Concrete Deposited Under Water," of Caltrans Standard 
Specifications. 

Vertical cut sections should not be deeper than five feet without shoring or sloping in 
accordance with Cal-OSHA Standards. 

Sufficient and timely observation during construction should be performed to correlate 
findings of the investigation with actual subsurface conditions exposed during 
construction. 
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The contractor should research utility locations and take necessary precautions to 
protect-in-place or relocate utilities as applicable, prior to excavation. 

Ponding of water adjacent to the structure should be avoided. During and after 
construction, positive drainage should be provided to direct surface water away from 
landslides and retaining structures. In particular, it is extremely important to collect the 
drainage from the south side of the road that currently flows over the face of the active 
landslide. Surface drainage should be collected into pipelines that are routed to suitable 
disposal areas away from the landslides. In addition, as discussed in Section 5, the 
damaged culvert on the north side of the roadway will require repair, replacement, or 
relocation outside the retaining wall limits. 

14 CLOSURE 

A Final Foundation Report can be provided once we receive the preliminary wall design. If 
you have any questions, please contact us at 707.571 .I883 
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BBII CLAY m S*NO 
CLAYmGRIVEL 

LNCUYW~SIWO 
LNCLAYY~ORAVEL 

RG*NElunCLAYxrlhGRAVEL 

CLAY m SIWO 
U" MI GRAVEL 

FIELD AND LABORATORY TESTS 

C Cornlidation (ASTM D 2435-04) 

CL Collapse Potential (ASTM D 533343) 

CP Compaction Culm (CTM 216.06) 

CR Corrosion, Sulfates, Chlorides (CTM M3 - 99; 
CTM 417 - 06; CTM 422 - 06) 

CU Consolidated Undrained Triaxial (ASTM D 476742) 

DS Direct Shear (ASTM D 3MIO-04) 

El Ewnsion Index (ASTM D 4829-03) 

M Moisture Content (ASTM D 2216-05) 

OC Organic Content (ASTM D 2974-07) 

P Permeability (CTM 220 - 05) 

PA Parude S l  Analysis (ASTM D 422-63 [2002]) 

PI Liquid Umit, Plastic Limit, Plasticity lndex 
(AASHTO T 89-02, AASHTO T 90-00) 

PL Point Load lndex (ASTM D 5731-05) 

PM PrcsureMeter 

PP Pocket Penetrometer 

R R-Value (CTM 301 - 00) 

SE Sand Equivalent (CTM 217 - 99) 

SG Specific Gravity (AASHTO T 1W-06) 

SL Shrinkage Limit (ASTM D 427-04) 

SW Swell Potential (ASTM D 454643) 

N Pocket Tavane 

UC Urn f ined  Comprsssion - Soil (ASTM D 2166-06) 
Urn f ined  Compression - Rock (ASTM D 2938.95) 

UU Unwnsolidalsd Undrainsd Triaxial 
(ASTM D 2&043) 

UW Unit Weight (ASTM D 4767-04) 

Vs Vane Shear (AASHTO T 223-96 [W) 

C U Y d  GRAVEL RWE hl CLAY xlh O M Y ~  

ELLYORWEhlCLAY 
ELLYMlWEhl CUYxlhSWO 

ORWESMLWn GRAVEL 

SAMPLER GRAPHIC SYMBOLS 

Standard Penetration Test (SPT) 

Standard California Sampler 

Modified California Sampler 

Shelby Tube m Piston Sampler 

NX Rock Core HQ Rock M r e  

Bulk Sample Other (see remarks) 

DRILLING METHOD SYMBOLS 

I 
g First Water Level Reading (during drilling) 

I Auger Drilling Diamond Core P Static Water Level Reading (short-term) 

Department of Transportation 
Division of Engineering Services 
Geotechnical Setvices ' Office of Geotechnical Design - North 

REPORT TITLE 
BORING RECORD LEGEND 

DIST. 
01 

COUNTY 
Humboldt 

PROJECT OR BRIDGE NAME 
Stonn Damage Location: Highway254 P.M. 5.10 

ROUTE 
254 

BRIDGE NUMBER 

W S T M l G  
5.1 

DATE 
6-27-08 

PREPARED BY 
C. Goitein 

EA 
01-475101 

S H E n  
1 of 3 





ROCK GRAPHIC SYMBOLS 

SEDIMENTARY ROCK 

METAMORPHIC ROCK 

BEDDING SPACING 

Descriptor 

Massive 
Very thickly bedaed 
Thickly bedded 
Moderately bedded 
Thinly bedded 
Very thinly bedded 
Laminated 

RELATIVESTRENGTH OF INTACT ROCK ROCK HARDNESS 

oescriptor Uniaxid Descriptor Criteria 

Extremely Strong > 30,000 Extremely Hard Spcimen.cannot be scratched with pocket knife or sharp pick: can only be 
c lpped wth repeated heavy hammer blows 

Very Strong 14,500 - 30,000 Very hard Specimen cannot be scratched with pocket knife or sharp pick: breaks with 
Strong 7,000 - 14.500 repeated heavy hammer blows 

Hard Specimen can be scratched with pocket knife or sharp pick with heavy 
Medium Strong 3,5W - 7,000 pressure; heavy hammer blows requlred to break speclmen 

703 - 3,500 Moderately Specimen can be scratched with pocket knife or sha pick with light or 
Hard moderate pressure; breaks with moderate hammer b%ws 

Very Weak 150- 7M) Moderately Specimen can be gmoved 116 in. with pocket knife or sharp ick with moderate 
Extremely Weak < 150 Soft or heavy pressure; breaks with light hammer blow or heavy [and pressure 

Soft Specimen can be grcoved or gou d with pocket knife or sharp pick with light 
pressure, breaks mth light to m x r a t e  hand pressure 

Thickness or Spacing 

> t o f t  
3 to10f t  
I to3 f t  
3518 inches to 1 ft 
1-114 to 3-518 inches 
318 inch to 1-114 inches 
< 318 inch 

CORE RECOVERY CALCULATION (%) 
Very Soft Specimen can be readily indented rwved or gouged with fingernail, or 

carved with pocket knife; breaks v;i8 light hhnd pressure 

Total length of core run (In.) 
FRACTURE DENSITY 

Desaiptor Criteria 

RQD CALCULATION (%) 

Length of intact core pieces > 4 in. x 100 
Total length of core run (in.) 

Unfractured 
Very Slightly Fractured 
SligMly Fractured 
Moderately Fractured 
Intensely Fractured 

Very Intensely Fractured 

-- 
No fractures 
Lengths greater 3 H 
Lengths from 1 to 3 ft, few lengths outside that range 
Lengths mostly in range of 4 in. to 1 H, with most lengths about 8 in. 
Lengths average from 1 in. to 4 in. with scattered fragmented 
intervals mth lengths less than 4 in. 
Mostly chips and fragments with few scattered short core lengths 
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DESCRIPTION 

rd, intensely fractured. 

k Slightly weathered. 
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DESCRIPTION Remarks 

---: 

Fracture zone, dipping 2D0, weak, brecciated, 
meta-shale interbeds with clay Infill, from 63.5 to 64.2ft. 

Joint, dipping SO", B 67 ft. 

Joint, dipping 55", B 71 R. 

Joint, dipping 5', B 72 ft. 

nd drilling for day, Resume 820-07 

.................... 
ETAMORPHIC ROCK (Meta-Sandstone), with 
etadhale interbeds, fine-grained, dark gray to black, 
ightly Mathered, moderatel fractured, 
eta-sandstone is hard, ar ilitic beds are soft, minimal 
fill, abundant local caicitefealed fractures. 
im, dipping 30". B 76 ft. 
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Lab Test Summary 
Storm Damage Location: Highway 254 P.M. 5.1 Job # 85401 

Depth - - . . . . . . . . . a . - . - . - - . 
oillRock Type I Boring I 1 UU (psf) 1 UU (Tsf) / Pressure I d.nslty / PI I LL 1 -200 (ft) . - 

PI - PLASTICITY INDEX 
LL - LIQUID LIMIT 
UU - TRIAXIAL UNCONSOLIDATED UNDRAINED 
TSF - TONS PER SQUARE FOOT 



LIQUID LIMIT (LL) 

SAMPLE SOURCE CLASSIFICATION 
LIQUID PLASTIC PLASTICITY %PASSING 

LIMIT (%) LIMIT (%) INDEX (%) #ZOO SIEVE 

O R-07-002 @ 21.0 Sandy Clay (CL) 31 15 16 

R-07-003 @ 27.0 Sandy Clay (CL) 34 16 18 

A R-07-004 @ 16.8 Clayey Gravel with Sand (GC) 36 21 15 

PLASTICITY CHART 
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CORROSION TEST RESULTS 

Client Name: Kleinfelder 
Project Name: Caltrans 

EA01-475001 

EA01-475101 
HUM 254 PM 

5.58 

EA01-475101 
HUM 254 PM 

5.58 

EA01-475101 
HUM 254 PM 

5.1 

EA01-475101 
HUM 254 PM 

5.1 

NOTES: Resistivity Test and pH: California Test Methods 532 and 643 
Sulfate Content : California Test Method 417 
Chloride Content : California Test Method 422 
ND = Not Detectable 
NA = Not Sufficient Sample 
NR = Not Requested 

2607 Pomona Boulevard, Pomona, CA 91768 
Tel. (909) 869-6316 Fax. (909)869-6318 

R-07- 
004 

R-07- 
002 

R-07- 
004 

R-07- 
002 

10.5-15.5 ft 

30 ft 

13 ft 

32 ft 

CL 

CL 

CL 

CL 

1900 

1700 

1700 

2200 

7.3 

7.4 

7.4 

7.6 

0.0004 

0.0003 

0.0043 

0.0016 

0.0074 

0.0135 

0.0129 

0.0127 
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INCLINOMETER MONITORING RESULTS 
01-HUM-254-PM 5.10/5.15 Depth of Inclinometer Casing: 46 feet 
South Miranda Sink Ao Direction: NIA" (Magnetic North) 
E.A. No.: 01-475101 Location (WGS-84) : N/A 
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Geotechnical Engineering 
Materials Testing 8 Inspection 
Environmental Science 8 Engineering 
Water Resources 
Ealthquake Engineering 
Air Quality 

Date: July 1, 2008 

To: Charlie Narwold, Senior Engineering Geologist 
State of California, Department of Transportation 
Division of Engineering Services 
Office of Geotechnical Design North 
Branch B 

From: Terry Craven, G.E. 
William V. McCormick, C.E.G. 

Kleinfelder Project: 8540111 

Subject: Preliminary Foundation Report (Revised) 
Storm Damage Repair 
HUM 254 PM 5.58 
EA01-475101 
Humboldt County, CA 

PROJECT DESCRIPTION 

During the winter of 200512006, a landslide occurred on the west (downhill) side of Highway 
254, near milepost 5.58, south of Miranda, in Humboldt County, California. The location of the 
site is shown on Plate 1, Site Location. As shown on the Site Plan, Plate 2, the main landslide 
scarp is approximately 390 feet long and the landslide mass extends more than 300 feet 
downslope to the west (see Plate 3, Section A-A'). The landslide scarp is located within the 
highway pavement, crossing the southbound lane and extending into the northbound lane up 
to approximately 10 feet. No existing retaining structures are located within the limits of this 
project. 

The purpose of this project is to provide geotechnical design parameters for a retaining 
structure to protect the road from landslide-related movement. Stabilization of the landslide as 
a whole is not part of this project and the main mass of the landslide may continue to move 
downslope of the proposed wall after the retaining structure is constructed. 
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2 GEOTECHNICAL SCOPE OF WORK 

The scope of our work for this project included the following: 

Review of available geologic information addressing this area. 

Geologic mapping of the landslide and immediate vicinity. 

Drilling, logging, and sampling of four exploratory borings. 

Installation of one Slope Inclinometer casing. 

Laboratory testing of selected samples from the borings. 

Global stability analyses. 

Preparation of this summary report. 

3 PERTINENT REPORTS AND INVESTIGATIONS 

In preparation of this memorandum, the following documents/reports were reviewed: 

United States Department of Tratispottation, Federal Highway Administration-California 
Division, Damage Assessment Form (DAF) - Title 23, Humboldt County, Highway 254, Post 
Mile 5.58, dated 1-09-06. 

1983, Spittler, T.E., California Geological Sutvey [formerly the Division of Mines and Geology] 
Open File Report 83-25, Geology and Geomorphic Features Related to Landsliding, Miranda 
7.5' Quadrangle, Humboldt County, California 

2000, McLaughlin, R. J. et al., United States Geological Survey Miscellaneous Field Studies 
MF-2336, Version 1.0, Geology of the Cape Mendocino, Eureka, Garbetville, and 
Southwestern part of the Hayfork 30x60 Minute Quadrangles and Adjacent Offshore Area, 
Northern California) 

Caltrans Seismic Hazard Map and Report, Mualchin, 1996 with errata dated November 2004. 

4 PROPOSED STRUCTURE DESCRIPTION 

It is proposed to construct a retaining structure on the west side of the existing roadway to 
protect the road surface and supporting prism from landslide-related damage. As proposed, 
the retaining structure will be a soldier pile and lagging wall, which may be partially restrained 

85401\SR07M047R 
O 2008, Kleinfelder 

Page 2 of 15 2240 Northpoint Parkway 
Santa Rosa, CA 95407 
Tel. 707-571-1883 
Fax. 707-571 -781 3 



by one or more rows of tiebacks. In accordance with Caltrans standard practice, the wall will 
be located approximately four feet outside of the fog line. Our recommendations for the lateral 
limits of the wall are illustrated on Plate 2. 

5 SITE DESCRIPTION AND TOPOGRAPHY 

At Post Mile 5.58, the two lane Highway 254 roadway is relatively flat, rising gently to the north. 
Slope gradients west (downslope) of the roadway range from approximately 1.4H:lV 
(Horizontal:Vertical) on the existing fill prism to as flat as 4H:lV further downslope within the 
landslide mass. The cut slopes bordering the east edge of the roadway were constructed at 
gradients ranging between approximately 0.8H and 1.3H:lV in the vicinity of the landslide 
feature. Gradients above the cut slope flatten slightly to approximately 1.8H:lV. 

The landslide movement currently impacting the roadway is rotational/translational, with an 
estimated mass thickness of 50 feet or more. The arcuate headscarp of the landslide extends 
up to ten (10) feet east (upslope) of the roadway centerline. The location of the headscarp 
was largely obscured during our field exploration by recent roadway resurfacing. Localized 
tension cracking and pavement distresslsettlement along the scarp location indicated on the 
2007 topographic survey provided by Caltrans was visible, however. 

A second landslide feature was identified east of the main landslide affecting Highway 254. 
The feature was characterized as an earthflow with an estimated thickness between 15 and 25 
feet. The earthflow is classified as active since hummocky topography within the mass 
upslope suggests recent surficial activity. The east side of the roadway, however, appears 
unaffected by upslope movement indicating dormancy of the lower (deeper) portion of this 
earthflow. In addition, shallow, localized raveling of the cut slopes was noted directly above 
the main landslide feature. Exploration of the area upslope of Highway 254 was beyond the 
scope of this investigation. 

Sheet flow from the cut slopes and the east lane roadway are collected within a v-ditch 
adjacent to the gravel shoulder and captured within a corrugated metal culvert which extends 
below the roadway and outfalls downslope to the west. Drainage from the southwest lane 
within the landslide currently flows down over the slope face of the fill prism. Due to recent 
grading, the fill prism slope face is denuded of any form of vegetation. The cut slopes are 
sparsely vegetated with a low to moderate growth of wild grasses. The areas west of the fill 
slope and east of the cut slope support a tall growth of wild grasses, blackberry vines, poison 
oak, and mature oak and fir trees. 
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SUBSURFACE EXPLORATION AND LAB TESTING 

SUBSURFACE INVESTIGATION 

Four (4) test borings, designated R-07-001 through R-07-004, were advanced using rotary 
wash drilling methods. Drilling was performed on August 20, 2007 through August 30, 2007, 
by Caltrans Office of Drilling Services, Spectrum Exploration, and Woodward Drilling. All 
drilling and sampling operations were supervised by Kleinfelder staff. Test boring R-07-001 
was advanced with a truck-mounted Mobile B-57 drill rig utilizing 114mm (HWT) and 96mm 
(HQ) casing, equipped with a tri-cone mill tooth bit and a #8 diamond impregnated core bit, 
respectively. Test boring R-07-002 was performed using a truck-mounted Mobile B-47 drill rig 
utilizing 102-mm diameter and 96-mm (HQ) casing equipped with a tungsten carbide Geo 
Barrel and #8 diamond impregnated core bit, respectively. Borings R-07-003 and R-07-004 
were advanced with a track-mounted Boart Longyear Delta Base drill rig utilizing 114mm 
(HWT) and 96mm (HQ) casing, equipped with a tri-cone mill tooth bit and a #8 diamond 
impregnated core bit, respectively. 

Borings R-07-001 through R-07-003 were advanced from the Highway 254 gravel shoulder 
adjacent to the south bound traffic lane to depths of approximately 71.5 to 76.5 feet. Boring R- 
07-004 was advanced from the gravel shoulder adjacent to the north bound lane of 254 to 
approximately 76.0 feet below the ground surface. The approximate locations of the borings 
are shown on Plate 2. 

Samples of the soil and bedrock were obtained by coring, using equipment as described 
above, and using 2-inch (inside diameter) Modified California and 1.4-inch (inside diameter) 
Standard Penetration Test samplers driven with an automatic 140-pound hammer dropped 30 
inches. The blows required to drive the Modified California and Standard Penetration Test 
samplers were recorded for each 6 inches of penetration or fraction thereof. Visual 
classifications were made in accordance with the attached Boring Record Legend. The results 
of the exploration are summarized on the attached Boring Records. 

As part of this work, one slope inclinometer casing was installed to approximately 75 feet 
below the ground surface within the bore hole for Boring R-07-002. The casing was perforated 
for its full length except for the upper 10 feet to permit possible monitoring of future water 
levels within the casing. The annular space around the perforated portion of the casing was 
backfilled with sand and the upper approximately 7 feet was grouted. The inclinometer was 
completed at the surface with a traffic-rated access box. No inclinometer readings or water 
level measurements were obtained at the time of installation. Inclinometer readings were 
obtained by Caltrans on February 6, March 6, April 17, and June 11, 2008. Inclinometer 
monitoring results are presented in Appendix C. 
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LABORATORY TESTING 

Laboratory testing of selected soil samples obtained from the test borings was performed at 
Kleinfelder's Geotechnical Laboratory in Santa Rosa, California. The purpose of the testing 
was to verify the field visual classifications and obtain information for subsequent engineering 
evaluations. Tests performed included: 

Natural moisture content (ASTM D2216) and unit weight (ASTM D2937). 

Mechanical analyses (ASTM D422). 

Atterberg Limits tests (ASTM D4318) 

Unconsolidated, undrained, triaxial strength test (ASTM D2850). 

The results of the geotechnical laboratory testing are provided in the attached Lab Test 
Summary. 

Corrosivity tests were performed by an independent testing laboratory (AP Engineering & 
Testing, Inc. in Pomona, California) in accordance with Caltrans Test Methods 532 - pH, 643 - 
resistivity, 417 -sulfate content, and 422 - chloride content. 

A summary of laboratory test results is attached in Appendix B. 

7 SITE GEOLOGY AND SUBSURFACE CONDITIONS 

REGIONAL GEOLOGY 

The site is located on the eastern edge of the Eel River Drainage within the northern Coast 
Ranges Geomorphic Province, a dynamic region of California characterized by complex folding 
and faulting. The province is generally characterized by northwest-trending mountain ranges 
and intervening valleys that are a reflection of the dominant northwest structural trend of the 
bedrock in the region. The basement rock in the region is presumed to consist of the 
Franciscan Complex, a diverse group of igneous, sedimentary, and metamorphic rocks. The 
Franciscan Complex is part of a northwest trending belt of material immediately adjacent to the 
eastern edge of the San Andreas fault system, which is located approximately 18 miles 
southwest of the site. The site is located approximately 28.5 miles east of the Mendocino 
Triple Junction where the Gorda, North American, and the Pacific plates meet. Regional 
Geology is shown on Plate 4. 
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SITE GEOLOGY 

Site geology, as mapped by Kleinfelder for this investigation, is shown on Plate 2. The 
geology of the site and vicinity has been mapped by McLaughlin et al. (2000, United States 
Geological Survey Miscellaneous Field Studies MF-2336, Geology of the Cape Mendocino, 
Eureka, Garberville, and Southwestern part of the Hayfork 30 X 60 Minute Quadrangles and 
Adjacent Offshore Area, Northern California). McLaughlin et al. (2000) indicate the project site 
is underlain by the Jurassic-Cretaceous age Broken Formation of the Central Belt Franciscan 
Complex bedrock, which typically consists of conglomeratic meta-sandstone and meta-argillite. 
The areas north of the site and wesVsouthwest of the Eel River are mapped as being underlain 
by Yager Terrane bedrock of the Coastal Belt Franciscan complex. This Eocene to Paleocene 
age bedrock is comprised of sheared and highly folded mudstone with minor sandstone and 
conglomerate interbeds. A bedrock thrust fault, located approximately 300 feet southwest of 
the proposed retaining wall at its closest point, separates the two Franciscan Complex units in 
the site vicinity. Bedrock faults are common features within the Franciscan Complex and likely 
occurred during the formation of the geologic units. The features are not considered to be 
active. The Eel River bed located southwest (downslope) of the site is shown to be underlain 
by Quaternary age alluvial deposits consisting of clay, silt, sand, and gravel. 

The site has also been mapped by Spittler (1983, California Geological Survey [formerly the 
Division of Mines and Geology] Open File Report 83-25, Geology and Geomorphic Features 
Related to Landsliding, Miranda 7.5' Quadrangle, Humboldt County, California). Spittler (1983) 
indicates the site and surrounding vicinity is underlain by Tertiary to Cretaceous age Yager 
Formation, with the Eel River bed underlain by Quaternary age stream channel deposits. In 
addition, Spittler (1983) identifies an area of "disturbed ground" located in the upper elevations 
eastlnortheast of the site. 

Neither publication identified any landslide features at the site or within the site vicinity. 

SUBSURFACE CONDITIONS 

The following table summarizes the drilling program performed for this investigation. 
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Table 1: Boring Summary 

(1) Approximate distance from highway centerline, facing in direction of increasing stationing. 

(2) Landsliding has occurred within the bedrock formation. This column designates the depth to the top of in- 
place bedrock, below the identified landslide material. 

Borings R-07-001 and R-07-003 drilled for this investigation encountered multiple layers of fill 
consisting of gravelly lean clay and sand with gravel (with asphalt fragments at R-07-003) to 
depths of 14 to 17 feet. Boring R-07-002 encountered asphaltic concrete with layers of sandy 
clayey gravel to a depth of 20 feet, indicative of past efforts to maintain the roadway grade 
during on-going movement of the slide zone within the paved area. Below the asphalt, Boring 
R-07-002 encountered layers of fill consisting of gravel and clayey sand with gravel, with 
occasional thin asphalt layers, to a depth of 31 feet. Below the asphalt and fill layers, Borings 
R-07-001 to R-07-003 encountered landslide debris consisting of clayey sand with gravel, 
clayey gravel with sand, and sandy lean clay with gravel to depths of 19.5 to 45 feet, underlain 
by moderately weathered, very soft to soft, meta-shale to the termination depths of 71.5 to 
76.5 feet. 

Boring R-07-004, drilled in the shoulder on the east side of the pavement, encountered a 2.5- 
foot layer of sandy clay fill overlying dormant landslide deposits of sandy to gravelly clay and 
meta-shale to a depth of approximately 25 feet. Below this depth the boring encountered in- 
place bedrock, consisting of very soft meta-shale, to the termination depth of 76.0 feet. 

Triaxial (unconsolidated, undrained "TXUU") tests were performed on four samples of the 
landslide debris to aid in the evaluation of subsurface conditions. The range of shear strength 
was between 439 and 4621 pounds per square foot (psf) and averaged 2154 psf. A single 
triaxial test (TXUU) on a fill sample indicated a shear strength of 3968 psf and a single triaxial 
test (TXUU) performed on a sample of the meta-shale bedrock indicated a shear strength of 
697 psf (the low value for this sample is probably attributable to sample disturbance due to the 
intensely fractured nature of the rock). 
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8 GROUNDWATER 

Due to the use of drilling fluid, it was not possible to record groundwater depths at the time of 
drilling. Moistureldensity tests' results indicate that most samples below a depth of 
approximately 10 feet were saturated or nearly saturated. A piezometer (perforated SI casing) 
was installed in Boring R-07-002 to allow future groundwater monitoring. Results of 
groundwater monitoring to date are tabulated below. For design purposes we recommend that 
groundwater be assumed to rise to within 15 feet of the top of the wall, unless it is artificially 
lowered by wall drainage measures. 

CORROSION POTENTIAL 

WATER LEVEL MONITORING (R-07-002) 

Chemical analyses were performed on two (2) samples collected from the borings to evaluate 
corrosion potential of the on-site soils. Testing was performed by AP Engineering & Testing, 
Inc. in Pomona, California. The results of the corrosion tests are attached in Appendix B. 

Date 

111 612008 
1/29/2008 
2/6/2008 
31612008 

411 712008 
611 112008 

Based on the Caltrans Corrosion Guidelines (2003 version 1.0), a site is considered corrosive 
if one or more of the following conditions exist for the representative soil and/or water samples 
taken at the site: Chloride concentration is 500 ppm (0.05%) or greater, sulfate concentration 
is 2000 ppm (0.2%) or greater, or the pH is 5.5 or less. Based on these Guidelines and the 
laboratory test results, the site may be considered non-corrosive to steel and concrete. 

Depth from top of casing 
to water level (feet) 

18.3 
NMW 
NMW 
21.4 
23 

25.8 

10 EARTHQUAKE FAULTS AND SEISMICITY 

'NMW water level not measured. 

According to the Caltrans Seismic Hazard Map and Report (CSHM, Mualchin, 1996 with errata 
dated November 2004), the nearest fault is the Russ fault, which is located approximately 6.5 
miles north of the site. The Russ fault is a fault of unknown mechanism (style) capable of 
generating earthquakes with a maximum credible earthquake (MCE) magnitude of 7.50. The 
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Caltrans Seismic Hazard Map and Report (1996), locates the site between the 0.49 and 0.5g 
Peak Bedrock Acceleration (PBA) contours associated with the Russ fault. We recommend a 
PBA value of 0.5g and corresponding Peak Ground Acceleration (PGA) of 0.5g for the analysis 
and design of the proposed Highway 254 retaining wall. The PGA is estimated based on site 
soil class C. The fault and PBA map is shown on Plate 5. 

The site does not lie within an Alquist-Priolo Special Studies Zone (CDMG, 1997). No active 
faults are mapped crossing the project site nor do any faults project towards the site. The 
bedrock fault contact identified by McLaughlin et al. (2000), located approximately 300 feet 
southwest of the proposed retaining wall, is a common feature within the Franciscan Complex 
and likely occurred during the formation of the geologic units. The features are not considered 
to be active. As such, the possibility of primary surface rupture or deformation at the site is 
considered low. 

11 GEOTECHNICAL AND FOUNDATION RECOMMENDATIONS 

WALL LOCATION & DEPTH 

Based on the field and laboratory data, it is our opinion that, without remediation, the material 
designated as active landslide deposits will continue to move downslope. We recommend that 
a wall be designed to retain the landslide deposits that are located beneath the roadway prism. 
The proposed wall location is shown on Plate 2. In accordance with Caltrans standard 
practice, the wall is located approximately four feet outside of the highway fog line. Both ends 
of the proposed wall terminate approximately 10 feet outside the limits of the active landslide 
(as presently mapped), for a total length of approximately 235 feet. 

The landslide appears to be up to 50 feet or more in depth, with the bottom of the landslide 
occurring within the bedrock formation. Over time it is probable that the existing landslide 
deposits will continue to translate downslope and we recommend that the wall be designed to 
retain all soil and rock that is located above the in-place bedrock surface. Plate 6 illustrates 
the approximate elevation of in-place bedrock along the length of the wall. 

We point out that a dormant landslide (earth flow) is present immediately upslope of the 
existing roadway. In addition, a portion of this landslide farther upslope is considered to be 
active. The subsurface exploration did not explore the limits of this dormant landslide. If this 
earth flow should become reactivated in the future, it could overload and damage a portion of 
the proposed retaining wall. 
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SOIL AND ROCK PARAMETERS 

Based on the results of our subsurface investigation and laboratoly testing, subsurface 
materials within the retained height of the proposed retaining wall (approximately 50 feet) 
consist of fill and landslide deposits overlying intensely fractured and moderately weathered 
bedrock mainly comprised of meta-shale. A cross section along the length of the proposed 
wall depicting our interpretation of the subsurface geologic conditions is presented on Plate 6. 
Based on our review of available data, we recommend that the following parameters be used 
for retaining wall design. These values represent our best estimate of actual soil properties 
and do not contain a factor of safety. Appropriate factors of safety must be applied during 
wall design. A surcharge pressure of 270 psf should be applied to the roadway surface behind 
the wall in accordance with Caltrans standard procedures. 

Table 2: SoillRock Parameters for Retaining Wall Design 

We understand that seismic wall loads will not be used in design since this is not a "critical" 
structure. 

Active Landslide 
Deposits (1 1 13) 

& Colluvium 

Fractured 
Bedrock 
(KJfcbl ) 
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Back-checked by assuming existing landslide has a factor of safety of -1.0. 
Bedrock was too highly fractured to perform triaxial testing. Strength was estimated based on correlations 
with field blowcounts and material type, as well as observations of existing bedrock slopes. 
Coulomb method of analysis with 6 = 0. The effective width to which the pressure is applied should be in 
accordance with Caltrans Bridge Design Specifications, Chapter 5. 
Slope stability analyses indicate that materials overlying bedrock (downslope from the wall) possess a factor 
of safety against sliding that is less than 1.3; hence, we recommend that no passive resistance be assumed 
from these materials. 
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Tieback Anchors 

Due to differences in strain compatibility between soil and bedrock, we recommend that 
tiebacks derive their support solely from the in-place bedrock formation. The tieback 
unbonded length will depend on the tieback inclination, elevation, and the overall wall height. 

In general, the no-load zone should be determined by the longest of the following values: 

1) The distance from the back of the wall to a point that is 5 feet beyond the critical failure 
surface (in this case the critical failure surface is the surface of the bedrock formation). 

2) The distance from the back of the wall to a point that is a distance of HI5 (H = wall 
height) beyond the critical failure surface. 

3) 15 feet beyond the back of the wall. 

The location of the unbonded zone for Section A-A' is shown on Plate 7. This section is 
approximately a worst case condition. For tiebacks that are located 8 feet from the top of the 
wall and are inclined at 20°, the unbonded zone may be taken as 50 feet. For tiebacks that are 
located at other depths or inclinations, the unbonded zone should be estimated from Plate 7, 
with a minimum length of 15 feet behind the wall. 

Soldier Piles 

Soldier piles should gain their vertical resistance from friction in the in-place bedrock. Because 
of the fractured nature of the rock and the difficulty in removing slough from drilled holes, end 
bearing resistance should be neglected. Bedrock quality varies widely. We recommend that 
soldier piles be designed for a skin friction in bedrock of 1000 psf. This value is intended for 
use in a working stress analysis and contains a factor of safety of approximately 2.0. 

We recommend that all soldier piling have a minimum embedment of 5 feet into in-place 
bedrock, deeper penetrations may be required to satisfy wall vertical or lateral loading 
conditions. As discussed in Section 12 of this memorandum, an embedment of 5 feet is 
expected to be adequate to force a landslide failure below the existing failure plane and into in- 
place bedrock. 

The depth to in-place bedrock will be variable. The three borings closest to the wall 
encountered in-place bedrock at depths of 19.5 to 45.0 feet with the greatest depth near the 
center of the slide zone in the vicinity of Boring R-07-002. A sketch of estimated in-place 
bedrock depth along the length of the wall is provided on Plate 6. 

85401\SR07M047R 
O 2008, Kleinfelder 

2240 Northpoint Parkway 
Santa Rosa, CA 95407 
Tel. 707-571-1 883 
Fax. 707-571 -7813 



1 KLEINFELDER 

L 
Bright &pie. night %iutionr. 

The purpose of the proposed wall is to protect the road from landslide related movements, not 
to stabilize the active landslide mass below the wall. As discussed in Section 12, and as 
shown on Plate 12, even if the upper 20 feet of soil is excavated below the wall (maximum 
allowable excavation based on right-of-way and environmental constraints), the slope factor of 
safety is increased to only 1.2. A minimum factor of safety of 1.3 is required by the Caltrans 
Design Specifications. To obtain a factor of safety of 1.3 for the slope below the wall, it would 
be necessary to excavate to a depth of approximately 30 feet (see Plate 13). 

Based on the above considerations, it should be assumed that the landslide mass below the 
wall will continue to move and will eventually pull away from the downhill side of the wall. This 
could result in the loss of material between the piling. To protect against loss of material, 
lateral earth support should be provided extending down to the in-place bedrock surface (for 
the approximate depth of in-place bedrock refer to Plate 6). If support is provided by lagging, 
this would require temporary excavation to a depth of up to approximately 50 feet below 
existing grade, which is probably not practical within the project budget. If soldier pilings are 
spaced at three pile diameters or closer (center to center), soil arching should occur between 
the pilings to limit the internal loss of soil without the use of lagging (lagging should still be 
installed to at least five feet below the lowest tieback level). However, over time or in the 
presence of groundwater, loss of soil could still be significant between piling and future 
maintenance may be necessary. 

Wall Backfill 

If required, backfill material behind the wall should be Class 1, Type B Permeable Material 
(Caltrans Standard Specifications 68-1.025). To prevent internal soil erosion, we recommend 
that a filter fabric (Caltrans Standard Specification 88-1.03) be placed between the Permeable 
fill and native soil. To prevent the accumulation of hydrostatic pressures behind the wall, we 
recommend that HDPE shims be installed between the lagging members. 

To reduce backfill pressures, we recommend that any backfill placed within five feet of the wall 
(measured horizontally) be compacted with lightweight, hand-operated compaction equipment. 
Over-compaction of this fill can greatly increase wall pressures andlor deflections. 

12 SLOPE STABILITY REVIEW 

Kleinfelder performed slope stability analyses for the project using "Slide" version 5.03 by 
Rocscience. Plates 8 and 9 present the results of analyses of the existing (active) landslide. 
These analyses were performed to back calculate the residual soil strength. Plate 8 presents 
the results of a standard circular failure surface analysis; Plate 9 presents the results of an 
analysis along the identified failure surface. For these analyses we used the geometry of 
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cross section A-A' (Plate 3). The internal angle of soil friction that produced a factor of safety 
equal to one was approximately 1 go, which was used in our subsequent analyses. 

We then added the proposed retaining wall to this section and ran the model again. The wall 
was modeled as a rigid block so that the analysis was independent of the type of wall to be 
constructed. A 270 psf surcharge pressure was applied to the roadway area above the wall. 
The result of this analysis is summarized on Plate 10. The wall was modeled as a series of 
rigid piling with sufficient shear strength to force the landslide below the tips of the piling. 
Based on this analysis, with the wall socketed a minimum of 5 feet into bedrock, the calculated 
factor of safety against global stability was in the range of 1.6 (a minimum of 1.3 is required). 

. We next checked wall design pressures by modeling a 47 foot wall (fully drained) with a 
triangular load applied to the face of the wall, see Plate 11. The force necessary to provide a 
factor of safety of 1.3 was calculated to be equivalent to that exerted by a fluid with a unit 
weight of 87 pcf, or a total load of 100,000 pounds per lineal foot of wall. This calculated force 
is approximately 7% less than the design load calculated using the coefficients in Table 2 
(including the roadway surcharge and a factor of safety of 1.3); thus, we recommend designing 
the wall in accordance with the parameters in Table 2. 

Finally, we checked the slope stability of material below the wall to see if removal of 20 feet of 
soil would improve stability of the material below the wall. Twenty feet is the maximum allowed 
excavation depth due to right-of-way and environmental limitations. A result of this analysis is 
shown on Plate 12. Removal of this material increased the slope stability factor of safety to 
1.2, which is still below the Caltrans standard of 1.3. As shown on Plate 13, it would be 
necessary to excavate to approximately 30 feet to obtain a factor of safety of 1.3 below the 
wall. We understand that this depth of excavation is not permissible within right-of-way and 
environmental constraints. 

13 CONSTRUCTION CONSIDERATIONS 

Materials to be excavated will consist of fill, slide debris, and fracturedlweathered rock. 
Groundwater may be encountered at shallow depth. Caving conditions will likely be 
encountered during drilling for the piles and tiebacks due to the granular nature of 
portions of the fill and landslide debris, and the intensely fractured and weathered 
nature of the rock. Temporary casing, drilling under slurry, or placement of slurry 
cement backfill or concrete and redrilling may be required to control caving and should 
be performed in conformance with the provisions in Section 49-4.03 "Drilled Holes," of 
the Standard Specifications. 

Groundwater will likely be encountered in the pile and tieback holes. Pile and tieback 
installations may require dewatering or the placement of concrete and grout under 
water. If water is present and the holes are not dewatered, displacement of the water 
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by means of a closed system using a concrete pump or tremie tube to place concrete 
and grout at the bottom of the holes will be required in conformance with the provisions 
in Section 51-1.10 "Concrete Deposited Under Water," of the Standard Specifications. 

Vertical cut sections should not be deeper than five feet without shoring or sloping in 
accordance with CAUOSHA Standards. 

Sufficient and timely observation during construction should be performed to correlate 
findings of the investigation with actual subsurface conditions exposed during 
construction. 

The contractor should research utility locations and take necessary precautions to 
protect-in-place or relocate utilities as applicable, prior to excavation. 

Ponding of water adjacent to the structure should be avoided. During and after 
construction, positive drainage should be provided to direct surface water away from 
landslides and retaining structures. In particular, it is extremely important to collect the 
drainage from the west side of the road that currently flows over the face of the active 
landslide. Surface drainage should be collected into pipelines that are routed to suitable 
disposal areas away from the landslide. 

14 CLOSURE 

A Final Foundation Report can be provided once we receive the preliminary wall design. If 
you have any questions, please contact us at 707.571.1 883 
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OCanbination descr ip tors  ore permissible wnere equo d i s t r i b u t i o n  of both weathering cho roc te r i s t i c s  are present over s ign i f i con+ i n t e r va l s  or  where cho roc te r i s t i c s  preren i  

o re  " i n  between" the  d i ogno r t i c  fea tye .  However, duo1 descrip+ars s n o ~ l d  npt be used where s ign i f i con+,  iden+ i f lob le  zones con be oelineateo. when given os a range, on ly  
two odjocent terms may be cambinea. Decmposed t o  s l  i g h t l y  veothered, or moderately weathered t o  f resh"  ore no t  accep+ab~e. 

t Does not include d i rec t ion01 reother inn  along sllears o r  f o u t s  and +he i r  associated features. For example, o sheor zone tho+ ca r r i ea  weoihering to great depths i n t o  a i r e s n  
rock moss would not r equ i r e  the rack moss +o be c l a s s i f i e d  as weathered. 

§These a r e  genero l i ra t ions  ond should not be used os d iagnost ic  features fo r  weathering o r  excavation c l ass i f i ca t i on .  These cho roc te r i s t i c s  vary +o o large exfen+ based on 
n o t ~ r o l  l y  weah m o t e r i o s  o r  cementation and type o f  excavo+ion. 

Maderotey t o  S l  i gh i l y  
xeo+llerea 

~ ~ a ~ ~ ~ + ~ ~  reotnered 

Intensely to  
mooera+ely xeo+heredo 

I ~ + ~ ~ ~ ~ I ~  .eo+hered 

very in+ense,y 
reothered 

Decomposed 

char t  and i t s  ho r i r an to l  

D i a g n o s t i c  

Such 06 e i  l+S+DneS O r  Shales 
~ l o s s i f i e d  0s racK excova+iok. 

Homer does no* r i n g  whep rock 
i s  struck. ~ o d y  of rock 3s 
Sl igh t ly  weakened. Depending on 
frOCIUTng, usua  l y  i s  rock 
excavation excepi i n  na+ural l y  
weak rocks such as a i  lts+aner 
O r  snoles. 

DUI  I sound when struck w i th  
u s u o ' Y  can be woken wi th  

moeerte t o  heovy manual pressure 
O r  by I ign* hammer blow without 
reference t o  plones of weakness 
SUCII as incipient o r  ha i r ,  ine 
fractures or veinletr .  Rock i s  
s i g n i f i c o ~ t l y  weakened. Usuolly 
c m n  excavotion. 

CO" be 9'0"uIOted by hand. Alroyr 
c m n  excavation. ~es is+an+ 
minerols such os quartz may be 
present or ' s t r i n g e r s  o r  'dikes." 

rocks p a r + i c u l o r y  

fea tures  

Mechanical boundary weather ing- 

l d i s o g g r e g ? t ~ o n l  p r i m o r i i y  
f o r  grOnl+lCs and some 

coarse-grained sediments 

NO separation, in tac t  
{ t i g h t ) .  

NO v i s i b l e  separation, 
in toc t  l t i g n + l .  

Chem ica l  
analor o x i d a t i o n  

BOSY Of roc* 

NO d i s~o lo ro t i on ,  not 
oxidized. 

Olscolorotion o r  oxidot ian 
i s  l im i ted  t o  svrfoce of, 
or snort distance f r m .  

w e a t h e r i n g - D i s c o l ~ r a t i o n  

Frac ture  
surfaces t 

NO d i s c o ~ ~ r o t i o n  
o r  oxidation. 

Minor t o  cmple te  
discolorat ion or 
axidot ion o f  most 

froctYre6; some feldspor 
CrYSiolJ ore dul I .  

Discolorat ion or axidai ion 
extends from fractures 
ulval  lY throughout; Le-Mg 
miner013 are rus iy ,  
feidrpar,,crysials ore 
cloudy. 

Discolorotion o r  oxidation 
inroughout: o I f e i ~ a p o r s  
and Fe-!dg minerals are 
al tered to  clay t o  some 
extent: ,or chemica I 
ai+ero+,on produces i n - s i t "  
d isoggre~at ion, see groin 
boundory condi i  ions. 

D iSc~Iored or  oxidized 
througMut, but res is tan t  
minerals such or quarir  
moy be unaltered; at I 
fe ldrparr and ie-Mg 
mineros  a re  comple+ey 
al tered t o  c o y .  

categories are more r e o d i l y  

Por t io l  separation o i  
bouneorie~ v i s i b l e ,  

Par t ia l  sepoyation rock 
i s  f r iab le :  in sem/aria 
conditions g r o n i t i c ~  
ore disaggregaiea. 

Complete repara+ ion 
o f  grain boundaries 
i d i s a ~ ~ r e g a t e d ~  . 

w i t h  feldspars ond rmf ic  minerola. 

JuI-Ioce6. 

bl  i i rac ture  
rur+oces are 
discolored or  
oxidized. 

A l l  f roc tu ie  
surfocea ore 
discolored o r  
oxidized, 
surfaces i r i o b e .  

oppl iea to racks 

T e x t u r e  a n d  

Texture 

NO change, 

Preserved. 

s o l u t i o n i n g  

s 0 u + i a n i n g  

No so,ut ioninn, 

Minor leocning 
of some S D I U ~ I ~  
minerals may be 

G~~~~~ i 

Texture 
altered by 
cnenicol 
disintegra- 
+ion lhy- 
drai ion, 
nrgi  1 l a i ian l .  

ReSembles o soi 

noied. 

solubie minero ts  
may be m o r + ~ y  
leoched. 

~eocn ing or 
soluble minerals 

cample+e. 

I ,  pa r t i o l  o r  
complete remnant rock 
~ t r u c t u r e  moy be preserved; 
leaching o f  s a l m l e  minerals 
Ysuol , y  complete. 

Wea+nering i n  var ious sedimentary 













FIELD AND LABORATORY TESTS 
C Consolidation (ASTM D 243504) 

CL Collapse Potential (ASTM D 5333-03) 

CP Companion Curve (CTM 216 - 06) 
CR Corrosion. Sulfates, Chlorides (CTM €43 - 99: 

CTM 417 - 06: CTM 4 Z  - 06) 
CU Consolidated Undrained Triaxial (ASTM D 476742) 

DS Dired Shear (ASTM D 3080-04) 

El Exgansion Index (ASTM D 4829-03) 

M Moisture Content (ASTM D 2215-05) 

M: Organic Content (ASTM D 2974-07) 

P Permeability (CTM 220 - 05) 
PA Particle Size Analpis (ASTM D 422-63 [ZW21) 

PI Liquid Limit. Plastic Limit, Pianicily Index 
(AASHTO T 89-02, AASHTO T 90-00) 

PL Point Lomi index (ASTM D 573145) 

PM Pressure Meter 

PP Pocket Penetrometer 

R R-Value (CTM 301 - 00) 

SE Sand Equivalent (CTM 217 - 99) 
So Specific GravMy (AASHTO T 100-06) 

SL Shrinkage Umit (ASTM D 427-04) 

SW Swell Potential (ASTM D 4545.03) 

N PocketTOwane 

UC Unwnfined Compression - Soil (ASTM D 216606) 
Unwnfiwd Compression - Rock (ASTM D 2938-95) 

UU Unconsolidated Undrained Tnaxial 
(ASTM D 2850-03) 

UW Unit Weight (ASTM D 476704) 

VS vane  heir (AASHTO T 223-96 [ m ] )  

SAMPLER GRAPHIC SYMBOLS 

Standard Penetration Test (SPT) 

I Standard California Sampler 

Modified California Sampler 

Shelby Tube m Piston Sampler 

NX Rock Core HO Rock Core 

I Bulk Sample Other (see remarks) 

DRILLING METHOD SYMBOLS 

I 
g First Water Level Reading (during drilling) 

Auger Drilling I Rotaty Drilling 1 or Dynamic Hand Driven Cone Diamond Core P Static Water Level Reading (short-term) 

Department of Transportation 
Division of Engineering Sewices 
Geotechnical Sewices 
Office of Geotechnical Design - North - 

REPORT TITLE 
BORING RECORD LEGEND 

DIST. 
01 

COUNTY 
Humboldt 

PROJECT OR BRIDGE NAME 
Storm Damage Location: Highway254 P.M. 5.58 

ROUTE 
254 

BRIDGE NUMBER 

POSTMILE 
5.6 

PREPARED BY 
C. Goitein 

EA 
01-475101 

DATE 
6-2608 

SHEET 
1 of3 





ROCKGRAPHIC SYMBOLS 

SEDIMENTARY ROCK 

METAMORPHIC ROCK 

BEDDING SPACING 
Descriptor 

Massive 
Very thickly bedded 
Thickly bedded 
Moderately bedded 
Thinly bedded 
Very thinly bedded 
Laminated 

Thickness or Spacing 

>loft 
3 t o  l o f t  
I t 03R  
3-518 inches to 1 R 
1-114 to 3-518 inches 
38 inch to 1-114 inches 
c 38 inch 

RELATlVE STRENGTH OF INTACT ROCK 
Descriptor 

Extremely Strong 

Very Strong 

Strong 

Medium Strong 

Weak 

Very Weak 

Extremely Weak 

ROCK HARDNESS 
Uniaxial 
Compressive Strength (psi) 
> 30,000 

14,500 - 30,000 

7.000 - 14.500 

3.500 - 7,000 

700 - 3,500 

150 - 700 

< 150 

Descriptor 

Extremely Hard 

Very hard 

Hard 

Moderately 
Hard 
Moderately 
Soft 
Soft 

Very Soft 

Department of Transportation 

Division of Engineering Services 

Geotechnical Services 

Office of Geotechnical Design - North - 

CORE RECOVERY CALCULATION (%) 

Total length of core run (in.) 

RQD CALCULATION (%) 

Total length of core run (in.) 

Criteria 

S cimen.cannot be scratchedwith pocket knife or sharp pick; can only be 
c&ed mth repeated heavy hammer blows 
Specimen cannot be scratched with pocket knife or sharp pick; breaks with 
repeated heavy hammer blows 
Specimen can be scratched with pocket knife or sharp pick with heavy 
pressure; heavy hammer blows required to break speclmen 
Specimen can be scratched with pocket knife or sha pick with light or 
moderate pressure; breaks with moderate hammer b%ws 
Specimen can be grooved 1!6 in. with pocket knife or sharp ick with moderate 
or heavy pressure; breaks mth light hammer blow or heavy land pressure 
Specimen can be grooved or gou with pocket knife or sharp pick with light 
pressure, breaks mth light to m&ate hand pressure 
Specimen can be readily indented rooved or gouged with fingernail, or 
carved with pocket knife; breaks hjh light hhnd pressure 

REPORT TITLE 
BORING RECORD LEGEND 

FRACTURE DENSITY 

DIST. 
01 

Deszriptor 

Unfractured 
Very Slightly Fractured 
Slightly Fractured 
Moderately Fractured 
Intensely Fractured 

Very Intensely Fractured 

Criteria 

No fractures 
Lengths greater 3 R 
Lengths from 1 to 3 R, few lengths outside that range 
Lengths mostly in range of 4 in. to 1 R, with most lengths about 8 in. 
Lengths average from 1 in. to 4 in. with scattered fragmented 
lntervais mth lengths less than 4 in. 
Mostly chips and fragments with few scattered short core lengths 

COUNTY 
Humb~ldt 

PROJECT OR BRIDGE NAME 
Storm Damage Location: Highway254 P.M. 5.58 

ROUTE 
254 

BRIDGE NUMBER 

WSTMILE 
5.6 

PREPARED BY 
C. Goitein 

EA 
01-475101 

DATE 
6-26-08 

SHEET 
3of3 

















DESCRIPTION 

ewmes olive brown, some sand. 

.................... 
ETAMORPHIC ROCK (Mefa-Shale), medium gray, 

C1 
REWRT TITLE HOLE ID 

Z -t 
Department of Transportation BORING RECORD 7-003 

E : Division of Engineering Services DIS. COUNTY ROUTE POSTMILE EA 
LO Geotechnical Services 

01 Humboldt 254 5.6 
Z 

01 -4751 01 

2 PROJECT OR BRIDGE NAME 

5 Office of Geotechnical Design - North Storm Damage Location: Highway 254 P.M. 5.58 
3 BRIDGE NUMBER PREPARED BY DATE SHEET C. Goitein 811-07 2 o f 3  



Department of Transportation 
Division of ~n~ ineer in i  Services 
Geotechnical Services 
Office of Geotechnical Design - North 

REWRT TITLE HOLE ID 
BORING RECORD - - 

DIST. COUNTY ROUTE WSTMILE EA 
01 Humb~ldt 254 5.6 01-475101 

PROJECT OR BRIDGE NAME 
Storm Damage locatio ... . ..,....-, -_ . . ..... 

BRIDGE NUMBER PREPARED BY DATE SHEET 
C. Goitein ell47 3 o f 3  

n: Hiahwav 254 P.M. 5.W 







REPORT TITLE Department of Transportation HOLE ID 
BORING RECORD R-07-004 

r Division of Engineering Services DIST. COUNTY ROUTE WSTMILE EA 

Geotechnical Services 01 Humboldt 254 5.6 01-475101 
PROJECT OR BRIDGE NAME 

Office of Geotechnical Design - North Storm Damage Location: Highway 254 P.M. 5.58 
I BRIDGE NUMBER I PREPARED BY 1 DATE 1 SHEET 



( KLE/NFELD€R 

b 
Bright Pemle. Right SoIYtiom. 

APPENDIX B 



Lab Test Summary 
Storm Damage Location: Highway 254 P.M. 5.58 Job # 85401 

LL - LIQUID LIMIT 
PL - PLASTIC LIMIT 
PI -PLASTICITY INDEX 
UU - UNCONSOLIDATED UNDRAINED 



LIQUID LlMlT (LL) 

SAMPLE SOURCE CLASSIFICATION 
LIQUID PLASTIC PLASTICITY % PASSING 

LIMIT (%) LIMIT (%) INDEX (%) #ZOO SIEVE 

O R-07-003 @ 25.0 Sandy Clay with Gravel (CUSC) 37 20 17 

I3 R-07-004 @ 16.0 Gravelly Clay with Sand (CL) 42 20 22 

PLASTICITY CHART PLATE 

Y 2-1 PROJECT NUMBER 85401 DATE 6/26/2008 11 



GRAVEL SAND 
bbles SILT 

FlNE 
CLAY 

COARSE I I COARSE I MEDIUM I FINE 

'MBOL SAMPLE SOURCE CLASSIFICATION 

0 R-07-002 @ 21.0' Clayey Sand with Gravel (SC) 

' R-07-003 @ 26.0' Sandy Clay with Gravel (CUSC) 

A R-07-003 @ 41 .O' Meta-Shale 

PARTICLE SIZE ANALYSIS PLATE 

(=;=INmDER 

L 
MghtspC mlw- HUM 254 PM 5.58 B-2 

3OJECT NUMBER 85401 DATE 6/26/2008 
EA-01-475101 



STRAIN (%) 

~ y p e  of Confinement Shear 
Sample Source Classification Pressure Stren th 

Test (psf) (ps 

O R-07-001 O 1f8.0' Clayey Sand with Gravel (SC) TXUU 2016 4621 

i3 R-07-002 O 2 0' Clayey Sand with Gravel (SC) + I TXUU 1 3888 1 3968 

Gravel with Sand (GC) 1 TXUU 1 4320 1 2460 

O R-07-003 O 2 .O' Sandy Clay with Gravel (CUSC) 

Q R-07-003 B 3 .0' I Meta-Shale 

TXUU 2736 439 

TXUU 4608 697 

a R-07-004 B 11.0' Gravelly ~ i a y  with Sand (CL) I TXUU 1 1440 1 1096 

UC = Unconfined Compression 

W U U  = Unconsolidated Undrained Triaxial 

STRENGTHTESTDATA I PLATE 

f KLNNFELDER 
L wtF=+k"wt- 

- 

PROJECT NUMBER 85401 DATE 6/26/2008 

HUM 254 PM 5.58 
EA-01-475101 



CORROSION TEST RESULTS 

lient Name: Kleinfelder 

EA01-475101 
HUM 254 PM 

5.58 

. EA01-475101 
HUM 254 PM 

5.58 

EA01-475101 
HUM 254 PM 

5.1 
EA01-475101 
HUM 254 PM 

5.1 

NOTES: Resistivity Test and pH: California Test Methods 532 and 643 
Sulfate Content : California Test Method 417 
Chloride Content : California Test Method 422 
ND = Not Detectable 
NA = Not Sufficient Sample 
NR = Not Requested 

2607 Pomona Boulevard, Pomona, CA 91 768 
Tel. (909) 569-6316 Fax. (909)869-6318 

R-07- 004 

R-07- 
002 

R-07- 
004 

R-07- 
002 

10.5-15.5 R 

30 R 

13 R 

32 R 

CL 

CL 

CL 

CL 

1900 

1700 

1700 

2200 

7.3 

7.4 

7.4 

7.6 

0.0004 

0.0003 

0.0043 

0.0016 

0.0074 

0.0135 

0.0129 

0.0127 



( KLEINFEL DER 

b 
Bright People. Right  solution^. 

APPENDIX C 



Cumulative Displacement (in) from 2/6/2008 Cumulative Displacement (in) from 2/6/2008 

INCLINOMETER MONITORING RESULTS 
01-HUM-254-PM 5.58 Depth of Inclinometer Casing: 71 feet 
South Miranda Sink Ao Direction: N/A" (Magnetic North) 
E.A. No.: 01-475101 Location (WGS-84) : NIA 



STATE OF CALIFORNIA ARNOLD SCHWARZENEGGER. Govanor - 
DEPARTMENT OF INDUSTRIAL RELATIONS 
DIVISION OF OCCUPATIONAL SAFETY AND HEALTH 
MINING AND TUNNELING UNIT 
22 1 1  Park Towne Circle, Suite 2 
Sacramento, California 95825 

FAX 

e 
Telephone (916) 574-2540 

(916) 574-2542 

July 18,2008 

Department of Transportation 
North Region - Design East 
703 B Street 
'Marysville, Califomia 95901 

Attention: Fermin Barriga, Branch Chief 

Subject: Underground Classification No. C107-023-09T 
Highway 254 Miranda Walls 

Mr. Bamga 

The information provided to this office relative to the above project has been reviewed. On the 
basis of this analysis, an Underground Classification of "Potentially Gassy with Special 
Conditions" has been assigned to the tunnel identified on your submittal. Please retain the 
original Classification for your records and deliver a true and correct copy of the Classification 
to the tunnel contractor for posting at the job site. 

When the contractor who will be performing the work is selected, please advise them to notify 
this office to schedule the mandated Prejob Conference with the Division prior to commencing 
any activity associated with construction or rehabilitation of the tunnel. 

Please be informed that whenever an employee enters any bore or shaft being constructed under 
30 inches in diameter, the Mining and Tunneling Unit then has immediate jurisdiction over that 
job. Please contact the Mining and Tunneling Unit prior to entering such spaces. 

If you have any questions on this subject, please contact this office at your earliest convenience. 

Sincerely, 

Senior Engineer 

cc: Richard Brockman 
File 



State of California 

Deparhnent of lnduslrial Relations 

DIVISION OF OCCUPATIONAL SAFETY AND HEALTH 
MINING AND TUNNELING UNIT 

Underground Classification 
C107-023-09T 

CALIFORNIA DEPARTMENT OF TRANSPORTATION 

(NAME OF TUNNEL OR MINE AND COMPANY NAME) 

1656 Union Street, Eureka, California 95501 
of 

(MAILING ADDRESS) 

HIGHWAY 254 MIRANDA WALLS 
at 

(LOCATION) 

*** POTENTIALLY GASSY with Special Conditions*** 
has been classified as 

(CLASSIFICATION) 

as required by the California Labor Code Section 7955. 

The Division shall be notified if sufficient quantities of flammable gas or vapors have been encountered 
underground. Classifications are based on the California Labor Code Part 9,  Tunnel Safety Orders and Mine 
safety-orders. 

1. A Certified Gas Tester shall perform pre-entry and continuous monitoring of the underground 
environment to measure Oxygen and detect explosive, flammable, and toxic gasses whenever an 
employee is working in the underground environment. 

2. Mechanical ventilation shall provide for continuous exhaust of fumes and air at any time an employee 
is working in the underground environment. The primary ventilation fans must be located outside of 
the underground enviromnent and shall be reversible by a single switch near the fan location. 

3. The Division shall be notified immediately if any Flammable Gas or Petroleum Vapor exceeds 5% 
of the Lower Explosive Limit. 

4. All utilities that may be in conflict with the project shall be identified and physically located 
(potholed) prior to the start of project operations. 

The fifty eight 36-inch diameter shafts of varying depths of 41 to 60 feel located at two sites alongside 
Highway 254, approximately 1.3 and 0.8 miles south of the Miranda Post Office, Humboldt County. 

This classificotion shall be conspicuously posted at the place of employment. 

November 18,2008 

@m 



POST MILES SHEET TOTAL 
l ~ i e +  COUNTY ROUTE TOTAL PROJECT NO. SHEETS1 

1 01 Hum 254 5.1/5.6 1 1 

- TFESA 

----------- 

PROPOSED EQUIPMENT 
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-5  . f  

NO SCALE S H E E T - I  l ~ $  
' n  

BORDER LAST R E V I S E D  3 / 1 / 2 0 0 7  R E L A T I V E  BORDER SCALE 0 1 2 3 UYRNAME =>sl315B5 
I S  I N  I N C H E S  ~~~~~~~ DGN FILE => Stog I n g A r e a 5 - 1 2  .dgn 

cu 03224 EI\ 4751 01 



POST MILES SHEET TOTAL 'Ist COUNT' TOTAL PROJECT No. SHEETS 

01 Hum 254 5.1 /5.6 
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