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3.4.1 ARTIFICIAL FILL  

Undocumented man-placed artificial fill (af) soils may be found in many locations throughout the project 
site.  These soils have been placed along the low natural drainages traversing the site in order to raise 
the ground within the former driving range field of the golf course.  They are also located in areas that 
were disturbed and graded as part of the Contra Costa Canal construction and maintenance.  This may 
include areas of access roads, a water tank, canal siphon, down slope canal embankments, and spoil 
disposal/balance areas.  Artificial fill soils may be located surrounding and within the former small water 
feature ponds and ancillary buildings of the golf course (i.e., clubhouse, restaurant, pro-shop, golfcart 
garage and maintenance building.  It is understood that an 1,100-gallon underground storage tank near 
the maintenance building was removed and backfilled in 1997.  Maximum thickness of artificial fill is 
estimated to be on about 10 to 15 feet thick.  The estimated artificial fill extent is presented in Figure 4. 

Artificial fill at the site may consist of a wide variety of soil  types having variable composition, 
consistency, moisture content and degree of compaction. It is believed that most of these soils include 
mixed fine to coarse sands and clays of low to high plasticity.  They may also include gravel, organic-rich 
topsoil, trash, and construction debris.  Glass shards were encountered in Boring WSP-PTC-15A at a depth 
greater than 5 feet.  In general, artificial fill may consist of loose to medium dense sand and soft to 
medium stiff clay.  These materials have low strength, are compressible and therefore should be 
considered incompetent and not capable to adequately support additional fill soil, structural elements, 
or pavements in their current state.  Recommendations for remedial earthwork including their removal, 
handling, processing, special treatment, and reuse/disposal are presented in Section 5.1 (Earthwork). 

3.4.2  HOLOCENE YOUNG ALLUVIUM  

The Holocene (Qa) young alluvial sediments are typically along the narrow bottoms of the natural 
drainages and may be on the order of 3 to 5 feet thick.  These alluvial deposits include low to high 
plasticity clays (CL/CH) and silts (ML), clayey medium to fine sands (SC) with isolated sandier zones with 
or without fine to coarse gravel.  The majority of the Holocene alluvium may be considered medium stiff 
(firm) to stiff lean sandy lean clay (CL) based on correlated SPT and Mod-Cal sampler blow counts and 
pocket penetrometer (PP) resistance.  Some zones of the Holocene alluvium are soft, moist, compressible 
and have a low undrained shear strength.  Like the artificial fill, these soils are considered incompetent 
and not capable to adequately support additional fill soil, structures or pavements in their current state. 
Although a shallow groundwater table was not encountered during the field investigation, it may be 
considered reasonable to assume that these materials in the low-lying natural drainages periodically 
become saturated during and shortly after periods of heavy precipitation.  Recommendations for 
remedial earthwork and installation of a canyon subdrain systems below compacted fills in these areas 
are presented in Section 5.1 (Earthwork).  The estimated extent of Holocene Alluvium is presented in 
Figure 4 and 8. 

3.4.3  PLEISTOCENE OLDER ALLUVIUM  

Pleistocene (Qoa) sediments form the broader elevated dissected alluvial fan deposits within the project 
area.  These materials are generally located in the northly, southeasterly, and westerly zones of the 
project site.  Somewhat similar to the Holocene alluvium, these materials include low to high plasticity 
clays (CL/CH) and silts (ML), clayey medium to fine sands (SC) with isolate sandier zones with few fine to 
coarse gravel.  A shallow groundwater table was not observed in this geologic. The estimated extent this 
geologic unit is presented in Figure 4 and 8. 
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5.1.6 CONSTRUCTION DEWATERING  

The need for construction dewatering is not anticipated.  However, if construction occurs during or 
following a season of high precipitation and a shallower groundwater condition is encountered, it is 
recommended that appropriate dewatering measures be taken to ensure a dry and stable excavation at 
time.  Considerations for construction dewatering should include pumping system type, groundwater 
drawdown, water volumes and impact to surrounding facility due to induced settlement. Disposal of 
pumped groundwater should be performed in accordance with local governing agency and Regional 
Water Quality Control Board requirements. 

5.1.7 KEYWAYS AND BENCHING  

Keyways should be excavated at the base of fill slopes. The width and depth/elevation of each keyway 
should be based on an evaluation of the actual observed site conditions.  The minimum key width is 10 
feet.  The entire key width should be excavated into competent formational material and tilted 
downward away from the slope toe at an inclination of at least 2 percent. The exposed keyway should be 
scarified to a minimum depth of 12 inches, brought to slightly above the optimum moisture content and 
recompacted prior to placing additional fill.  The need for scarification should be evaluated at the time 
of grading by WSP and potentially waived in cemented, dense, and hard materials. 

5.1.8 SUBSURFACE DRAI NS 

To reduce the potential for water related distress to the proposed improvements, it is recommended that 
a subsurface drain (subdrains) be installed along the bottom of the two principal drainages at the site.  
Generally, the location and lateral extent of subdrains should be determined in the field based on actual 
observed conditions but in no case should they be located in areas that might conflict with deep 
foundations (if used).  Inasmuch, a plan should be developed for subdrains that conform with the 
foundation plans.  The precise as-built locations of subdrains should be surveyed and documented. The 
subdrain is not required if the depth of fill is less than 5 feet.   

The subdrain should consist of an approved nonwoven geotextile (e.g., Mirafi 140N or equivalent) which 
envelopes at least 10 cubic feet per linear foot of clean, coarse crushed drain rock. The geotextile should 
have at least a 12-inch overlap of material. The subdrain should have at least a 1 percent fall. A drainpipe 
is not deemed necessary for the entire subdrain alignment. However, the subdrain should be provided 
with at least 20 feet of solid (non-perforated) pipe before it freely discharges through the slope toe. A 
small headwall should be provided for the subdrain pipe at the slope toe.   

5.1.9 ENGINEERED FILL 

After clearing and grubbing has been performed, the majority of onsite materials may be used as 
engineered fill, provided that they are free of oversized rock, organic materials, and deleterious debris.  
Oversize material in excess of 6 inches in diameter should not be used in structural fill.  This should be 
limited to a maximum size of 3 inches in the upper foot below building floor areas.   

Although the optimum lift thickness for fill soils will be dependent on the type of compaction equipment 
utilized, fill should generally be placed in uniform lifts that do not exceed approximately 8 inches in loose 
thickness.  Import materials should have an expansion index less than 50, a minimum R-value of 15, no 
greater than 40 percent of the particles passing the No. 200 sieve, and no particles greater than 3 inches. 
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The onsite soil placed as engineered fill should be moisture conditioned to between optimum and 2 
percent above optimum moisture content and compacted to a minimum of 90 percent of the ASTM D 
1557 maximum dry density. We recommend that engineered fill below building areas be compacted to at 
least of 95 percent within building footprint areas.  An adjustment to the maximum dry density and 
optimum moisture content should be performed when there are more than 5 percent oversize particles 
(larger than ¾ inch) in the fill material.  The adjustment should follow ASTM D4718.  

Areas including pavements, slab-on-grade for floors, walkways, and other hardscape/flatwork areas, the 
upper 12 inches of engineered fill should be moisture conditioned near the optimum moisture content 
(±2%) and compacted to at least 95 percent relative compaction of the maximum laboratory dry density 
as determined by ASTM D 1557 (Modified Proctor).  The maximum particle size should 3 inch.  

5.1.10 BULKING AND SHRINKAGE  

Excavation of the onsite undisturbed formational materials for reuse as compacted fill will results in 
some bulking.  Shrinkage may occur in loose surficial soils including the lower elevation alluvial deposits.  
The estimated bulking of the formational materials may be on the order of 5 to 10 percent. The estimated 
shrinkage of surficial soils including alluvial deposits may be on the order of 5 to 10 percent.   

5.1.11 EXPANSIVE SOILS  

In general, expansive soils are anticipated at the project site.  If encountered in cut areas at finish grade 
in building areas, we recommend that these materials be overexcavated below finish grade and replaced 
with soils of negligible to low expansion potential. The expansive materials may be disposed of in deeper 
fills. Placement of the expansive materials in the deeper fills may require extra handling and stockpiling 
during remedial grading.  We recommend that the formational materials in cut areas be checked during 
grading for expansive material near finish grade.  Overexcavation depths should be at least 5 feet below 
building pads and 2 feet below exterior flatwork.  Select material consists of clean, granular material with 
a low expansion index of 50 or less, as evaluated by ASTM D 4829.    

5.1.12 ENGINEERED SLOPES 

Conceptually, it is anticipated that the project may have engineered slopes consisting of excavations 
(cuts) and embankments (fill ) less than 10 feet in maximum height.  All slopes should have a maximum 
inclination of no greater than 2H:1V.  Brow ditches should be placed at the top of all slopes.  Where 
existing ground is steeper than 5H:1V (20%) and the depth of fill exceeds 5 feet, benching should be 
performed in accordance with Figure J107.3 of the CBC Appendix J.  Keyways should be 10 feet wide.   

Slopes may be susceptible to shallow sloughing in periods of intense rainfall, heavy irrigation, and 
upslope runoff.  Periodic slope maintenance may be required including rebuilding the slope face.  
Sloughing of fill slopes can be reduced by overbuilding and cutting back to the desired slope.  To a lesser 
extent, sloughing can be reduced by backrolling slopes at frequent intervals during grading.  All fill slopes 
should be dozer trackwalked at least twice.  All cut and fill slopes should be planted.  Both cut and fill 
slopes may be subject to softening and creep movement, whether the slopes are natural or man-made.  
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5.1.13 PAVEMENT AND SLAB -ON-GRADE SUBGRADE PREPARATION  

In pavement areas and slab-on-grade for walkways or other flatwork areas, the upper 12 inches of 
subgrade soils should be moisture conditioned between optimum to 2 percent above optimum content 
and compacted to at least 95 percent relative compaction of the maximum laboratory dry density, as 
evaluated by ASTM D 1557.  The maximum size rock in this zone should be limited to 3 inches in size.  

5.1.14 PIPE BEDDING AND TRENCH BACKFILL  

Pipe bedding should consist of sand or similar granular material having a Sand Equivalent of not less 
than 30. The sand should be placed in a zone that extends a minimum of 6 inches below and 12 inches 
above the pipe for the full trench width. The bedding material should be compacted to a minimum of 90 
percent of the maximum dry density.  Trench backfills above pipe bedding may consist of approved, 
onsite or import soils placed in lifts no greater than 8 inches loose thickness and compacted to 90 percent 
of the maximum dry density.  Backfill should not contain rocks over 3 inches in size. 

5.1.15 SITE DRAINAGE  

Final elevations at the site should be planned so that positive drainage is established around structures 
such that surface water runoff is directed away from foundations and top of slopes and other proposed 
elements of the project.  Positive site drainage is defined as a slope of 2 percent or more for a distance of 
5 feet or more away from foundations.  Downspouts should discharge to controlled drainage systems.  
Planters should be built so that water exiting from them will not seep into the foundation areas or 
beneath slabs and pavement.   Irrigations should be limited to the minimum actually necessary to 
properly sustain the landscaping plants. Should excessive irrigation, waterline breaks, or unusually high 
rainfall occur, then saturated zones and perched groundwater may develop. Consequently, the site 
should be graded so that water drains away readily without saturating the foundation or landscaped 
areas. Potential sources of water, such as water pipes, drains, and garden ponds should be frequently 
inspected for leakage or damage.  Any such leakage or damage should be repaired promptly. 

5.1.16 STORMWATER INFILTRATION  

The feasibility of a stormwater infiltration system is dependent on the geologic, hydrogeologic and 
geotechnical conditions of a site.  In general, near-surface soils at the site are relatively impermeable.  
Based on our evaluation and experience, these near-surface soils are expected to have a slow infiltration 
rates less than 0.5 inch/h our.  The use of a stormwater infiltration system, which would permit wetting 
and saturation of both compacted engineered fill soils and natural undisturbed formational soils, should 
not be utilized in project design.  It is our opinion the site is not suitable for stormwater infiltration. 

WSP is of the opinion that purposely allowing compacted fill soils at the site to become wetter than their 
controlled placed moisture content is not recommended.  Wetting of compacted fill soils would increase 
the potential risks related to site settlement (hydro-consolidation), heaving of expansive soils and 
hydrostatic pressure build up behind basement and other retaining walls.  In our opinion, no appreciable 
amount of stormwater infiltration is physically feasible without negative consequences that can be 
reasonably mitigated.  If bioswales or bioretention systems are used, we recommend that they be lined 
with an impermeable geosynthetic to mitigate the potential for undesirable infiltration.   DRAFT
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