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1.0 INTRODUCTION 

This report presents results of our geotechnical investigation for evaluation of proposed slopes that will 
be constructed as part of the Shifler Mining and Reclamation Project located northeast of the 
intersection of County Roads 22 and 94B in Yolo County, California. The approximate site location is 
shown on the Vicinity Map, Figure 1. 
 
The purpose of our study was to evaluate subsurface conditions, evaluate pertinent geotechnical 
parameters, and to evaluate slope stability for proposed perimeter mining and reclamation slopes under 
static and dynamic (seismic) conditions with respect to the performance standards outlined in the Yolo 
County Off-Channel Surface Mining and Reclamation Ordinances, and the California Surface Mining 

and Reclamation Act (SMARA). The results of our evaluation will be used as part of the overall 
forward planning efforts for the project. 
 
To prepare this report, we performed the following scope of services: 
 
 Performed a limited geologic/geotechnical literature and aerial photograph review to aid in 

evaluating the geologic and geotechnical conditions present at the site. A list of referenced material 
is included in Section 10.0 of this report. 

 Reviewed available plans for the proposed project to select areas of exploration. 

 Notified subscribing utility companies via Underground Service Alert at least 48 hours prior to 
performing exploratory excavations at the site. 

 Paid required fees and obtained a soil boring permit from Yolo County Environmental Health 
Department. 

 Performed six test pits (TPSHF1 through TPSHF6) using a CAT 385 excavator. Test pits were 
excavated to approximate depths ranging from 18 to 21 feet on October 28, 2010. 

 Performed one exploratory boring (B1) using a truck-mounted drill rig equipped with hollow-stem 
augers to a depth of approximately 101 feet on February 20, 2014.  

 Logged the test pits and boring in accordance with the Unified Soil Classification System (USCS). 

 Obtained soil samples from the test pits and borings. 

 Performed laboratory tests on selected soil samples to evaluate pertinent geotechnical parameters.  

 Performed slope stability and seepage analyses for mining and reclamation slopes considering both 
static and seismic conditions. 

 Performed supplemental seepage analysis for the proposed relocation of Moore Canal. 

 Prepared this report summarizing our findings, conclusions and recommendations regarding the 
geotechnical aspects of the proposed project. 
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Details of our field exploration program including test pit, exploratory boring, and drill hole logs are 
presented in Appendix A. Approximate locations of subsurface explorations are shown on the Mining 
Site Plan and Reclamation Site Plan, Figures 2 and 3 respectively. Details of our laboratory testing 
program and test results are summarized in Appendix B. Details of our slope stability and seepage 
analyses are summarized in Appendix C. 

2.0 SITE AND PROJECT INFORMATION 

The Shifler property (the “site”) occupies approximately 319.3 acres south of Cache Creek, and is 
identified by Yolo County Assessor’s Parcel Numbers 025-430-01 (portion), 025-430-02, 025-120-32 
(portion), and 025-120-33. The approximate location of the site is depicted on the Vicinity Map, 
Figure 1. The site is located north of County Road No. 22 and east of County Road No. 94B. The 
Moore Canal traverses the site from its northeast corner to its west boundary. The Moore Canal is an 
irrigation water conveyance canal operated by the Yolo County Flood Control and Water Conservation 
District. Land uses in the vicinity of the site consist of active and former aggregate mining operations, 
agriculture, and some rural and farm residences.  
 
Based on mapping prepared by Cunningham Engineering and information provided by Teichert, site 
topography is relatively flat with surface elevations ranging from approximately 98.7 feet to 112 feet 
above mean sea level (MSL). The site is currently an agricultural property planted with row crops.  
 
We understand that Teichert proposes to excavate the site for gravel mining operations. The proposed 
mining operations will require excavation of the site to a maximum pit bottom elevation of -5 feet 
MSL. The currently proposed mining boundary and base of excavation elevation contours are shown 
on the Mining Site Plan, Figure 2.  
 
Prior to initiating mining operations, the Moore Canal will be relocated to flow in a newly constructed 
concrete-lined channel adjacent to the north and west boundaries of the proposed mining/reclamation 
area. The new canal will be set back approximately 50 feet from the mining area. The existing and 
proposed new Moore Canal locations are depicted on the Mining Site Plan, Figure 2.  
 
Mining operations will consist of removing and stockpiling the existing overburden soil and retrieving 
the underlying gravel material down to a maximum pit bottom elevation of approximately -5 feet MSL. 
Based on the topography of the site, this will result in mining (excavation) depths up to approximately 
110 feet, depending on location.  
 
Planned mining and reclamation will create slopes of varying height and inclinations. Some of these 
mining and reclamation slopes will intercept the groundwater potentiometric surface. Typical slope 
configurations are shown on Figures 4 and 5 (from Shifler Mining Plans and Shifler Reclamation Plans 
by Cunningham Engineering, 2014). Review of the Shifler Mining Plan and Shifler Reclamation Plan 
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sheets prepared by Cunningham Engineering, dated February 22, 2016, shows similar slope 
configurations and revised groundwater conditions. Proposed mining slopes shown in the 2016 plans 
will be excavated to an inclination of approximately ¾:1 (horizontal to vertical) above elevation 52 feet 
MSL; and 1:1 below elevation 47 feet MSL with a 5-foot-high 2:1 slope transition zone in between. As 
shown on the Mining Site Plan, Figure 2, a minimum 50-foot buffer will be maintained between the 
tops of the mining slopes and the property lines and the relocated Moore Canal.  
 
Reclamation slopes will be constructed using stockpiled overburden soil that is placed and compacted 
to form new slopes ranging in inclination from 2:1 to 4:1 above elevation 43 MSL and 1:1 below this 
elevation. Reclamation slopes will be constructed in a sequential manner as mining progresses which 
should result in completed mining slopes only being exposed for a short period of time – on the order 
of one year or less. The proposed reclamation elevation contours are depicted on the Reclamation Site 
Plan, Figure 3.  

3.0 SOIL AND GEOLOGIC CONDITIONS 

We identified soil and geologic conditions by observing exploratory excavations (TPSHF1 through 
TPSHF6), an exploratory soil boring (B1), reviewing previous drill hole logs provided by Teichert 
(SHF05DH-1 through SHF06DH-27), and reviewing the referenced geologic literature (Section 9.0). 
Soil descriptions provided below include the USCS symbol where applicable. 
 
Based on the Geologic Map of the Late Cenozoic Deposits of the Sacramento Valley and Northern 

Sierran Foothills (Helley and Harwood, 1985), the site is underlain by Holocene-aged stream channel 
deposits. These depositional and erosional deposits are associated with open, active stream channels 
and generally consist of unweathered gravel, sand, silt, and clay.  
 
The overburden soil at the site consists of an approximate 9- to 18-foot-thick layer of interbedded silty 
sand (SM), silt (ML), silty clay (CL-ML), sandy clay (CL), clay (CL), and clayey sand (SC).  
The gravelly soil below the overburden generally consists of loose to very dense poorly graded sand 
(SP), poorly graded sand with gravel (SP), poorly graded gravel with sand (GP), and silty gravel with 
sand (GM), with thin (up to 5 feet) interbedded layers of clay (CL) and poorly graded sand with silt 
(SP-SM) and scattered small cobbles up to 4 inches. The gravel and cobbles include slightly weathered 
to fresh metavolcanic and metasedimentary rock with some quartz and chert and will be the aggregate 
source for this mining project. The strata proposed for mining overlays a cemented sandstone to clay 
layer. Consistency of the clay layer varies from very stiff to hard as is typical of this type of 
sedimentary deposit.  
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Based on our review of the drill hole logs provided by Teichert, top and bottom elevations of the soil 
layers are relatively consistent suggesting relatively flat stratigraphy with no significant dip, which is 
consistent with the erosional/depositional geology of the area. The general subsurface profile at the site 
is shown on the Typical Slope Sections exhibits, Figures 4 and 5. 
 
Subsurface conditions described in the previous paragraphs are generalized. The test pit, exploratory 
boring, and drill hole logs included in Appendix A contain soil type, color, moisture, consistency/relative 
density, and USCS classification of the materials encountered at specific locations and elevations. 

4.0 GROUNDWATER 

We did not encounter groundwater in any of our test pits performed on October 28, 2010. We 
encountered groundwater in boring B1 performed on February 20, 2014, at a depth of 70 feet (elevation 
of approximately 38½ feet MSL).  
 
We understand that groundwater analysis indicates a predicted high groundwater elevation during 
mining of 60 feet MSL and a predicted low of 52 feet MSL. The analysis also indicates a high 
groundwater elevation for the reclamation condition of 57 feet MSL and a low of 47 feet MSL. We 
understand that these groundwater conditions are based on a site-specific study performed by Luhdorff 
& Scalmanini (February 2016). Groundwater analysis performed in 2014 yielded different groundwater 
elevations which bracketed these values (slightly higher and slightly lower). As such, our slope 
stability and seepage analyses presented herein use the results of the 2014 groundwater analysis since 
those results are more adverse than the results of the 2016 groundwater analysis with respect to slope 
stability and seepage, resulting in a more conservative analysis. 
 
It should be noted that fluctuations in the level of groundwater may occur due to variations in rainfall, 
temperature, and other factors. Depth to groundwater can also vary significantly due to localized 
pumping, irrigation practices, and seasonal fluctuations in Cache Creek. 

5.0 SEISMICITY 

In order to evaluate the distance of closest known active faults to the site, we reviewed geologic maps 
and used the computer program EQFAULT, (Version 3, Blake, 2000). Principal references used within 
EQFAULT are Jennings (1975), Anderson (1984) and Wesnousky (1986). The results of the query 
indicate the Great Valley Fault System and a segment of the Dunnigan Hills Fault, located 8 miles to 
the west and northwest, respectively, are the closest known active faults to the site.  
 
We used the USGS computer program 2008 Interactive Deaggregations to estimate the PGA and 
modal (most probable) distance and magnitude associated with a 2% chance of exceedance in 50 years 
(2,475-year event). For an alluvial soil type, the USGS estimated PGA is 0.47g, the modal distance is 
22.5 km and the modal magnitude is 6.6. 
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We used the online USGS application Seismic Design Maps to evaluate the site class modified, 
design-level Peak Ground Acceleration (PGAM) for the site, for use in seismic slope stability analysis. 
The PGAM for the site is 0.4g. 
 

While listing PGA is useful for comparison of potential effects of fault activity in a region, other 
considerations are important in seismic design, including frequency and duration of motion and soil 
conditions underlying the site. The site could be subjected to ground shaking in the event of a major 
earthquake along the faults mentioned above or other area faults. However, the seismic risk at the site 
is not considered to be significantly greater than that of other sites in the area. 

6.0 SLOPE STABILITY AND SEEPAGE ANALYSIS 

The stability of the proposed mining and reclamation slopes was evaluated based on soil strength 
parameters and the anticipated slope configurations and groundwater/seepage conditions from 2014 
plans. Revised groundwater conditions provided in 2016 are bracketed by those used in the 2014 
analysis. As such, we consider the results presented herein for analyses performed in 2014 as also 
appropriate given the revised groundwater conditions. 

6.1 Stability Analysis Material Parameters 

We evaluated slope stability at four locations considered representative of the anticipated mining and 
reclamation slope conditions along the perimeter of the proposed mining pit: A-A’ and D-D’ (north 
slope), B-B’ (west slope), and C-C’ (east slope). The analysis locations are shown on the Mining and 
Reclamation Site Plans, Figures 2 and 3, respectively. The configuration of slope stability analysis 
sections was based on topography and anticipated mining depths provided by Teichert. The typical 
slope sections are shown on Figures 4 and 5. 
 
To select appropriate material parameters for our slope stability analysis, we used the results of our test 
pits, exploratory borings, drill hole information obtained from Teichert and our own borings, laboratory 
testing, published correlations, engineering judgment, and experience. The material parameters used in 
our analyses are summarized in Table 6.1. 
 
 

TABLE 6.1 
SOIL PARAMETERS FOR SLOPE STABILITY AND SEEPAGE ANALYSIS 

Material 
Type 

Total Unit 
Weight 

(pcf) 

Cohesion, C 
(psf) 

Friction Angle, � 
(degrees) 

Permeability (ft/sec) 

Total Effective Total Effective Vertical Horizontal 
Overburden 

Soil 125 350 --- 20 --- 1.5 x 10-7 1.5 x 10-6 

Gravel 125 --- 150 --- 42 1.5 x 10-4 1.5 x 10-3 
Clay 120 450 375 18 30 1.5 x 10-7 1.5 x 10-6 

Reclamation 
Fill 125 2,000 250 29 34 n/a n/a 

 

Discussion of the derivation of the parameters shown in Table 6.1 is presented hereinafter. 
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Overburden Soil. Shear strength parameters for overburden soil were estimated from published 
correlations based on soil type and our experience with similar soils in the project area. Permeability is 
based on laboratory permeability testing. Based on sensitivity analysis, overburden soil parameters 
(total unit weight, C, ) have a negligible effect on slope stability for this project. 
 
Gravel. Since it is extremely difficult to obtain intact, undisturbed samples of gravel and cobble 
containing up to 4-inch particles, we derived shear strength parameters for the gravel using the following 
procedure. We excavated test pits and collected representative samples of the gravel from selected depths. 
Representative bulk samples of gravel were delivered to Ausenco Vector Laboratory in Grass Valley, 
California. The samples were sieved and recombined as close as practically possible to the average in-situ 
gradation and dry density based on average gradation of over 100 samples. Ausenco Vector then 
performed large box (12-inch square) direct shear testing on saturated, remolded specimens to determine 
effective shear strength parameters. Because this material contains very little fines and is relatively free-
draining, drained (effective stress) parameters are used for both static and seismic stability analyses. 
Permeability of the gravel deposit was estimated using correlations developed by Alyamani and Sen, 
Determination of Hydraulic Conductivity from Complete Grain-Size Distribution Curves, Groundwater 
Journal, July-August 1993. Since the samples are remolded the shear strength results obtained do not 
account any for natural cementation which may be present in the material. 
 
Clay. Total and effective shear strength parameters and permeability of the clay are based on the 
results of our exploratory borings, laboratory triaxial shear strength testing, published index property 
correlations, comparisons with local data, engineering judgment, and experience. 
 
Reclamation Fill. We derived shear strength parameters for the future fill slopes constructed from the 
existing overburden material using the following procedure. We excavated test pits and collected 
representative samples of the overburden from selected depths. We then performed laboratory testing to 
determine a maximum dry density and optimum moisture content. Samples were remolded to 
approximately 90 percent relative compaction at least 2 percent above optimum moisture content. Staged 
triaxial shear testing was then performed on unconsolidated and consolidated samples to determine a 
range of total and effective shear strength parameters. Drained (effective stress) parameters are used for 
static stability analysis and undrained, total stress parameters are used for seismic stability analysis. 
 
We assumed a generally flat soil layer stratigraphy consistent with the depositional and erosional geology 
of the site. 
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6.2 Groundwater Conditions 

Based on the Preliminary Mining and Reclamation Exhibits, prepared by Cunningham Engineering 
dated January 30, 2014, we used the groundwater elevations in Table 6.2 in our analyses. These 
groundwater elevations bracket the revised groundwater elevations provided in 2016, resulting in a 
conservative analysis. 
 

TABLE 6.2 
GROUNDWATER ELEVATIONS FOR ANALYSIS

Condition 
Average High Groundwater 

Elevation (Feet, MSL) 
Average Low Groundwater 

Elevation (Feet, MSL) 
Mining1 65 50 

Reclamation1 62 40 
Notes: 1. Groundwater conditions used for slope stability analysis from the Preliminary Mining and Reclamation Exhibits 

by Cunningham Engineering (dated January 30, 2014) are higher and lower and are therefore more conservative 
than the 2016 revised groundwater conditions. 

6.3 Seismic Forces for Dynamic (Seismic) Slope Stability Analysis 

We analyzed dynamic (seismic) slope stability using a pseudo-static approach in which the earthquake 
load is simulated by“equivalent” static horizontal acceleration acting on the mass of the slope. This 
methodology is generally considered to be conservative and is most often used in current practice. 
 

We calculated the seismic coefficient using the procedures presented in Special Publication 117A, 

Guidelines for Evaluating and Mitigating Seismic Hazards in California (CGS 2008). In this procedure, 
the seismic coefficient is equal to a portion of the design-level PGAM for a soft rock site condition 
without the risk coefficient (PGAM/1.5). Assuming a 5-cm displacement threshold, a PGAM/1.5 of 0.27g, 
a modal distance of 22.5 km, and a modal magnitude of 6.6, the calculated seismic coefficient is 0.1. 

6.4 Slope Stability Analysis and Results 

We analyzed slope stability using the computer program SLOPE/W, Version 7.22 (Geo-Slope 
International) for static and seismic conditions using the Morgenstern-Price method of limit-equilibrium 
analysis considering circular and block failure modes. For the mining slope conditions, we analyzed both 
shallow surface (surficial) and global stability. For the purposes of this report, “shallow surface” failures 
are those within close proximity to the top of the mining slope, generally within the outer 25-foot portion 
of the dedicated 50-foot buffer. “Global” failures for the mining slope condition are considered failure 
surfaces that would extend beyond the 50-foot buffer. For the reclamation slope conditions, we analyzed 
for global failure surfaces. 
 

In limit-equilibrium slope stability analysis, ponded water against a slope tends to increase global slope 
stability due to the buttressing effect of the mass of water against the slope. In our analyses, as a 
conservative measure for the mining condition, we assumed no ponded water against the slope, even 
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though ponded water will be present during mining (no dewatering planned). For the reclamation 
condition, we assumed the ponded water elevation would be coincident with the potentiometric 
groundwater surface. 
 
Tabulated results of our slope stability analysis (factor of safety against failure) for each slope 
configuration under the conditions of analysis (e.g. high groundwater, low groundwater, static, seismic, 
surficial and global) are summarized in Table C1 in Appendix C. Graphical representations of the 
potential critical failure surfaces and parameters used for each stability analysis are presented on Figures 
C3 through C18 in Appendix C. Results are summarized in Table 6.5. 
 

TABLE 6.5 
SLOPE STABILITY ANALYSIS RESULTS

Location Condition 

Calculated Minimum 
Factor of Safety 

Static Seismic 

Northeast Slope 
(A-A’) 

Mining – Low Groundwater/Shallow Surface 1.1 to 1.2 1.0 to 1.1 
Mining – Low Groundwater /Global 1.3 1.1 
Mining – High Groundwater/Shallow Surface 1.1 1.0 
Mining – High Groundwater /Global 1.2 1.0 
Reclamation – Low Groundwater 1.5 1.4 
Reclamation – High Groundwater 1.8 1.4 

West Slope 
(B-B’) 

Mining – Low Groundwater/Shallow Surface 1.2 to 1.3 1.0 to 1.1 
Mining – Low Groundwater /Global 1.7 1.1 
Mining – High Groundwater/Shallow Surface 1.1 to 1.2 1.0 
Mining – High Groundwater /Global 1.6 1.0 
Reclamation – Low Groundwater 3.7 2.3 
Reclamation – High Groundwater 3.7 2.0 

East Slope 
(C-C’) 

Mining – Low Groundwater/Shallow Surface 1.2 to 1.6 1.1 to 1.3 
Mining – Low Groundwater /Global 2.1 1.4 
Mining – High Groundwater/Shallow Surface 1.2 to 1.6 1.1 to 1.3 
Mining – High Groundwater /Global 2.1 1.3 
Reclamation – Low Groundwater 2.7 2.0 
Reclamation – High Groundwater 2.7 1.7 

North-Central 
Slope 
(D-D’) 

Mining – Low Groundwater/Shallow Surface 1.2  1.0 to 1.1 
Mining – Low Groundwater /Global 1.3 1.1 
Mining – High Groundwater/Shallow Surface 1.1 1.0 
Mining – High Groundwater /Global 1.3 1.0 
Reclamation – Low Groundwater 1.8 1.3 
Reclamation – High Groundwater 2.2 1.3 

6.5 Seepage Analysis and Results 

Cache Creek 

The proposed north mining/reclamation slopes will be separated (set back) from Cache Creek by a 
minimum of 300 feet. To model seepage conditions in the north mining/reclamation slope under 
influence of a potential 200-year flood event in Cache Creek, we used the computer program SEEP/W, 
Version 7 (Geo-Slope International). In our analysis, we considered the initial condition for the site to 
be the average high groundwater elevation of 65 feet MSL for the mining condition (2014 groundwater 
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conditions). We then modeled the transient 200-year water surface elevation (+98 feet MSL, per 
Cunningham Engineering, 2014) in Cache Creek for durations of one month, 100 days, and 100 years. 
Our seepage analysis results are presented graphically on Figures C1 and C2 in Appendix C. 
 
The results of our analyses indicate that the seepage front does not intercept the proposed north mining 
slope at an elevation higher than the average seasonal high groundwater condition, even when 
sustained indefinitely (100 years). Therefore, anticipated subsurface seepage conditions at the proposed 
north mining slope under the 200-year Cache Creek flood event are not expected to be more adverse 
than normal, average seasonal high groundwater conditions. 
 
Relocated Moore Canal 

As requested, we performed supplemental seepage analysis for the proposed Moore Canal relocation. 
The proposed north mining slope will be separated (set back) from the relocated canal by about 50 feet. 
We used the computer program SEEP/W, Version 7 (Geo-Slope International) for seepage modeling. 
In our analysis, we considered the initial condition for the site to be the average high groundwater 
elevation of 60 feet MSL for the mining condition (2016 groundwater conditions for this analysis). We 
then modeled the transient design water surface elevation (+105.5 feet MSL, per Cunningham 
Engineering) in the canal for durations of one month and 100 days (we understand that the canal is only 
used periodically and is frequently dry throughout the year) as well as steady state conditions. Our 
seepage analysis results are presented graphically on Figures C19 through C21 in Appendix C. 
 

Two different near-surface soil conditions were evaluated for the relocated Moore Canal (overburden 
and clayey gravel). The canal is anticipated to be located primarily in overburden soils (see Section 6.1 
for soil descriptions) but will likely be, at least locally, established in the underlying clayey gravels. 
Although a concrete lining is proposed for the relocated Moore Canal, our analysis conservatively does 
not include a concrete lining. The effectiveness of concrete linings as a water barrier can be variable 
depending on the condition of the liner, frequency of crack maintenance, and other factors. As such, 
our analysis assumes no concrete liner is present. 
 
The results of our analyses for the two conditions modeled indicate that the seepage front does not 
intercept the proposed north mining slope at an elevation higher than the average seasonal high 
groundwater condition, even when sustained indefinitely (steady-state flow). Seepage is minimal from 
the canal during transient analysis and does not extend to the mining slope due to the generally clayey 
nature of the overburden and gravelly soils at the project location and the shallow depth of water in the 
canal. Therefore, anticipated subsurface seepage conditions at the proposed north mining slope under 
the design water conditions for the relocated canal are not expected to be more adverse than the 
normal, average seasonal high groundwater conditions. 
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6.6 Pit Capture Potential 

In off-channel mining operations, “Pit capture” is a term to describe the process where the earthen 
material separating the mining pit from an adjacent watercourse is breached by overflowing 
floodwaters, streambank erosion, and/or channel migration. The northern portion of the site is bordered 
by Cache Creek. Based on current plans, mining will occur to within 300 feet of the south bank of the 
creek (North-Central Mining Slope). The 300-foot “setback” will include the relocated, concrete-lined 
Moore Canal and the existing aggregate conveyor facility owned by Teichert. A typical cross-section 
of the North-Central Mining Slope (Cross-Section D-D’) showing the proximity of Cache Creek is 
presented on Figure 4. 
 
To evaluate historic channel migration and floodwater conditions in Cache Creek, Teichert reviewed 
and compiled a series of historical aerial photographs covering the period of 1958 to 2012, copies of 
which are provided on Figure 6. The photograph from February 1958 shows Cache Creek under flood 
conditions. The remaining photographs (March 1973, June 1986, June 1993, April 2000, and February 
2012) show the creek channel under various degrees of flow. The photographs suggest that 
floodwaters, when present, do not flow over the south bank of the creek adjacent to the site. This 
evidence agrees with the hydrologic models developed by Cunningham Engineering which indicate 
that floodwaters spread to the north of the creek. The aerial photographs also show increasing 
vegetation on the south bank over the 54-year photo period and a lack of channel migration to the 
south. These conditions, coupled with the absence of adverse seepage and slope stability conditions 
identified during our analyses suggest that the potential for pit capture is low.  

7.0 CONCLUSIONS 

7.1 Slope Stability  

Based on the results of our study, the proposed mining and reclamation slopes are anticipated to meet 
the performance standards set forth in the Yolo County Surface Mining and Reclamation Ordinances 
and SMARA.  
 
For the mining condition, static factor of safety (FOS) against failure ranged from 1.1 to 2.1. The lower 
FOS values were for shallow surface failures within the outer portion of the 50-foot buffer. These 
values indicate that the mining slopes should be globally stable during the mining period provided 
unanticipated conditions are not encountered. Seismic FOS for the mining condition ranged from 1.0 to 
1.4. Again, the lower FOS values are associated with shallow surface failures. Considering the 
relatively short amount of time that the mining slopes will be exposed (less than one year), the 
likelihood of a design-level earthquake event occurring during mining is low. Therefore, the risk of 
seismic-induced global failure is low. 
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For the long-term reclamation condition, static and seismic FOS for all slope configurations exceed 
FOS of 1.5 and 1.4, respectively, which is accepted by many jurisdictions for residential and 
commercial purposes, and is, in our opinion, consistent with the required FOS for the anticipated end 
use of the site, which is agriculture. Therefore, permanent slopes are anticipated to remain stable 
relative to global failure provided unanticipated conditions are not encountered during 
mining/reclamation.  

7.2 Seepage  

Seepage analyses indicates that the seepage front does not intercept the proposed north mining slope at 
an elevation higher than the average seasonal high groundwater condition, even when sustained 
indefinitely (100 years / steady state conditions). Therefore, anticipated subsurface seepage conditions 
at the proposed north mining slope under a 200-year Cache Creek flood event or from design water 
elevation in the relocated Moore Canal are not expected to be more adverse than normal, average 
seasonal high groundwater conditions. 

7.3 Pit Capture Potential  

Cache Creek floodwaters, when present, do not appear to overtop the south bank of the creek adjacent 
to the site. Hydrologic models developed by Cunningham Engineering indicate that floodwaters spread 
to the north of the creek. Aerial photographs show increasing vegetation on the south bank and an 
absence of southward channel migration over the 54-year photo period. These conditions, coupled with 
the lack of adverse seepage and slope stability conditions based on our analyses suggest that the 
potential for pit capture is low. 

8.0 RECOMMENDATIONS 

Reclamation slopes should be constructed using stockpiled overburden materials. Reclamation fill should be 
compacted in horizontal lifts not exceeding 8 inches (loose thickness). Each lift should be moisture-
conditioned to at least 2% above optimum and compacted to at least 90% relative compaction as determined 
by the latest American Society for Testing and Materials (ASTM) D1557 Test Procedure. 
 
During mining, exposed gravel slopes are subject to erosion and deterioration and shallow surficial 
failures should be expected. Such surficial failures should be repaired immediately prior to additional 
mining. Consideration should be given to mining methods that minimize the amount of time that 
mining slopes are exposed and personnel and equipment are present on or below mining slopes. During 
mining, we recommend active, daily monitoring of slopes to identify potential instability. 
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In addition, the following measures should be considered: 
 
 Reclamation should occur concurrently with or shortly after mining. We highly recommend not 

leaving mining slopes exposed throughout the winter months without a program of active 
monitoring and ongoing slope maintenance. 

 Mining and reclamation activities adjacent to the Moore Canal should be coordinated with the 
Yolo County Flood Control and Water Conservation District. 

 Slopes exposed to rain and surface runoff are susceptible to erosion and surficial degradation. 
Appropriate erosion control measures and best management practice (BMP) devices should be 
installed to reduce long-term slope degradation. 

 Teichert should train onsite workers regarding seismic safety issues, including appropriate actions 
to be taken during a seismic event. 

 During mining operations, Teichert should have sufficient materials and equipment available to 
repair slopes due to surficial sloughing and/or erosion. 

9.0 FURTHER GEOTECHNICAL SERVICES 

9.1 Plan Review 

We should review the mining and reclamation plans prior to final submittal to assess whether our 
recommendations have been properly incorporated and evaluate if additional analysis and/or 
recommendations are required. 

9.2 Future Services  

If, during the course of mining and reclamation, sloughing or rills greater than 12 inches deep develop, 
Geocon should be requested to observe site conditions and develop mitigation recommendations, as 
appropriate. 
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10.0 LIMITATIONS AND UNIFORMITY OF CONDITIONS 

The recommendations of this report pertain only to the site investigated and are based upon the 
assumption that the soil conditions do not deviate from those disclosed in the investigation. If any 
variations or undesirable conditions are encountered during mining and reclamation, or if the proposed 
mining and reclamation will differ from that anticipated herein, we should be notified so that 
supplemental recommendations can be given. The evaluation or identification of the potential presence 
of hazardous materials or environmental contamination was not part of our scope of services. 
 
Our professional services were performed, our findings obtained, and our recommendations prepared  
in accordance with generally accepted geotechnical engineering and engineering geology principles 
and practices used in the site area at this time. No warranty is provided, express or implied. This report 
is subject to review and should not be relied upon after a period of three years. 
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APPENDIX A 

FIELD EXPLORATION PROGRAM 

Our field exploration program was performed on October 28, 2010, and February 20, 2014, and 
consisted of excavating six test pits (TPSHF1 through TPSHF6) and drilling one exploratory boring 
(B1) at the approximate locations shown on the Site Plan, Figure 2. 

Test pits were performed using a Caterpillar 385 excavator equipped with a 24-inch-wide bucket. 
Bulk samples were obtained from the test pits. Upon completion, the test pits were backfilled with the 
excavated material. 
 
Exploratory borings were performed using a truck-mounted, CME 75 drill rig equipped with 8-inch 
outside diameter (OD) hollow-stem augers. Soil sampling was accomplished using an automatic  
140-pound hammer with a 30-inch drop. Samples were obtained with a 3-inch OD, split spoon 
(California Modified) sampler and a 2-inch OD Standard Penetration Test (SPT) sampler. The number 
of blows required to drive the samplers the last 12 inches (or portion thereof) of the 18-inch sampling 
interval were recorded on the boring logs. 
 
Subsurface conditions encountered in the exploratory borings were visually examined, classified and 
logged in general accordance with the American Society for Testing and Materials (ASTM) Practice 
for Description and Identification of Soils (Visual-Manual Procedure D2488-90). This system uses 
the Unified Soil Classification System (USCS) for soil designations. The logs depict the soil and 
geologic conditions encountered and the depths at which samples were obtained. The logs also 
include our interpretation of the conditions between sampling intervals. Therefore, the logs contain 
both observed and interpreted data. We determined the lines designating the interface between soil 
materials on the logs using visual observations, drill rig penetration rates, excavation characteristics 
and other factors. The transition between the materials may be abrupt or gradual. Where applicable, 
the field logs were revised based on subsequent laboratory testing. Logs of exploratory borings are 
presented herein. 
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plastic, trace roots and straw

Medium dense, moist, dark yellowish brown, Silty SAND,
non-plastic, poorly graded and fine grained sand

-caving from 2 to 18 feet

Loose, slightly moist, dark gray to gray, poorly graded sand, 5
to 10% gravel, gravel is subrounded up to 1 inch, sand is fine
to coarse grained
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Medium stiff, moist, dark brown, lean CLAY, slightly plastic,
roots
-becomes dark brown and dark yellowish brown
-caving from 2 to 21 feet

Medium stiff, moist, yellowish brown, Sandy lean CLAY,
slightly plastic

Loose, moist, yellowish brown, Silty SAND, non-plastic,
poorly graded and fine grained sand
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grained
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OF SUBSURFACE CONDITIONS AT OTHER LOCATIONS AND TIMES.
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Medium stiff to stiff, moist, dark brown, lean CLAY, slightly
plastic, roots and straw

-becomes stiff, dark yellowish brown

Loose, moist, dark gray, poorly graded SAND with gravel,
non-plastic, fine to coarse sand, gravel to 1 inch, caving from
11 to 20 feet

Loose, moist, dark gray, poorly graded SAND, non-plastic, fine
grained, trace gravel to 1 inch
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NO GROUNDWATER ENCOUNTERED

10/28/10

TPSHF3-0-11

(B
LO

W
S/

FT
.)

Figure A4, Log of Test Pit, page 1 of 1
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roots and straw
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Medium dense, moist, gray and dark yellowish brown, clayey
SAND with gravel (interbedded lean clay and poorly graded
sand with gravel), gravel to 1 inch, poorly graded sand seams
are approximately 6 inches thick
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Loose, moist, dark gray, poorly graded SAND with gravel,
non-plastic, fine to coarse grained, gravel up to 3 inches
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ALLUVIUM
Stiff, moist, very dark brown, Silty CLAY, slightly plastic,
roots and straw

Medium stiff, moist, dark yellowish brown, Sandy lean CLAY,
slightly plastic, caving from 3 to 18 feet

Loose, moist, dark gray, poorly graded GRAVEL with sand,
non-plastic, sand is fine to coarse grained, gravel up to 1 inch
but is mostly 3/8 inch

TRENCH TERMINATED AT 18 FEET DUE TO CAVING
NO GROUNDWATER ENCOUNTERED
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Soft, very moist, very dark brown to black, lean CLAY,
slightly plastic, roots and straw

-becomes very dark brown and dark yellowish brown, plastic

-becomes dark yellowish brown

Medium dense, very moist, dark yellowish brown, Clayey
SAND, slightly plastic, fine grained and poorly graded sand

Medium dense, very moist, dark gray, poorly graded GRAVEL
with sand, gravel to 2 inches
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 APPENDIX  B



 

 

APPENDIX B 

LABORATORY TESTING PROGRAM 

Laboratory tests were performed in accordance with generally accepted test methods of the  
American Society for Testing and Materials (ASTM) or other suggested procedures. Selected soil 
samples were tested for their grain size distribution, plasticity characteristics, maximum dry 
density/optimum moisture content, and shear strength parameters. Laboratory test results are presented 
on the following pages. 
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Initial Conditions at Start of Test
Sample ID (psf)

Shear Test Conditions

φ, degrees 33.1
c, psf 50

Project:
Location:
Number:

Figure:
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Test Results
φ, degrees 30.2
c, psf 1825

Sample Description
Sample Number TPSHF3 and 4
Sample Depth (feet) 0-11
Material Description

Initial Conditions at Start of Stage
Sample ID (psf), minor principal stress 1000 2000 2990

Height (inch) 5.00 4.90 4.67
Diameter (inch) 2.4 2.43 2.46
Moisture Content (%) 13.3 13.3 13.3
Dry Density (pcf) 111.9 111.9 111.9
Saturation (%) 73.9 73.9 73.9

Shear Test Conditions
Strain Rate (%/min) 0.9855 0.9734 0.9970

Major Principle Stress at Failure (psf) 9340 12420 15410
Strain at failure (%) 2.99 5.06 10.82
Deviator Stress and Fail (psf) 8340 10420 12420

Project:
Location:
Number:

Figure:

Failure Photo

Geocon Consultants, Inc.

Rancho Cordova, California 95742

Triaxial Shear Strength - UU Test (staged)

Brown Sandy lean CLAY

B7Fax:  (916) 852-9132

3160 Gold Valley Drive, Suite 800

Telephone:  (916) 852-9118 S9534-05-04
Woodland, CA
Teichert Shifler Mining and Reclamation
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Consolidated Undrained Triaxial Compression - ICU Test ASTM D4767

Test Results, At Maximum Principal Stress Ratio Total Effective
Friction Angle φ (degrees) 31.3 32.8
cohesion (psf) 200 280

Initial Conditions at Start of Test stage 1 stage 2 stage 3

Sample ID (psf), Initial Confining Pressure 970 1990 2990
Height (inch) 5.00 4.89 4.76
Diameter (inch) 2.4 2.42 2.44
Moisture Content (%) 13.8 -- --
Dry Density (pcf) 111.3 -- --
Saturation (%) 68.1 -- --

After Saturation
Dry Density (pcf) 111.3 -- --

After Consolidation
Dry Density (pcf) 112.0 -- --

Shear Test Conditions
Dry Density (pcf) 112.0 112.9 113.7
Moisture Content (%) -- -- 19.1
Saturation (%) -- -- 99.8
Strain rate (%/hr) 2.44 2.98 2.15
Cell pressure (psf) 13160 14170 15160
Initial Back Pressure (psf) 12190 12180 12170
Initial Effective Confining Pressure (psf) 970 1990 2990
Total Major Principal Stress At Failure (psf) 3780 7230 10090
Effective Major Principal Stress At Failure (psf) 3560 6960 9670
Pore Pressure At Failure (psf) 220 270 430
Effective Minor Princial Stress At Failure (psf) 750 1730 2570

Project:
Location:
Number:

Figure:Fax:  (916) 852-9132
Telephone:  (916) 852-9118 S9534-05-04
Rancho Cordova, California 95742 Woodland, CA
3160 Gold Valley Drive, Suite 800 Teichert Shifler Mining and Reclamation

Triaxial Shear Strength - CU Test, ASTM D4767 with 
pore pressure measurements (staged)Geocon Consultants, Inc.
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Geocon Consultants, Inc.
3160 Gold Valley Drive, Suite 800 Project:
Rancho Cordova, California 95742 Location:
Telephone:  (916) 852-9118 Number:
Fax:  (916) 852-9132 Figure: B8

Teichert Shifler Mining and Reclamation

Page 2 of 2
S9534-05-04

Triaxial Shear Strength - CU Test, ASTM D4767 with pore 
pressure measurements

Woodland, CA

After shear photo

TPSHF3-0-11 and TPSHF4-0-9

Dark brown Sandy lean CLAY

CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION - ICU TEST ASTM D4767

Boring Number
Sample Number

Sample Description

TPSHF3 & TPSHF4
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Consolidated Undrained Triaxial Compression - ICU Test ASTM D4767

Test Results, At Maximum Principal Stress Ratio Total Effective
Friction Angle φ (degrees) 18.8 29.5
cohesion (psf) 450 375

Initial Conditions at Start of Test stage 1 stage 2 stage 3

Sample ID (psf), Initial Confining Pressure 2530 5030 10080
Height (inch) 4.81 4.69 4.61
Diameter (inch) 2.42 2.41 2.41
Moisture Content (%) 30.9 -- --
Dry Density (pcf) 92.8 -- --
Saturation (%) 93.2 -- --

After Saturation
Dry Density (pcf) 92.8 -- --

After Consolidation
Dry Density (pcf) 95.9 -- --

Shear Test Conditions
Dry Density (pcf) 95.9 97.2 99.0
Moisture Content (%) -- -- 28.9
Saturation (%) -- -- 100.0
Strain rate (%/hr) 1.41 1.33 0.99
Cell pressure (psf) 9780 12270 17320
Initial Back Pressure (psf) 7250 7240 7250
Initial Effective Confining Pressure (psf) 2530 5030 10080
Total Major Principal Stress At Failure (psf) 6160 11110 20850
Effective Major Principal Stress At Failure (psf) 4790 8600 15660
Pore Pressure At Failure (psf) 1370 2500 5200
Effective Minor Princial Stress At Failure (psf) 1160 2530 4880

Project:
Location:
Number:

Figure:

Boring Number
Sample Number

Sample Description

B1
B1-91

Dark greenish gray Fat CLAY

Fax:  (916) 852-9132
Telephone:  (916) 852-9118 S9534-05-04
Rancho Cordova, California 95742 Woodland, CA
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Triaxial Shear Strength - CU Test, ASTM D4767 with 
pore pressure measurements (staged)Geocon Consultants, Inc.
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Geocon Consultants, Inc.
3160 Gold Valley Drive, Suite 800 Project:
Rancho Cordova, California 95742 Location:
Telephone:  (916) 852-9118 Number:
Fax:  (916) 852-9132 Figure: B9

After shear photo

B1-91

Dark greenish gray Fat CLAY

CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION - ICU TEST ASTM D4767

Boring Number
Sample Number

Sample Description

B1
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Triaxial Shear Strength - CU Test, ASTM D4767 with pore 
pressure measurements

Woodland, CA
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APPENDIX C 

SLOPE STABILITY AND SEEPAGE ANALYSIS 

The computer programs SLOPE/W and SEEP/W Version 7 distributed by Geo-Slope International 
were utilized to perform slope stability and seepage analyses. SEEP/W is a finite element analysis 
software product for analyzing groundwater seepage and excess-pore pressure dissipation problems 
within porous materials such as soil and rock. SLOPE/W uses conventional slope stability equations 
and a two-dimensional limit-equilibrium method to calculate the factor of safety against failure. For our 
analysis, the Morgenstern-Price Method with a circular failure mechanism was used. The Morgenstern-
Price Method satisfies both moment and force equilibrium.  
 
The computer program searches for the critical failure surface based on user-provided input 
parameters. For a circular failure search, a linear search of entry and exit locations is specified and the 
computer searches for the critical failure slip surface. Tabulated results of the factor of safety (FOS) 
against failure for each slope configuration under the conditions of analysis (e.g. high groundwater, 
low groundwater, static, seismic, surficial and global) are summarized in Table C1. Graphical 
representations of the seepage analyses, potential critical failure surfaces, and parameters used for 
each analysis are presented on Figures C1 through C18. 
 



Proj. No. S9534-05-04 TEICHERT SHIFLER

TABLE C1 - SLOPE STABILITY SUMMARY

Condition Portion of Pit
Overall 
Height

Water 
Elevation

10 25 50 10 25 50

50 1.1 1.2 1.3 1.0 1.1 1.1

65 1.1 1.1 1.2 1.0 1.0 1.0

50 1.2 1.3 1.7 1.0 1.1 1.1

65 1.1 1.2 1.6 1.0 1.0 1.0

50 1.2 1.6 2.1 1.1 1.3 1.4

65 1.2 1.6 2.1 1.1 1.3 1.3

50 1.2 1.2 1.3 1.0 1.1 1.1

65 1.1 1.1 1.3 1.0 1.0 1.0

40

62

40

62

40

62

40

62

Soil Properties

Soil Unit Weight (pcf) Total Effective Total Effective
Overburden 125 350 --- 20 ---

Gravel 125 --- 150 --- 42
Clay 120 450 375 18 30

Reclamation Fill 125 2000 250 29 34
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Teichert Shifler Mining and Reclamation Project
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SEEPAGE ANALYSIS

May 2014 Figure C1S9534-05-04
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