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SECTION 1: INTRODUCTION AND BACKGROUND 
 
 
This report presents the results of a feasibility study regarding sanitary wastewater facility 
improvements for the community of Woodacre located in the San Geronimo Valley in Western 
Marin County (Figure 1).  The particular geographical focus of the study (“Study Area”) is the 
low-lying and more densely developed portion of Woodacre referred to as the “Flats”.  The 
Woodacre Flats Study Area encompasses approximately 150 parcels, primarily single family 
residences with a small number of commercial occupancies (Figure 2).  All properties in 
Woodacre Flats are dependent on individual onsite septic systems for sewage disposal, many of 
which are problematic and a source of public health and water quality concern.  The purpose of 
the study was to identify, evaluate and compare various alternatives for improving wastewater 
treatment and disposal in the community, including options ranging from onsite septic system 
upgrades to community sewerage facilities.  
 
Woodacre lies in the Lagunitas Creek watershed, which is tributary to Tomales Bay.  The 
Lagunitas Creek watershed and Tomales Bay are impaired water bodies for pathogens (bacteria) 
and nutrients, and have been listed as such in accordance with Section 303(d) of the Federal 
Clean Water Act.  The watershed, including the Woodacre area, contains various known and 
potential sources of pathogens and other pollutants that affect stream water quality via runoff.  
Faulty onsite wastewater systems, especially for properties located in close proximity to streams, 
have been identified as one of the sources contributing to the water quality impairment (San 
Francisco Bay RWQCB, March 2005).  
 
Over the past several years, the Marin County Community Development Agency (CDA) has 
undertaken various activities to improve onsite wastewater system management practices 
throughout the County, and particularly in the Tomales Bay and Lagunitas Creek watersheds.  
During the period of January 2004-August 2005 and subsequently in the winter of 2007-2008, a 
voluntary septic system inspection program was conducted in the County.  This work was funded 
through grants received from the State Water Resources Control Board and the California 
Coastal Commission, and was termed the “Septic Matters Program”.  The overall goal of the 
program was to provide community education to homeowners through the completion of free 
and confidential third-party inspection and testing of septic systems.   
 
A large percentage of the inspections (62 out of 135) under the Septic Matters Program were 
conducted in Woodacre as a result of local encouragement to participate in the program.  The 
inspections in Woodacre revealed many instances of marginal soils, high groundwater 
conditions, old and undocumented systems, gray water discharges, and a preponderance of small, 
“overdeveloped” lots, with minimal area provided for adequate onsite wastewater disposal.  
Overall, these inspections showed marginal to unacceptable operating conditions for about one-
half to two-thirds of the septic systems inspected in the Woodacre area.  During this same time 
frame, stream water quality testing in the Woodacre area by the Tomales Bay Watershed Council 
showed elevated concentrations of bacteria, nutrients and other constituents commonly 
associated with domestic wastewater discharges.     
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In response to these surveys a local community organization, Woodacre Flats Wastewater Group 
(WFWG), was formed to work with the CDA to initiate a review of the septic system and water 
quality findings and seek funding to investigate possible corrective strategies.  The County 
applied for and received grant monies from the US EPA which, in combination with County and 
locally-raised money, provided sufficient funding to undertake a wastewater feasibility study to 
evaluate needs and methods for correcting faulty septic systems within the Woodacre Flats area.      
 
In February 2010, the Marin County Board of Supervisors contracted with Questa Engineering 
Corporation to conduct a wastewater feasibility study of the Woodacre Flats area, which is the 
subject of this report.  The specific objective of the study was to identify, evaluate and compare 
potential wastewater treatment and disposal alternatives for the community.  The evaluation was 
to include review and comparison of facility needs, regulatory requirements, environmental 
considerations, and construction, operation and maintenance costs amongst the different 
alternatives, with the aim of identifying an “apparent best alternative”.  At a minimum, the range 
of alternatives was to include: (a) “No Project” (i.e., status quo); (b) upgrading and management 
of existing onsite systems; and (c) development of a community wastewater collection, treatment 
and disposal system for the area.  
 
In terms of the organization of this report, following the Introduction and Executive Summary, 
background information on the general study area conditions, existing wastewater practices and 
concerns are covered in Sections 3 and 4.  Section 5 describes the boundaries and wastewater 
characteristics of the service area covered by the study.  The project alternatives for wastewater 
collection, treatment and disposal facilities are presented and described in Section 6, including 
facility requirements and estimated costs for construction and ongoing operation and 
maintenance.   This is followed by a comparative analysis and review of the alternatives in 
Section 7, including identification of the “apparent best alternative”.  Section 8 addresses 
management requirements and alternatives for the Woodacre Flats Study Area.  
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SECTION 2: EXECUTIVE SUMMARY 
 
 
INTRODUCTION 
 
In February 2010 the County of Marin contracted with Questa Engineering Corporation to 
conduct a wastewater feasibility study for the community of Woodacre, focusing specifically on 
The Woodacre Flats study area encompasses approximately 150 parcels, primarily single family 
residences with a small number of commercial occupancies.  The purpose of the study was to 
identify, evaluate and compare various alternatives for improving wastewater treatment and 
disposal in the community, including options ranging from onsite septic system upgrades to 
community sewerage facilities.  
 
 
STUDY AREA CHARACTERISTICS 
 
The Woodacre Flats study area comprises a portion of the unincorporated community of 
Woodacre, located in the eastern end of the San Geronimo Valley in western Marin County.   
Woodacre Flats encompasses primarily the low-lying valley portions of the community, 
including an area of roughly 75 acres.   
 
Woodacre lies within the watershed of Woodacre Creek, a year-round stream which drains into 
San Geronimo Creek, then Lagunitas Creek, and eventually into Tomales Bay.   Woodacre Creek 
flows through the study area parallel to Redwood Drive, in a southeast-to-northwest direction. 
Woodacre Creek receives surface runoff and drainage from several small tributary branches and 
a network of storm drainage channels in the community.    
 
The terrain within the Flats is mostly flat to gently sloping, generally from the southeast to the 
northeast at a gradient of approximately 2 to 5 percent.  The surrounding upland portions of 
Woodacre occupy much steeper terrain, which drains through the Flats. 
 
Geologically, the Woodacre Flats study area consists of a valley with ridges rising up on both the 
northeast and southwest sides, and at the southeasterly end.   Along the western side, the ridge is 
formed mainly of sandstone.   In contrast, the eastern ridge (Fire Road area) and the uplands in 
the southern end of the valley consist of Franciscan Melange (serpentine, greenstone, chert, shale 
and sandstone) in a clayey/shale matrix.  
   
Clayey soils from ridges have washed into the valley, creating mostly clayey soil with 
interspersed gravel lenses in the Woodacre Flats area.  The soils are deep in some areas, but are 
generally somewhat poorly to very poorly drained, with seasonal groundwater levels less than 3 
feet from ground surface.  Deeper, sandy alluvial soils occur along the drainageways.     
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EXISTING WASTEWATER DISPOSAL PRACTICES 
 
There are no public sewers serving the Woodacre area or other communities in the San 
Geronimo Valley.  All property owners rely on individual septic systems for sanitary waste 
treatment and disposal.  This typically includes a septic tank for collection and settling of solids, 
with some type of leaching system for disposal (percolation) of the liquid into the soil.  Most of 
the properties in the area were developed prior to the adoption of current County Codes.  Gravity 
systems are most common, although more recent development has included the use of advanced 
systems installations, such as mounded and pressure distribution disposal fields and advanced 
treatment units.   
 
There are many existing septic systems in Woodacre Flats with unknown construction features 
that likely are of an antiquated or questionable design that differs significantly from modern 
codes and practices.  Less than half of the developed properties have septic system permit 
information on file with Marin County EHS.  In 2004-2005 voluntary (confidential) septic 
system inspections conducted as part of a County-wide outreach effort (“Septic Matters 
Program”) found roughly two-thirds of the systems inspected in Woodacre to have marginal to 
unacceptable operating conditions due to many of the following conditions and factors: 
 

• System age, pre-dating modern standards and codes 
• Small systems, undersized for current uses 
• Additional living units, placing increased demand on sewage disposal systems  
• Small parcel size with high intensity of development and limited remaining area for 

sewage disposal 
• Restricted access to yard areas for system maintenance and repair 
• Unpermitted repairs and greywater systems 
• Shallow depth to groundwater, including seasonal saturation at or near ground surface 
• Shallow soils and marginal soil permeability 
• Close proximity to streams and local drainages 

 
File and field reviews conducted as part of the current wastewater feasibility study revealed 
information consistent with the above findings.   
 
Water quality sampling of Woodacre Creek and local storm drains in recent years has shown 
elevated levels of coliform bacteria, nitrate, ammonia and surfactants, in some cases exceeding 
receiving water quality standards.   These influences on water quality may be attributable to the 
high density of older septic systems combined with the difficult drainage and soil conditions in 
Woodacre, especially in the Flats.   Impacts on water quality locally can be carried downstream 
to San Geronimo Creek, Lagunitas Creek and eventually to Tomales Bay, which is designated as 
an impaired water body in regard to pathogens (bacteria) and nutrient levels.  Septic systems in 
the Tomales Bay watershed are a potential contributor to the water quality impairment.  The 
RWQCB and Marin County EHS are committed to eliminating faulty septic systems and 
implementing various onsite wastewater management programs and projects to address the water 
quality concerns in the Tomales Bay watershed.     
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SERVICE AREA  
 
Wastewater improvement projects are normally planned and developed around a given 
geographical area termed the “service area”.   The service area provides the basis for estimating 
wastewater facility requirements, project alternatives and costs.  Delineating the service area is 
often an iterative process, whereby initial boundaries are assumed for feasibility analysis, and 
subsequently adjusted in response to findings, recommendations and other factors.  This is the 
case for this study of Woodacre.    
 
For the purposes of this feasibility analysis, the tentative service area boundaries were assumed 
to encompass the existing developed properties in the section of the community referred to as the 
Flats, which includes primarily low-lying properties along the following streets: Redwood Drive, 
Railroad Avenue, Central Avenue and Taylor Avenue.   This encompasses the area of Woodacre 
believed to be in most need of wastewater improvements, as well as the portion of the 
community that has expressed the greatest amount of interest in studying possible sewerage 
alternatives.   There are approximately 150 developed parcels in this area, largely single family 
residences.  The study also includes information regarding the provision of wastewater service to 
75% of the developed properties in the study area (112 parcels).  
 
It is important to understand that the service area boundaries are not fixed by this study.  The 
boundaries selected for a community wastewater project in Woodacre could be narrowed or 
expanded depending on the level of community interest, the alternative selected, funding 
sources, environmental issues, or other factors.   The final decision on service area boundaries 
would normally occur following environmental review and in conjunction with the formation of 
an assessment district to develop the local financing for the project.  This would entail formal 
public hearings and a majority vote.   
 
 
ESTIMATED WASTEWATER FLOWS 
 
Information regarding wastewater flows is important for assessing the required capacity of 
collection, treatment, storage and disposal facilities for community wastewater alternatives.  
Estimated wastewater flows for the study were developed based on the assumed number of 
parcels to be served, the type of development on the those parcels, and review of typical 
reference data and monitoring information from other small community wastewater facilities.    
 
The Woodacre Flats service area consists mainly of single family residential parcels, with a 
small amount of commercial uses.  The commercial uses in Woodacre are the types that generate 
wastewater volumes similar to or less than single family residences (e.g., offices, shops, Post 
Office, small apartments).  Accordingly, for this feasibility study wastewater flows were 
estimated by applying a typical unit wastewater flow for residential use uniformly to all parcels 
in the service area.  
 
Based on review of data from other small community wastewater systems, the following unit 
wastewater flows, in gallons per day (gpd) per single family residence (or equivalent), were 
determined to be appropriate for Woodacre Flats: 
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• Average Daily Flow: 175 gpd/parcel  (for assessing storage and disposal requirements) 
• Peak Daily Flow: 210 gpd/parcel (for assessing treatment requirements) 

 
Additionally, wastewater flow estimates included an allowance of 10% for infiltration and inflow 
(I/I) into the sewage collections facilities if conventional gravity sewers are used.  The 10% 
factor would not apply to pressure sewer and effluent sewer methods, which utilize small 
diameter piping with fused or glued joints, and do not include manholes, a major source of I/I.    
 
The overall estimated wastewater flows generated from service to 150 parcels in the Woodacre 
Flats area are: 
 

• Average Dry Weather Flow: 26,250 gpd 
• Average Wet Weather Flow: 28,875 gpd  (w/10% I/I factor) 
• Peak Dry Weather Flow: 31,500 gpd  
• Peak Wet Weather Flow: 34,650 gpd  (w/10% I/I factor)    

 
The estimated wastewater flows for a project serving 75% of the developed properties in the 
study area would be 75% of the above values.  
 
 
PROJECT ALTERNATIVES 
 
Project alternatives were formulated in consultation with Marin County EHS and RWQCB staff. 
The following community wastewater alternatives for Woodacre Flats were formulated and 
evaluated in this study:   
 

• Alternative 1 - No Project. This would involve maintaining the status quo, where 
individual property owners would be responsible for maintaining and upgrading their own 
onsite systems, and abatement of septic system failures as directed by Marin County EHS 
and/or the San Francisco Bay Regional Water Quality Control Board (RWQCB).  The No 
Project alternative is included to provide a frame of reference for evaluation of different 
types of wastewater improvements. 

 
• Alternative 2 - Onsite Wastewater Management Program. This alternative considers the 

upgrade of onsite systems in conjunction with the formation of a local septic system 
maintenance and inspection program. The program would be operated under the authority 
of a wastewater maintenance district, County Service Area or similar public entity covering 
the boundaries of the selected service area.  Financing of individual septic system 
improvements would be accomplished with grant assistance to bring all currently developed 
properties into conformance with minimum acceptable “repair” standards.  No facility 
improvements would be provided for future development. 

 
• Alternative 3A, 3B and 3C - Community Leachfield. This alternative would provide for 

the construction of a central wastewater collection system for the service area, leading to a 
community leachfield system located on nearby wooded open land.  The area identified for 
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a potential community leachfield site is a wooded knoll along the Fire Road ridgeline 
northeast of Woodacre on property which is part of the Dickson Ranch.  Three community 
leachfield options utilizing this site were formulated and evaluated:  

 
o 3A - primary (septic tank) treatment with a shallow pressure distribution leachfield, 

with 100% capacity and no reserve area.  
 

o 3B - secondary treatment (AdvanTex filter) with a shallow pressure distribution 
leachfield, 100% capacity plus 100% reserve area.  

 
o 3C - secondary treatment (AdvanTex) with a subsurface drip dispersal leachfield, 

200% capacity installed.    
 

• Alternative 4 – Water Recycling System at San Geronimo Golf Course.  This alternative 
would provide for collection, treatment, and recycling of wastewater for turf irrigation at the 
San Geronimo Golf Course. This would entail the construction of a central wastewater 
collection system in the service area (similar to Alternatives 3A, B and C), a wastewater 
transmission line (force main) to the San Geronimo Golf Course, a tertiary treatment plant 
located in golf course maintenance area, a holding pond on the golf course (near green #2) 
for winter storage of recycled water, and seasonal reuse of the recycled water for spray 
irrigation of the golf course turf grass.  The wastewater would be treated to meet California 
State requirements for tertiary recycled water (unrestricted uses), and would be integrated 
into the existing golf course irrigation system to reduce the amount of raw water currently 
supplied from MMWD.  
 

 
WASTEWATER COLLECTION ALTERNATIVES 
 
As part of the evaluation of community wastewater facilities under Alternatives 3A, 3B, 3C and 
4, the following methods of sewer collection system were analyzed and compared for 
applicability to Woodacre Flats:  
 

• Option 1 - Conventional Gravity Sewer.  In a conventional gravity sewer, untreated 
wastewater travels through a system of sewer pipes installed at a minimum grade to 
maintain gravity flow.  Sewer pipes are usually six or eight-inch minimum diameter, 
with four-inch diameter lateral connections from buildings. Manholes provide access for 
maintenance and cleaning.  Individual pumps may be required for buildings located 
downhill from the street sewer.      
 

• Option 2 - Pressure Sewer.  A pressure sewer consists of small diameter pipe (typically 
2 to 4 inches), which is installed following the profile of the ground.  In residential areas 
served by a pressure sewer, each home uses a small grinder pump to discharge to the 
main line.  The pump grinds the solids in the wastewater into slurry in the manner of a 
kitchen sink garbage grinder. 
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• Option 3 - Effluent STEP/STEG Sewer.  In effluent sewer systems primary treatment is 
provided at each connection by a septic tank, and only the settled wastewater is 
collected.  The collection lines consist of small diameter pipe similar to pressure sewers 
(typically, 2 to 4 inches) and the pipe is installed following the profile of the ground.  
Where the terrain is appropriate, the septic tank effluent can be collected by gravity flow 
(septic tank effluent gravity, STEG).  Where the terrain is flat, undulating or slopes 
uphill, individual pumping units (septic tank effluent pump, STEP) is used.  In these 
cases, each connection includes one or more effluent pumps located either in the septic 
tank or in a separate pump chamber.   

 
The wastewater collection systems analysis reached the following conclusions: 
 

1) All collection methods are feasible for use in the Woodacre Flats service area, and the 
cost differences between the different options are relatively small. 
 

2) Because of the terrain, a pressure sewer or STEP collection line would be the preferable 
option for service to properties located along Redwood Drive.  
 

3) For the Fire Road community leachfield alternatives (#3A- #3C), effluent STEP/STEG 
sewers would be favored on the basis of cost and the ability to limit entry of extraneous 
water into the sewer system from groundwater and rainwater infiltration and inflow (I/I), 
which could be damaging and of significant concern for a community leachfield system. 
 

4) For the Golf Course recycled water alternative (#4), conventional gravity sewers would 
be favored on the basis of cost and the compatibility of raw sewage (as compared with 
septic tank effluent) with the operation of a recycled water treatment system.  The 
preferred route for a wastewater transmission line from Woodacre to the Golf Course was 
determined to be via Railroad Avenue and Sir Francis Drake Blvd, rather than via San 
Geronimo Valley Drive. 

 
 
ESTIMATED PROJECT COSTS 
 
Table 1 presents a summary of estimated capital costs and annual operation and maintenance 
(O&M) costs for various project alternatives to serve all 150 existing developed parcels in the 
Woodacre Flats study area along with the cost estimates for service to 75% of the properties in 
the area (112 parcels).   
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Table 1: Summary of Estimated Project Costs 
 

Alternative 

100% Participation (150 parcels) 75% Participation (112 parcels) 

Capital Costs 
($) 

Annual O&M Costs 
($) 

Capital Costs 
($) 

Annual O&M Costs  
($) 

Total Per 
Parcel Total Per 

Parcel Total Per 
Parcel Total Per Parcel 

1 
No Project N/A N/A N/A N/A N/A N/A N/A N/A 

2 
Onsite Upgrades & 

Mgt Program 
8,374,860 55,832 141,295 942 6,227,130 55,600 107,206 975 

3A 
Fire Road 

Primary Treatment – 
PD Leachfield 

5,330,130 35,534 110,000 733 4,563,000 40,741 90,970 812 

3B 
Fire Road 

Secondary Treatment – 
PD Leachfield 

5,996,610 39,777 132,770 885 5,083,260 45,386 112,420 1,004 

3C 
Fire Road 

Secondary Treatment – 
Drip Dispersal 

6,079,710 40,531 149,930 1,000 5,127,720 45,783 129,580 1,157 

4 
Golf Course 

Water Recycling 
6,765,330 45,102 166,870 1,112 6,141,720 54,837 135,410 1,209 

 
 
Capital Costs 
 
The estimated capital costs include facilities construction as wells as the necessary engineering 
and environmental studies, project administration, district formation and financing costs.  A 15% 
contingency allowance is also included.  As indicated in Table 1, the estimated total project cost 
for service to 150 parcels is estimated to range from a low of about $5.33 million for Alternative 
3A to a high of about $8.37 million for Alternative 2.  The estimated costs for Alternative 4 
(Golf Course Water Recycling), is approximately mid-way between these two, at $$6.76 million. 
Estimated capital costs for Alternatives 3B and 3C are virtually the same and are midway 
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between Alternatives 3A and roughly $6.0 million.  These total capital costs translate to costs per 
parcel ranging from about $35,500 for Alternative 3A to $55,800 for Alternative 2.  The 
estimated per parcel cost for Alternative 4 are approximately $45,100, and roughly $40,000 for 
Alternatives 3B and 3C.    
 
Total estimated costs for service to 75% of study area are proportionally less.  However, the 
costs per parcel are greater for all alternatives except Alternative 2, which is roughly the same 
for both 100% and 75% participation levels.  
 
The costs estimates presented in this study do not account for any grant assistance.  Actual costs 
to property owners would be reduced by the amount of any grant funding that is obtained to help 
finance the project.   
 
Annual Operation and Maintenance Costs 
 
The estimated annual O&M costs include costs for administration, labor, equipment, materials, 
and other expenses required to perform the necessary inspections, treatment plant operation (as 
applicable), water quality sampling, data analysis, report preparation, pump-outs, and routine 
maintenance for wastewater facilities.  The level and nature of required O&M activities vary 
according to the wastewater facilities and operating requirements under each alternative.    
 
As indicated in Table 1, for service to 150 parcels the total annual O&M costs range from a low 
of $110,000 for Alternative 3A to a high of $166,670 for Alternative 4, which translate to 
individual user costs of about $733 to $1,122 per parcel per year.  With service to 75% of the 
properties in the study area the estimated annual O&M costs are all proportionally higher, 
ranging from a low of $812 (Alternative 3A) to a high of $1,209 (Alternative 4).    
 
 
APPARENT BEST PROJECT ALTERNATIVE 
 
A comparative analysis was made of the various alternatives for the Woodacre Flats study area 
considering such factors as regulatory compliance, environmental impacts, reliability and 
flexibility, resource utilization, land use, and costs.  Some of the factors are represented by 
objective data (e.g., cost), while others required exercise of professional judgment and more 
subjective information.  Based on the comparative analysis two alternatives were ranked roughly 
the equal, although the strengths and weaknesses vary between the two.  The two alternatives 
identified as the apparent best alternatives are: 
 

• Alternative 3B – Fire Road Community Leachfield, including secondary treatment and 
shallow pressure distribution leaching trenches. 
 

• Alternative 4 – Golf Course Water Recycling System, including tertiary (Title 22) 
treatment, winter holding pond and seasonal turf irrigation at San Geronimo Golf Course. 
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SECTION 3: STUDY AREA CONDITIONS 
 
 
GEOGRAPHICAL SETTING 
 
The Woodacre Flats Study Area comprises a portion of the unincorporated community of 
Woodacre, located in the eastern end of the San Geronimo Valley in western Marin County 
(Figure 2).  It is roughly defined as the area bordered by and adjacent to San Geronimo Valley 
Drive on the north, Taylor and Central Avenues on the northeast, Redwood Drive on the 
southwest, and Carson Road on the southeast.  The Study Area includes approximately 150 
developed parcels, primarily the low-lying and most densely developed portions of the 
community.  The developed properties are primarily single family residences, with a small 
number of commercial occupancies.  There are also a small number of undeveloped (vacant) 
parcels within the boundaries of the Study Area.  However, the focus of this feasibility study was 
on the evaluation of wastewater facility improvements for existing developed parcels, and did 
not consider provision of wastewater service to support new development on undeveloped 
parcels.    
 
HYDROLOGY AND WATER SUPPLY 
 
Woodacre lies within the watershed of Woodacre Creek, a year-round stream tributary to San 
Geronimo Creek, which in turn flows into Lagunitas Creek and eventually into Tomales Bay.  
Woodacre Creek flows through the study area parallel to Redwood Drive, in a southeast-to-
northwest direction.  Woodacre Creek receives surface runoff and drainage from several small 
tributary branches and a network of storm drainage channels in the community as shown in 
Figure 3.    
 
The ground elevations in the study area range from about 350 feet above mean sea level (AMSL) 
in the northwest to about 400 feet AMSL along Taylor Avenue and Redwood Drive.  The 
general slope of the terrain is from the southeast to the northeast at a gradient of approximately 2 
to 3 percent.  The surrounding upland portions of Woodacre occupy steeper terrain, with 
elevations up to about 700 feet AMSL.  
 
The hydrology in Woodacre Flats is strongly influenced by the relatively flat gradients, 
concentrated runoff and drainage from the surrounding steep hills, and alteration of local 
drainage patterns by roads, the former railroad grade, and development of individual lots.  
Localized soil saturation and ponding of surface waters is common during the wet season.  This 
has prompted many property owners to install various drainage mitigation measures in yards and 
around buildings, including curtain drains, sumps, and drainage ditches. 
 
Like most of the California coastal areas, the climate is Mediterranean, with wet winters and dry 
summers.  The annual average rainfall for the area is approximately 42 inches, with 85 percent of 
the annual total typically occurring during the months of November through April.  Table 2 
presents average monthly rainfall amounts for Woodacre, as recorded at the Woodacre Fire 
Station, which is located a few hundred yards from the southeastern end of the Woodacre Flats 
study area.  
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Table 2: Monthly Rainfall Averages for Woodacre, California 

 
Month Average Rainfall (inches) 

January 5.13 
February 8.01 

March 9.39 
April 7.53 
May 5.29 
June 2.40 
July 1.03 

August 0.28 
September 0.05 

October 0.09 
November 0.39 
December 2.05 

Total 41.6 
 

Water supply for the Woodacre area is provided by Marin Municipal Water District from its San 
Geronimo water treatment plant.  There are no known domestic water supply wells in Woodacre; 
however, there are known to be a few scattered agricultural wells in surrounding areas.    
 
 
GEOLOGY AND SOILS 
 
Geology 
 
The regional geology consists of the folded, faulted, and sheared bedrock of the Franciscan 
Complex, which is an accretionary mélange comprised of greywacke, chert, serpentine, schist, 
greenstone, and other rock types.  The Franciscan Complex was formed 65 to 190 million years 
ago by the subduction of the Farallon Tectonic Plate and the northwest movement of the Pacific 
Plate to the North American Plate.  Subsequent compression, uplift and faulting occurred during 
the Miocene and Pliocene epochs of the Tertiary Period (between 5 and 15 million years ago).  
The current tectonic setting is related to the movement along the northwest-southeast trending 
faults such as the San Andreas and Hayward Faults.   
 
Locally, the Woodacre area consists of a valley with ridges rising up on both the northeast and 
southwest sides, and at the southeasterly end.   Along the western side, the ridge is formed 
mainly of sandstone.   In contrast, the eastern ridge (Fire Road area) and the uplands in the 
southern end of the valley consist of Franciscan Melange, including a mixed composition of 
serpentine, greenstone, chert, shale and sandstone blocks in a clayey/shale matrix.  A sizeable 
sandstone block has been identified along the northern end of the eastern ridge.   
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Soils 
   
Soils in Woodacre Flats are derived from the accumulation of materials that have washed into 
the valley from the surrounding upland slopes and ridges.   The soils are deep in some areas, but 
are generally somewhat poorly to very poorly drained, with seasonal groundwater levels less 
than 3 feet from ground surface.  Deeper, sandy alluvial soils occur along the drainageways.     
 
According to the Soil Survey of Marin County, soils in the Woodacre Flats area are primarily 
Blucher-Cole Complex, 2 to 5 percent slope, which occur in basins and alluvial fans.   The 
distribution of soils in this complex is roughly as follows: 
 

• 40% Blucher Silt Loams.  Blucher soils occur near drainageways and are deep and 
somewhat poorly drained, with seasonal high water table normally between 3.5 to 5 feet 
below ground surface.   Permeability is typically moderate in near surface soils (to about 
2-feet deep), and slow at deeper depths. 
 

• 30% Cole Clay Loam – Cole soils occur on basin rims and depression areas; they are 
very deep and somewhat poorly drained, with seasonal high water table normally 
between 1.5 to 3 feet below ground surface.  Permeability is typically slow in Cole soils. 
 

• 30% Clear Lake Soils – Clear Lake soils occur in depressions and slopes less than 2%pp 
they are similar to Cole soils, but more clayey and with slow permeability.  
 

• Cortina Soils - Cortina soils are deep, gravelly sandy loams that have developed from 
alluvial deposits along streams.  

    
 
WATER QUALITY 
 
Monitoring and protection of water quality in Tomales Bay and tributary watersheds, including 
Lagunitas Creek and its tributary streams, falls under the authority of the San Francisco Bay 
Regional Water Quality Control Board (RWQCB).  The RWQCB is charged with the 
responsibility of ensuring maintenance of water quality conditions at levels that are protective of 
the beneficial uses in the Bay and tributary streams, which include shellfish harvesting, water 
contact recreation, and noncontact water recreation, as well as aquatic habitat uses.  
 
Many years of monitoring results have shown that Tomales Bay and its main tributaries, 
Lagunitas Creek, Walker Creek and Olema Creek, are impaired by pathogens, as reflected by 
high fecal coliform bacteria concentrations (San Francisco RWQCB, July, 2005). The presence 
of pathogens in the Bay and tributary streams poses potential health risks to  shellfish consumers, 
recreational users and other water uses  Because of these conditions, these waters have been 
formally “listed” in accordance with Section 303(d) of the Federal Clean Water Act (CWA) as 
impaired water bodies.  Septic systems in the Tomales Bay watershed are a potential contributor 
to the water quality impairment.   
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Water quality sampling of Woodacre Creek and local storm drains in recent years has shown 
elevated levels of coliform bacteria, nitrate, ammonia and surfactants, in some cases exceeding 
receiving water quality standards.   These influences on water quality may be attributable to the 
high density of older septic systems combined with the difficult drainage and soil conditions in 
Woodacre, especially in the Flats.   Impacts on water quality locally can be carried downstream 
to San Geronimo Creek, Lagunitas Creek and eventually to Tomales Bay.   
 
The RWQCB and Marin County EHS are committed to eliminating faulty septic systems and 
implementing various onsite wastewater management programs and projects to address the water 
quality concerns in the Tomales Bay watershed.  Under the CWA, the State is required to 
establish Total Maximum Daily Load (TMDLs) for those pollutants causing water quality 
impairments to ensure that impaired water bodies attain their beneficial uses.  In compliance with 
the requirements of the CWA, in March 2005, the RWQCB issued its report “Pathogens in 
Tomales Bay – Total Maximum Daily Load, Proposed Basin Plan and Staff Report”.  The report: 
(a) documents the basis for the impairment finding: (b) establishes numeric targets for water 
quality needed to protect beneficial uses; (c) identifies the actual and potential pathogen sources 
in the watershed; (d) proposes a loading allocation amongst the various contributing pathogen 
sources to achieve the TMDL; (e) evaluates the linkage between sources and water quality 
targets; and (f) proposes an implementation plan for achievement of the TMDL goals.  The 
pathogen limits for Tomales Bay and its Tributaries are listed below:  
 
 

WATERBODY INDICATOR 
PARAMETER 

TMDLa,b 

Median/Log Mean 90th Percentile 
Tomales Bay c Fecal coliform Median < 14 MPN/100mL <43 MPN/100mL 

Tomales Bay Tributaries c Fecal coliform Log mean  <200 MPN/100 mL < 400 MPN/100mL c 
a. Based on a minimum of no less than five samples equally spaced over a 30-day period. 
b. Most Probable Number (MPN) is a statistical representation of the coliform test results. 
c. All samples should be collected at knee-high depth 

 
The TMDL sets a target of zero discharge of human waste to the waters of Tomales Bay and its 
tributaries.  This is based on the knowledge that human waste can be a significant source of 
pathogenic organisms, including viruses.  Prohibition of human waste discharges into surface 
waters is consistent with existing water quality plans and policies.   
 
In terms of implementation, the TMDL finds that septic systems that discharge to land in a 
manner consistent with accepted design standards (for new systems) or according to specific 
performance standards (for existing systems) will be considered acceptable, providing that they 
are properly operated and maintained.  Compliance with performance standards would also be 
expected to assure protection of groundwater resources (e.g., drinking water supplies), which can 
be impacted by improper siting, design, or operation of onsite sewage disposal systems. 
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SECTION 4:  
EXISTING WASTEWATER TREATMENT AND DISPOSAL PRACTICES 

 
 
OVERVIEW 
  
There are no public sewers serving the Woodacre area or other communities in the San 
Geronimo Valley.  All property owners rely on individual septic systems for sanitary wastewater 
treatment and disposal.  This typically includes a septic tank for collection and settling of solids, 
with some type of leaching system for disposal (percolation) of the liquid into the soil.  Gravity 
systems are most common; however, as indicated by the file and field reviews (see below), 
several properties have more advanced systems that include pumps, pressure distribution 
leachfields, mounds and/or supplemental treatment systems, such as sand filters aerobic 
treatment units. Additionally, since most of the properties in the area were developed prior to the 
adoption of County Codes, there are also some existing septic systems with unknown 
construction features that likely are of an antiquated or questionable design that differs 
significantly from modern codes and practices. 
 
The project area includes properties located in the “Flats” as well as a smaller number located at 
the base of the surrounding upland areas.  The properties in the Flats, which account for about 90 
percent of the development in the study area, have very serious constraints for onsite sewage 
disposal.  Figure 4 illustrates the development conditions and associated sewage disposal 
constraints typical for most of the properties in the Flats.  As indicated, the lot sizes are relatively 
small (generally about 10,000 square feet), with limited area available for septic system 
placement between buildings, driveways, walkways, landscaping and patio areas.  The ground 
slopes are flat to gently sloping with relatively shallow soils, contributing to poor drainage and 
seasonal high groundwater conditions. Many property owners have installed drainage ditches, 
curtain drains and sumps to rid their yards of water ponding during the rainy season.  These 
drainage systems provide a potential avenue for short-circuiting of sewage effluent into the local 
storm drain system (and subsequently downstream receiving waters) during certain times of the 
year.  The close proximity between neighboring properties further complicates the local drainage 
situation and often presents additional setback conflicts for sewage disposal systems.        
 
Another area of special concern in the Study Area is the group of homes that border Woodacre 
Creek.  These properties typically have better soil and drainage conditions than the central Flats 
area.  However, in many cases the ability to provide suitable horizontal setback distance between 
the septic system and the edge of the creek is severely limited.   
 
Figure 5 illustrates a common creekside situation, where small gravity flow systems (often 
seepage pits/beds) are located between the building and the creek and may provide setback 
distances of as little as 25 to 50 feet between the disposal area and the edge of the creek bank.  
Some creekside properties have other available land that could be used effectively for sewage 
disposal with alternative/pumping systems in a way that would meet standard (100-foot) creek 
setback requirements; however, some properties lack sufficient and suitable land area to meet all 
setback requirements.     
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SEPTIC MATTERS PROGRAM INSPECTIONS 
  
In the years prior to the initiation of this feasibility study, individual septic system inspections 
were conducted in various parts of Marin County in the period of January 2004-August 2005 (by 
Kit Rosefield) and in winter of 2007-2008 (by Mike Treinen).  This work was funded by the 
County of Marin through grants received from the State Water Resources Control Board and the 
California Coastal Commission, and was termed the “Septic Matters Program”.  The overall goal 
of the program was to provide community education to homeowners through the completion of 
free and confidential third-party inspection and testing of septic systems.   
 
The inspections were conducted on a voluntary basis, at the request of individual property 
owners, and the resulting information particular to any given property was kept confidential 
(between the inspector and the property owner).  A total of 135 inspections were conducted 
County-wide, with the greatest number (62) being in the Woodacre area.  The large number of 
inspections in Woodacre was as a result of active local encouragement to participate in the 
program.  The inspections in Woodacre included many systems in the Flats area, but also other 
properties located in the upland areas, outside the limits of the current wastewater feasibility 
study.    
 
The septic system inspections were conducted to assess the functioning status of individual 
systems following the general methodology contained in Marin County’s “Septic System 
Performance Evaluation Guidelines”.  The work included review of permit file information, field 
inspection and measurements of the septic tank, leachfield system and key site features, and 
hydraulic load testing of the system.  While the location and owners of inspected properties 
remained anonymous, the overall results of the inspections were compiled and presented to the 
County by Rosefield and Treinen, and provide a general overview of the functioning status and 
condition of septic systems in different parts of the County.   
 
Table 3 presents a summary of the key findings as reported by Treinen (2008) for the County as 
a whole.  A copy of the full report is provided in Appendix A.  In the Woodacre area Rosefield 
and Treinen encountered most of the problem conditions and issues noted in Table 3.  In 
particular, they found many cases of marginal soils, high groundwater conditions, old and 
undocumented systems, gray water discharges, and a preponderance of small, “overdeveloped” 
lots, with minimal area provided for adequate onsite wastewater disposal.  Table 4 summarizes 
the information generated from the voluntary septic system inspections in Woodacre.  Overall, 
the Rosefield/Treinen surveys showed marginal to unacceptable operating conditions for about 
half to two-thirds of the septic systems inspected in the Woodacre area.     
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Table 3: Summary of Septic System Inspection Findings, Septic Matters Program (Treinen, 2008) 
 

 
Issue 

 
Findings and Observations 

 
1. System Age Most systems estimated to be 30-50 years old.  Many owners noted repairs had 

been done, most often without permits. 
2. Small Parcels In general, lot sizes were small, often ranging from 8,000 to 15,000 square feet. 

Many lots often overdeveloped with homes, garages, driveways, decks, pools and 
other hardscape, with limited space allowed for the septic system.  

3. High Groundwater (GW) Valley floor and flatter areas (such as Railroad Avenue in Woodacre) tend to have 
high seasonal GW, observed as high as 4 inches, and commonly 16-18 inches; 
pose flooding threat for septic tanks and leachfields that may be 3 to 6-feet deep.   

4. Small Systems Many systems smaller or substantially smaller than required under today’s more 
scientifically based standards.  Can contribute to faster accumulation of clogging 
bio-mat, reduced system lifespan and greater potential for hydraulic overload.  

5. Marginal or Shallow Soils Soils in many areas shallow or with marginal percolation, poorly suited for gravity 
systems, which is most commonly in use. 

6. Additional Living Units Secondary living units observed at 10- 20% of the residences inspected, some 
existing without permits.  This increases wastewater volume and stresses on 
existing systems. 

7. Proximity to Waterways Many systems closer to waterways than permitted by current code, with increased 
potential for contaminant transmission. 

8. Graywater Discharges Many homes found to have separate graywater discharges (laundry, showers, 
sinks) to the ground surface, ditches, or to unpermitted gravel filled sumps.  This is 
done to relieve pressure on marginal or failing septic systems or occasionally by 
owners pro-actively reducing the load on their systems. 

9. Limited or No Fail Safe Area Most properties have limited or no system replacement area, especially if current 
set backs from wells, waterways and structures were to be enforced. 

10. Restricted Access to Tanks Development such as decks and pavement stones restrict to some tanks for 
pumping and diagnosis; may contribute to less frequent or no pumping and 
diagnostic checks of those tanks. 

11. Mosquito Breeding Mosquito breeding noted in tanks and pump tanks with inadequate or poorly fitting 
concrete, fiberglass or wooden lids. 

12. Unpermitted Repairs High percentage of repairs (Kit Rosefield estimated 60%) have been made without 
permits, leading to questions of the adequacy of repair work and the maintenance of 
reasonable setbacks.    

13. Pre-code Tanks Some sub-standard septic tanks found, including redwood construction and 
bottomless tanks (e.g., function like cesspools). 

14. Types of Repairs Most common type of repair has been standard gravity leach lines, not necessarily 
suited to the soil and other site constraints.   Some instances of non-standard 
systems, such as bottomless sand filters, mounds or advanced treatment units with 
subsurface drip dispersal (usually on steeper slopes).   Non-standard systems 
generally appeared to be functioning properly and more appropriate for the 
observed site constraints.  Non-standard repairs generally not favored by 
homeowners due to higher costs and large amount of space required;  typically 
installed in connection with real estate transfer, refinancing, or home remodeling 
project.    
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Table 4: Inspection Results for Woodacre, Septic Matters Program (2004/05 and 2007/08) 

 

Category Septic System Evaluation Factors 
Results 

# of 
Systems 

% of 
Systems 
Inspected 

Overall Status & Site Conditions 

Total systems inspected 62 - 
Systems < 100 feet from a watercourse 55 90% 

Systems with “satisfactory” or “good” overall rating 19 31% 
Systems exhibiting one or more problem conditions 43 69% 

Systems exhibiting high groundwater conditions 15 24% 
Systems incorporating alternative treatment/dispersal 8 19% 

 

Septic Tank Status 
Acceptable 35 56% 

Unacceptable 15 24% 
Unknown/ not Accessible 12 19% 

 

Disposal System Status 
Acceptable 30 48% 

Unacceptable 21 34% 
Unknown/ not Accessible 12 19% 

 

Hydraulic Load Test Results 

Good or Excellent 20 32% 
Satisfactory or Marginal 8 13% 

Poor or Failing 28 45% 
Unknown/Not Accessible 6 10% 

 
 
PERMIT FILE REVIEWS 
 
As part of the current wastewater feasibility study, Questa Engineering with assistance of Marin 
County EHS staff researched and reviewed septic system and related parcel information on file 
with Marin County for properties within the Woodacre Flats Study Area.  System permits, design 
drawings, correspondence and other file information were reviewed to determine the date of 
installation or of last repair, the technology or components of each system, compliance with 
County codes, and size of the residence or facility served.  Out of approximately 150 developed 
properties in the Study Area permit files were found for 58 parcels.  Figure 6 shows the location 
of the properties in the Woodacre Flats study area for which septic system records were found 
and reviewed, along with other properties where field reviews were conducted as part of this 
feasibility study (see subsequent discussion in this section).  There is some overlap in the parcel 
mapping, as a small number of properties that were field reviewed by Questa also had permit file 
information that was available and reviewed. 
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Key information from this review is presented below: 
 

• Development. Total developed properties in Woodacre Flats study area: 150 
• Permit Records. Total number of systems with County Records:    58  (39%) 
• Age of System. 

 
Age Grouping 

(years in service) 
Original 

Installation 
Repair System Total # of 

Systems 
Percent of Total 

Systems 
<10 1 5 6 10% 

11-25 6 12 18 31% 
26-30 6 5 11 19% 
>30 8 15 23 39% 

Total 21 37 58 - 
 

• System Repairs. About two-thirds of the septic systems (37 out of 58) have been 
repaired at least once. 
 

• Prevailing Code. About 40 percent of the septic systems (new and repair) were 
constructed under the current (1984) County septic regulations (adopted in 1984); the 
remaining 60 percent occurred under previous regulations. 

 
• Types of Systems in Use.  A wide range of septic system technologies and designs have 

been used in the area, as follows: 
 

System Type Number of Systems 
Gravity Leachfield 31 
Seepage Pit/Seepage Bed 14 
 
Alternative Systems 

Mound System 7 
Pressure Distribution (PD) Leachfield 1 
Sand Filter/PD Leachfield 2 
Open Bottom Sand Filter 1 

Unknown 2 
 
 
ONSITE FIELD REVIEWS 
 
Following collection of background information, field reviews of 33 properties in the Study Area 
were conducted by Questa during the period of March 9th to April 8th, 2010.   The field reviews 
were arranged (voluntarily) with willing property owners to make site-specific assessments of 
constraints and options for onsite system repair and upgrade on a representative number of 
properties in the study area.  Figure 6 shows the parcels where field reviews were conducted, 
along with other parcels where permit information was available for review as noted previously.  
The combined total number of parcels having either septic system permit information and/or 
field reviews was 86, or roughly 57 percent of the total developed properties in Woodacre Flats. 
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The field reviews involved mapping and measuring various property features along with hand-
auger borings for soil/groundwater observations.  From this an assessment was made of the 
apparent available area for onsite septic system upgrade on each parcel, and to identify and 
evaluate some of the main construction issues and constraints that would be involved with the 
implementation of onsite system upgrades.  Air photos and Assessor Parcel Maps were used in 
some cases to supplement field observations regarding property size, boundaries between parcels 
and setbacks to various landscape features.   
 
Based on the field reviews and other physical characteristics, the Woodacre Flats study area was 
sub-divided into three geographic subareas, roughly in the shape of southeast-to-northeast 
corridors.  The three subareas are noted in Figure 6 and described generally as follows:  
 

• West Subarea. This includes the properties in the western portion of Woodacre Flats, 
including those along Redwood Avenue and extending to the west side of Railroad 
Avenue. 
 

• Central Subarea.  This includes the central flats area, including properties lying 
between Railroad Avenue and Central Avenue, plus the Park Street area and the east 
side of Central Avenue in the northern end.   

 
• East Subarea. This includes the gently to steeply sloping areas on the east side of 

Taylor Avenue and the east side of Central Avenue in the southern end. 
 

The observations and assessments made for individual properties, without disclosure of the 
address, are included in Appendix A.  It was a condition of the access agreement with property 
owners that property-specific information from the field reviews not be presented as a part of this 
study.  The information in Appendix A documents the level of review conducted along with the 
types of observations and assessment made.  Field maps of each parcel were also created; these 
maps will be made available to the respective property owners but not published with as a part of 
this report.  A summary of the information compiled from the field reviews organized according 
to the three subareas is presented in Table 5.  It includes various site information relevant to the 
location and operation of onsite wastewater systems, including ground slope, soil depth, 
groundwater conditions, drainage and setback issues.   
 
The results from the field reviews along with other background information on existing 
conditions and practices provided the basis for evaluating the feasibility and requirements for the 
onsite system upgrade alternative presented in Section 6, Alternatives Analysis.      
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Table 5: Summary of Site Conditions Findings from Questa Field Reviews (2010)  
 

Sub-Area Properties 
Reviewed 

Site Conditions 
Drainage/Setback Issues Ground Slope (%) Effective Soil Depth (ft) Depth  to GW (ft) 

< 5 5 – 30 >30 1 - 3 > 3 UNK < 2 2 - 3 3 - 4 > 4 UNK 

1  
West  13 9 1 3 5 6 2 1 - - 6 6 

10 of 13 systems can't meet 
100' setbacks to Woodacre 
Creek. 

2 
Central 12 12 0 0 11 1 - 5 - - 2 5 

Inadequate local drainage 
ditches affect most properties. 
 
Chronic ponded water in winter 
months. 
 
Numerous drains and sumps 
for drainage control.  
 
Very limited undeveloped 
space 

3 
East 8 5 2 1 4 4 - 0 3 3 2 1 

Inadequate local drainage 
ditches affect most properties. 
 
Numerous drains and sumps 
for drainage control. 
 
Conflicts with between disposal 
fields and cut banks and 
between properties. 

Totals 33 26 3 4 20 11 2 6 3 3 10 12 
  

UNK = unknown/not determined 
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SECTION 5:  
SERVICE AREA CHARACTERISTICS AND WASTEWATER FACILITY ALTERNATIVES 

 
 
SERVICE AREA 
 
The service area for this study of wastewater facility improvements was taken to be the existing 
developed parcels located within the Study Area as shown in Figure 2.  This is roughly defined 
as the portion of Woodacre referred to as the “Flats”, which includes primarily low-lying 
properties along the following streets: Redwood Drive, Railroad Avenue, Central Avenue and 
Taylor Avenue.   This encompasses the area of Woodacre believed to be in most need of 
wastewater improvements, as well as the portion of the community that has expressed the 
greatest amount of interest in studying possible sewerage alternatives.     
 
It is important to understand, however, that the service area boundaries are not fixed.  The 
boundaries provide a focus for estimating wastewater facility requirements and costs as required 
for the conduct of this study.  The boundaries selected for a community wastewater project could 
be narrowed or expanded depending on the level of community interest, the alternative selected, 
funding sources, environmental issues, or other factors.  For example, in the course of 
conducting this study Questa was contacted by several owners of properties that lie outside the 
Study Area who expressed interest in being included in a Woodacre community wastewater 
project.  Consideration of such requests to expand the service area boundaries should be taken up 
as a separate matter following review of the findings from this initial feasibility study.  The final 
decision on service area boundaries would normally occur following environmental review and 
in conjunction with the formation of an assessment district to develop the local financing for 
project.  This would entail formal public hearings and a majority vote.   
 
According to review of County Assessor information, the Study Area shown in Figure 2 
includes a total of approximately 150 developed parcels plus some undeveloped parcels. As 
previously noted, the service area covered by this is limited to the existing developed properties, 
which include both commercial and residential properties, as follows:  
 

• Commercial Uses.  There are an estimated 16 parcels with developed commercial uses, 
including the Woodacre Deli, a few apartments and studio-workshops, the Post Office, 
and several small offices and businesses.    
 

• Residential Uses.  There are an estimated 134 developed single family residential parcels 
in the service area, not including commercial properties (from above) that may have a 
mix of residential and commercial uses.  Based on County Assessor records the 
residential properties in the area have from one to five bedrooms, with an average of 
approximately 2.5 bedrooms per parcel.  No accounting has been made of the number of 
parcels that may have second dwelling units.  According to the 2000 U.S. Census, there 
are an average of 2.54 persons per household in Woodacre.  Applying this statistic to the 
Woodacre Flats area gives and estimated residential population of 381 people in a service 
area encompassing 150 parcels.    
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ESTIMATED WASTEWATER FLOWS     
 
Wastewater flows for the Woodacre Flats service area were developed based on the land uses 
(i.e., size and nature of development) along with a review of typical reference data and 
monitoring information from other small community wastewater facilities.   The estimated 
wastewater flows are important in assessing the required capacity for collection, treatment, 
storage and disposal facilities for the community wastewater alternatives.    
 
Presented in Table 6 below are projected wastewater flows covering two scenarios: (1) service to 
all (“100 %”) of the existing 150 developed properties; and (b) service to 75% of the developed 
properties (112 parcels).  Wastewater flows for these two participation levels were used 
subsequently in the project Alternative Analysis in Section 6.  The two different levels of 
wastewater service were studied two reasons: (a) there is no current mandate that would require 
full participation of all properties in the Study Area; and (b) to provide information on how 
wastewater facilities and associated costs would vary based on the number of parcels served.   
 

 
Table 6: Estimated Wastewater Flows for Woodacre Flats Service Area 

 

Service 
Assumption 

Total 
Parcels 
Served 

Disposal/Storage Capacity Treatment Capacity 

Unit flow 
(gpd/parcel) 

Average 
Dry 

Weather 
Flow 
(gpd) 

Peak Wet 
Weather 

Flow* 
(gpd) 

Unit flow 
(gpd/parcel) 

Peak 
Daily Dry 
Weather 

Flow 
(gpd) 

Peak Wet 
Weather 

Flow* 
(gpd) 

(1) 
100% of 

Developed 
Parcels 

150 175 26,250 28,875 210 31,500 34,650 

(2) 
75% of 

Developed 
Parcels 

112 175 19,600 21,560 210 23,520 25,875 

* Note: Applies to projects using conventional gravity sewers; does not apply where STEP or Pressure Sewers used. 
 
Following is an explanation of the rationale, assumptions and background information that 
support the wastewater flow estimates in Table 6. 
 

• Disposal/Storage vs. Treatment Capacity Estimates.  Wastewater flow has different 
importance for the design and operation of different elements of a community wastewater 
system.  Disposal facilities (e.g., leachfield) and storage facilities (e.g., holding pond) are 
affected by the average flow over a period of time (e.g., a week or two to several 
months).   The wastewater flow is averaged-out by the nature of these facilities through 
internal storage.  Therefore, average flow is most pertinent to the design of these 
facilities.  The only case where this doesn’t apply is for subsurface drip lines, which are 
buried directly in the soil and provide no internal storage capacity for surge flows.  The 
treatment system normally has limited internal storage capacity and should be capable of 
processing the entire daily flow, including periodic surges (peaks) in flow conditions.  In 
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our estimates we increased the unit flow estimate for treatment facilities by 20 percent 
over that for the disposal/storage capacity estimates to account for daily peaking 
conditions.     
 

• Wet Weather Infiltration and Inflow (I/I).  Sewer systems are subject to infiltration of 
groundwater and inflow of surface water through joints and cracks in pipes and 
manholes.  The amount of I/I depends on the groundwater and drainage conditions, the 
age and condition of the sewers, and the type of sewer design.  Older sewers are most 
notorious for experiencing high amounts of I/I; in the worst cases the I/I component may 
equal or exceed the sewage component.  However, in newer installations I/I is more 
typically maintained below 10% of the sewage flow, and may be essentially nil for 
pressure sewer and effluent systems that don’t include manholes.   We included a 10% I/I 
factor as a reasonable allowance for the Woodacre Flats area, which has known high 
groundwater conditions.  This I/I factor applies to conventional gravity sewers; it would 
not apply to a project where either pressure sewers or STEP effluent sewers are used, 
since these collection systems exclude the use of manholes and gravity sewer pipes, 
which are the primary entry point for infiltration and inflow.  
 

• Residential/Commercial Unit Wastewater Flows.  The Woodacre Flats service area 
consists mainly of single family residential parcels, with a small amount of commercial 
uses.  The commercial uses in Woodacre tend to be the types that generate wastewater 
volumes similar to or less than single family residences (e.g., offices, shops, Post Office, 
small apartments).   Accordingly, for this feasibility study a reasonable approximation of 
wastewater flows can be made by applying a typical unit wastewater flow for residential 
use uniformly to all parcels in the service area.    
 
Individual onsite wastewater systems are designed (per Marin County Regulations) on 
the basis of the number of bedrooms to account, conservatively, for the possibility of any 
particular system being operated at full occupancy and peak flow conditions for extended 
periods of time.  This is a prudent approach for individual systems, but results in an 
exaggerated flow estimate when applied to community systems.   
 
With community systems there is an automatic averaging effect that comes from the 
consolidation of wastewater from a moderate to large number of residences.  Wastewater 
flow information for other community systems was compiled to assist in selecting 
appropriate unit flow assumptions for Woodacre Flats.  The information is presented in 
Table 7.  As can be seen, the wastewater flows for the Lake Canyon and Marshall 
systems, both effluent (STEP) sewers installed in a community of existing older homes, 
have very similar, low wastewater generation rates, averaging less than 75 
gpd/connection, with peak flows under 125 gpd/connection.  These two systems receive 
very little if any I/I because of the type of sewer system design.  The higher flow rates for 
the French Ranch system are probably influenced by the larger size of homes along with 
I/I from the gravity sewers and the sand filter treatment system, which is open to direct 
rainfall infiltration. For Woodacre Flats, an average daily unit flow rate of 175 
gpd/connection would be similar to average wastewater generation rates at French Ranch, 
and would be a reasonable and safe estimate for project analysis.  The data for Lake 
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Canyon and Marshall show that the selection of an effluent (STEP) sewer system would 
be very advantageous in minimizing wastewater flows, which would be important in 
connection with community leachfield options.    
 
As an additional point of reference for estimation of expected wastewater flows would be 
the estimated service area population.  As noted previously, the 2000 U.S. Census 
reported an average household size of 2.54 persons per residence in Woodacre.  This can 
be combined with a daily sewage generation rate of 52.5 gpd per capita, to give an 
estimated average household wastewater discharge estimate of 133 gpd/residence.  This 
is slightly above the flow data presented in Table 7 for Lake Canyon and Marshall Phase 
I; but it is still safely within the estimated unit flow of 175 gpd/residence suggested for 
this study of Woodacre Flats.  The per capita sewage generation rate of 52.5 gpd is 
derived from the standard design flow rate of 105 gpd per bedroom (2 persons per 
bedroom) used in Marin County for residences incorporating low-flow water conserving 
plumbing.  It is further supported by other literature (e.g., Crites and Tchobanoglous, 
1998), which cite 50 gpd per capita as the typical average sewage generation rate in the 
U.S.         

 
 

Table 7: Unit Flow Reference Data for Community Wastewater Facilities1 
 

Community 
System 

Number 
of 

Parcels 
Years of 

Operation 
Ave. Daily 

Flow 
(gpd/parcel) 

Peak Flow 
(gpd/parcel) Notes 

Lake Canyon CSD 
(Santa Clara Co.) 

 
51 13 65 120 

Old homes; effluent 
(STEP) collection system 
to  community leachfield 

French Ranch 
(Marin Co.) 28 11 173 356 

New subdivision with 
gravity sewers; peak flows 
affected by rainfall inflow 

to sand filter bed 

Marshall Phase 1 
(Marin Co.) 32 2.5 73 124 

Old homes; effluent 
(STEP) sewers to 

community leachfield 
1 Source: Self-Monitoring Reports on file with RWQCB 

 
 
WASTEWATER FACILITY ALTERNATIVES 
 
The general outline of collection, treatment and disposal alternatives to be analyzed was 
established in consultation with Marin County Environmental Health Services (EHS) at the 
outset of the project - the basic options being an onsite management program and a local 
community system.  Based on background information for the project area, reconnaissance soils 
investigations, community input, and additional work by the consultant team, specific 
wastewater collection, treatment and disposal alternatives for the Woodacre Flats service area 
were developed for analysis and comparative review.  The project alternatives formulated for 
study are briefly summarized below and illustrated in Figure 7.   
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•     Alternative 1 - No Project. This would involve maintaining the status quo, where 

individual property owners would be responsible for abatement of septic system failures 
as directed by Marin County EHS and/or the San Francisco Bay Regional Water Quality 
Control Board (RWQCB).  The No Project alternative is included to provide a frame of 
reference for evaluation of different types of wastewater improvements. 

 
•     Alternative 2 - Onsite Wastewater Management Program. This alternative considers 

the upgrade of onsite systems in conjunction with the formation of a local septic system 
maintenance and inspection program. The program would be operated under the authority 
of a maintenance district, County Service Area or similar public entity for the selected 
service area.  Financing of individual septic system improvements would be 
accomplished with grant assistance to bring all currently developed properties into 
conformance with minimum acceptable “repair” standards.  No facility improvements 
would be provided for future development. 

 
•     Alternatives 3A, 3B & 3C – Fire Road Community Leachfield. This alternative would 

provide for the construction of a central wastewater collection system for the service area, 
leading to a community leachfield system located on nearby open space lands.  The most 
area identified as a potential community leachfield site is a wooded knoll along the Fire 
Road ridgeline northeast of Woodacre on property owned by Dickson Ranch.  Three 
community leachfield options were formulated and evaluated: (3A) primary (septic tank) 
treatment with a shallow pressure distribution leachfield, 100% field, no reserve; (3B) 
secondary treatment with a shallow pressure distribution leachfield, 100% field, 100% 
reserve; and (3C) secondary treatment with subsurface drip dispersal leachfield, 200% 
field.    

 
•     Alternative 4 – Golf Course Water Recycling System.  This alternative would provide 

for collection, treatment, and recycling of wastewater for turf irrigation at the San 
Geronimo Golf Course. This would entail the construction of a central wastewater 
collection system in the service area (similar to Alternatives 3A-3C), a wastewater 
transmission line (force main) to the San Geronimo Golf Course, a tertiary treatment 
plant located in golf course maintenance area, holding pond(s) on the golf course (near 
green #2) for winter storage of recycled water, and seasonal reuse of the recycled water 
for spray irrigation of the golf course turf grass (front nine area).  The wastewater would 
be treated to meet California State requirements for tertiary recycled water (unrestricted 
uses), and would be integrated into the existing golf course irrigation system to reduce 
the amount of raw water currently supplied from MMWD.   
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SECTION 6: ALTERNATIVES ANALYSIS 
 
 
INTRODUCTION 
 
This section presents an analysis of each of the identified alternatives for the Woodacre Flats 
Study Area. The analysis included the completion of field investigation and engineering studies, 
which were used to determine the facility requirements, engineering feasibility, operation and 
maintenance needs and estimated costs for the various alternatives.   
 
For each alternative, maps and other reference materials are provided, along with a description of 
the key facilities, a review of regulatory issues, engineering feasibility, environmental 
considerations, estimation of construction costs and a discussion of on-going operation and 
maintenance requirements and costs.   Supporting technical information is provided in the 
appendices.  Section 7 presents a comparative review of the treatment and disposal alternatives 
and identifies the “apparent best alternative(s)”. 
 
In reviewing this analysis it should be recognized that the range of alternatives considered are 
very diverse, and the alternatives have been developed based on different levels of detail and 
methods.  Overall, the alternatives have been developed to a “planning level” of detail rather 
than a “design level”, which is an appropriate and sufficient basis for comparison of the 
alternatives and identification of the apparent best course of action for the community. 
 
 
ALTERNATIVE 1 - NO PROJECT 
 
Description 
 
The No Project alternative, or status quo, is normally presented as a base case condition against 
which to judge other alternatives; however, no specific engineering evaluation has been made of 
this alternative.  This alternative would provide for the continued use of onsite septic systems, 
with individual property owners responsible for maintenance and repair of their own systems.  
Permitting and regulatory responsibility would remain with the Marin County EHS and include 
oversight from the Regional Water Quality Control Board (RWQCB).  Correction of failing 
septic systems would normally be expected to occur under the following circumstances: 
 

• As a direct result of abatement action taken by EHS for individual properties, in response 
to complaints; 

 
• As a condition of sale at the time of property transfers; 

 
• In connection with permits for building modifications; or 

 
• By individual property owners on their own initiative. 
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Septic system repair work expected under this alternative might include, for example, 
replacement of existing substandard or failing septic systems with a new septic tank and disposal 
system.  In most cases, an alternative system, such as a mound or advanced (“supplemental”) 
treatment unit with drip dispersal or pressure distribution leachfield, would likely be required 
because of particularly poor site conditions for standard septic tank/leachfield systems. These 
conditions include the shallow soil depths, seasonal high groundwater, setback constraints, and 
limited available land area on mostly small parcels.  Retrofitting houses with ultra-low flush 
toilets and other water conserving plumbing devices would also be a necessity for many houses 
to reduce the volume of wastewater to be disposed.  New residential construction, building 
additions and second units would not be permissible except where site conditions can support the 
installation of an onsite system that conforms to current code requirements and/or the County’s 
Remodel & Additions Policy.   
 
Assessment 
 
Over some period of time, the above-described efforts may lead to improved water quality and 
public health conditions in the community.  But it is unreasonable to expect that the existing 
threat of water quality impact to Woodacre Creek and downstream receiving waters would be 
satisfactorily corrected.  Under the No Project alternative, the possibility exists that the County 
EHS and/or RWQCB would find it necessary at some point to undertake a systematic lot-by-lot 
inspection and abatement effort to mandate an upgrading of all septic systems to acceptable, 
modern standards. This could occur as a result of the implementation of the Tomales Bay 
Pathogens TMDL or requirements that may be mandated by statewide regulations adopted under 
AB 885.   
 
The TMDL requires that there be no discharge of human pathogens to Tomales Bay or its 
tributaries from septic systems.  The TMDL further specifies that compliance with this 
requirement can be achieved by either: (a) documenting or bringing the septic system into 
conformance with RWQCB and County regulations for new construction; or (b) monitoring the 
septic system to verify compliance with the above “no pathogen discharge” performance 
standard.  For existing septic systems in the watershed area found (or suspected) to be failing, the 
TMDL would require substantial upgrading (per Marin County Class 2 Repair Criteria), and 
ongoing monitoring of the new/replacement system under a County operating permit.  However, 
the timing for implementing such corrective action is presently not specified.  
 
Additionally, state regulations for onsite wastewater treatment systems adopted pursuant to AB 
885 will include specific requirements for OWTS located adjacent to 303(d) listed water bodies.  
The AB 885 regulations are still under development, so there is no clear indication of the 
standards that may apply to the Woodacre Flats area.   Previous versions of draft regulations 
(November 2008) have included requirements calling for substantial upgrading of all existing 
onsite systems within 600 feet of 303(d) listed waters for pathogens or nutrients (such as 
Tomales Bay and its tributaries).  This included that all systems, whether or not they are found to 
be failing, would be required to install a supplemental treatment system, which would require 
water quality testing a minimum of four times per year for the life of the system.   More recent 
communication with the State Water Resources Control Board staff (Darin Polhemus, Chief of 
Water Quality Division, May 2010), indicate that the previous draft regulations have been 
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revised significantly, with the intent of providing more latitude for local jurisdictions and 
Regional Water Boards to establish repair and upgrade requirements for existing septic systems.  
However, to date revised draft regulations have not been made available for public review.   
 
 
ALTERNATIVE 2 - ONSITE WASTEWATER UPGRADE AND MANAGEMENT 
PROGRAM 
 
Description 
 
This alternative would provide for inspection and as-needed upgrading of all existing septic 
systems in the study area, and formation of a septic system management authority to perform 
ongoing inspection, monitoring, and maintenance of these systems.  Septic systems would need 
to be upgraded to a minimum set of standards, or determined to be in compliance with a 
minimum performance standard that would assure proper functioning and elimination of public 
health and water quality problems.  The current standards of the Marin County EHS and the 
RWQCB would apply, with the possibility of adopting certain local modifications with 
concurrence by both of these agencies.  In general, all applicable siting criteria (i.e., soil depth, 
percolation, groundwater, slope requirements, etc.) would be considered to the greatest extent 
possible in evaluating and designing septic system upgrades. 
 
On-lot septic system improvements under this alternative would be similar to those for the No 
Project alternative; i.e., replacement of substandard systems with new septic tanks, supplemental 
treatment units (e.g., sand filter, AdvanTex filter) and new disposal fields, most likely using 
pressure distribution or drip dispersal.  Other alternative technologies might also be considered 
on a case-by-case basis.  Retrofitting houses with ultra-low flush toilets and other water 
conserving plumbing devices would also be a necessity for many houses to reduce the volume of 
wastewater to be disposed. The specific siting and design criteria for each alternative technology 
would have to be in accordance with currently adopted standards of the County and RWQCB, or 
based on criteria developed and agreed upon by both agencies specifically for this Project. In the 
course of developing this alternative, appropriate criteria have been determined in consultation 
with these agencies and are presented and used in the evaluation that follows.  
 
Following septic system upgrading, a continuing inspection and monitoring program would be 
carried out by a public management authority.  This would entail regular inspection of each 
septic system, water quality sampling of treatment systems as well as Woodacre Creek, possibly 
other local drainages, and groundwater monitoring wells, with periodic reporting to the County 
and RWQCB on the inspection results and overall compliance with system performance, water 
quality and public health standards. 
 
 
Regulatory Requirements and Policies 
 
Criteria governing the siting and design of onsite sewage disposal facilities in the project area are 
contained in: (a) Marin County Sewage Disposal Regulations; and (b) the San Francisco Bay 
Regional Water Quality Control Board’s “Minimum Guidelines for the Control of Individual 
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Wastewater Treatment and Disposal Systems” (“Minimum Guidelines”). The requirements 
specified in these documents are oriented primarily toward individual septic tank - leachfield 
systems, but they also include provisions that relate specifically to alternative technologies. 
Some of the key regulatory provisions contained in Marin County regulations for onsite 
wastewater systems are reviewed here.   
  
Soil Depth 
 
A minimum of 3 feet of soil depth is required below the leaching trenches (or bed). The soil 
within and below the leaching trenches must be permeable and of a suitable texture and structure 
for absorption of sewage effluent. Coarse sand and gravels are unacceptable due to the lack of 
fine soil particles for filtration and treatment; heavy clay soils, on the other hand, are generally 
unsuitable due to inadequate permeability. 
 
Percolation Rates  
 
The percolation rate for conventional leachfields and alternative disposal systems is required to 
be within the range of 1 to 120 minutes per inch (MPI).  The percolation rate is used to establish 
an appropriate wastewater loading rate, which is then used for sizing the disposal field.   
 
Depth to Groundwater 
 
The required depth to groundwater, below the bottom of the leachfield trench varies according to 
the percolation rate and soil characteristics and system type. For percolation rates of 5 to 60 MPI 
or where the soils have more than 15 percent silt plus clay fraction (“fines”), the required depth 
to groundwater is 3 feet (below trench bottom). A greater depth to groundwater is required for 
rapidly permeable soils where the soil texture lacks sufficient “fines” for treatment.  For soils 
with a percolation rate between 1 and 4 MPI, the required depth to groundwater is 10 feet where 
there are 10 to 15% fines, and 20 feet where there are less than 10% fines.  These depth 
requirements apply to disposal of septic tank effluent through conventional leaching trenches, 
and may be reduced (to a minimum of two feet) if additional treatment or alternative disposal 
system design (e.g., mounds) are provided.   
 
Setbacks from Wells and Watercourses 
 
Required minimum setback distances between wastewater disposal fields and various water 
features are as follows: 
 

* Water Wells      100' 
* Springs        100' 
* Natural Lake or Water Supply Reservoir 200' (from high-water line) 
* Perennial Watercourses    100' (from edge of 10-year floodplain) 
* Seasonal Streams and Wetlands   75' (from top of bank) 
* Intermittent Streams    50' (from top of bank 
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Marin County Regulations also specify minimum setback distances for other site features such as 
property lines, buildings, paved areas, cuts and embankments, and water lines. Variations in 
setback requirements are permitted in conjunction with certain alternative systems (e.g., sand 
filters), for system repairs, and under formal variance provisions. 
 
Disposal System Design 
 
The standard disposal field design in Marin County is a trench system, 18-inches wide and 
ranging in depth from 2 to 8 feet.  The system is sized according to the trench sidewall area and 
the wastewater loading rate determined from the percolation test results (see above).  The design 
wastewater flow for a residential system is based on the number of bedrooms in the house, and a 
standard flow criterion of 150 gpd/bedroom, which may be reduced to 105 gpd/bedroom with the 
incorporation of low-flow plumbing fixtures.   
 
Dual System Capacity 
 
Individual wastewater disposal systems are required by Marin County and RWQCB policies to 
have dual fields; i.e., a primary and back-up disposal field, each with 100% capacity, that operate 
on an alternating basis.  The purpose is to extend the life of the disposal field. Normally, in such 
a system the flow is alternated between leachfields every six months.  In many repair situations, 
dual capacity (and sometimes 100% capacity) cannot be provided; in such instances the disposal 
system is often designed to make maximum use of available suitable area. 
 
Operations and Monitoring 
 
Alternative wastewater systems require monitoring of system operations, and submission of 
periodic reports to the County and/or RWQCB.  The monitoring is intended to keep track of such 
things as wastewater flow rates and volumes, treatment effectiveness, disposal field performance 
and conditions, and downstream/downgradient water quality measurements at monitoring wells 
or surface drainage points.  Quarterly monitoring and annual reporting requirements are typical 
for the first few years of system operation, declining to semi-annual or annual monitoring in 
subsequent years depending upon successful system performance. 
 
Repair System Requirements 
 
As previously noted, for repair of existing septic systems, Marin County EHS attempts to 
achieve compliance with current regulations to the maximum extent practicable.  However, full 
compliance with all code requirements is generally not possible.  Heavy emphasis is given to 
case-by-case evaluation to achieve the best repair possible, considering the site limitations and 
environmental resources and public health issues at risk.  Table 8 lists the repair criteria and 
design assumptions that have been developed for application in an onsite wastewater 
management program for Woodacre Flats (per this alternative).  These were developed in 
consultation with EHS staff, and have also been reviewed with the RWQCB staff in a project 
meeting held on April 13, 2010 (personal communications with Rebecca Ng, Armando Alegria, 
Robert Turner, and Blair Allen). 
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Table 8: Repair Criteria 

Woodacre Flats Onsite Wastewater Management Program 
 

ITEM CRITERIA / DESIGN ASSUMPTION 

Wastewater Design Flow  

 Property owners responsible for installing ultra-low flush toilets and 
low flow fixtures; 

 Assume design flow of 105 gpd/bedroom; 
 Design flow of <105 gpd/bedroom if necessary due to dispersal area 

limitations and with additional monitoring requirements (per below).  

Septic Tanks 

 Existing concrete/fiberglass tanks of 1,200 gal or greater may be 
retained if found to be structurally sound, watertight and are upgraded 
with code compliant access risers. 

 Effluent filters required for all new and upgraded tanks 
 Setbacks to water and landscape features to be maintained as close 

as possible to code requirements; 
 Setbacks to wells and springs - 50-ft minimum  

Supplemental Treatment Units 

 NSF Certification or equivalent technology verification required. 
 Performance standard: Per standard EHS protocol*; for 

special/extreme creek encroachment situations, TMDL receiving water 
standard for fecal coliform at end of supplemental treatment process 
(i.e., dosing tank) or at groundwater monitoring wells adjacent to 
disposal field.    

Dispersal System 

 All reasonable dispersal technologies may be considered, including 
trenches, beds, mounds, drip dispersal;  

 Design capacity – 100% of daily sewage; provide reserve area as 
feasible; 

 Design loading rate: per soil characteristics and percolation rate; 
treatment credit for supplemental treatment OK per established sand 
filter design criteria;  

 Setbacks to water and landscape features to be maintained as close 
as possible to code requirements; 

 Setbacks to wells and springs - 100-ft minimum 

Site Modifications 
 Utilize curtain drains and surface drainage alteration wherever needed 

and feasible without impacts to/from other onsite systems or to 
surface waters; 

 Soil excavation and replacement with sand fill – OK 

Performance Monitoring 

 Wastewater flow: Monitor from pump operations and/or water meter; 
require flow meter (or comparable device) and data logging for 
systems without 100% disposal capacity; 

 Monitoring: water quality sampling required for coliform for special 
case systems at pump basin (following supplemental treatment), once 
per year; 

 Visual inspection and maintenance once per year minimum; 
 Remote alarm monitoring for identified high risk systems, e.g., creek 

encroachment with less than 100% disposal capacity. 

Other Alternatives 

 Holding tanks: May be required case-by-case to overcome extreme 
site limitations, such as soil/groundwater/drainage conditions or water 
course setbacks; 

 Composting toilets: Not anticipated to be feasible or acceptable in 
high density residential area such as Woodacre Flats.  

 Greywater Systems: Case-by-case evaluation based on State 
Greywater Standards 

*Includes operating permit with standard and site specific inspection, testing, and reporting requirements 
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Feasibility Assessment 
 
An assessment of onsite wastewater disposal feasibility for lots within the Woodacre Flats Study 
Area was completed utilizing the repair criteria listed in Table 8.  Background file information, 
to the extent available, was utilized along was a field reconnaissance review of a representative 
cross-section of properties in the Study Area for this assessment.  Section 4 provides a 
description and summary of findings from the background file reviews (58 parcels with records) 
and the onsite field reviews of 33 developed parcels in the Study Area.  Figure 6 (Section 4) 
shows the location of the properties reviewed, along with notations designating the West, Central 
and East Subareas of the Study Area.     
 
A key objective of the onsite field reviews was to assess the apparent available area for onsite 
septic system upgrade on each parcel, and to identify and evaluate some of the main construction 
issues and constraints that would be involved with the implementation of onsite system upgrades.   
As part of each site inspection, Questa’s field review team made an assessment of the potential 
options for implementing an onsite system upgrade or repair taking into account the slope, soil, 
groundwater, drainage and area/setback factors.  The upgrade/repair options considered were in 
accordance the basic repair criteria outlined in Table 8 that would be applied as part of a 
community-wide onsite wastewater improvement and management program.  A specific design 
was not prepared for each property; instead, using best professional judgment each property was 
placed into one of three upgrade/repair categories based on the level of difficulty and associated 
work required, as follows: 
 

• Low Level – This was assigned to properties having an existing Class 1 or Class 2 code 
system, where little or no repair or upgrade work would be anticipated.  This included 
properties with mound systems, sand filters and pressure distribution leachfields, mostly 
permitted and installed within the last 10 to 15 years.  Upgrade work for these situations 
might include repair or replacement of various mechanical and electrical components 
and possibly drainage mitigation work.  It would not include major changes to the 
existing system.   
 

• Moderate Level – This was assigned to properties having sufficient area and reasonably 
good soil and groundwater conditions that could accommodate relatively straight 
forward upgrades to either the treatment or disposal system, such as: (a) addition of a 
supplemental treatment unit along with drainage mitigation measures; or (b) expansion 
of disposal capacity with shallow pressure distribution trenches along with drainage 
mitigation measures.  Figures 8 and 9 provide example (generic) site plans illustrating 
these types of septic system upgrades.    

 
• High Level - This was assigned to properties having severe space limitations along with 

shallow soil/high groundwater conditions and/or drainage setback constraints requiring 
considerable work to implement a satisfactory onsite upgrade/repair.  The type of 
upgrade/repair likely to be required for most of these situations would include: (a) 
supplemental/advanced treatment unit, often with UV disinfection; (b) drip dispersal, 
often with imported soil cover fill or raised beds; and (c) surface and subsurface 
drainage mitigation measures.  Variances to standard setback requirements would be 
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required for most properties in this category.  Figure 10 illustrates what a typical onsite 
system upgrade in this category would consist of.  Technical information regarding 
small supplemental treatment units (AdvanTex) and subsurface drip dispersal (Geoflow) 
are included in Appendix B.  These are two alternative onsite wastewater technologies 
that would have applicability for many situations in Woodacre Flats.   

 
The results of this assessment by subarea and overall totals are presented in Table 9.   Based on 
33 properties reviewed, the results indicate that a substantial portion (73%) of the properties in 
the Woodacre Flats area would require a High level of septic system upgrade/repair work to 
come into compliance with operating requirements under an onsite wastewater management 
program approach.  A small number of properties (12%) could probably come into compliance 
with repair standards with less elaborate methods (Moderate level), and about 15% of the 
properties have existing onsite systems in close conformance with expected standards, such that 
little if any additional work would be required for compliance.  The bottom of in Table 9 
extrapolates the findings of the field reviews to the developed properties in the Study Area, 
including estimates for both 100% participation of the 150 developed properties, and 75% 
participation (112 parcels).   This gives estimates of the approximate numbers of onsite systems 
falling into each upgrade/repair level for both participation scenarios.    
 
 

Table 9: Onsite System Upgrade Assessment Needs Summary 
 

Area Total Properties 
Estimated Level of Upgrade 

(# of properties) 
Low Moderate High 

West Subarea 13 3 2 8 
Central Subarea 12 2 0 10 
East Subarea 8 0 2 6 
Total 33 5 4 24 
Percent of Total - 15% 12% 73% 
Application of percentage estimates to Study Area: 
100% Participation 150 22 18 110 
75% Participation 112 17 13 82 

 
 
Operation and Maintenance Needs 
 
Following septic system upgrading, a continuing inspection and monitoring program would be 
carried out by a public maintenance authority; this is assumed to be a requirement of both the 
County and the RWQCB for implementation of the Tomales Bay Pathogens TMDL. This would 
be expected to entail the following routine items: 
 

• Inspection of each system, normally once per year; 
• Water quality sampling of the effluent from a representative number of treatment units; 

assume 20 percent of systems sampled each year and all systems sampled at least once 
every five years;  
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• Groundwater and surface water quality monitoring; 
• Reporting water quality failures or malfunction of systems;  
• Annual reporting to the County and RWQCB on the inspection results and overall 

compliance with water quality and system performance standards; and 
• Periodic cleaning and pumping of septic tanks/treatment units, usually every 3 to 5 years; 

 
There would be electrical costs associated with the operation of the advanced treatment systems, 
any UV disinfection units, and the pump systems used for dosing the pressure distribution and 
drip dispersal fields. Each property owner would be responsible for providing and maintaining 
electrical service.  From time-to-time various system components (such as valves, UV light 
bulbs, pumps and float controls) would require repair or replacement.  The need for this work 
would be determined by the maintenance authority; depending upon the complexity, the actual 
repair/replacement work could be done by the maintenance authority, a contractor or, possibly, 
the property owner.   
 
To facilitate system maintenance and oversight, it is assumed that a telemetry control system 
would be included in the system design, so that alarm conditions at individual systems can be 
relayed and monitored at a remote location by the responsible maintenance authority or 
contractor.    
 
Estimated Costs 
 
Capital Costs 
 
Table 10 summarizes the estimated range in cost that would be anticipated for an individual 
system upgrade within Low, Moderate and High upgrade categories, as discussed above.  
Supporting cost estimation details and assumptions are provided in Appendix C.   The costs 
were developed based on Questa’s experience with these types onsite system projects Marin 
County, and included consultation with local contractors, manufacturers, and equipment 
suppliers.  In addition to new construction items, the upgrade costs also include allowance for 
abandonment of the existing system (as required), electrical work, site restoration, permitting, 
and testing. The costs do not include an allowance for retrofitting of buildings with low-flow 
plumbing fixtures or appliances, which would be a homeowner responsibility and likely has 
already been done in many instances.  Cost allowances for contingencies, engineering, 
environmental, and related project implementation activities are accounted for as lump sum 
items for this project alternative as a whole, rather than for individual systems (see below).   
 

Table 10:  
Estimated Individual Onsite System Upgrade Costs 

 

Item Low Estimate 
($)  

High Estimate 
($) 

Average 
($) 

   Low Level Upgrade 1,500 4,500 3,000 
   Moderate Level Upgrade 27,500 30,000 28,750 
   High Level Upgrade 36,000 51,000 43,500 
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Using the estimated number of upgrades by level of work provided in Table 9 and the estimated 
average per system upgrade costs in Table 10, overall cost estimates for this alternative were 
developed.  The overall project costs are summarized in Tables 11 and 12, respectively, for 
100% and 75% participation scenarios.  As indicated, in addition to individual system 
construction, the total project cost estimate includes other allowances as follows: (a) 20% 
contingency; (b) 15% for engineering and environmental studies; (c) 10% for construction 
management; and (d) 5% for project administration, district formation and financing.  As 
indicated, the total estimated capital costs for Alternative 2 would be on the order of about $8.37 
million for service to 150 parcels in Woodacre Flats, and $6.23 million for service to 112 
parcels.  The corresponding costs per parcel are estimated to be $55,832 and $55,600, 
respectively.    
 
 

Table 11: Estimated Costs for 
Onsite Upgrade and Management Program 

100% Participation (150 parcels) 
 

Upgrade Work Category Number of Systems Average Cost per 
System Total Cost ($) 

    Low Level  22 3,000  $66,000               
Moderate Level  18 28,750  $517,500                  
High Level  110 43,500  $4,785,000 

Subtotal  $5,368,500               
Contingency @ 20% $1,073,700 

Subtotal $6,442,200 
Engineering and Environmental Studies @ 15%   $966,330 

Construction Management @ 10% $644,220 
Project Administration, District Formation and Financing @ 5%  $322,110      

TOTAL  $8,374,860               
Average Cost Per Connection (150 parcels) $55,832 
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Table 12: Estimated Costs for 
Onsite Upgrade and Management Program 

75% Participation (112 parcels) 
 

Upgrade Work Category Number of Systems Average Cost per 
System Total Cost ($) 

    Low Level  17 3,000  $51,000               
Moderate Level  13 28,750  $373,750                  
High Level  82 43,500  $3,567,000 

Subtotal  $3,991,750               
Contingency @ 20% $798,350 

Subtotal $4,790,100 
Engineering and Environmental Studies @ 15%   $718,515 

Construction Management @ 10% $479,010 
Project Administration, District Formation and Financing @ 5%  $239,505      

TOTAL  $6,227,130               
Average Cost Per Connection (112 parcels) $55,600 

  
 
Operation and Maintenance Costs 
 
Annual operation and maintenance costs for the onsite management alternative are summarized 
in Table 13, including estimates for both 100% and 75% service area participation levels.  The 
estimates are based on best professional judgment and experience with onsite system monitoring 
activities in Marin County and with other onsite wastewater management programs. Supporting 
details regarding cost assumptions are itemized in Appendix C. As indicated, O&M costs for 
this alternative include district and program administration costs, labor and expenses to perform 
the necessary system inspections and reporting, an allowance for equipment and material costs 
associated with system maintenance and replacement, laboratory costs for water quality sampling 
and analysis, electrical costs for individual treatment/disposal system equipment (directly 
absorbed by property owners), and routine septic tank pump-outs.  An allowance of 10% is 
included as a contingency.  As indicated, the total annual O&M cost for Alternative 2 is 
estimated to range from $141,295 for a 150-parcel service area, to $107,206 for 112 parcels.  The 
corresponding annual cost per parcel would be $942 to and $975, respectively, for 150 and 112 
parcels. 
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Table 13:  
Estimated Annual Operation and Maintenance Costs for 

Onsite Upgrade and Management Alternative 
 

 
Items 

 
Assumptions 

Estimated Annual Cost ($) 

100% Participation 
(150 parcels) 

75% Participation 
(112 parcels) 

District/Program Administration Insurance, legal, financial, permits $ 27,500 $21,700 

On-lot System Inspection, 
Monitoring & Reporting 

Annual inspection of all systems, remote 
monitoring, data compilation, annual reporting, 
as-needed engineering consultation 

$40,950 $31,200 

Maintenance Equipment, materials, maintenance & 
replacement $30,000 $22,000 

Laboratory & Expenses 
Sampling 20% of individual treatment systems 
annually, surface and groundwater sampling, 
travel expenses and supplies 

$10,500 $8,700 

Electrical 
Property owner expense for treatment & 
dispersal pumps and other electro-mechanical 
items. 

$4,500 $3,360 

Septic Tank Pumping 25% of tanks pumped annually $14,000 $10,500 

Subtotal $128,450 $97,460 
Contingencies (@ 10%) $12,845 $9,746 

TOTAL $141,295 $107,206 
ANNUAL COST PER PARCEL $942 $975 

 
 
Summary 
  
The onsite upgrade and management alternative would substantially reduce present water quality 
and public health problems, bring more (as opposed to the No Project option) of the existing 
onsite systems into conformance with accepted practices, and would do so in a timely manner. 
The primary shortcoming of this alternative is the heavy reliance on advanced treatment systems 
and the substantial variances to normal siting and design standards – especially in regard to soil 
conditions and setbacks from watercourses.  
 
The septic system upgrade efforts, along with establishment of an onsite management program, 
would largely eliminate the public health hazards and water quality threat from septic systems in 
the local community, and contribute to improvement in conditions in downstream receiving 
waters.  Existing seepage pits and other disposal systems that drain directly into groundwater or 
periodically experience surface failures would be eliminated in favor of advanced treatment 
units, disinfection in some cases, and upgraded dispersal systems, including raised drip disposal 
beds and other similar alternative technologies. The institution of an onsite wastewater 
management program would provide the means for monitoring the performance of all upgraded 
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systems, as well as the local environment, for possible wastewater impacts.  Potential negative 
aspects of this plan would be the land disturbance required on individual properties to upgrade 
on-lot disposal systems, and probable conflicts with other existing or potential uses of the limited 
yard areas.  The septic system upgrades may interfere with parking in some cases, and require 
changes to landscaping.   
 
This alternative represents a substantial improvement in reliability over existing conditions, 
through the proposed implementation of an onsite inspection and maintenance program. 
Alternative 2 would also introduce some additional flexibility for septic system management, by 
providing for the use of holding tanks (if needed in special cases), and perhaps other design 
alternatives that would not be approved for operation by individuals outside of a septic system 
management program, e.g., under the No Project Alternative.  
 
Alternative 2 would not bring about any significant land use/development changes in Woodacre 
Flats; however, an onsite wastewater management program would make it possible for house 
remodeling and some amount of additions to existing structures. There would be no assurance 
that undeveloped properties could be developed, or that house additions/remodeling could be 
undertaken without restrictions and conformance with Marin County EHS Remodel Policy.   
  
 
ALTERNATIVES 3A, 3B & 3C – FIRE ROAD COMMUNITY LEACHFIELD 

 
Description 
 
This alternative, which includes three different variations, provides for the construction of a 
central wastewater collection system for the Woodacre Flats Study Area, leading to a community 
leachfield system located on nearby forested lands (Figure 11).  The area identified as a potential 
community leachfield site is a wooded knoll along the Fire Road ridgeline northeast of 
Woodacre on property owned by Dickson Ranch.  The property owners granted access to Questa 
Engineering staff for field studies to evaluate various locations on the Dickson Ranch for 
potential use as a community wastewater treatment and disposal site for Woodacre Flats.  The 
three different community leachfield options formulated and evaluated under this alternative are:    
 

• Alternative 3A - Primary/septic tank treatment with a shallow pressure distribution 
leachfield, sized to provide 100% disposal capacity and no reserve area.  

 
• Alternative 3B - Secondary treatment (AdvanTex filter) with a shallow pressure 

distribution leachfield, sized to provide 100% disposal capacity plus 100% reserve area.  
 

• Alternative 3C - Secondary treatment (AdvanTex) with a subsurface drip dispersal 
leachfield, sized to provide 200% disposal.    

 
Collection System 
 
Several possible wastewater collection system options were evaluated, including conventional 
gravity sewers, pressure sewers, and effluent sewers in which septic tanks are retained on 
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individual properties for solids collection.  All collection system options provide for bringing the 
wastewater to a central location at the intersection of Park Street and Central Avenue.  The 
eastern portions of the Study Area (along Taylor and Central Avenues) could flow by gravity to 
the Park Street location.  Sewage flow from properties along Railroad Avenue would be 
collected in a neighborhood lift station at the intersection of Railroad Avenue and San Geronimo 
Valley Drive, and from there pumped to Park Street.  A pressure or STEP sewer line would be 
provided for properties along Redwood Drive, requiring individual pump units at each residence.  
 
At Park Street a main lift station would be installed to pump the wastewater via a force main to 
the community leachfield site at the Fire Road ridge location, which is at an elevation 
approximately 230 feet above Park Street.  If a secondary treatment system is included (per 
Alternatives 3B and 3C), the treatment plant would also be installed at this Park Street location.      
 
A full description and review of collection system alternatives, including equipment and pipeline 
routing details, operational requirements and cost comparisons are provided in Appendix D.  
Since a central collection system is also an element of Alternative 4, the analysis in Appendix D 
includes information applicable to Alternative 4 as well as Alternatives 3A-3C.   
 
As detailed in Appendix D, conventional gravity sewers, pressure sewers (using grinder pumps) 
or effluent sewers using a combination of pump (STEP) and gravity (STEG) connections are all 
feasible and compare closely in terms of costs, layout and other operational factors.  However, 
the collection analysis determined that effluent STEP/STEG sewers would be favored for 
community leachfield alternatives on the basis of cost and the ability to limit entry of extraneous 
water into the sewer system from groundwater and rainwater infiltration and inflow (I/I).  
Conventional gravity sewers expose the collection system to higher amounts of I/I through pipe 
connections and manholes.  The high groundwater conditions in Woodacre Flats would make a 
conventional gravity sewer vulnerable to I/I, which could be damaging for a community 
leachfield system, putting greater stress the limited soil absorption capacity.  Effluent sewers use 
small diameter pipe, with glued, fuse or threaded fittings, and have cleanouts but no manholes.   
Also, for the Fire Road site, the increased energy requirements and costs of pumping 
unnecessary I/I up to the ridgeline leachfield area could be significant.    
 
Treatment Facilities 
 
Different levels and types of treatment were considered and used to define different options 
under Alternative 3.  The level of treatment required for different community leachfield options 
is dictated partly by the type of disposal system and in turn by the site constraints and overall 
performance requirements for the particular site.  For example, primary (septic tank) treatment 
can be used in conjunction with a conventional leachfield design, including shallow pressure 
distribution trenches.  However, an advanced (secondary) level of treatment may be warranted or 
required, for instance, for areas having shallow soils and groundwater depths, for very rocky soil 
conditions, where setbacks are limited, and to allow increased wastewater loading rates to the 
soils.  Secondary treatment, including nitrogen reduction and/or disinfection, may also be needed 
to overcome other environmental site sensitivities, such as nitrate additions to groundwater or 
other potential impacts to water supply source areas.  Also, secondary treatment is necessary in 
conjunction with the use of subsurface drip dispersal methods.   
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For the Fire Road community leachfield alternative, various treatment technologies were 
considered and reviewed for their applicability, as discussed below.   
 
Primary Treatment.  It was determined that primary treatment only (i.e., septic tanks), would 
be acceptable for the soil conditions at the Fire Road site, and would represent the simplest 
community leachfield approach.  Therefore, septic tank treatment was identified as the treatment 
process for Alternative 3A.  Based on the recommended use of an Effluent STEP/STEG 
collection system (per above), basic septic tank treatment under this alternative would occur at 
the individual tanks on each property, and there would be no need for community septic tanks. 
This is the design approach that was adopted for the Marshall Phase 1 Community Wastewater 
System.  A variation of this alternative might include the use of one or more community septic 
tanks (e.g., located at the Park Street area), which might be found cost effective as a result of 
value engineering analysis during project design.  However, at this stage of analysis it is 
reasonable to plan for individual septic tanks at each parcel.  Under this approach, the septic tank 
effluent would be collected at the Park Street site where a main lift station would be located, 
from which the wastewater would be pumped into a force main (buried) leading to the Fire Road 
Leachfield site. 
 
Secondary Treatment. Alternatives 3B and 3C would both include a secondary treatment 
system to improve the quality of wastewater effluent prior to dispersal in the leachfield (3B) or 
dripfield (3C).  In Alternative 3B, secondary treatment would allow the same quantity of 
wastewater to be dispersed in a smaller amount of leachfield (50% less than for primary 
treatment) as a result of the reduced solids and organic loading to the soils.   In Alternative 3C, 
secondary treatment would be included to bring the effluent quality to a level suitable for use 
with subsurface drip dispersal tubing.  The identified location for the secondary treatment 
system, for both 3B and 3C, would be at the Park Street area.  Following treatment, the 
wastewater effluent would collect in a main lift station and from there would be pumped in a 
force main to the Fire Road Leachfield site (same as Alternative 3A).  
 
The secondary treatment requirements for Alternatives 3B and 3C would be the same, and there 
are a multitude of treatment technologies that could be used.  Options include a recirculating 
sand filter, proprietary packed bed filter such as AdvanTex, and various proprietary aerobic 
treatment systems.  Based on the small amount of required land area, either an AdvanTex system 
or an aerobic treatment unit would be preferred over a recirculating sand filter.  In our experience 
the AdvanTex system would likely be a competitive option and, therefore, we have used it for 
our analysis.  It is recognized in Marin County Regulations as an accepted secondary treatment 
system; technical information on the AX-100 system, suited for community-scale applications, is 
provided in Appendix B.  
 
A schematic layout of an AdvanTex system to meet the project needs is provided in Figure 12. 
As indicated, the system would include the following components: 
 

• Flow Equalization.  Effluent from the collection system would first enter a flow- 
equalization (EQ) tank, which would serve to regulate flow of wastewater into the 
AdvanTex treatment tank.  It can be sized to provide additional septic tank treatment 
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capacity, emergency storage capacity, and would also be available to be used as a 
denitrification recycle loop, if needed.  At a minimum, the operating level in the EQ tank 
would be set to absorb and even-out surges in flow.  The EQ tank will be vented to a 
subsurface biofilter, carbon filter vent or equivalent system to mitigate odors.  

 
• AdvanTex Unit.  The AdvanTex treatment system provides secondary treatment for 

removal of biochemical oxygen demand (BOD), solids, and nitrogen.  It is a multi-pass, 
packed bed aerobic wastewater treatment technology specifically designed and 
engineered for long-term processing of domestic strength wastewater. When effluent 
enters the recirculation tank, it blends with the contents of the tank and is transported to a 
distribution manifold in the AdvanTex filter pods by a pump included with the system. 
Effluent then percolates down through the textile media, where it is treated by naturally 
occurring microorganisms that populate the filter. After passing through the filter, the 
treated effluent flows out of the filter pod through the filtrate return line that returns the 
effluent to the recirculating valve.  The function of this valve is to automatically split or 
divert the flow between the recirculation tank and the final discharge and controls the 
liquid level within the tank.  With the configuration in Figure 12, a series of thirteen 
AdvanTex pods (Model AX-100) would be required to for the projected wastewater of 
31,500 gpd (based on 2,500 gpd capacity per pod).   

 
• Sludge Disposal.  Wastewater sludge (septage) would be collected and stored in septic 

tanks within the collection system and in the EQ and recirculation tanks at the treatment 
plant.  Accumulated septage would be pumped periodically, as needed, from the various 
tanks and hauled for disposal at approved septage receiving facilities in Marin County.   

 
• Telemetry. The treatment plant and lift stations would be equipped with a telemetry 

control system that allow remote monitoring and control of various mechanical and 
electrical equipment and tank water levels.  The control system would be monitored and 
maintained by a qualified maintenance contractor.  Although the system will typically 
require weekly attendance by an operator, the telemetry system will provide for 
continuous (24-hour) monitoring and emergency response from a remote location.  The 
control system will provide for logging of data on system operations (e.g., flow and pump 
operations), and will have auto-dialer features to page the operator(s) in the event of 
alarm conditions.    
 

• Emergency Generator.  A standby emergency generator would be provided at the 
treatment plant site to operate the treatment plant and the main lift station in the event of 
a power outage.   
 

• Control Building.  A small control building, 250 ft2 or less, would be provided at the 
treatment plant site for the location of electrical control equipment, supplies, spare parts, 
and other materials.   

 
It is estimated that the treatment plant layout as shown in Figure 12 and described above would 
require an area of approximately 10,000 ft2, which can be accommodated in the County right-of-
way area at the intersection of Park Street and Central Avenue. 
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Disposal Facilities 
 
Fire Road Site Conditions.  Field reconnaissance investigations were conducted on several 
large properties in the Woodacre area to identify sites that might be suitable and of sufficient size 
to accommodate a community wastewater disposal system.  A few potential sites were located on 
the Dickson Ranch property and on lands owned by the Tamalpais Union High School District, 
east of Woodacre.  Based on the amount of area, soil conditions, and land owner interests and 
concerns, the most promising site identified was an approximately 1.5-acre wooded knoll on 
Dickson Ranch property located along the Fire Road ridgeline.  This is referred to as the Fire 
Road Site and, from preliminary analysis, was estimated to have sufficient capacity to 
accommodate a community leachfield system of the size required to serve the Woodacre Flats 
area.  The Fire Road Site is included as the community leachfield area for Alternatives 3A, 3B 
and 3C.   
 
The Fire Road Site was initially identified as a potential area of interest from review of air 
photos, and topographic and geologic maps.  It lies on a portion of the ridgeline composed of 
sandstone.  The area considered suitable for a community leachfield a 1.5-acre knoll, extending 
approximately 1,000-feet along the ridgeline in a southeast-northwest direction, sloping 
predominantly to the north and northeast at grades varying from about 5 to 20 percent.  A small 
portion of the site (estimated 5 to 10 percent) drains in a southwesterly direction toward 
Woodacre.  Immediately north of the knoll, the slopes steepen considerably to greater than 30%, 
which continue downhill to San Geronimo Valley Drive.  The knoll is wooded, mostly with bay 
trees, a few oaks and Douglas fir, and two distinct clusters of redwoods.  There is a limited 
amount of understory vegetation.  The steeper hillslopes to the north and northeast are densely 
wooded, with predominantly with redwoods and Douglas fir.  There is no development on the 
site or on any lands between the site and San Geronimo Valley Drive.   
 
As a result of its topographically high position, there are no watercourses on or within 200 to 300 
feet of the Fire Road site.  Runoff from the site is dispersed by sheet flow, and is slowed by the 
gentle slopes, vegetative cover, and sandy soil conditions.  Farther down the hillslope to the 
north and northeast, swales form which eventually become seasonal drainages at the base of the 
hillslope near San Geronimo Valley Drive.  There are no known wells on the site or in the 
immediate vicinity.   The nearest well an agricultural supply well located approximately 600 feet 
to the southeast.      
 
Following initial hand-auger soils inspection, four exploratory test pits were excavated in the 
Fire Road site by Questa on June 4, 2010, to evaluate soil suitability for wastewater disposal.  
Test pit locations are shown in Figures 13-15.  All test pits showed similar soil conditions, 
consisting of loam and sandy loam topsoils underlain by highly weathered sandstone to the depth 
explored.  No groundwater or evidence of seasonal saturation was observed in any of the 
profiles.  Table 14 summarizes the soil profiles logs.  
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Table 14: Soil Profile Summary, Fire Road Site 
 

Test Pit # Depth 
(inches from surface) Soil Description 

T-1 
0 - 21 Loam 

21 - 66 Very weathered sandstone 
66 - 90 Very weathered sandstone, increasing density 

 

T-2 

0 – 24 Fine sandy loam 

24 – 66 Highly weathered sandstone; textures to 
sandy clay loam 

66 - 78 Weathered sandstone, very soft and friable 
 

T-3 
0 - 16 Loam to sandy loam 

16 – 72 Weathered sandstone, variable from sandy loam 
to sandy clay 

 

 
T-4 

0 – 28 Sandy loam 

28 - 60 Very weathered sandstone; textures to sandy 
loam 

 
No percolation testing conducted; however, based on the observed sandy soil conditions and 
experience with other similar soils in the Woodacre area, we estimated soil percolation rates 
would likely be in the range of 5 to 15 minutes per inch (MPI), with faster rates in the upper 2 to 
3 feet and becoming slower with depth.  These percolation rates would be suitable for disposal of 
either primary/septic tank effluent or secondary treated wastewater effluent, making the site 
feasible for a variety leachfield designs, including standard and pressure distribution trenches (2 
to 5-feet deep), mound systems, or subsurface drip dispersal.  Formal percolation testing in 
accordance with standard Marin County procedures should be conducted prior to final project 
selection and design to verify percolation rates and leachfield sizing for the service area and 
wastewater flows to be accommodated.  Ideally, this should be completed during environmental 
review.       
 
Community Leachfield Options.  Based on the favorable soil and site conditions along with the 
amount of available land area, several different design options and configurations were 
considered for the Fire Road site.  This resulted in the development of three different community 
leachfield alternatives, 3A, 3B and 3C, which are illustrated in Figures 13, 14 and 15, 
respectively.  Table 15 presents an itemized listing of the elements and design factors for each of 
the three leachfield alternatives, which are discussed below.  
 

• Alternative 3A.  The first Fire Road option is a shallow pressure distribution leachfield 
system for disposal of septic tank effluent.  The trenches would be constructed with the 
use of Infiltrator Chambers to eliminate the need for hauling large quantities of drain rock 
to the Fire Road site.  The trenches would be 30-inches deep and 36-inches wide, with an 
effective wastewater application area of 5 ft2 per lineal foot. This is based on the 
combination of 3-ft wide bottom area plus 12 inches sidewall area (two sides), following 
sizing criteria contained in the RWQCB Minimum Guidelines. Minimum trench spacing 
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would be 6 feet (on centers); however a spacing of  10 feet has been assumed to provide a 
reasonable margin of safety for avoidance of trees and other local incongruities in the 
topography.  Using an average percolation rate of 10 minutes per inch (MPI) would give 
a wastewater loading rate of 0.8 gpd/ft2, or 4.0 gpd/lineal foot of trench.  Although the 
use of Infiltrator Chambers is recommended, if rock-filled trenches are preferred from a 
regulatory standpoint or for other reasons, the trench dimensions and overall sizing would 
be the same as presented above.  No extra capacity credit is assumed for the use of 
Infiltrator Chambers in this analysis.  The costs for rock-filled trenches and rock-hauling 
impacts would be greater than for the recommended Infiltrator Chamber design.  
 
For a design wastewater flow of 26,250 gpd (150 parcels at 175 gpd/parcel), the required 
leachfield length would be 6,563 lineal feet for a 100% system (round to 6,600 lf).  The 
available disposal area at the Fire Road site is estimated to be approximately 65,000 to 
66,000 square feet, which would accommodate approximately 6,500 to 6,600 lineal feet 
of trench at 10-foot o.c. trench spacing.  Therefore, under this alternative all available 
area at the Fire Road site would be utilized to provide capacity for 100 percent of the 
daily design flow, with no additional reserve area. 
 
An alternative leachfield design approach following Marin County regulations for 
individual systems would include the use narrower, deeper trenches, e.g., 18-inches wide 
by 46-inches deep to provide the same amount of effective wastewater application area.  
In this design the application area is assumed to be two sidewalls, 30-inches depth below 
distribution pipe, with a 2-inch distribution pipe and 2 inches of gravel cover, plus 12 
inches of soil backfill.  It would occupy the same overall area and provide the same 
leaching capacity.  As noted above, standard rock-filled trench design would have higher 
costs and greater rock-hauling impacts than the recommended Infiltrator Chamber design.     
 
For the smaller 75% service area participation (112 parcels), the Fire Road site would be 
able accommodate a 100% leachfield and provide room for 50% reserve area.  
Alternatively, a 150% capacity system could be installed and zoned into three sections, 
with two zones active and one zone inactive at all times.         
 

• Alternative 3B.  This alternative would include a secondary treatment system that would 
have the effect of reducing the required leachfield area by one-half compared with 
Alternative 3A.  Using the same pressure distribution system design as for Alternative 3A 
(including Infiltrator Chambers), the wastewater loading rate would increase two-fold 
from 0.8 to 1.6 gpd/ft2.  This would increase the loading rate to 8 gpd/ft2, and reduce the 
overall trench requirement to approximately 3,280 lineal feet (round to 3,300 lf).  Using 
the same trench spacing of 10 feet o.c., the leachfield would occupy approximately half 
of the available disposal area, leaving enough unused area to serve as a 100% 
replacement area.  

 
For the smaller 75% service area participation (112 parcels), under Alternative 3B the 
Fire Road site would be able accommodate a 100% leachfield and provide room for more 
than 150% reserve area. 
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The assumption of a higher wastewater loading rate for dispersal of secondary treated 
water is derived from Marin County regulations (in effect since 1996) and is supported in 
technical literature (e.g., U.S. EPA Onsite Wastewater Treatment Systems Manual, 
2002).  Marin County regulations authorize increased leachfield loading rates (as 
compared with standard septic tank effluent) for systems that include advanced treatment 
using either an intermittent sand filter, recirculating sand filter, or packed bed filter such 
as AdvanTex.  For soils with percolation rates up to 90 minutes per inch, the application 
rate may be increased up to two times the standard rate for septic tank effluent.  The 
scientific rationale is that wastewater with low organic strength (low BOD) reduces the 
amount of organic material delivered to the soil absorption field, and promotes the 
maintenance of aerobic soil conditions and microbial populations that are more efficient 
(as compared with anaerobic bacteria) in assimilating the organic materials in the 
effluent.  The net result is reduced soil clogging and better water transmission through the 
soil.    

 
• Alternative 3C.  Using the same secondary treatment system as 3B, Alternative 3C 

would include a subsurface drip dispersal system in lieu of the shallow pressure 
distribution leachfield system included in the other two Fire Road alternatives.   
 
The drip dispersal system uses a specially manufactured dripline, such as Geoflow 
WasteflowTM, developed for wastewater applications.  Technical literature describing 
subsurface drip dispersal equipment and design/installation procedures is provided in 
Appendix B.  In brief, the dripline consists of 1-inch diameter polyethylene tubing with 
pressure-compensating emitters spaced 12 to 24 inches apart.  The driplines are typically 
installed at a depth of 6 to 12 inches in below ground surface, and up to 18 inches in 
wooded areas.  Spacing between driplines depends is typically 24 inches, although it can 
be varied around vegetation. The drip dispersal system would be organized into a series 
of zones (of roughly equal disposal capacity) to be dosed from the central wastewater 
effluent dosing station at the disposal site.   
 
The sizing and design of the drip field would follow criteria contained in Marin County 
sewage disposal regulations and manufacturer recommendations.  The sandy/loamy soil 
conditions at the site would warrant a wastewater application rate in the range of 0.6 to 
1.0 gpd/ft2, based on the surface area of the disposal field.  Using an average value of 0.8 
gpd/ft2, the required disposal area for a design flow of 26,250 gpd would be about 32,800 
square feet.  Including an additional 100% reserve field, the required area would be 
double, or about 65,600 square feet.  The estimated 65,000 to 66,000 square feet at the 
Fire Road site would accommodate both a 100% primary and 100% reserve drip field.  
Installation of both primary and reserve drip fields is advisable to accommodate peak 
flows and for overall reliability.  Therefore, Alternative 3C would include installation of 
a 200% system (primary plus reserve).   
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Table 15: Community Leachfield Design Assumptions  
(Design Flow: 26,250 gpd) 

 
Alternative Treatment Leachfield Details 

3A 
 

Primary 
(Septic Tanks) 

 
 Pressure distribution leachfield, w/Infiltrator Chambers 
 Trench depth - 30 inches 
 Trench width - 36 inches 
 Effective Application Area – Sidewalls + Bottom; 5 ft2/lf 
 Trench spacing – 10 feet o.c 
 Wastewater application rate - 0.8 gpd/ft2 (estimated) 
 Total trench length – 6,600 L.F.  
 Total leachfield area - 1.5 acres (primary only) 
 Setbacks - No streams within 200+ feet; no wells within 500 feet 
 

3B Secondary 

 
 Pressure distribution leachfield, w/Infiltrator Chambers 
 Trench depth - 30 inches 
 Trench width - 36 inches 
 Wastewater application rate – 1.6  gpd/ft2 (2 x standard rate per 3A) 
 Total trench length – 3,300 L.F. 
 Trench spacing - 10 feet, o.c. 
 Total leachfield area - 1.5 acres (primary + 100% reserve) 
 Setbacks – No streams within 200+ feet; no wells within 500 feet 

  

3C Secondary  
 

 
 Drip dispersal 
 Dripline at 6 to 12 inches deep 
 Wastewater application rate - 0.8 gpd/ft2 (estimated) 
 Total drip field area - 1.5 acres (200%)  

Setbacks – No streams within 200+ feet; no wells within 500 feet  
 
 
Other Facilities.  Other elements of the disposal facilities that would be common to Alternatives 
3A, 3B and 3C include the following: 
 

• Effluent Force Main from Park Street.  A 4-inch diameter force main, approximately 
2,200 feet long, would be installed to convey wastewater effluent from the main lift 
station at Park Street to the Fire Road site.  The recommended route as shown in Figure 
12 would be via Park Street, then San Geronimo Valley Drive, and then overland through 
Dickson Ranch property along the ridgeline to the Fire Road leachfield site.   
 

• Effluent Dosing Station.  An effluent dosing station would be installed near the 
southerly end of the Fire Road site (high point).  It would consist of a large tank (e.g., 
15,000 gallon fiberglass) and multiple pumps and control system.  The control panel 
would be housed in a small building or enclosure (e.g., <100 ft2). For emergency 
purposes (power or pump outages), a gravity dosing tank to a series of overflow 
leachlines would be installed and the control system would be designed to be operated 
with a portable generator.  
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• Electrical Power.  Electrical power from PG&E would be brought to the Fire Road site 
from the nearest location, estimated to be about 1,500 feet away on Fire Road. 
 

• Fencing.  The 1.5-acre leachfield site, including the dosing station, would be fenced with 
typical farm fencing (barbed wire) to keep animals out of the site.  
 

• Fire Road Access Improvements.  Improvements (grading and gravel surface) would be 
made to Fire Road to provide all weather vehicle access to the leachfield site. 
 

• Land Acquisition.  The land for the leachfield and the effluent force main to the site 
would have to be purchased or an easement acquired from the Dickson Ranch.  The 
property owners willingly granted access for the investigation of the Fire Road leachfield 
site as well as preliminary exploration of other areas of the Dickson Ranch. They 
indicated interest in cooperating with the community and also expressed interest in 
possibly being incorporated into the service area for a community wastewater system.   
 

Regulatory Requirements 
 
Regulatory requirements applicable to subsurface leachfields for a community system would be 
basically the same as those described in the discussion under Alternative 2 relative to individual 
septic systems. Based on the discussions with RWQCB and Marin County EHS staff (personal 
communications, April 13, 2010, with Rebecca Ng, Armando Alegria, Robert Turner and Blair 
Allen), additional requirements that would be anticipated to apply to a Woodacre Flats 
community leachfield system include the following: 
 

• Permitting.  A community system of the scale being considered for Woodacre Flats 
would be regulated by the RWQCB through the issuance of Waste Discharge 
Requirements (permit) for the community facilities. 
 

• Treatment Level.  The level of treatment prior to disposal may include either primary 
treatment (septic tanks) or secondary treatment; the level of treatment included in the 
system would dictate the sizing and design options for the leachfield.  Based on present 
soils information, a community leachfield at the Fire Road site would not require effluent 
disinfection; however, it could be incorporated in response to further soils information or 
the outcome of other environmental studies.  The need for nitrogen removal would be 
determined through environmental studies of the community leachfield site, focusing on 
potential impacts on water supplies located downslope/downgradient of the leachfield 
site.   
 

• Monitoring.  Secondary treatment systems would likely require monitoring influent and 
effluent for multiple parameters, including BOD, total suspended solids, and probably 
nitrogen.  Monitoring of a primary treatment system (septic tank), would likely be limited 
to effluent sampling for these same parameters.  The monitoring frequency would likely 
be monthly at system startup, possibly reducing to quarterly in the future, depending 
upon successful performance. Receiving water sampling (quarterly) at groundwater 
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monitoring wells installed upgradient and downgradient should also be assumed.   There 
are no surface waters near the Fire Road leachfield site that would require monitoring.   

 
Operation and Maintenance Requirements 
 
Under Alternatives 3A, 3B and 3C, the community collection, treatment and disposal facilities 
would be owned and operated by the wastewater district formed as part of the project.  The 
actual operations and maintenance work would be performed or overseen by a qualified 
wastewater treatment plant operator.  Local maintenance contractors may be hired to perform 
routine inspection, maintenance, and monitoring activities.  Operation and maintenance activities 
can be expected to include the following: 
 

• Facility Inspections, Maintenance and Operations.  This includes routine inspections 
and maintenance of the individual STEP and STEG units, collection system pipelines and 
valves, lift stations, community treatment system (as applicable), leachfield/dripfield 
dosing pumps and pipelines, and leachfield/dripfield piping, trenches and valves, and all 
electrical/mechanical control equipment.  Other maintenance work includes the pump-out 
and hauling of sewage solids from septic tanks and other treatment units, general upkeep 
of the treatment plant grounds, and periodic servicing or replacement of equipment.  The 
inspection, maintenance and operations of the facilities would be conducted on an as 
needed basis; it would be facilitated by remote telemetry equipment for notification of 
alarm conditions.  Some level of onsite inspection and/or maintenance work is likely to 
occur on a weekly basis.  
 

• Performance Monitoring.  The waste discharge permit for the community wastewater 
facilities will require routine monitoring of the wastewater treatment and disposal 
facilities to verify compliance with performance standards and proper operation.  A 
formal monitoring and reporting program will be established by the RWQCB as a permit 
condition.  This is anticipated to include monitoring of wastewater flow, influent and 
effluent quality, and disposal field conditions.  Daily flow monitoring and 
monthly/quarterly sampling frequency are anticipated.  Wastewater flow monitoring can 
be done automatically with a recording flow meter.  
 

• Receiving Water Quality Sampling.  The waste discharge requirements and operating 
permit may also include requirements for sampling and analysis of groundwater near and 
downgradient of the leachfield sites.  The expected parameters of interest would be 
nitrate and coliform bacteria.  Monthly sampling frequency should be anticipated.   There 
are no surface waters near the Fire Road leachfield site that would require monitoring.  
 

• Reporting.  The monitoring results would be summarized and submitted in monitoring 
reports (e.g., quarterly) to the RWQCB.  Additionally, an annual report would be 
prepared that presents the monitoring results, compares the results with the discharge 
requirements and performance objectives for the system, and discusses any problems, 
corrective actions, or other pertinent observations regarding to the operation of the 
system.   
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Estimated Costs 
 
Capital Costs 
 
The estimated capital costs for the various options under Alternative 3 are summarized in Tables 
16 and 17 for service area participation levels of 100% (150 parcels) and 75% (112 parcels), 
respectively.  Itemized cost estimates including quantities and unit cost assumptions are provided 
in Appendix E for each alternative.  The cost assumptions were developed through discussions 
with manufacturers, equipment suppliers, and local contractors, and through review of recent 
contractor bids for similar work in Marin County, where applicable.  The bottom line both tables 
converts the total project costs to average cost per connection, based on either 150 or 112 
parcels, as applicable.  Detailed itemization of costs is provided in Appendix E, including 
quantities and unit cost assumptions. These assumptions were developed through discussions 
with manufacturers, equipment suppliers, and local contractors, and through review of recent 
contractor bids for similar work in Marin County, where applicable.   
 

 
Table 16: Capital Cost Summary 

Alternatives 3A, 3B & 3C - Fire Road Community Leachfield Alternatives  
(100% participation – 150 parcels) 

 

Cost Item  Estimated Capital Costs ($) 
 Alternative 3A   Alternative 3B   Alternative 3C  

Collection System (Effluent STEP/STEG) $2,370,750 $2,370,750 $2,370,750 
Treatment System $130,000 $682,500 $682,500 
Disposal System $696,000 $551,500 $624,000 
Land/Easement Costs $100,000 $100,000 $100,000 
Mobilization/Demobilization $100,000 $100,000 $100,000 
Permit Fees & Encroachment Fees $20,000 $20,000 $20,000 

Subtotal $3,416,750 $3,824,750 $3,897,250 
Contingency @ 20% $683,350 $764,950 $779,450 

Subtotal $4,100,100 $4,589,700 $4,676,700 
Engr & Environ Studies @ 15% $615,015 $688,455 $701,505 

Construction Management @ 10% $410,010 $458,970 $467,670 
Admin, Dist Formation, Financing @ 5% $205,005 $229,485 $233,835 

Total Estimated Cost $5,330,130 $5,966,610 $6,079,710 
Estimated Cost Per Connection $35,534 $39,777 $40,531 
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Table 17: Capital Cost Summary 
Alternatives 3A, 3B & 3C - Fire Road Community Leachfield Alternatives  

(75% participation – 112 parcels) 
 

Cost Item Estimated Capital Costs ($) 
 Alternative 3A   Alternative 3B   Alternative 3C  

Collection System (Effluent STEP/STEG) $1,953,500 $1,953,500 $1,953,500 
Treatment System $130,000 $576,000 $576,000 
Disposal System $621,500 $509,000 $537,500 
Land/Easement Costs $100,000 $100,000 $100,000 
Mobilization/Demobilization $100,000 $100,000 $100,000 
Permit Fees & Encroachment Fees $20,000 $20,000 $20,000 

Subtotal $2,925,000 $3,258,500 $3,287,000 
Contingency @ 20% $585,000 $651,700 $657,400 

Subtotal $3,510,000 $3,910,200 $3,944,400 
Engr.& Environ Studies @ 15% $526,500 $586,530 $591,660 

Construction Management @ 10% $351,000 $391,020 $394,440 
Admin, Dist Formation, Financing @ 5% $175,500 $195,510 $197,220 

Total Estimated Cost $4,563,000 $5,083,260 $5,127,720 
Estimated Cost Per Connection $40,741 $45,386 $45,783 

 
 
As indicated, the estimated capital costs are least for Alternative 3A, which provides only a 
100% capacity system.  The costs for Alternatives 3B and 3C are very close (within 1 to 2% of 
each other), and are about 11 to 12% higher than Alternative 3A.   The cost per connection is 
estimated to be approximately $5,000 greater for a project serving 112 parcels (75%) as 
compared with a project serving 100% of the area (150 parcels).   
 
Operation and Maintenance Costs 
 
The estimated annual operation and maintenance costs for the three community leachfield 
options under this alternative are presented in Tables 18 and 19, respectively, for service 
participation levels of 100% and 75%.  Supporting itemized calculations and assumptions are 
provided in Appendix E.  The O&M costs were estimated based on labor, equipment, materials 
and other expenses required to perform the necessary inspections, water quality sampling, data 
analysis, report preparation, pump-outs, and routine maintenance and equipment replacement for 
the community treatment and disposal facilities, as well as for the collection system and all 
individual STEP/STEG units served by the system.  Also included are estimates of annual energy 
costs (electrical) for operation of the community treatment system and pumps.  The electrical 
costs for individual STEP units at each property (estimated to be a few dollars per month) are not 
included.  A 10% contingency allowance is also included.  The cost estimates were developed 
based on the expected operation and monitoring needs defined above, and using data and 
experience from monitoring and maintenance of other similar systems in Marin County and other 
Northern California communities, including the Marshall Phase Community Wastewater system.   
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As indicated, the estimated total O&M costs are lowest for Alternative 3A and progressively 
greater for Alternatives 3B and 3C, respectively.  The increased costs for 3B and 3C are 
attributable to the additional O&M requirements and expenses associated with the secondary 
treatment facility included as a part of these two alternatives.  An increased level of work for 
inspection and maintenance of the drip dispersal field, as compared with a pressure distribution 
leachfield, accounts for the higher O&M costs estimated for Alternative 3C compared with 
Alternative 3B.    
 
The estimated annual costs per connection range from a low of $733for Alternative 3A with150 
parcels, to a high of $1,122 for Alternative 3C with 112 parcels.  The projected individual user 
costs for the larger service area (150 parcels) are about 10 to 15% less than the costs for the 
smaller service area (112 parcels).   As a point of comparison, the annual O&M costs for the 
Marshall Phase 1 system, serving 35 parcels, are approximately $1,200 per parcel.   
 
 

Table 18: Estimated Annual Operation and Maintenance Costs 
 for Community Leachfield Alternatives 3A, 3B & 3C  

(100% Participation - 150 parcels) 
 

Items Assumptions Estimated Annual O&M Cost ($) 
Alt. 3A Alt. 3B Alt. 3C 

District/Program 
Admin Insurance, legal, financial, permits $13,500 $ 16,500 $16,500 

Inspection, Monitoring 
& Reporting 

On-lot STEP/STEG systems, lift stations, 
treatment/disposal system;  remote telemetry; 
monthly/annual reports; as-needed engineering 

$42,000 $49,200 $63,600 

Maintenance Equipment, materials, maintenance & 
replacement; site maintenance; sewer cleaning $21,800 $25,400 $25,400 

Laboratory & 
Expenses 

Monthly treatment system and monitoring well 
sampling and analysis, travel expenses & supplies $5,100 $7,800 $9,000 

Electrical Treatment plant, lift stations & leachfield dosing $3,600 $7,800 $7,800 
Septic Tank Pumping 25% of tanks pumped annually $14,000 $14,000 $14,000 

Subtotal $100,000 $120,700 $136,300 
Contingencies (@ 10%) $10,000 $12,070 $13,630 

TOTAL $110,000 $132,770 $149,300 
ANNUAL COST PER PARCEL $733 $885 $1,000 
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Table 19: Estimated Annual Operation and Maintenance Costs 
for Community Leachfield Alternatives 3A, 3B & 3C  

(75% Participation - 112 parcels) 
 

Items Assumptions 
Estimated Annual O&M Cost ($) 

Alt. 3A Alt. 3B Alt. 3C 
District/Program 
Admin Insurance, legal, financial, permits $10,500 $ 13,500 $13,500 

Inspection, Monitoring 
& Reporting 

On-lot STEP/STEG systems, lift stations, 
treatment/disposal system;  remote telemetry; 
monthly/annual reports; as-needed engineering  

 
$36,000 $43,200 $57,600 

Maintenance Equipment, materials, maintenance & 
replacement; site maintenance; sewer cleaning  

 
$18,200 $21,800 $21,800 

Laboratory & 
Expenses 

Monthly treatment system and monitoring well 
sampling and analysis, travel expenses & supplies 

 
$4,500 

 

 
$7,200 

 
$8,400 

Electrical Treatment plant, lift stations & leachfield dosing $3,000 $6,000 $6,000 
Septic Tank Pumping 25% of tanks pumped annually  $10,500 $10,500 $10,500 

 Subtotal  $82,700 $102,200 $117,800 
Contingencies (@ 10%) $8,270 $10,220 11,780 

 TOTAL  $90,970 112,420 129,580 
ANNUAL COST PER PARCEL $812 1,004 1,157 

 
 
Summary 
 
This group of alternatives provides three different approaches for developing a community 
leachfield system within a 1.5-acre wooded knoll on the Fire Road ridgeline above (northeast) of 
Woodacre Flats. The leachfield site is on Dickson Ranch property.  All three options would 
include a central wastewater collection system terminating in the area of Park Street and Central 
Avenue.  From this point the wastewater effluent would be pumped up the hill to the Fire Road 
site via force main route along Park Street and San Geronimo Valley Drive, and then overland 
following the ridgeline.  The three options differ as follows: 
 

• Alternative 3A is the simplest approach, including only septic tank (primary) treatment 
with the disposal system consisting of a shallow pressure distribution leachfield.  Using 
the entire available disposal area, it is estimated that this alternative would be able to 
provide capacity for a 100% system for service area of 150 parcels; but there would be no 
reserve area provided.  This alternative would have the lowest capital cost and annual 
O&M cost among the three Fire Road leachfield alternatives.   
 

• Alternative 3B would use include the same type of leachfield design as Alternative 3A, 
but it would be modified by including a secondary treatment system (such as AdvanTex) 
to be located in the Park Street area.  The inclusion of secondary treatment would allow a 
50% reduction in the leachfield size, making the 1.5-acre Fire Road site capable of 
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accommodating both a 100% capacity leachfield, plus a 100% reserve area.  The capital 
costs for this alternative would be about 11 to 12% higher than Alternative 3A, and O&M 
costs are estimated to be about 15 to 20% higher.   
 

• Alternative 3C would be similar to Alternative 3B in the use of a secondary treatment 
system in the Park Street area.  But wastewater disposal at the Fire Road site would be 
provided by a subsurface drip system rather than shallow pressure distribution trenches.  
This alternative would also be able to provide a 100% primary dispersal field plus a 
100% reserve field; in this case both the primary and reserve would be installed.  The 
capital costs for this alternative are with 1 to 2% of the estimated costs for Alternative 
3B.  However, the estimated annual O&M costs are higher than 3b by about 12 to 15% 
due to additional costs associated inspection and maintenance of the drip dispersal 
components.     

 
 
ALTERNATIVE 4 – GOLF COURSE WATER RECYCLING SYSTEM 
 
Description  
 
This alternative includes collection, treatment, and recycling of wastewater for turf irrigation at 
the San Geronimo Golf Course.  This would entail the construction of a central wastewater 
collection system in the service area (similar to the Fire Road alternatives), a wastewater 
transmission line (force main) to the San Geronimo Golf Course, a tertiary treatment plant 
located in the golf course maintenance area, holding pond(s) on the golf course (near green #2) 
for winter storage of recycled water, and seasonal reuse of the recycled water for spray irrigation 
of the golf course turf grass.  Figure 16 is a map showing the location of key features of this 
alternative.  Figure 17 provides a schematic diagram of the water recycling system.  The 
wastewater would be treated to meet California State requirements for tertiary recycled water 
(unrestricted uses), and would be incorporated into the existing golf course irrigation system, 
reducing the amount of raw water supplied to the golf course from MMWD.  The overall concept 
and main elements of this alternative have been developed in consultation with the golf course 
owners and maintenance personnel, who have indicated strong interest in considering this plan.        
 
Key elements of this alternative are summarized below. 
 
Collection System 
 
Based on the collection system analysis presented in Appendix D, the recommended sewage 
collection method for this alternative is a conventional gravity system, with a main lift station 
located at the northeast corner of Railroad Avenue and San Geronimo Valley Drive.  The sewage 
would be conveyed to the treatment plant location at the golf course maintenance area in a 4-inch 
diameter force main.  There are two possible routes for the force main, as follows:  
 

• Force Main Route A.  This route would follow San Geronimo Valley Drive.  The force 
main would be installed within the road right-of-road, either beneath or immediately 
adjacent to the paved roadway.  The force main would enter the golf course property at 
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the existing maintenance access road approximately 300 feet north of Meadow Way, and 
then follow the access road to the treatment plant site on north side of the maintenance 
area.  The force main would cross San Geronimo Creek on the existing road bridge where 
a ductile iron pipe sleeve would be provided for physical protection of the pipe and 
prevention/capture of any leakage.  The total force main length for Route A is 
approximately 5,860 feet.    
 

• Force Main Route B: This route would run north from the main lift station within the 
road rights-of way of Railroad Avenue, and then westerly along Sir Francis Drake Blvd 
to the location of the San Geronimo Golf Course cart path undercrossing.  At this point 
the pipeline would be routed across the golf course near green #8 to the treatment plant 
site on the north side of the maintenance area. The pipeline would be buried over its 
entire length, including where Railroad Avenue crosses San Geronimo Creek; here the 
pipeline would be installed beneath the road bed, above the concrete box culvert which 
contains the creek flow at this location.  The total force main length for Route A is 
approximately 5,350 feet.    

 
Preliminary analysis indicates force main Route B would be preferred over Route A on the basis 
of cost (shorter distance) and reduced potential for impacts to San Geronimo Creek.   Route B 
would put the pipeline a much greater distance from San Geronimo Creek along most of its 
length and would include a less vulnerable means for crossing of the creek – i.e., buried within 
the road bed of Railroad Avenue rather than sleeved and secured to the road bridge.  For either 
pipeline route, the installation could be done using trenchless technology (horizontal directional 
drilling) to minimize traffic disruption and physical disturbance to road pavement.     
 
Treatment Facilities 
 
The treatment facilities under this alternative would need to produce disinfected tertiary water 
meeting the requirements of California Code of Regulations, Title 22 Water Recycling Criteria.  
Recycled water meeting these standards is acceptable for unrestricted landscape irrigation, 
including golf course irrigation, as well as other water recycling uses.  Further explanation and 
discussion of Title 22 water recycling criteria are provided later in this section.     
 

• Treatment Plant Site.  As shown in Figure 16, the identified location for the wastewater 
treatment/recycling plant is on the north side of the golf course maintenance area.  It 
should be noted, however, that this is a suggested location and the exact positioning of 
the treatment facilities is not fixed.  At a minimum the plant would be situated to: (a) 
maintain at least a 100-foot horizontal setback from any watercourses and golf course 
ponds; (b) avoid interference with or impact from golf course play; and (c) be 
coordinated with golf course maintenance facilities and activities.  While no commitment 
has been made, golf course owners and maintenance personnel have indicated a 
willingness to consider the placement of a wastewater treatment/recycling plant on golf 
course property in this location.  The treatment plant would occupy an area of 
approximately 10,000 square feet, including allowance for vehicle access and parking.  It 
is assumed that the treatment plant would be fenced and screened with vegetation.  In 
addition to treatment tanks, pumps, piping and various mechanical and electrical 
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equipment, there would be a small control building (approximately 500 ft2), to house 
equipment and supplies, as well as a small office.  This alternative does not assume full 
enclosure of the treatment plant inside a building; however, this could be incorporated at 
additional cost.  

 
• MBR Treatment System.  Various types of treatment technologies, designs and 

manufacturers are available that could meet Title 22 water recycling requirements for a 
project to serve Woodacre Flats. This feasibility study has identified one particular 
system, membrane bioreactor (MBR), which is well suited because of the small area 
requirement, relatively low demands for operator control of the system (based on ease of 
automation), commercial availability, and acceptance by the California Department of 
Public Health.  It is not the only type of treatment system that could be used, but it would 
be a top consideration and provides a reasonable basis for estimation of costs.  
Background information and technical details on the MBR treatment process (including 
advantages and disadvantages) are covered in an EPA Fact Sheet, which is provided in 
Appendix F. 
 
The facilities required for an MBR system to meet Title 22 water recycling criteria are 
diagrammed schematically in Figure 17.  The MBR has small space requirements 
because it is designed to utilize a single complete mix reactor in which all the steps of the 
conventional activated sludge process occur with a membrane filter system submerged in 
the reactor.  
 
Screening influent sewage occurs at the treatment plant headworks, followed by 
collection and metering of flow through a flow-equalization (EQ) tank, which evens out 
the flow of sewage through the treatment process.   
 
From the EQ tank the raw sewage is pumped into the MBR treatment unit, consisting of 
tank(s) which include an anoxic and aerated zone, pumps, electrically-actuated valves, 
blowers, level controls, a programmable logic controller (PLC) and ultra-filtration 
membrane filter.  The sewage is mixed with recirculated mixed liquor in the anoxic cell 
and then flows to the aeration cell.  In the aeration cell, the wastewater is aerated through 
a grid of fine bubble diffusers connected to positive displacement blowers.  The ultra-
filtration membranes are immersed directly in the aerated mixed liquor and are connected 
to the suction side of a centrifugal pump (or pumps).  The clean permeate is drawn 
through the membranes and discharged to the disinfection system, which may be by 
chlorination or UV light.   
 
Sludge is withdrawn periodically from the anoxic tank, collected in a storage tank and 
periodically hauled for disposal/discharge at an acceptable septage receiving facility.  
Estimated sludge production rate for this project would be on the order of about 50 
gallons per day, with sludge hauling occurring every one to two months.  It is assumed 
that odor control facilities will be included in the design, which are needed primarily in 
connection with the headworks, EQ tank, anoxic tank and sludge storage tank(s).  
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Additional facilities specifically to satisfy Title 22 recycled water standards include: (a) 
standby emergency generator to operate the treatment plant during power outages; and 
(b) emergency storage sufficient to store at least one-day of incoming sewage flow from 
the service area.  It is assumed that this would be provided by one or more large-capacity 
holding tanks (buried).   Additionally, the treatment system would be equipped with 
automatic turbidity monitoring and control equipment that would temporarily interrupt 
and redirect the flow of treated water to the emergency storage tank in the event that 
turbidity limits are exceeded.  

 
Following the treatment process, a pump station would be provided to collect and route 
the recycled water to storage pond(s) located on the golf course.   

 
Recycled Water Storage 
 
As indicated in Figures 16 and 17, new ponds would be constructed on the golf course for 
storage of recycled water during the wet season.   The identified location for the ponds is an 
existing 2.5-acre triangular buffer area between the #2 green and #4 fairway, suggested by the 
golf course owners.  The existing golf course irrigation pump station for the front nine of the golf 
course is located behind the #2 green, about 300 feet from this pond location.  Figure 18 shows a 
tentative pond layout that would meet estimated storage requirements; however, other 
configurations are possible.  Two ponds are proposed to avoid existing trees and to best 
accommodate the gentle (3% to 4%) ground slope in the area.  
 
The ponds would be constructed through a balanced combination of excavation below existing 
grade (e.g., 6 to 10-feet deep) and engineered fill embankments above grade.  Balancing of 
excavation and fill would minimize or eliminate the need for off-hauling or importing of soil.  
For the configuration shown in Figure 18, the overall depth of the ponds is estimated to be on 
the order of 17 to 18 feet, and at capacity the total surface area of the ponds would be 
approximately 2 acres.   
 
Soil profile observations by Questa in the proposed pond area revealed a thin topsoil layer (12 to 
18 inches) underlain by stiff clayey subsoils.  These soil conditions are favorable for pond 
construction; and it is likely that the native clay subsoils would be suitable material to be used in 
forming the required impermeable pond liner.  If not, an artificial (plastic) liner would used.  
Drainage which presently flows overland in the pond area would have to be collected and re-
routed.   Some portions of the existing golf cart paths that border the pond area would also have 
to be re-routed, as would a main irrigation pipeline that crosses through the pond area.   
 
The ponds would be used to store treated water (plus rainfall) during the wet weather months 
(November-March), and would be drained down (via irrigation) during the dry season.  Using the 
assumed pond configurations in Figure 18, water balance calculations (monthly time steps) were 
made to estimate the storage capacity, and corresponding water depth, needed to accommodate 
projected recycled water volumes plus direct rainfall.  Calculations were made for two different 
wastewater flow assumptions of 29,000 gpd and 22,000 gpd, which represent, respectively, the 
projected average daily wet weather flow for 150 (100%) and 112 (75%) service connections, 
including 10% allowance for wet weather I/I.   Calculations were made for both 10-yr (61.3 
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in/yr) and average (41.6 in/yr) rainfall amounts.  The RWQCB requires pond capacity be 
designed to accommodate 10-yr rainfall amounts.  Calculations for average rainfall conditions 
are included to provide an estimate of the typical volume of water that would be available for 
golf course irrigation.  Rainfall amounts were estimated using data from Woodacre Fire Station 
combined with long-term records from Kentfield and San Rafael.  Water balance spreadsheet 
calculations are provided in Appendix G, and the results are summarized in Table 20 below. 
 
 

Table 20: Water Balance Summary for Recycled Water Storage Ponds  
 

Service 
Connections 
(# of parcels) 

Ave Wet 
Weather 

Wastewater 
Flow 
(gpd) 

Rainfall 
Scenario 

Max Pond 
Water 
Depth 

(ft) 

Max Storage 
Volume 

(mill. gals) 

Recycled Water Produced for 
Irrigation* 

Ave Flow 
(gpd) 

Total Volume 
mill. gals ac-ft 

150 29,000 Average 14.00 5.7 50,000 10.7 33 
150 29,000 10-yr 15.49 6.6 54,800 11.7 36 
112 22,000 Average 12.10 4.6 38,000 8.1 25 
112 22,000 10-yr 13.69 5.5 42,800 9.2 28 

* For irrigation period of April-October 
 
The ponds would be designed to provide a minimum freeboard depth of 2.0 feet above maximum 
projected water level, indicating overall pond depths on the order of 16 to 17.5 feet, depending 
on the number of parcels served by the system.  These are not the only feasible pond dimensions; 
different assumed pond configurations would yield somewhat different depths and overall 
volumes.   
 
Irrigation Disposal Facilities  
 
During the dry season (typically April-October), the water from the storage ponds would be 
integrated into the main irrigation water supply for the golf course, which presently comes from 
MMWD.   The recycled water would be routed to the existing irrigation pump station for the golf 
course front nine located behind the #2 green.  The irrigation pumps currently draw water from 
the existing golf course pond in front of the #3 tee, which is feed by a raw water pipeline from 
MMWD.  Piping and pump station modifications would be required to incorporate water from 
the recycled water ponds.     
 
According to maintenance personnel, irrigation water demand on the golf course during the dry 
season can exceed 300,000 gallons per day, about half of which is used on the front nine.   As 
indicated by the water balance summary in Table 20, the net amount of recycled water produced 
for golf course irrigation would be on the order of about 10.7 to 11.7 million gallons (33 to 36 
acre-feet) per year for a wastewater project serving 150 parcels, and about 8 to 9 million gallons 
(25 to 28 acre-feet) per year for a project serving 112 parcels.  These recycled water volumes 
would provide an average irrigation contribution in the range of 38,000 to about 55,000 gpd if 
spread evenly over the normal April-October dry season irrigation period.  This would amount to 
roughly 15% of the total golf course irrigation demand, and could be as much as 30% of the 
irrigation water demand on the front nine.  The actual amount of water in any given year would 
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depend on actual wastewater flows, plus rain water collected in the ponds, minus the water lost 
to evaporation from the pond surfaces.  The recycled water contribution to the golf course 
irrigation supply would be significant, but still well within the capacity of the golf course to put 
the water to beneficial use.   
   
In addition to changes to the irrigation pump station, the golf course would have to comply with 
recycled water use area requirements, which are reviewed below.  These cover items such as 
signage and markings, protection of drinking water fountains and outdoor eating areas, setbacks 
from wells, prevention of runoff and spray drift, and protection against cross-connection with 
domestic water lines.      
 
Regulatory Requirements 
 
Title 22 - Water Recycling Criteria  
 
Wastewater treatment facilities proposing to utilize the treated water for recycling are governed 
by requirements contained in California Code of Regulations, Title 22-Water Recycling Criteria.  
The California Department of Public Health (CDPH) is responsible for administering Title 22, 
which requires review of all wastewater recycling projects for conformance with the adopted 
regulations and criteria.  The CDPH acts in an advisory capacity to the RWQCB, who normally 
incorporate Title 22 requirements into waste discharge permits, along with CDPH findings and 
recommendations.  Key provisions of Title 22 Water Recycling Criteria are summarized here. 
 

• Treatment.  Recycling water for golf course irrigation requires that it be “disinfected 
tertiary recycled water”.   Among other things, this requires that, following secondary 
(biological) treatment, the oxidized wastewater must be filtered and disinfected by an 
approved process and meet the following requirements:    
 

(a) Total Coliform.  “The median concentration of total coliform bacteria measured in 
the disinfected effluent does not exceed a most probable number (MPN) of 2.2 per 
100 mL utilizing the bacteriological results of the last seven days for which 
analyses have been completed, and the number of total coliform bacteria does not 
exceed a MPN of 23 per 100 mL in more than one sample in any 30 day period.  
No sample shall exceed a MPN of 240 total coliform bacteria per 100 mL.” 
 

(b) Turbidity.  “... the filter effluent turbidity does not exceed 2 NTU, the turbidity of 
the influent to the filters is continuously measured, the influent turbidity does not 
exceed 5 NTU, and that there is the capability to automatically activate chemical 
addition or divert the wastewater should the filter influent turbidity exceed 5 NTU 
at any time.” 

 
Title 22 includes daily coliform analysis and continuous turbidity monitoring to verify 
compliance with the above effluent quality requirements.  The sampling requirements are 
established to assure protection of the public health because there is significant risk of 
human exposure to the recycled water.   
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• Reliability and Storage.  Title 22 includes provisions for emergency storage of sewage 
influent (minimum one day of design flow) and redundancy in various treatment 
processes to ensure continuous and reliable operation.  Additionally, Title 22 requires 
provisions for long-term storage (minimum of 20 days) or an alternate method of disposal 
for periods when recycling is not possible, e.g., due to the lack of irrigation demand 
during rainy periods or when/if the treated effluent fails to meet bacteriological limits. 

 
• Use Area Requirements.  Title 22 contains the following requirements pertaining to the 

areas where tertiary recycled water can be applied: 
 
(a) No application of tertiary recycled water shall occur within 50 feet of a domestic 

well, unless supported by a geological investigation; 
 

(b) No impoundment of tertiary recycled water shall occur within 100 feet of any 
domestic water well; 

 
(c) No runoff of irrigation water from the recycled use area shall occur unless determined 

not to pose a public health threat and authorized by the regulatory agency; 
 
(d) No spray, mist or runoff shall enter dwellings, designated outdoor eating areas, or 

food handling facilities;  
 
(e) Drinking water fountains shall be protected against contact with recycled water spray, 

mist or runoff;  
 
(f) Standard warning signs shall be posted where recycled water is used that are 

accessible to the public; 
 
(g) No physical connection shall be allowed between recycled water systems and potable 

water systems;  
 
(h) No hose bibs shall be allowed in the recycled water system in areas accessible to the 

public; quick couplers shall be used instead.  
 
(i) No recycled water agency shall deliver recycled water for any internal use to any 

individually-owned residential units including free-standing structures, multiplexes, 
or condominiums.  

 
Any project proposing water recycling is required to submit for review and approval to the 
California Department of Public Health (CDPH), an Engineering Report in compliance with 
the provisions of Title 22, Section 60323 of the California Code of Regulations.  This report 
is required to follow the document titled “Guidelines for the Preparation of an Engineering 
Report for the Production, Distribution, and Use of Recycled Water”, issued by CDPH.  
This report is normally completed prior to, or in conjunction with, the filing of a Report of 
Waste Discharge with the Regional Water Quality Control Board.   
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Operation and Maintenance Requirements  
 
The wastewater facilities described under this alternative would require maintenance by a 
California certified wastewater treatment plant operator (minimum Grade III).  This would cover 
operation, maintenance, and monitoring responsibilities for the collection system and the 
treatment plant.  It is envisioned that the golf course personnel would be responsible for 
maintenance and operation of the storage ponds, irrigation pump and distribution system and the 
recycled water uses areas (i.e., the golf course turf areas).    
 
System maintenance will include regular inspection of all equipment and processes.  A telemetry 
system would be incorporated to facilitate remote, continuous monitoring of the critical elements 
of the pump stations and the treatment system.  Ongoing inspection and maintenance of the 
facility is anticipated to include on-site physical work several days a week.   
 
Effluent water quality sampling and analysis will be an important aspect of the ongoing 
operation and maintenance of the MBR system and will be required for permit compliance under 
terms of the Monitoring and Reporting Program established by the RWQCB.  This will include 
daily sampling and analysis for coliform bacteria per Title 22 water recycling requirements.  
Contract arrangements with MMWD for coliform testing at their San Geronimo Water Treatment 
Plant would be an efficient way to meet this critical operating requirement.  
 
The holding ponds will be a relatively passive system requiring periodic inspection and upkeep - 
but little in the way of day-to-day operational requirements.  The pond water levels will require 
management to assure suitable capacity for wet weather storage needs; pond maintenance also 
requires implementation of mosquito control measures, normally consisting of application of 
microbial larvicides that are registered and approved for use by the US EPA.  It is anticipated 
that pond operation and maintenance will be handled by the golf course maintenance personnel, 
as will the irrigation pump station and spray operations. 
 
Since the treated water will be incorporated into the existing golf course irrigation system for dry 
season application to existing managed turf areas, it is not anticipated that any receiving water 
sampling requirements (e.g., groundwater monitoring wells or stream sampling) would be 
imposed.  
 
All flow monitoring, influent and effluent water quality data, storage pond levels and conditions, 
sludge hauling volumes, and wastewater treatment and water recycled water system inspection 
reports would be prepared and submitted to the San Francisco Bay RWQCB according to a 
schedule prescribed by the RWQCB in the Monitoring and Reporting Program.  It is anticipated 
to include monthly and annual reporting frequency.  
 
Estimated Costs 
 
Capital Costs 
 
The estimated capital costs for Alternative 4 are presented in Table 21, showing the costs for the 
two alternate force main routes, A and B, and for both 100% and 75% service connection 
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scenarios.  The bottom line in the table converts the total project costs to the average cost per 
connection, based on either 150 or 112 parcels, as applicable.  Detailed itemization of costs is 
provided in Appendix H, including quantities and unit cost assumptions. These assumptions 
were developed through discussions with manufacturers, equipment suppliers, and local 
contractors, and through review of recent contractor bids for similar work in Marin County, 
where applicable.   
 
 

Table 21: Capital Cost Summary 
Alternative 4 – Golf Course Water Recycling System 

 

Cost Item 

100% Service 
(150 parcels) 

75% Service 
(112 parcels) 

 Route A  
 Cost ($) 

 Route B  
Cost ($) 

 Route A  
Cost ($) 

 Route B  
Cost ($) 

Collection System (Gravity Sewer) 2,541,800 2,488,750 2,282,050 2,229,000 
Tertiary Treatment Plant 1,050,000 1,050,000 1,025,000 $1,025,000 
Recycled Water Storage & Transmission 678,000 678,000 563,000 $563,000 
Land/Easement Costs 0 0 0 $0 
Mobilization/Demobilization 100,000 100,000 100,000 100,000 
Permit Fees & Encroachment Fees 20,000 20,000 20,000 20,000 
          

Subtotal 4,389,800 4,336,750 3,990,050 3,937,000 
Contingency @ 20% 877,960 867,350 798,010 787,400 

Subtotal 5,267,760 5,204,100 4,788,060 4,724,400 
Engr & Environ Studies @ 15% 790,164 780,615 718,209 708,660 

Construction Management @ 10% 526,776 520,410 478,806 472,440 
Admin, Dist Formation, Financing @ 5% 263,388 260,205 239,403 236,220 

Total Estimated Cost $6,848,088 $6,765,330 $6,224,478 $6,141,720 
Estimated Cost Per Connection $45,654 $45,102 $55,576 $54,837 

 
 
The total project costs are based on treatment facilities and storage ponds to accommodate an 
average daily flow of approximately 29,000 gpd as projected for service to 150 parcels, and 
22,000 gpd for service to 112 parcels, including an allowance of 10% I/I flow contribution 
associated with the recommended conventional gravity sewer system.  Included are all expected 
costs for the abandonment of existing septic systems, new gravity sewer system, lift station and 
transmission line to the golf course, MBR treatment system, recycled water storage ponds on the 
golf course, and connections to the golf course irrigation pumping system.  Also included is a 
contingency 20% allowance, as well as estimated costs for engineering design, environmental 
studies, construction management, project administration, district formation and financing.   It 
should be noted that the golf course owners have indicated that the land needed for the treatment 
plant and storage ponds would be made available at no cost, and also that they would assume 
responsibility for any facility improvements or modifications to the golf irrigation system needed 
for compliance with Title 22 requirements for recycled water.    
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As indicated in Table 21, the estimated total costs for Alternative 4, Route B, would be on the 
order of about $6.77 million for service to 150 parcels in Woodacre Flats, and $6.14 million for 
service to 112 parcels.  The corresponding costs per connection are estimated to be $45,102 and 
$54,837, respectively.   The costs for force main Route B are estimated to be about $83,000 
higher in total costs, with individual costs higher by about $550 to $750 per connection, 
depending on the number of connections.    
 
Operation and Maintenance Costs 
 
The estimated annual operation and maintenance costs for Alternative 4, for both 100% and 75% 
service connection scenarios, are provided in Appendix H, including supporting itemized 
calculations and assumptions.  The O&M costs were estimated based on labor, equipment, 
materials and other expenses required to perform the necessary inspections, water quality 
sampling, data analysis, report preparation, sludge disposal, and routine maintenance for the 
collection system and MBR treatment/recycling plant.  Not included are any costs associated 
with the storage and use of the recycled water by the golf course for turf irrigation.  Also 
included are estimates of annual energy costs (electrical) for operation of the main lift station and 
the treatment system.  Additionally, O&M costs include an allowance for equipment 
repair/replacement, which will be required over the life of the system.  An allowance of 10% is 
included as a contingency.  The cost estimates were developed based on the expected operation 
and monitoring needs defined above, and using data and experience from monitoring and 
maintenance of other similar systems in Marin County and other Northern California 
communities.  The total annual O&M costs and corresponding cost per connection are listed in 
the summary table below 
 
 

Table 22: Estimated Annual O&M Costs 
Alternative 4 – Golf Course Water Recycling System 

 
Wastewater 

Service 
Assumption 

# of Parcels 
Served 

Estimated Total Annual 
O&M Costs 

($) 

Estimated Annual O&M 
Cost per Parcel 

($) 
100% Connections 150 166,870 1,112 
75%  Connections 112 135,410 1,209 
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Summary  
 
Alternative 4 presents a viable option for treating and recycling wastewater from Woodacre Flats 
at the San Geronimo Golf Course.  This could be accomplished with a conventional gravity 
sewer system in the community, a 4-inch diameter transmission line via Sir Francis Drake Blvd., 
a compact water recycling treatment plant located at the golf course maintenance area, 
approximately 2-acre recycled water storage pond(s) on the golf course, and integration of the 
recycled water into the existing irrigation system for the front nine of the golf course.   At full 
capacity, a wastewater system serving 150 parcels in Woodacre Flats could produce up to 
approximately 10 to 11 million gallons of recycled water per year for irrigation use that would 
directly reduce the use of MMWD raw by an equivalent amount.   The golf course owners and 
maintenance personnel have been consulted in the development of this alternative and have 
expressed interest in cooperating and partnering with the community to implement a water 
recycling project.      
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SECTION 7: COMPARATIVE ANALYSIS OF PROJECT ALTERNATIVES 
 
 
This section reviews the advantages and disadvantages of the various project alternatives with 
respect to regulatory compliance, environmental impacts, reliability, flexibility, resource 
utilization, land use and costs.  A comparative summary and ranking is provided at the end of the 
section, along with identification of the “apparent best” alternative or alternatives. 
 
 
REGULATORY COMPLIANCE 
 
A primary goal of a wastewater facilities project in Woodacre Flats would be to correct existing 
water quality, public health and nuisance problems, and bring wastewater disposal activities into 
compliance with accepted sanitary practices and environmental quality standards. 
 
Alternative 1 (No Project) fails to achieve these objectives although, over a number of years, 
improvements in local water quality, public health, and sanitation conditions may occur.  It is 
estimated that nearly 70% of the properties in the Woodacre Flats area are in serious conflict 
with current septic system standards and would have significant difficulty complying with 
County repair standards. 
 
Alternative 2 would substantially reduce present water quality and public health problems, and 
bring more (as compared with the No Project option) of the existing onsite systems into 
conformance with accepted practices.  Where this alternative falls short of meeting 
environmental health/water quality requirements would be in the heavy reliance on advanced 
treatment systems for many of the properties in the service area, along with the need for 
continued monitoring and surveillance to document suitable system performance and compliance 
with water quality objectives..  The need for advanced treatment systems results from the 
shallow soil and groundwater conditions combined with the land area/setback constraints due to 
the small lot sizes and high intensity of development.  
 
Alternatives 3A would be expected to satisfy Marin County septic system repair requirements, 
but may have difficulty complying with RWCQB requirements, since it would only provide for a 
single 100% capacity disposal system, with no designated reserve area. 
 
Alternatives 3B, 3C and 4 would all be expected to satisfy Marin County septic system repair 
requirements as well as waste discharge requirements established by the RWQCB.  Each of these 
alternatives would meet standards for new construction, in terms of treatment technology, 
disposal area conditions and design requirements.  Alternative 4 would comply with California 
Water Recycling Criteria for unrestricted recycling uses, a higher environmental standard.  
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ENVIRONMENTAL IMPACTS 
 
A complete environmental impact report would be prepared separately as part of the overall 
facilities planning work if a project moves forward for the Woodacre Flats area.   Provided here 
is a brief overview of the environmental issues posed by the different alternatives. This review is 
intended to assist in identification of the preferred alternative; it is not a substitute for the 
environmental documentation requirements of the California Environmental Quality Act. 
 
Alternative 1 will include an unknown number of new and upgraded OWTS using conventional 
septic tanks and disposal systems similar to existing practices.  There will be increased use of 
pump systems, fill soil and drainage work, amounting to increases in the amount of land 
disturbance compared with current and historical practices.  The general trend would be toward 
installing shallow disposal fields matched more closely with the shallow permeable soil 
conditions.  The negative impacts of the No Project alternative would be the lack of any 
comprehensive plan or schedule to bring about the upgrading of onsite systems, and the 
continued potential for existing impacts on public health and water quality to occur.  Another 
negative aspect of this alternative would be the possible need to revert to holding tanks and 
regular sewage hauling for some properties that have no acceptable on-lot options.    
 
Alternative 2 will largely eliminate the public health hazards from failing or poorly functioning 
septic systems through elimination of problematic systems, addition of individual advanced 
treatment units, and development of upgraded and improved means for onsite dispersal of the 
treated water.  The institution of an onsite wastewater management program will provide the 
means for monitoring each system to oversee the protection of the local environment against 
wastewater impacts.  The potential negative aspects of this plan would be the land disturbance 
required on individual properties to upgrade onsite systems.  The importing of soil fill, removal 
of landscaping to make room for advanced treatment units, and raised bed dispersal systems will 
likely be objectionable in many instances. Conflicts with other uses of limited available land area 
would be a potentially significant issue.  Also, similar to Alternative 1, there may be instances 
requiring holding tanks and regular sewage hauling as part of a solution for some properties.  
 
Alternatives 3A – 3C will have pose similar environmental impacts related to the construction 
of a sewer system, lift stations, treatment facilities and disposal field at the Fire Road site.  The 
collection system, utilizing small diameter piping, will generate impacts during the construction 
phase. Also, the recommended sewer option includes the use of STEP and STEG systems, which 
creates the continuing need for septic tank and pump maintenance on individual properties, along 
with routing septic tank cleaning.  Pump failures and/or pipeline leaks or breaks would pose the 
potential for discharge of partially treated sewage to the environment if not properly mitigated 
through design and operational procedures.   
 
More significant impacts for the Fire Road leachfield alternatives may be posed by the 
conversion of the Park Street area to site for a main lift station (Alternative 3A) or a secondary 
treatment plant (Alternatives 3B and 3C).   The main lift station and/or treatment plant will 
mainly consist of below ground or low-profile tanks and submersible pumps, plus a small control 
building.  It would be fenced and could be screened with vegetation to mitigate visual impacts.  
Noise levels would be low, but there would be regular activity at the site and routine 
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maintenance running of a standby generator.  Sewage odors would be generated, but can be 
mitigated with appropriate odor control facilities.    
 
The Fire Road leachfield site and the pipeline route to the site would involve a substantial 
amount of excavation, requiring mitigation for erosion control.  The leachfield site and force 
main route were identified to avoid geologically unstable areas; however there are steep slopes 
and potentially unstable lands in the vicinity, which will require evaluation to confirm avoidance 
of impacts.  The land areas disturbed by the leachfield and pipeline impacts would be expected to 
revegetate easily to native conditions.  The addition of primary treated effluent (Alternative 3A) 
or secondary treated effluent (Alternative 3B and 3C) are compatible with the soil conditions in 
the identified leachfield site.  However, additional soils and groundwater investigation and the 
potential for impacting water quality or hydrology in locations downgradient/downhill from the 
leachfield site would need to be considered as part of formal environmental review and system 
design.  
 
Alternative 4 will include some elements and associated environmental impacts of Alternatives 
3A-3C regarding the installation, operation and maintenance of wastewater collection facilities in 
Woodacre.   The main difference is that a conventional gravity sewer, rather than effluent 
STEP/STEG, would be used such that there the on-lot septic tanks and any associated impacts 
would be eliminated.  Additionally, there would be no planned facilities at the Park Street site; 
instead a main lift station would be located at the intersection of Railroad Avenue and San 
Geronimo Valley Drive.   
 
The recommended pipeline route from Woodacre to the golf course is via Railroad Avenue and 
Sir Francis Drake Blvd.  It is likely that it would be installed for most of its length using 
trenchless methods (i.e., horizontal directional drilling), such that impacts to road surfaces and 
traffic would be greatly minimized.   The recommend pipeline route would cross San Geronimo 
Creek as a buried pipe the road, mitigating potential concerns about sewage leakage into to the 
creek. 
 
The main impacts from Alternative 4 would be confined to the golf course area, including: (a) 
those associated with the treatment plant (visual, odors, noise, spills) located in the golf course 
maintenance complex; (b) the construction and maintenance of a 2-acre holding pond in a 
currently unused part of the golf course; and (c) the integration of recycled water into the golf 
course irrigation system.  The treatment plant would be of a compact design and provided with 
odor control facilities and screening to minimize its local impacts.  The treatment system would 
be required to comply with Title 22 standards for water recycling, which are very stringent in the 
direction of public health and water quality protection.  The holding ponds on the golf course 
would be designed to capture and hold rainfall as well as tertiary treated water.  The ponds would 
have to be managed to control mosquitoes, prevent overflows, and be maintained in a safe 
condition and off-limits to golfers.  Final dispersal of the recycled water in the irrigation system 
would be limited to the dry season, at appropriate application rates and to areas where there is no 
threat of runoff to local drainages or San Geronimo Creek.  Violation of these standard 
conditions of the RWQCB could result in recycled water runoff into San Geronimo Creek.      
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RELIABILITY 
 
Reliability considerations relate to the ability to consistently meet wastewater treatment and 
disposal objectives and have adequate provisions for emergencies, malfunctions, extreme 
climatic conditions, or fluctuations in flow. 
 
Alternative 1 rates poorly in terms of reliability.  Options to correct existing septic system 
problems will be limited and costly.  Some property owners will have extreme difficulty finding 
solutions that can assure long-term performance reliability because of shallow soil/groundwater 
conditions and space limitations.  Without a concerted effort to systematically assess and 
upgrade existing systems, many systems will remain as is and a source of continuing public 
health and water quality concerns.     
 
Alternative 2 represents a substantial improvement in reliability through the proposed 
implementation of an onsite inspection and maintenance program.  However, the need to rely on 
many individual advanced treatment units, although feasible, will intensify the oversight and 
maintenance requirements, and affect the overall reliability of this alternative. 
 
Alternatives 3A, 3B and 3C (Fire Road Community Leachfield) all offer a high degree of 
reliability over present sewage disposal practices.  In all cases the facilities would be capable of 
meeting repair standards for wastewater treatment and disposal, including built-in emergency 
and redundancy provisions for potential equipment failures, power outages, etc.  However, 
Alternative 3A would be inferior to 3B and 3C since it would not provide any reserve disposal 
area as normally required for new construction. Also, the fact that Alternatives 3B and 3C 
include secondary wastewater treatment prior to disposal reduces the amount of dependence on 
the soil environment for absorption and treatment of wastewater, and increases the reliability of 
these alternatives over Alternative 3A, which provides for discharge of septic tank effluent.  The 
electrical and mechanical elements of the secondary treatment system would be subject to 
periodic malfunction.  However, these aspects of the treatment system can be routinely 
monitored, maintained, repaired and replaced as necessary.  On the other hand, damage to and/or 
decline in the performance of the soil absorption system is not easily remedied; which is a 
greater concern for septic tank effluent than for secondarily treated effluent.  
 
Alternative 4 would provide the highest level of reliability as it would have to be designed and 
operated to comply with State standards (Title 22) for tertiary recycled water.   The applicable 
standards for water recycling have built-in redundancy and fail-safe requirements to assure 
against human health impacts from exposure to recycled water.  These requirements include such 
things as automatic monitoring and control systems, duplicate unit processes, and emergency 
storage/holding capacity.  The method of final dispersal of the treated water (winter 
storage/summer irrigation) is inherently more reliable than depending on year-round soil 
absorption, as per the other alternatives.     
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FLEXIBILITY 
 
Flexibility of each alternative relates to the ability to accommodate future connections or 
building remodels from other Woodacre Flats properties, to be expanded, and to provide 
reclamation/reuse opportunities. 
 
Alternatives 1 and 2 rate very low in terms of flexibility. As stated before, Alternative 1 offers 
limited or poor solutions for existing developed properties, let alone assisting in the potential 
solution of other problems.  By establishing a formal management program Alternative 2 would 
introduce some additional flexibility for septic system upgrades not only for the properties 
addressed in Woodacre Flats, but for other properties in the adjoining areas of Woodacre as well.   
 
Alternatives 3A, 3B and 3C would all provide significant flexibility to facilitate current and 
future upgrade of septic system practices in the Woodacre Flats area. The alternatives rank fairly 
close to one another on this issue.  However, on balance, the greatest flexibility would be offered 
by Alternatives 3B and 3C because of the inclusion of secondary treatment facilities.  This will 
preserve more of the land disposal capacity of the site for future connections, as compared with 
Alternative 3A, which includes primary treatment only, and does provide any reserve capacity 
in the Fire Road site.  Also, the secondary treated water could potentially be used for seasonal 
irrigation.   
 
Alternative 4 offers direct reuse opportunities and potentially could also offer future expansion 
possibilities to serve other neighboring areas of Woodacre or possibly other parts of the San 
Geronimo Valley.  The recycled water produced by the Woodacre Flats service area would 
supply only a small portion of the golf course irrigation demand.  Capacity of the system could 
potentially be expanded in the future to aid in addressing other septic system problem areas and, 
in turn, making more recycled water available to replace the existing uses of MMWD water for 
golf course irrigation.   Such expansion would be subject to further engineering and 
environmental study and, at a minimum, would entail larger treatment facilities and increased 
storage capacity for treated water during the wet season.     
 
 
RESOURCE UTILIZATION 
 
Alternative 1 would create new energy requirements and resource demands only to the extent 
that individual actions are taken to upgrade existing septic systems with more modern treatment 
devices.  
 
Alternative 2 would increase energy requirements in comparison with the No Project 
Alternative, since it assumes that a substantial number of properties would be served by an 
advanced treatment/dispersal system utilizing pumps and possibly UV disinfection and aeration 
units. There would also be increased usage of fossil fuels for Alternative 2 as a result of the 
construction work for onsite system improvements, regular inspection and monitoring activities, 
and a somewhat higher rate of septic tank pump-outs that would likely occur with a management 
program in place. 
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Alternatives 3A, 3B, 3C and 4 would all have increased energy requirements, in comparison 
with Alternatives 1 and 2, because of the need to pump the wastewater to offsite 
treatment/disposal locations and, for 3B, 3C and 4, the operation of pumps, aerators and other 
equipment needed for secondary and tertiary treatment facilities.   Preliminary estimate of 
pumping and treatment equipment indicates that Alternative 4 would have the greatest energy 
requirements, followed by Alternatives 3B and 3C, which would about the same, with 3A (no 
treatment system) having the lowest requirements.  There would also be increased usage of fossil 
fuels for all of the community system alternatives as compared with Alternatives 1 or 2 as a 
result of the more extensive construction work for the community system improvements, and 
ongoing inspection and monitoring activities.   
 
Another resource utilization factor is the reuse of treated wastewater.  This is a positive 
environmental benefit of Alternatives 4, which would produce recycled wastewater (up to as 
much as 10 to 11 million gallons per year) to be used to supplant some of the existing raw 
municipal water used for irrigation of the San Geronimo Golf Course. 
 
 
LAND USE 
 
This factor considers the impact of wastewater facilities on individual properties, public areas 
and other lands.   Alternative 2 would pose the biggest impact on individual properties in the 
service area through the need to modify and expand onsite wastewater systems on each property, 
affecting existing landscaping and other property improvements and activities.   Alternative 1 
would have a similar effect, but not to the same degree.  Neither of these alternatives would 
impact land uses elsewhere in Woodacre or surrounding areas.   Alternatives 3A-3C and 4 
would all involve the installation of sanitary sewers in the local streets, plus one or more lift 
stations in the community.   The recommended sewer system approach (effluent STEP/STEG) 
for the Fire Road leachfield alternatives (3A-3C) would require the continued use and 
maintenance of individual septic tanks on each property.  The recommended use of conventional 
gravity sewers for Alternative 4 would eliminate this impact.   
 
With respect to offsite land uses, Alternatives 3A-3C would all require community facilities in 
the Park Street area.  For Alternative 3A it would be limited to a main lift station, with mainly 
buried tanks.   The impacts would be greater for Alternatives 3B and 3C through the use of the 
Park Street area for a secondary treatment plant and main lift station.   All three of these 
alternatives would also include the conversion of the approximately 1.5 acres of wooded knoll at 
Fire Road to community leachfield uses.    
 
The land use impacts of Alternative 4 within the community would be limited to the installation 
of gravity sewers and manholes in the streets and associated maintenance, plus the a single main 
lift station near the intersection of Railroad Avenue and San Geronimo Valley Drive.   From this 
point to the Golf Course the sewage pipeline would be buried in the road rights of way.   At the 
golf course the treatment plant would occupy an approximately 10,000 square foot area in the 
existing golf course maintenance area.  Additionally this alternative would require the 
construction of approximately 2 acres of new holding pond within the golf course.  The ponds 
would be visible from Sir Francis Drake Blvd., but the impacts would be primarily to the golf 
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course owners and those using the course.  No land use impacts would be associated with the 
dispersal of the recycled water, since it would be integrated into the existing golf course 
irrigation system.      
 
 
COSTS 
 
The estimated capital cost and operation and maintenance (O&M) cost for the various 
wastewater project alternatives are summarized in Table 23 for assumed service to 100% of the 
150 developed parcels.  Supporting cost information is itemized for each alternative in preceding 
individual sections and in the appendices.  No estimated is given for the No Project Alternative. 
However, judging by other experience in Marin County, it is recognized that for individual 
property owners, the future cost of compliance with environmental requirements is likely to be 
substantial. 
 
Table 23 also converts the estimated O&M costs for each alternative to a present worth value, 
using an assumed 30-year service life, an assumed inflation rate of 2% per year, and an assumed 
interest rate of 5%.   The total of the capital cost and present worth O&M cost are combined at 
the bottom of the table for project comparison.  The cost ranking (lowest cost = highest ranking) 
is indicated in the bottom row.   The cost comparison shows Alternative 3A to have the lowest 
projected capital, O&M, and present worth costs.   Onsite upgrade/management project 
Alternative 2 is indicated to have the highest capital cost and present worth cost.  Alternative 4 is 
estimated to have the highest O&M cost and the second highest present worth cost.  
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Table 23: 
Cost Comparison of Alternatives 
(100% participation; 150 parcels) 

 

COST 
FACTOR 

1 2 3A 3B 3C 4 

No 
Project 

Onsite 
Upgrades & 

Mgt. 
Program 

Fire Road 
Community 
Leachfield 

Fire Road 
Community 
Leachfield 

Fire Road 
Community 
Leachfield 

Golf Course 
Water Recycling 

 
Tertiary Treatment 

Storage Pond 
Spray Irrigation 

Primary 
Treatment 

PD Disposal 

Secondary 
Treatment 

PD Disposal 

Secondary 
Treatment 

Drip Disposal 

Estimated 
Capital Cost N/A $ 8,374,860 $ 5,330,130 $ 5,996,610 $ 6,079,710 $ 6,765,330 

Annual O&M 
Cost 

 
N/A $ 141,295 $ 110,000 $ 132,770 $ 149,930 $166,870 

Present Worth 
O&M Cost N/A $2,769,380 $ 2,156,000 $ 2,602,290 $ 2,938,630 $3,270,650 

Total Present 
Worth N/A $11,144,240 $7,486,1130 $8,598,900 $9,018,340 $10,035,980 

Cost Rank* N/A 1 5 4 3 2 

*Lowest cost = Highest Ranking 
 
 
COMPARATIVE SUMMARY 
 
An overall comparison is drawn here between the project alternatives, taking into consideration 
the various factors presented in the section. Numerical ratings were assigned to each alternative 
for each factor according to the following guidelines. Where projects were judged to be 
essentially equal for a given factor they were given the same score.  Results are displayed in 
Table 24.  The scoring was based on a combination of objective information (e.g., costs) and 
subjective best professional judgment.  The results are not an absolute determination of the best 
project alternative.  
 
Regulatory Compliance 
 
Project alternatives were evaluated with respect to their ability to meet public health and water 
quality standards, along with the level of standard applicable to the project.   Projects were 
ranked in order of increasing environmental quality standards, and points were assigned 
according to rank, from 1 (minimum) to 6 maximum.  The No Project alternative, which would 
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have the greatest degree of non-compliance, was assigned the lowest ranking and point score. 
Increasingly higher environmental standards would be met by Alternatives 2 through 4, and they 
were ranked and scored accordingly.   
 
Environmental Impacts 
 
Projects were subjectively ranked in order of decreasing impacts on the natural environment, and 
assigned points according to rank. The least impact project was assigned the highest score (6).   
 
Reliability and Flexibility 
 
Projects were subjectively ranked in order of increasing flexibility and reliability and assigned 
points according to rank. The most reliable/flexible project was assigned the highest score (6).  
 
Resource Utilization 
 
Project alternatives were ranked in order of decreasing demands on natural resources, principally 
energy requirements, and assigned points according to rank. Wastewater reuse was also 
considered as a positive resource utilization factor; to account for this, an additional point was 
added to the score for Alternative 4.  Higher points correspond to projects with lower net 
resource demands. 
 
Land Use  
 
Project alternatives were subjectively ranked in order of decreasing impacts on land uses, based 
on the amount of land that would be converted or dedicated solely to wastewater treatment 
and/or disposal uses.    
 
Costs 
 
Lastly, project alternatives were ranked by costs, using the present worth values and ranking 
given in Table 23.  Because of the importance of costs to project implementation and long-term 
operation, a greater significance was given to this factor.  This was done by weighting the 
scoring double that of other factors, with a high point total of 12 as compared with 6 for the other 
evaluation categories.  Point scores were assigned from low to high in 2-point increments.  The 
lowest point total was given to the No Project alternative.  This is due to the fact that, although 
no information has been developed on the total cost of this alternative, there is a strong 
likelihood that the future cost of individual compliance for any given property owner could 
easily exceed the estimated per parcel costs for the any of the other community-based project 
alternatives.  
 
Apparent Best Alternative 
 
This comparative analysis shows Alternative 3B and Alternative 4 to have the highest ranking 
among the alternatives evaluated and are identified as the “apparent best” alternatives for the 
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