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1.0 Introduction 
 
1.1 General 
 
This report provides the results of field and laboratory investigations conducted by SHN 
Consulting Engineers & Geologists, Inc. (SHN), and includes geotechnical recommendations for 
design development and construction of the Martin Slough Enhancement project.  The Martin 
Slough Enhancement Project is a restoration project within the Martin Slough Valley in the 
southwestern portion of Eureka, California (Figure 1).  The stated goals of the project are to 
improve fish habitat and access, to restore and enhance the former tidal salt/brackish marsh and 
freshwater wetlands in the lower Martin Slough floodplain, and to reduce the duration of flooding 
in the valley.   
 
Our scope of work was developed from the request for proposals provided by Redwood 
Community Action Agency (RCAA) and included field and laboratory testing, analysis of results, 
development of recommendations, and the preparation of this report.  A discussion of the project's 
geologic setting intended to be used in support of the California Environmental Quality Act 
(CEQA) compliance documentation has been provided under separate cover. 
 
1.2 Project Location 
 
The project is located within the Martin Slough Valley, a coastal drainage that borders the southern 
part of the City of Eureka (Figure 1).  The area is surrounded by unincorporated uplands.  Martin 
Slough flows to Swain Slough downstream of the project area; Swain Slough is a tributary of the 
Elk River, which subsequently flows to Humboldt Bay west of the project area in southwest Eureka.  
The project area is within Sections 3, 4, 9 and 10, Township 4N, Range 1W, on the Eureka 7.5-
minute United States Geological Survey (USGS) quadrangle.   
 
1.3 Previous Work 
 
SHN's experience going into this study includes previous geotechnical and construction 
observation projects within the Martin Slough Valley.  Of these, one of the most relevant is the 
Martin Slough Interceptor project, a large sewer improvement project in which a sewer main was 
installed down the axis of the eastern portion of the valley.  Many subsurface investigations were 
conducted for this project.  The findings from our geotechnical studies are included in our 2003 
Geotechnical Study, Proposed Martin Slough Interceptor Sewer Project (SHN, 2003) and our 2009 
Geotechnical Baseline Report, Phases I and II, Martin Slough Interceptor Project (SHN, 2009).  The 
excavations for the pipeline and the pump station (just south of the Fairview Drive Bridge) ranged 
from 8 to 25 feet in depth.  SHN's construction observation experience during Phase I of the 
interceptor project was invaluable.  The lessons learned about the limitations of the equipment, the 
condition of the excavated soils, and the difficulties with excavation are directly applicable to the 
Martin Slough Enhancement Project.   
 
SHN has also been involved in the geotechnical investigation for the replacement of the Pine Hill 
Road Bridge over Swain Slough (in process) at the south end of the valley.  Our investigation for 
that project included one boring and four cone penetration tests (CPT) to depths ranging from 60 to 
105 feet.  The boring for this project was placed very near the proposed new tide gate structure and 
extended to a total depth of 90 feet below grade. 
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We have included selected exploration logs from previous investigations for reference in 
Appendix A.  Locations of these explorations are noted on Figure 2. 
 
2.0 Project Description 
 
2.1 Project Understanding 
 
Our understanding of the scope of the Martin Slough Enhancement Project is based on information 
provided in the request for proposals, a pre-bid site walk, our review of the 30% design plans 
prepared by GHD, Inc. (formerly Winzler & Kelly) and Michael Love & Associates (MLA), dated 
August 2012, the Martin Slough Enhancement Feasibility Study (Winzler & Kelly and MLA, 2006) and 
our consultation with the design team, RCAA, GHD, and MLA. 
 
2.2 Project Elements 
 
The Martin Slough Enhancement Project consists of enlarging and recontouring the drainage 
network within the axis of the valley, including the development of a series of ponds, and as 
proposed will include a substantial amount of earthwork.  Between the channel widening and 
construction of new ponds, the project includes an estimated 123,000 cubic yards of excavation.  
The project also includes infrastructural improvements (such as, the replacement of the tide gate at 
the Swain Slough junction and the construction of new agricultural access bridges).  The specific 
project elements that we address in this report are described below.  The locations of these project 
elements are shown on Figure 2.   
 
Channel Widening/Realignment.  The Martin Slough mainstem (7,300 lineal feet) and portions of 
the east tributary (600 lineal feet), the north fork tributary (1,100 lineal feet) and 700 lineal feet of an 
unnamed tributary will be widened and deepened.  The final configuration of the channel varies 
greatly. 
 
Construction and Expansion of Tidal Ponds.  There are five tidal ponds that will be constructed.  
Some of these are expansions of existing ponds, while others are totally new.  The ponds have been 
designed with variable floor elevations and strategically placed wood structures.   
 
Replacement of Tide Gate.  The existing tide gates (48-inch culverts with flap gates) at the 
confluence of the Martin Slough and Swain Slough are to be removed and replaced with a single 
concrete tide gate structure.  The new tide gate planned for use is a 24-foot by 30-foot concrete box 
structure with four wing walls extending from each corner.  The base of the structure will be 
founded at a depth of  approximately 10 feet below grade. 
 
New Bridges.  Many of the existing golf cart bridges will need to be replaced once the channel has 
been widened.  The project also includes the construction of two “agricultural” bridges that will 
provide access for agricultural equipment and emergency vehicles.   
 
Enhancement of the Existing Berm along Swain Slough.  The berm along the east side of Swain 
Slough is to be raised to an elevation of 9.5 feet (approximately 1.5 to 2 feet above existing grade).   
 
Miscellaneous Grading.  The project includes filling abandoned channels and loosely compacted 
fill areas in various locations on the golf course.  Generally, these graded fill areas are broad and are 
called out to be approximately 1-foot thick. 
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3.0 Project Geologic Setting 
 
The project is located within Martin Slough, an estuarine stream that drains a coastal valley that 
opens into the eastern shore of Humboldt Bay at the southern margin of the City of Eureka.  The 
Humboldt Bay region occupies a complex geologic environment characterized by very high rates of 
active tectonic deformation and seismicity.  The geomorphic landscape of the Humboldt Bay region 
is largely a manifestation of the active tectonic processes and the setting in this dynamic coastal 
environment. 
 
Martin Slough and other coastal valleys around Humboldt Bay represent sediment-filled estuaries 
that reflect the late Quaternary history of sea level changes and tectonic deformation (uplift and 
subsidence).  Sea level apparently reached its current high level in the mid-Holocene, about 6,000 
years ago.  As such, at least the uppermost part of the sediment filling the Martin Slough Valley 
would be anticipated to be mid-Holocene in age, or younger.   
 
A comprehensive discussion of the geologic setting, including a description of geologic hazards 
associated with the project location, is provided under separate cover. 
 
4.0 Field Investigation and Laboratory Testing 
 
SHN conducted geotechnical investigations to evaluate representative subsurface soil conditions, 
and to provide foundation design criteria and site development recommendations for the project 
elements described above.  Our field investigation was limited to reconnaissance of the project site 
and the drilling and sampling of 15 widely spaced exploratory borings.  
 
The borings were advanced to depths ranging from of 5 to 15 feet below the ground surface.  The 
borings were logged in general accordance with the Unified Soil Classification System (USCS).  (See 
Figure 2 for boring locations, and Appendix A for subsurface exploration logs.)  The borings were 
advanced using hand augers.  Samples were collected using a 2.5-inch diameter thin-walled tube, 
driven using a slide hammer sampler. 
 
Penetration resistance tests were conducted in the field using a static cone penetrometer (SCP).  
Tests using the SCP were focused on the upper 4 feet of the soil profile and results are shown on the 
logs.  
 
Selected undisturbed and disturbed samples were collected, and laboratory tests were conducted.  
Laboratory testing for index properties included in-place moisture content, dry density, unconfined 
compressive strength (in lab, and using hand-held penetrometer), percent fines, and Atterberg 
Limits (plasticity).  Triaxial tests were also conducted, and the results are presented on plates in 
Appendix B.  Ad hoc testing was done to evaluate the shrinkage potential of selected soil samples. 
 
For characterization of soils for agricultural purposes, selected samples were submitted to A & L 
Western Agricultural Laboratories, Inc. in Modesto, California.  The results of these tests are 
provided in Appendix C. 
 
See the attached subsurface exploration logs (Appendix A) for detailed soil descriptions, the 
penetration resistance test results, and laboratory index test results. 
 



 

\\Eureka\Projects\2013\013035-MrtnSlghEnhnc\PUBS\rpts\20130510-GeotchRpt.doc  
4 

5.0 Site Conditions 
 
5.1 Artificial Fill 
 
Artificial fill was not encountered within our borings.  Fill is expected to be encountered within the 
berm alignment, at the tide gate, and at various locations within the golf course area.  Fill materials 
are generally anticipated to be thin and are not expected to be a significant factor in the proposed 
project. 
 
5.2 Native Soils  
 
Sediment filling Martin Slough is generally fine-grained (silt and clay).  The material is primarily 
derived from alluvial sources (overbank/floodplain deposits) in the upper part of the canyon, and 
estuarine sources (tidal marine deposits) in the lower reaches of the valley nearest the bay.  
Evidence of marine influence (deposits with marine shells for example) decreases as you move up 
the valley.  We did not encounter shell fragments within our borings upstream of the Fairway Drive 
bridge.  In this report, we refer to the alluvium and estuarine deposits together as “valley fill 
sediments.”  Valley fill sediments are young, unconsolidated materials that contain wood 
fragments, and other organic materials.  Sandy deposits are present, and generally consist of fine 
sands interbedded with silt.  Naturally occurring coarse materials were not encountered during 
subsurface investigations and are not expected to be encountered during construction operations. 
 
The topsoil within the project area is generally thin with a surficial grass/root mat of 4 to 6 inches 
and a root zone that extends to 12 to 18 inches below grade.  The agricultural characteristics of the 
upper 2 feet were characterized by A&L Laboratories.  The results of the agricultural testing are 
provided as Appendix C.  
 
Using the USCS system, textures in the valley fill sediments below the topsoil included silt (ML), 
clay (CL), sandy silt (ML), silty sand (SM), with less common lenses of fat clay (CH), elastic silt 
(MH) and clayey sand (SC).   
 
From a geotechnical standpoint, the fine-grained valley fill sediments encountered in subsurface 
excavations are typically soft to very soft, only locally demonstrating higher strength to a level 
considered to be medium stiff.  In previous investigations, blow counts (N-values) in these 
materials rarely exceeded 10 blows/foot, and were commonly less than 5.  Where granular 
sediments were encountered, consistency ranged from very loose to medium dense.  Blow counts in 
the less frequent granular materials were generally in the 4 to 12 blows/foot range.  The upper 2 
feet of the soil profile can be the most competent, simply because it has the benefit of the root 
structures, and the materials are slightly more consolidated from the seasonal wetting and drying 
cycle.  Especially during the dry season, the upper 1 to 2 feet forms a "crust" of more competent 
soils.  Once this crust is removed or disrupted (excavation, vehicle traffic, etc.) the ground strength 
is significantly reduced.  This will be an important consideration in planning excavations and 
developing haul roads. 
 
In general, fine-grained valley fill sediments within the upper 10 feet are associated with low dry 
density values (85 pounds per cubic foot [pcf] or less) and high relative moisture (25 to 45%).  Shear 
strength of the soils, based on triaxial shear testing ranges from 200 to 300 pounds per square foot 
(psf).    
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5.3 Groundwater Conditions 
 
Subsurface investigations conducted in the Martin Slough Valley bottom and other low-lying areas 
encountered a uniformly high groundwater table.  Many of the subsurface investigations in low-
lying areas were conducted, by necessity, near the end of the dry season, and generally encountered 
groundwater within 6 feet of the ground surface.  Groundwater levels adjacent to the mainstem in 
the lower part of the Martin Slough Valley are influenced by tidal fluctuations, such that the water 
table rises during high tides.  During the rainy season, water frequently ponds at the ground 
surface throughout the Martin Slough Valley. 
 
Intense and long duration precipitation, modification of topography, and cultural activities, such as 
irrigation, water well usage, onsite waste disposal systems, and water diversions, can contribute to 
fluctuations in groundwater levels.  Although the depth to groundwater can vary throughout the 
year and from year to year, a shallow groundwater condition persists throughout the year.     
 
Groundwater elevations encountered within our borings during our field investigation for this 
project (March 21 and 22, 2013) are provided in the Table 1, below.  At four of the boring locations, 
a slotted polyvinyl chloride (PVC) pipe was installed and left for 5 days to allow groundwater to 
stabilize.  Measurements reported in Table 1 with a piezometer designation were taken on March 
26, 2013.  All other values within the “Depth of Stabilized Groundwater” column were measured 
the same day, after the borehole had remained open for a few hours.  
 

Table 1  
Groundwater Elevation Data 

Location Depth Groundwater 
Initially Encountered 

Depth of Stabilized 
Groundwater 

HB-1 5.0 feet 6.75 feet 
HB-2 3.0 feet 2.36 feet (piezometer) 
HB-3 1.75 feet 1.76 feet (piezometer) 
HB-4 6.0 feet - 
HB-5 5.5 feet 2.24 feet (piezometer) 
HB-6 4.5 feet - 
HB-7 1.25 feet - 
HB-8 - 1.71 feet (piezometer) 
HB-9 4.0 feet - 

HB-10 3.5 feet 6.5 feet 
HB-11 2.75 feet 1.5 feet 
HB-12 3.0 feet 2.5 feet 
HB-13 3.0 feet 0.75 feet 
HB-14 2.0 feet 1.0 feet 
HB-15 not encountered >7 feet 

 
The groundwater elevation data provided above is specific to the dates on which the measurements 
were taken.  Because of the slow movement of water through the native soils, only the stabilized 
measurements taken from piezometers should be considered as actual groundwater elevations.  
 
Groundwater should be expected to be encountered within most of the proposed excavations for 
this project.  It should be noted, however, that although groundwater levels are generally shallow, 
the permeability of the fine-grained soils are typically low.  Because of this, groundwater generally 
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seeps into excavations at a relatively low rate.  In past excavations associated with the interceptor 
project, for instance, rapid infiltration of groundwater was generally only observed when lenses of 
sandy or woody material were encountered.  
 
6.0 Conclusions and Discussion 
 
Based on the results of our field and laboratory investigations, it is our opinion that the project site 
can be developed as proposed, provided that our recommendations are followed, and that noted 
conditions and risks are acknowledged. 
 
Soils will be easy to excavate and can be done so with most any equipment.  Excavated soils will 
have over-optimum moisture content and will be difficult to dry out.  Groundwater should be 
anticipated within all but the very shallowest excavations. 
 
The primary geotechnical site consideration is the pervasive, soft, saturated soil conditions.  Due to 
the weak, compressible soils, and the volume of materials planned for excavation and off-hauling, 
the construction operations will present the greatest geotechnical challenge to the project.  Access 
roads will need to be robust to remain functional and minimize impacts to the natural grounds.  We 
strongly encourage careful planning of the haul roads layout. 
 
Permanent structures (such as, the tide gate and the bridges) that are supported on shallow soils are 
anticipated to be susceptible to settlement.  The risks associated with settlement and the cost/ 
benefit of mitigation measures should be considered in the design of these structures.  We 
recommend that the tide gate structure implement some form of deeper support beyond what is 
shown on the 30% design plans.  Implementing deep support for the bridges, however, is likely not 
necessary to meet project objectives and would not be cost effective.  We would recommend 
designing the bridges and their abutments to accommodate some settlement.  We provide 
foundation design criteria recommendations for these structures below.   
 
7.0 Recommendations 
 
7.1 Site Preparation and Grading 
 
A significant part of the enhancement project is associated with grading.    
 
7.1.1 General Fill Areas 
 
The project plans show multiple areas where fill materials will be loosely placed in a thin layer 
(approximately 1 foot) over broad areas.  Abandoned channel segments will be filled in.  In these 
areas, the fill placement methods are not considered critical.  If necessary, performance criteria 
could be developed for fills.   

• If possible, we recommend targeting the driest soils for re-use as fill.  Stockpiling the upper 
1 to 1.5 feet of soil for reuse in these general fill areas would not only ensure that the driest 
soils are being used, but the existing organics may help with establishing new vegetation.  
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7.1.2 Temporary Cut Slopes 
 
Temporary cut slopes are anticipated for excavations associated with the installation of the tide 
gate, construction entrances, cofferdams, and (possibly) other project elements.  The stability of a 
cut slope depends upon the soil type, the groundwater conditions (or soil moisture conditions), and 
the angle of the cut.  Most of the soils encountered in excavations will be silts and clays, which tend 
to be moderately cohesive, especially under unsaturated conditions, but with seeping groundwater, 
the stable angle of a cut decreases dramatically.   
 
Relatively small temporary cut slopes (less than 4 feet) where the soil profile has had time to 
dewater, or where only a minor amount of water is present may hold a 1:1 horizontal to vertical 
(1H:1V) orientation, for a few days.   

• Construction equipment should be excluded from within 5 feet of the edge of temporary cut 
slopes that are 1H:1V.   

• As a general guide we recommend that the angle of temporary cut slopes higher than 4 feet, 
or where groundwater seepage is present, be limited to a 1.5H:1V cut.  However, even some 
1.5H:1V cuts in very soft soils may fail within a few hours of excavation.  Ultimately, field 
conditions will dictate the appropriate angle. 

 
7.1.3 Swain Slough Berm  
 
The project includes reconstructing the existing berm along Swain Slough.  It is our understanding 
that the berm will be raised slightly and widened toward the east side.  The design elevation shown 
on the 30% plans is at 9.5 feet, though we understand the final design may be up to 12 feet using the 
North American Vertical Datum, 1988 (NAVD88).  The planned crest width is approximately 6 feet.  
Currently, the upper surface of the berm is irregular, ranging in elevation from 7 to 8.5 feet.   
 
The berm is to be constructed using soils excavated from other areas of the project.  It should be 
expected that excavated soils will be fine-grained (silt and clay) and have an over-optimum 
moisture condition.  Excavated soils will be slow to dry out and may need to be staged to allow 
moisture conditioning.  Our recommendations provided below assume that the berm is not 
intended to be a certified flood control structure and that the objectives of the reconstruction are to 
enhance the ability of the berm to serve as a temporary water barrier and maintaining stable side 
slopes.  Our understanding is that the upper surface of the berm will not be required to serve as a 
road surface.   

• If possible, we recommend targeting the driest soils for re-use in the berm construction.  
Soils immediately below the organics, but above the groundwater table will most likely be 
in the best condition for re-use.  Soils below the water table will be saturated and difficult to 
place and compact.   

• The berm will be accessed from a single location, so careful consideration of construction 
methods should be made to minimize the number of trips in and out.  Using lightweight 
equipment should also be considered.  Installing a temporary access road may be necessary.  
Ideally, the footprint of the berm can serve as the access route for importing materials; 
however, if the soils become too soft for travel, then a temporary road adjacent to the berm 
may be necessary.   

• To prepare the berm for fill placement, the footprint of the new berm should be stripped of 
the existing organic layer.  Just the vegetation and the root system should be removed.  If 
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debris or other deleterious material is encountered, it should also be removed.  Care should 
be taken at this stage to minimize over-excavation.  The deeper the excavation extends, the 
less suitable the operating surface will become.  Organic-rich materials should be stockpiled 
nearby for reuse as the final cover layer.    

• Once the organics have been removed from the footprint of the berm, the subgrade surface 
should be leveled or benched if necessary.  If conditions allow, the surface should be rolled 
with a small sheep's-foot roller or equivalent.  The berm should be constructed in lifts no 
greater than 12 inches.  Compaction effort should be made on each lift using track-
equipment or a small sheep's-foot roller as soil conditions allow.  Side slopes on the Martin 
Slough side should be constructed at a gradient of 2H:1V.  Side slopes on the Swain Slough 
side should be constructed at a gradient of 3H:1V.   

• For poor soil conditions (such as, those at this site), we recommend developing a 
performance-based criteria for compaction that is feasible, yet meets the objectives of the 
project.  Compaction criteria (such as, a percent of maximum dry density) is not considered 
appropriate for the type of soils that will be used or necessary for the project objectives.   

• Once design grades have been achieved, the stockpiled organic rich materials should be 
spread over the bare soils and tamped into place so that vegetation can be reestablished.  
Alternatively, covering the berm with an erosion control blanket and seeding could be used 
to reestablish vegetation.   

 
 7.2  Seismic Design 
 
 We recommend that proposed bridges and the tide gate 
structure be designed and built to withstand strong seismic 
shaking.  As in all of Humboldt County, the site is subject to 
strong ground motion from seismic sources. 
 
The 2010 California Building Code requires the following 
information for seismic design.  Based on our knowledge of 
subsurface and geologic conditions, we estimate a Site Class 
E (soft soil profile) for the project.  Based on the Site Class 
and the latitude and longitude, we calculated the design 
spectral response acceleration parameters SS, S1, Fa, Fv, SMS, 
SM1, SDS and SD1 using the USGS seismic calculator program, 
“Seismic Hazard Curves, Response Parameters, Design 
Parameters: Seismic Hazard Curves, and Uniform Hazard 
Response Spectra”, v. 5.1.0, dated February 10, 2011.  
Calculated values are presented in the following Table 2, 
Seismic Design Criteria.   
 
7.3  Foundations 
 
7.3.1 General Design for Shallow Foundations  
 
The primary consideration for the design and construction of shallow foundations is the low 
bearing capacity of the soils which is constrained by the high settlement potential.  Some settlement  

Table 2 
Seismic Design Criteria 
Latitude 40.752144 

Longitude -124.178327 
Site Class E 

SS  2.57 
S1 1.00 
Fa 0.9 
Fv 2.40 

SMS 2.31 
 SM1 2.40 
SDS 1.54 
SD1 1.60 

Occupancy 
Category 

II 

Seismic Design 
Category 

E 
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of the structures placed on shallow foundations should be anticipated (2 to 6 inches) over time.  
Traditional deep foundations for non-critical structures are not considered cost effective because of 
the significant depths to good “bearing soils.”   

• Shallow foundations are proposed for supporting the new bridges.  Assuming some 
settlement (2 to 6 inches) is acceptable, the abutments may be constructed on a shallow 
support system.  Minimizing the weight of the foundation and incorporating allowances for 
settlement are recommended.  The use of gravel ramps on the approaches should make 
adjustments to the transitions easy.  If tilting is to be avoided, then adding provisions that 
allow for re-leveling at a later date would be advised. 

• For general design criteria, we recommend that shallow foundations not exceed an 
allowable bearing capacity of 1,000 psf for dead plus live loads.  A horizontal friction 
coefficient of 0.30 may be used for the footing/soil contact.  Frictional resistance may be 
calculated in conjunction with an allowable lateral passive pressure represented by an 
equivalent fluid weighing 150 pcf for short-term loadings, such as lateral foundation 
resistance in response to wind or earthquake loadings.  Lateral passive pressure can be 
calculated where footings bear laterally against undisturbed native subsoils or structural fill. 

• Foundation embedment should remain as shallow as feasible.  As discussed in Section 5.0, 
the upper 1 to 2 feet of soils are generally the strongest, so deeper embedment does not 
equate to stronger soils, as is usually the case.  It is only necessary to remove the organics.  
Also, the deeper the excavation, the more difficult the working conditions will be for 
establishing a stable subgrade, setting forms for concrete, etc. 

• Where new channel banks are constructed on 1.5H:1V slopes adjacent to bridge abutments, 
the base of the abutment closest to the channel should be constructed on or behind a sloping 
plane of 2H:1V starting at the edge of the channel bottom. 

 
Below we provide a discussion of the general types of bridges proposed and our foundation design 
and construction recommendations for each. 
 
7.3.2 Golf Cart Bridges 
 
The existing golf cart bridges will be replaced, in some cases with longer spans, as a consequence of 
the channel being widened.  The new golf cart bridges are anticipated to be similar in design to the 
existing.  Two of the bridges, one on each side of the Fairview Drive bridge, are planned to 
accommodate heavier traffic, including emergency vehicles.   

• Shallow, reinforced concrete abutments like those currently in use should be adequate for 
both of these bridge types that are less than 30 feet in length, provided they meet the design 
criteria specified in Section 7.3.1, above.   

• For bridges with spans larger than 30 feet, we recommend using bridge abutments similar 
to those discussed below for the agricultural bridges.   

• Ramp fills shall be no thicker than 2 feet considering the design criteria provided in Section 
7.3.1.  

 
7.3.3 Agricultural Bridges 
 
There are two free-span steel bridges proposed within the agricultural areas south of the golf 
course: a 50-foot span and an 80-foot span (Figure 2).  It is our understanding that the bridges 
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will only be used for ranch trucks, agricultural equipment, or other light duty use.  The 
anticipated maximum loads on the abutments of the 80-foot-span bridge are assumed to be on 
the order of 62 kips.   

• For bridge spans 30 feet and longer, we recommend the use of a two-part system, which 
includes a stabilization mat and the bridge footing itself.  Figure 3 presents a schematic 
drawing of this concept. 

 

 
Figure 3.  Schematic Drawing of Foundation System for Bridges with Spans Greater Than 30 feet 

 (actual dimensions will vary) 
 
The purpose of the stabilization mat is to distribute the load of the bridge footing through a flexible, 
low density, laterally constrained structure that will maintain its integrity while undergoing 
significant differential settlement.   

• We suggest the use of welded wire gabions for this, because it will result in minimal 
excavation, a relatively easy installation process, and low-cost compared with reinforced 
concrete.  Other alternatives for a stabilization mat may include a laterally constrained 
multi-layered bed of crushed aggregate and geogrid or interlaced wood beams.  

• The stabilization mats should be designed for equivalent basal footing loads of 750 psf or 
less.   

• The bridge footing load should be centered on the stabilization mat structure and should 
not exceed a footing load of 2,500 psf. 

• The thickness of the stabilization mat should be at a ratio of 1:4 with the basal width.  For 
example, an 8-foot basal-width stabilization mat would be at least 2 feet thick.  In this 
example, the overlying concrete abutment footing would need to have a minimum basal 
width of 2 feet.   

• Under no condition should the stabilization mat be less than 6 feet wide or be embedded 
less than 1.5 feet below original ground surface. 

• Where new channel banks are constructed on 1.5H:1V slopes adjacent to bridge abutments, 
the base of the stabilization mat closest to the channel should be constructed on or behind a 
sloping plane of 2H:1V starting at the edge of the channel bottom. 
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• All backfill overlying the bridge abutment footing systems should be low density and 
provisions should be made to prevent saturation.  Ramp fills shall be no thicker than 2.5 feet 
considering the above design criteria.  

 
7.3.4 Tide Gate Structure 
 
The project includes a 24-foot by 30-foot concrete tide gate with wing walls extending out from each 
corner.  The plans show the structure to have a 1-foot-thick reinforced slab foundation throughout 
the main part of the structure, with wing walls supported by 4-foot-wide spread footings.  As 
discussed above, the soils at the foundation-bearing depth of this structure are soft, and there is, 
therefore, a moderate to high settlement potential.   

• To minimize differential settlement, we recommend two alternatives for increasing support 
for the tide gate structure;  
1) sheet piles, and/or  
2) driven piles.   

These options could be used alone or in combination.   
 
Currently, the 30% plans specify sheet piles installed on both the upstream and downstream edges 
of the structure including along the wing walls.   

• Although the purpose of the sheet piles is to provide a groundwater cutoff, if the sheet piles 
could get extended to a depth of 20 feet below slab grade, then they would also provide 
support for the structure and reduce the settlement potential.  

• Alternatively, or in concert, driven piles could be used to support the slab and wing walls.  
Driven piles that extend to "solid ground" are not likely cost effective, so piles, if used, 
should derive their support from friction.  Friction piles may need to be extended to 50+ feet 
below grade, depending upon the loads, and if they are used in combination with the sheet 
piles.  Further evaluation should be conducted to develop specific recommendations. 

 
7.4 Temporary Roads for Construction Access 
 
The temporary roads are a critically important part of the successful completion of the project.  As 
discussed in Section 5.0, the soil conditions in the Martin Slough Valley are soft and saturated at a 
very shallow depth.   

• All heavy equipment and truck traffic should be conducted on temporary roads.  Only in 
rare cases (light vehicles and/or few trips) will vehicles be able to navigate across ground 
that is not reinforced.  Careful consideration of the temporary roads and the layout will be 
necessary to maintain a functioning access system and minimize the environmental impacts.   

 
Based on the volume of material planned for removal, the highest demand on the temporary road 
system is likely going to be traffic associated with off hauling the spoils.   

• Special attention should be made during laying out the temporary road network and access 
points in order to minimize disturbance to the project area, maximize the use of temporary 
materials, and strike the right balance between the number of trips for offhaul and the load 
of each haul.  
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Below, we provide recommendations for two types of temporary roads:  

1) a mat system, and  
2) a geocell system.   

 
Each has its advantages and disadvantages regarding cost/benefit.  The specific details of each 
option may be amended based on the intended use of the particular roadway.  In general high 
volume roadways will require more robust roads than short-term or light duty roads.   
 
7.4.1 Mat System 
 
This option uses interlocking composite road mats placed on a bed of reinforced gravel.  The road 
should be underlain by a medium-weight non-woven filter fabric to act as a separation layer.  The 
bed of gravel should be approximately 2 to 4 inches thick and should consist of crushed rock or 
equivalent gravel.  A medium-grade geogrid should be used at the base of the gravel bed. 
 

 
Figure 4.  Schematic Drawing of a Temporary Haul Road Using a Mat System 

(actual dimensions will vary) 
 
Mats can be rented and will likely drive the cost of using this system.  The mats can be pulled and 
placed with greater ease than some other road systems.  Because of the interlocking nature of the 
mats, curved roads are not easily accommodated with this type of system.  From our experience, 
the optimal width for a road like this is 14 feet. 
 
7.4.2 Geocell System 
 
This option uses a cellular confinement system, also known as geocells.  The system is made of an 
expandable honey-comb-like structure (typically high-density polyethylene [HDPE]) which can be 
filled with sand and gravel, creating a strong, stiff, cellular mattress.  When the soil contained 
within a geocell is subjected to pressure, it causes lateral stresses on perimeter cell walls.  This type 
of system can be placed directly on the separation layer (woven filter fabric).  Figure 5 depicts a 
schematic drawing of a typical geocell system. 
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Figure 5.  Schematic Drawing of a Temporary Haul Road Using a Geocell System 

(actual dimensions will vary) 
 
The material used to fill the cells is not as critical as in other applications, so most any coarse 
granular material will work.  The geocell should be capped with a 2-inch layer of crushed rock.  
This type of system can more easily accommodate a curved road alignment.  Pulling and reuse of 
this system is more difficult, because the HDPE structure is susceptible to damage.  
 
7.5 Construction-Phase Monitoring 
 
In order to assess construction conformance with the intent of our recommendations, it is important 
that a representative of our firm review the foundation excavations for the new tide gate and the 
large-span bridges.  
 
This construction-phase monitoring is important because it provides the owner and SHN the 
opportunity to verify anticipated site conditions, and recommend appropriate changes in design or 
construction procedures if site conditions encountered during construction vary from those 
described in this report.  It also allows SHN to recommend appropriate changes in design or 
construction procedures if construction methods adversely affect the competence of onsite soils to 
support the structural improvements. 
 
Because of the variable conditions (generally poor) and the large area of the overall project, the 
project will be a "see as you go" type of endeavor.  Various recommendations provided in this 
report are general, and depend upon the site conditions of the specific project at the time of 
construction.  In many cases, the most appropriate approach cannot be evaluated until the work has 
begun.   

• SHN should be included early on in the various phases of construction to verify the 
appropriateness of our recommendations and make adjustments if necessary.    

 
8.0 Construction Considerations 
 
This section presents construction considerations that are intended to aid in project planning.  
These considerations are not intended to be comprehensive; other issues may arise that would 
require coordination between the owner, the engineer, and the contractor's construction means and 
methods and capabilities. 
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Construction considerations for this project include the following: 

1. The groundwater is characteristically shallow throughout the year.  Based on recent 
excavation projects in the Martin Slough Valley, groundwater inflow is usually slow and 
easily managed with pumps.  It is important to note, however that even small quantities of 
persistent seepage may substantially complicate construction operations where excavations 
extend below areas of saturated soil.   

2. Following even minimal site stripping of the upper 1 to 2 feet of soil (the "crust"), exposed 
soil subgrade will likely be too soft and wet for heavy equipment to traverse.  Compaction 
of the soil subgrade, or achieving a firm soil subgrade surface will be difficult or impractical.   

• If equipment access on excavated areas is necessary, special provisions should be 
developed, following review of subgrade conditions.   

• To avoid complications with soft subgrade, careful planning of the excavations, 
particularly those that cover a large area (such as the ponds), is encouraged.   

3. We anticipate a vast majority of the excavated soils will be cohesive silty and clayey soils 
with a moisture content over optimum for compaction.  These soils are typically not suitable 
for use as fill material to be compacted into place, because they will likely be overly wet, 
slow-drying due to their plasticity, and thus difficult to properly moisture condition and 
compact.   

• Spreading the soils out and repeatedly turning/disking may be necessary to enhance the 
usability of the soils. 

4. OSHA Type C soils are indicated, requiring excavation side slopes of 1.5H:1V for 
excavations up to 10 feet in depth, or shoring.  However, even at 1.5H:1V some slope failure 
may occur, particularly where saturated conditions are encountered.  Compliance with 
safety regulations is the responsibility of the contractor.  

• OSHA trench and excavation safety regulations should be acknowledged and 
followed.   

 
9.0 Plan and Specification Review  

• We recommend communications be maintained during the design phase, between the 
design team and SHN, to optimize compatibility between the design and soil and 
groundwater conditions.  

• We also recommend that we be retained to review those portions of the plans and 
specifications that pertain to earthwork and foundations.  The purpose of this review is to 
confirm that our earthwork and foundation recommendations have been properly 
interpreted and implemented during design.  

 
10.0 Closure and Limitations 
 
The analyses, conclusions, and recommendations contained in this report are based on site 
conditions that we observed at the time of our investigation, data from our subsurface explorations 
and laboratory tests, our current understanding of proposed project elements, and on our 
experience with similar projects in similar geotechnical environments.  We have assumed that the 
information obtained from our limited subsurface explorations is representative of subsurface 
conditions throughout the site.   
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We recommend that a representative of our firm confirm site conditions during the construction 
phase.  If subsurface conditions differ significantly from those disclosed by our investigation, we 
should be given the opportunity to re-evaluate the applicability of our conclusions and 
recommendations.  Some alteration of recommendations may be appropriate.   
 
If the scope of the proposed construction, including the proposed loads, grades, or structural 
locations, changes from that described in this report, our recommendations should also be 
reviewed. 
 
If there is a substantial lapse of time between the submission of our report and the start of work at 
the site, or if conditions have changed due to natural causes or construction operations at or 
adjacent to the site, we should review our report to determine the applicability of the conclusions 
and recommendations considering the changed conditions and time lapse.  This report is applicable 
only to the project and site studied. 
 
The conclusions and recommendations presented in this report are professional opinions derived in 
accordance with current standards of professional practice.  Our recommendations are tendered on 
the assumption that design of the improvements will conform to their intent.  No representation, 
express or implied, of warranty or guarantee is included or intended. 
 
The field and laboratory work was conducted to investigate the site characteristics specifically 
addressed by this report.  Assumptions about other site characteristics, such as, hazardous 
materials contamination, or environmentally sensitive or culturally significant areas, should not be 
made from this report. 
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Subsurface Exploration Logs 



























































 

 

 
Appendix B 

ASTM Laboratory Test Results 
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USDA Laboratory Test Results 
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