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GEOTECHNICAL SECTION 
 
 
1.       SOILS 
 
1.1     Soils Investigation 
 
1.1.1  Drilling.  Six (6) borings, BL-1, 2, 4, 6, 8, and 9 (BL-3, 5 and 7 were deleted due to 
access restrictions), were drilled at the locations shown in Appendix 1 from 20 September to 
26 September 2000 at Bolinas Lagoon.  The depth of the soil borings ranged from 13.0 feet to 
70.5 feet below the existing surface.  Bore holes were advanced to the final depths using rotary 
wash drilling with drilling mud recirculation.  After completion of the sampling, each of the 
boreholes was grouted with cement-bentonite and the surface restored to its original condition. 
 
1.1.2  Sampling.  Both disturbed and undisturbed samples were obtained at 3 feet intervals for 
identification.  Physical laboratory testing utilizing several types of samplers were used as 
follows: 
 

SPT.  The Standard Penetration Test (ASTM D-1586) sampler was used to obtain 
relatively disturbed samples for soil identification and classification with index tests, and to 
obtain penetration resistance data.  A 140-lb safety-type hammer falling 30 inches was used to 
drive the samples.  The penetration resistance values recorded on the boring logs adjacent to 
the sample depth is the number of blows required to drive the sampler for the final 12 inches of 
an 18 inch drive. 
 

Dames & Moore U-Sampler.  The U-Sampler was used in granular soils and cohesive 
soils to obtained relatively undisturbed soil samples.  The ring-lined barrel sampler, with a 
nominal 2-1/2-inch inner diameter and 3-3/4-inch outer diameter is in compliance with ASTM 
D-3550.  The same hammer used to drive the SPT sampler was used to drive the U-Sampler.  
Soil samples for laboratory testing were obtained with the U-Sampler lined with six 1-inch brass 
ring liners. 
 

NQ-Rock Core Barrel.  NQ split barrels with diamond core bits were used to obtain 
continuous cores of bedrock material at boring BL-9 where bedrock was encountered at a 
depth of 2.0 feet.  The NQ barrel has a 2-inch-diameter diamond bit.  Typical runs were 5 feet 
in length at the BL-9 location. 
 
1.1.3  Laboratory Soil Testing.  Soil samples were delivered to Signet Testing Labs, Hayward, 
California (AASHTO Materials Reference Library (AMRL) accredited) for classification and 
testing.  Testing consisted of sieve and hydrometer tests (ASTM D-422), Atterberg limits tests 
(ASTM D-4318), unconsolidated undrained triaxial compression tests (ASTM D-2850), and 
consolidated, drained direct shear tests (ASTM D-3080).  Results of the laboratory testing are 
shown on the Boring logs on Appendix 2.    
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1.1.4  Subsurface Soils.  The subsurface soil in the North East and West side of Seadrift 
between Seadrift Lagoon and Bolinas Lagoon (See Appendix 1) consist of multiple alternating 
soil layers of Silty Sand (SM), Poorly-Graded Sand (SP), with the largest portion being a 
mixture of these two, Poorly-Graded Sand with Silt (SP-SM).  Additional soil layers in smaller 
quantities found in this area are Well-Graded Sand (SW), Well-Graded Gravel (GW), and Silt 
(ML).  
 
The soil found on the beach off the south end of Wharf Road (on the west side of the Bolinas 
Lagoon Entrance) is a 2 feet layer of Poorly-Graded Sand (SP) underlain by Dark Gray 
Siltstone with increasing Rock Quality Designation (RQD) of up to 80% at 12 feet below the 
surface. 
 
The grain lithology analysis data in the 19 February 1999 Philip Williams and Associates draft 
report “Bolinas Lagoon Hydrographic Data Report”, was converted for engineering grain size 
analysis for classification of soil type.  The top layer of submerged soil in Bolinas Lagoon 
consists mostly of Silty Sand (SM) and Clayey Sand (SC).  Smaller amounts of Poorly-Graded 
Sand (SP), Well-Graded Gravel (GW), Clayey Gravel (GC), Poorly-Graded Gravel (GP), and 
Silty Gravel (GM) were also found in and around localized areas in Bolinas Lagoon. 
 
2.        ANALYSES 
 
2.1   Sheet Piles 
 
2.1.1  Sheet Pile Embedment Length.  The Corps computer program X0031, CSHTWAL, was 
used to determine the sheet pile embedment length for Seadrift Lagoon.  Subsurface 
stratification and soil strength parameters were based on data obtained from borings BL-1, BL-
2, BL-6, and BL-8.  Cantilevered walls were analyzed and assumed saturated conditions 
behind the wall equal to high tide water elevation and water level elevation in Seadrift Lagoon 
equal to low tide water level. 
 
2.1.2  North Seadrift Lagoon Sheet Pile.  The overall length of the cantilever sheet pile required 
for the Northern location is thirty-two (32) feet with a twenty-one (21) feet embedment (See 
Appendix 4).  The maximum bending moment is 53,823 LB-FT located at nine and a half (9.5) 
feet above the bottom of the sheet pile.  If A690 marine steel is used, the section modulus 
required for the sheet pile is 
Sx > 8.70 in    / ft. 
 
2.1.3  South Seadrift Lagoon Sheet Pile.  The overall length of the cantilever sheet pile required 
for the Southern location is thirty (30) feet with a twenty-one (21) feet embedment (See 
Appendix 4).  The maximum bending moment is 46,859 LB-FT located at ten (10) feet above 
the bottom of the sheet pile.  If A690 marine steel is used, the section modulus required for the 
sheet pile is Sx > 7.58 in   / ft. 
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2.2      Slope Stability Analyses 
 
2.2.1   Slope Stability Cases.  The Corps computer program, UTEXAS3, for slope stability 
analyses was used to determine the factor of safety for the Bolinas Lagoon channel for a 4H:1V 
and a 3H:1V design slope for (1) after construction case, (2) the pseudo static seismic case and 
(3) the rapid draw down case from tidal changes.  Spencer’s method of analysis with the search 
option was used to locate a series of slip surfaces from which the critical slip surface was 
determined.  The converted grain size “Bolinas Lagoon Hydrographic Data Report” by Philip 
Williams and Associates was used to develop the soil profile for the sections (see Appendix 3).  
The result of the slope stability analyses are presented in the following paragraphs. 
 
2.2.2  4H:1V Slope Stability Analyses.  The after construction case safety factor is 2.48.  The 
safety factor for the pseudo static seismic case is 1.01 using a seismic coefficient of 0.14G (See 
Sheet 1, Appendix 5).  The safety factor for the rapid draw down case at low tide is 1.46 (See 
Sheet 2, Appendix 5). 
 
2.2.3  3H:1V Slope Stability Analyses.  The after construction case safety factor is 1.92.  The 
safety factor for the pseudo static seismic case is 1.01 using a seismic coefficient of 0.11G (See 
Sheet 3, Appendix 5).  The safety factor for the rapid draw down case at low tide is 0.91 which 
indicates a failure of the slope (See Sheet 4, Appendix 5). 
 
 
2.2.4  Bolinas Lagoon Channel Design Slope of 4H:1V. Base on the result of the slope stability 
analyses for a 3H:1V and a 4H:1V slope, the slope of 4H:1V slope is proposed for the design 
slope as it is stable for each of the following cases:  after construction, pseudo static seismic and 
rapid draw down.  The 3H:1V slope will fail during rapid draw down which will occur during 
low tide.  

























































 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX 4 
 
 

Seadrift Lagoon Sheet Pile Analyses 
 





 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX 5 
 
 

Bolinas Lagoon Channel Slope Stability Analyses 
 
 










