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Landfill 1 at the Sonoma County Central Landfill 

Dear Mr. Morelli: 

This Technical Memorandum is intended to provide a comprehensive review of site data for 
Landfill 1 at the Central Landfill Disposal Site in Sonoma County, California.  In addition, this 
memorandum describes the County’s accomplishments to meet the mandate to reduce leachate to 
the maximum extent practical by 2009 as established in 2004 Waste Discharge Requirements 
(WDR) Order Rl-2004-0040 issued by the Regional Water Quality Control Board, North Coast 
Region (RWQCB) for the Central Disposal Site.  As a result of this review, there is a good 
understanding of both the environmental processes influencing the migration of leachate and 
landfill gas (LFG), and the effectiveness of the engineered systems that are in place to control 
such migration and protect groundwater resources.  Specifically, the five objectives of this 
review are to:   

(1) Present our understanding of the distribution and occurrence of leachate  

(2) Assess the potential for leachate and LFG to affect surrounding groundwater  

(3) Assess the effectiveness of the leachate removal and control system (LCRS) and the 
landfill gas collection and control system (GCCS) in minimizing the migration potential 
of leachate and LFG, respectively  

(4) Describe how the numerical model serves as a predictive tool to maximize the 
management of Landfill 1 and correspondingly assure the protection of groundwater 
quality adjacent to and downgradient of the unit 



Mr. Glenn Morelli Project 129429 
August 13, 2009 
Page 2 

Sonoma Central Compliance with WRDs 

(5) Describe the existing LCRS and how it is reducing leachate to the maximum extent 
practical 

In 2005, Shaw prepared a Site Conceptual Model (SCM) that consisted of the following 
elements: 

• History of the development of Landfill 1 

• Integration of the extensive environmental data collected to date and development of a 
geographical information system  

• Development of effective leachate and LFG management and monitoring programs 

• Evaluation of magnitude and extent of affected groundwater 

• Characterization of the potential pathways that leachate and LFG can affect groundwater 
quality 

• Description of a numerical groundwater flow model that will assist in evaluating 
operational modifications of the LCRS and project the reduction of leachate in Landfill 1 

The SCM led to a comprehensive understanding of the site and how groundwater, leachate, and 
LFG interact with each other.  Monitoring data from the site (LFG, groundwater, and leachate) 
has been coordinated and evaluated as a whole system.  This comprehensive understanding has 
allowed the development of a program that is used to direct the operation of the LCRS and the 
GCCS. 

The findings of this assessment demonstrate that the site conditions including site development 
history, hydrology, geology, and hydrogeology are well understood.  In addition, Shaw 
completed a comprehensive review of all of the individual environmental monitoring and control 
systems.  The significant conclusions are: 

• If there were a problem with groundwater, the current detection monitoring network is 
sufficient to identify a release in its early stages and determine the extent and magnitude 
of any potential impact 

• The current leachate and LFG monitoring network (used in conjunction with the 
detection-monitoring network) is also sufficient to monitor the effectiveness of leachate 
and LFG extraction systems.   
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• The monitoring and control systems are designed, maintained, and operated to effectively 
control leachate and LFG. 

• A water balance analysis indicates that leachate extraction exceeds all water inflow by 
about 5 million gallons per year. 

• Because Landfill 1 is in an unlined canyon groundwater inflow will always occur, which 
gives the appearance of high leachate levels at the perimeter of the landfill. 

• Leachate extraction from the center of the landfill induces continual groundwater inflow 
causing an inward gradient, which prevents leachate from leaving the landfill. 

• Nested shallow and deep wells in the bedrock around the landfill show an upward 
hydraulic gradient, which confirms that an inward gradient is present. 

• No consistent groundwater impact or LFG intrusion issues have been identified in the 
Rock Extraction Area (REA) other than temporary low-level volatile organic compound 
(VOC) detection in one well immediately adjacent to the refuse.  This temporary 
groundwater impact issue has been reversed and no longer exists. 

• Impacted groundwater has not been detected at the site boundary or at any points of 
compliance.   

• The occurrence of impacted groundwater is limited to low concentrations of VOCs in two 
shallow localized groundwater areas adjacent to Landfill 1 (i.e., adjacent to the 
southeastern perimeter of Landfill 1 and adjacent to the toe of Landfill 1). 

• Active leachate and landfill gas control systems are necessary to maintain the current 
level of environmental control.   

In addition, Shaw developed a numerical groundwater flow model (NGFM) that provides the 
necessary tools to operate Landfill 1 in a manner that will provide long-term protection of 
groundwater resources. 
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KEY TEAM  

The County assembled a Technical Review Group (TRG) to study and address the leachate 
management issues at Landfill 1.  The TRG included the Sonoma County Water Agency 
(SCWA), the County Department of Transportation and Public Works, and consultants from 
various fields and technical specialties.  Developing this TRG helped the County better evaluate 
the LFG and leachate control systems and determine how to operate these systems to protect 
groundwater resources at the site. 

OPERATIONAL GOALS ESTABLISHED TO PROTECT GROUNDWATER 

The County has established four operational goals: 

(1) Reduce leachate levels to maximum extent practical 

(2) Maintain hydraulic control within the landfill 

(3) Control LFG for groundwater protection 

(4) Maintain regulatory compliance for air emissions 

The following sections describe these goals in detail and the County’s related accomplishments. 

Reduce Leachate Levels to Maximum Extent Practical 

Because of a continuous inflow of groundwater to the landfill, complete dewatering of the 
landfill is not feasible.  Instead, continuous operation of the LCRS is necessary to ensure 
protection of groundwater resources.  However, groundwater resources are currently protected 
by operating the LCRS with two operational goals:  

(1) To provide hydraulic control within the landfill (i.e., maintain an inward gradient) 

(2) To reduce the leachate levels to the maximum extent practical.   

To achieve these goals, the LCRS has been significantly expanded in recent years and currently 
consists of approximately 91 pumping wells, sumps, and an extensive network of underdrains.   
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To monitor the effectiveness of the LCRS, the County developed a leachate and groundwater 
level-monitoring network at the site.  This network consists of 23 leachate piezometers within 
Landfill 1 and 46 groundwater monitoring wells surrounding the landfill as shown on Figure 2 in 
Attachment A.  These piezometers and wells are currently monitored on a monthly basis to 
provide data for ongoing evaluation of the effectiveness of the leachate extraction system.   

Figures 1 and 2 illustrate how continued operation of the LCRS will produce a significant 
reduction in leachate levels within the landfill.  The LCRS currently extracts a significant 
amount of leachate from a combination of leachate wells and underdrains to develop an inward 
leachate gradient, which was confirmed by the SCM. 

RMC GeoScience performed a comprehensive water balance analysis, which was presented in 
the SCM.  The water balance analysis was used to demonstrate the effectiveness of the existing 
LCRS in achieving the operational goal of reducing leachate volume.  On the basis of historical 
records of trucked leachate from Landfill 1, approximately 250 million gallons of leachate have 
been removed from the landfill since 1993.  The present annual leachate extraction rate from 
Landfill 1 is approximately 15 million gallons.  The water balance analysis contained in the SCM 
indicates that approximately 10 million gallons of water is entering the refuse mass each year.  
Of this amount, approximately 4.4 million gallons (~44%) is infiltrating into the refuse through 
the interim cover and approximately 5.6 million gallons (~56%) is a result of groundwater 
recharge through the base of the unlined landfill.  On the basis of this analysis and leachate-level 
data, the existing LCRS is decreasing the overall volume of leachate within the landfill.   

Further, studies have shown that the placement of the final cover would not have a significant 
effect on the reduction of the leachate levels in Landfill 1.  In addition, significant enhancements 
to the number extraction wells in the LCRS would also not have a significant effect on the 
reduction of the leachate levels in Landfill 1.  The rationale for this conclusion comes from the 
use of the NGFM to evaluate the capture zones of the current extraction wells to convey leachate 
from the refuse mass.  There is already overlap of the capture zones within the current system for 
leachate extraction.  Therefore, additional wells would rob leachate from existing wells and not 
necessarily increase collection.    

Maintain Hydraulic Control Within the Landfill 

Pacific GeoScience developed combined leachate and groundwater contour maps for Landfill 1 
to evaluate the effectiveness of the LCRS in meeting the operational goal of maintaining 
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hydraulic control of leachate.  The continued review of the combined leachate and groundwater 
contour maps allows the County to assess the potential for leachate to migrate from the landfill.  
This information will continue to direct the leachate extraction efforts and thus mitigate the 
migration potential.   

The current review of the leachate/groundwater contour maps indicate that the LCRS, which has 
been expanded in recent years, is generally meeting the goal of providing hydraulic control of 
leachate.  In the past, the LCRS along the southeastern perimeter of the landfill was not 
providing adequate hydraulic control.  However, on the basis of the information contained in the 
SCM report, the County installed additional leachate extraction wells in that area to reduce this 
potential. 

Control Landfill Gas for Groundwater Protection 

The GCCS has been designed and constructed with the dual objectives of environmental control 
and to provide fuel to the electrical generation plant.  The GCCS consists of 129 vertical LFG 
extraction wells and 6 horizontal LFG collection trenches as shown on Figure 5 in Attachment A.  
Figures 1 and 2 show how the operation of the GCCS controls LFG and prevents vapor phase 
transport of contaminants to shallow groundwater. 

Some of the specific elements designed and incorporated into Landfill 1 to reduce 
LFG/groundwater interaction include: 

• A dual extraction (LFG/leachate) LCRS installed under the western edge of Landfill 1 in 
1999 

• A LCRS drainage system is installed along the easterly limit of the Landfill 1, in the 
vicinity of monitoring well F-8 

• Enhanced perimeter control wells along the eastern benches of Landfill 1, to mitigate the 
LFG and leachate migration potential 

• Retrofits of approximately 60 vertical LFG extraction wells for dual function leachate 
extraction 

Elevated leachate levels within the refuse mass have rendered certain wells to be less effective at 
collecting LFG.  The continued leachate pumping will reduce the leachate levels, exposing more 
refuse for LFG generation, and increase both total LFG production and collection efficiency.  
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The rated capacity of the existing flare and the 10 internal combustion engines is currently 
sufficient to destroy all LFG and maintain air quality regulatory compliance. 

Two monitoring programs are used to determine the effectiveness of the GCCS to control LFG, 
which could affect groundwater quality.  These LFG monitoring programs consist of the 
following: 

• Landfill Perimeter Gas Monitoring Program 

• Landfill Gas Migration Testing Program 

Perimeter Gas Monitoring Program: The current LFG perimeter probe compliance network 
consists of 16 locations (MP-1R through MP-16, see Figure 1 of Attachment A), some of which 
are completed with multiple casings installed at various depths.  These subsurface LFG probes 
are situated around the site boundary and are monitored to ensure that LFG is not migrating off-
site.  Seven of the perimeter probes (MP-1R, MP-2, MP-3, MP-7, MP-13, MP-14, and MP-16) 
have shallow, intermediate, and/or deep casings installed to depths reported to range from 7.5 to 
60 feet below ground surface (bgs).  The remaining nine perimeter probe locations are completed 
with a single casing to a depth of 10 to 15 feet bgs.  Probes MP-1 (shallow and deep) and MP-5 
are interior probes that are not monitored for regulatory compliance purposes. 

The LFG perimeter probe compliance network is monitored quarterly as part of a LFG 
compliance-monitoring program required by California Code of Regulations Title 27.  The 
quarterly LFG compliance-monitoring program also includes monitoring seven on-site building 
structures and utility vaults located adjacent to the exterior of the Operations Headquarters 
building.  Major buildings equipped with continuous methane monitoring devices are not 
included in this program for quarterly manual monitoring. 

This program has been active for more than 10 years.  Recent quarterly monitoring records do 
not indicate the presence of LFG migration to the site boundary.  The results of the latest 
monitoring event are in the First Quarter 2009 Leachate and Landfill Gas Management Report 
(see Attachment A.) 

Gas Migration Testing Program: The County initiated a LFG migration-testing program to 
identify possible pathways or mechanisms for migration of LFG from Landfill 1 in four 
representative areas, and evaluate if the GCCS is sufficient to control and minimize the potential 
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for LFG to affect groundwater.  Four areas on the perimeter of Landfill 1 have been identified as 
having the potential for LFG to affect groundwater.   

These four areas have distinctly different topographic and hydrogeologic characteristics, and 
represent the potential migration mechanisms between LFG and groundwater adjacent to 
Landfill 1.  Monitoring of these probes began in January 2005.  

The monitoring data (pressure measurements and soil gas sampling) show that the GCCS 
provides significant control of LFG at the perimeter of Landfill 1.  This LFG influence 
demonstrates that the impact of LFG on groundwater has been minimized to the greatest extent 
possible.  This program has been used to interactively fine-tune the operation of the GCCS.  

The number and location of probes for each of the current LFG monitoring systems are sufficient 
to determine if LFG has the potential to migrate from the refuse mass.  In addition, probes 
adjacent to the refuse mass are appropriately located to fine-tune the LFG extraction system to 
control migration.   

The continued monitoring of these probes will provide a basis for alternative future courses of 
action, if LFG production increases due to decreasing leachate levels.  These measures could 
include increasing the LFG vacuum, adding new extraction wells, or other alternatives.  The 
long-term LFG monitoring activities will be coordinated with the leachate extraction and 
monitoring activities.  The LFG probe pressure graphs for the first half of 2009 are in 
Attachment C. 

Maintain Regulatory Compliance for Air Emissions 

A third monitoring program is used to determine how well the GCCS controls LFG surface 
emissions. 

A LFG emission monitoring program is conducted quarterly over the surface of the Landfill 1 
waste fill in accordance with Bay Area Air Quality Management District Regulation 8, Rule 34 
(Rule 8-34), Sections 303, 506, and 607.  The program requires monitoring concentrations of 
total organic compounds (consisting of all methane and non-methane organic compounds) along 
the perimeter of the Landfill 1 footprint and in a serpentine pattern across the landfill footprint.  
Measurements are taken continuously at a height of 2 inches above the ground surface along 
alternating east-west and north-south trending traverses 100 feet apart over the Landfill 1 waste 
fill area, using a portable flame ionization detector.  LFG readings routinely exceed the 



Mr. Glenn Morelli Project 129429 
August 13, 2009 
Page 9 

Sonoma Central Compliance with WRDs 

regulatory performance standard of 500 parts per million by volume.  These detections are an 
indication of a potential operational issue, such as landfill cover soil erosion or non-optimized 
LFG extraction rates.  These operational issues are usually solved by placing additional cover 
soil or fine-tuning of the LFG extraction system. 

No air quality violations were reported in the Second Quarter 2009 Landfill Gas Surface 
Emissions Monitoring Report.  This monitoring program is to ensure that atmospheric LFG 
emissions are not affecting the environment.   

Landfill Gas Generation and Treatment:  Landfilling operations were discontinued on 
September 30, 2005.  USEPA Landfill Gas Emission Modeling projections for this landfill 
predicted a reduction in the landfill gas generation rate by about 140 standard cubic feet per 
minute (scfm) per year.  A decline of landfill gas flow during the last three years confirms these 
projections.  The highest theoretical LFG generation rate for the entire site is approximately 
3,800 scfm, which occurred in 2005.  The combined destruction capacities of the existing flare 
and engine plants is approximately 120 percent of this conservative generation model estimate. 

The rated capacity for the existing John Zink ZTOF enclosed ground flare is 1,736 scfm.  The 
combined rated capacity for the 10 existing internal combustion engines is approximately 2,800 
scfm.  Thus, the combined throughput capacity is 4,536 scfm.   

To assure continuous LFG treatment reliability, the County has also procured a replacement 
enclosed ground flare with 75 percent back-up capacity of the current LFG generation rate.  The 
replacement flare is expected to be operational in mid- 2010. 

MANAGEMENT PROGRAM 

The County has developed a flow chart that outlines how to collect and analyze data from the 
operation of GCCS and LCRS (see Attachment B).  The flow chart is used by the County 
Technical Review Group to make necessary operational modifications to these systems.  In 
addition, the flow chart displays operational goals of these systems and the reporting of data to 
the RWQCB. 

Beyond the operation and management of the landfill, a RWQCB/County working group was 
established to: 

• Review operational data 
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• Assess LCRS & GCCS performance 

• Ongoing evaluation of system performance 

REPORTING 

The County submits quarterly and annual monitoring reports to the RWQCB per the 
requirements of the MRP.  Included in these reports for each quarterly monitoring event are the 
analytical results of ground water samples (45 monitoring locations), surface water samples (4 
locations, sampled weekly during the wet season), leachate samples (12 locations), and LFG 
samples (15 locations sampled annually).   

The results of sample analyses are compiled into tables for presentation and evaluation.  
Inorganic ground and surface water quality data are statistically evaluated using an intra-
sampling point methodology, such that the quarterly data collected from a given sampling 
location are compared to the historical data set for that location.  Trends in constituent 
concentrations over time are evaluated annually using time series data plots.  Groundwater flow 
patterns are evaluated quarterly using a monitoring network of 82 groundwater monitoring wells 
and piezometers and 23 leachate piezometers.  A site-wide contour map of groundwater and 
leachate elevations is then prepared from these data.  Also included in the quarterly reports are 
LFG monitoring data for the perimeter and interior probe monitoring networks and the 
applicable field sampling data collected during the event.   

Each quarterly monitoring report also includes the leachate and LFG management report for 
Landfill 1.  For these reports, water levels are collected monthly from groundwater wells and 
piezometers positioned around Landfill 1 (34 locations) and all 23 leachate piezometers installed 
in Landfill 1, with a separate Landfill 1 groundwater/leachate contour map prepared for each 
monthly event.   

The volume of leachate extracted from Landfill 1 leachate wells is plotted versus time as shown 
in the First Quarter 2009 Leachate and Landfill Gas Management Report in Attachment A.  
Hydrographs are prepared for each leachate piezometer to evaluate the effects of the extraction 
program on Landfill 1 leachate levels over time.  Monthly gas probe monitoring data from study 
areas A to D are presented for the Gas Migration Testing Program.  If the leachate and/or LFG 
extraction programs are modified with new wells or pumps during the quarter, the changes are 
discussed in the quarterly reports. 
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In addition, the County conducts routine meetings with the RWQCB and provides updates of site 
activities at these meetings. 

KEY PROGRAMS AND EVENTS SINCE DEVELOPING THE SITE 
CONCEPTUAL MODEL 

Operational Monitoring 

Leachate Extraction and Well Development Management for Operational Improvements 

The County manages approximately 90 pneumatic leachate extraction pumps located in dual-
purpose LFG/leachate extraction wells.  Each pneumatic pump utilizes a cycle counter to 
determine the volume of leachate extracted from each well.  The cycle counters count the total 
number of strokes, which is multiplied by the fixed volume per stroke of each pump to determine 
its pumping rate.  The readings on all 90 pneumatic pump cycle counters are taken at the end of 
each month.  In an effort to maximize leachate extraction, counter readings are taken weekly on 
30 of the highest yielding wells so that if a pump stalls, it does not go unnoticed until the next 
monthly reading.  Well yields in gallons per day are calculated every month for all leachate 
extraction wells and every week for the higher yielding wells.  Well yields vary drastically 
between the 90 wells from less than 1 gallon per day to over 3,000 gallons per day.  Leachate 
yield trends are established for each extraction well and when the yield decreases substantially 
the well requires developing.   

The County recently purchased a well development rig.  It is used to clean out the leachate wells 
to rejuvenate the leachate extraction rates.  Over time, continued pumping of leachate from the 
dual-purpose LFG/leachate wells have pulled silt and debris into the well and gravel pack 
impeding leachate extraction.   

Mechanical surging by the development rig removes the silt and debris from the surrounding 
gravel pack to inside the well casing where it is then removed with a large bailer.  Mechanical 
surging forces water to flow in and out of the screen by moving a plunger (surge block and swab) 
up and down inside of the well casing and screen.  Prior to mechanical surging operation, a 
“bead cutter” is sent down the well to remove the bead that formed by the HDPE butt-fusion 
process.  The removal of this “bead” allows for a tighter tolerance on the swab and improves the 
development process.  Upwards of 15 feet of silt have been removed from some wells, which 
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allows the pump to be reinstalled down to its original depth.  Lowering the pump also increases 
the well’s extraction rate. 

Ongoing Landfill Gas, Leachate, and Groundwater Monitoring 

Gas Collection and Control System: Vacuum pressure is recorded monthly from a network of 
27 gas probes in four study areas (identified as A to D) in Landfill 1.  These data are presented in 
the quarterly leachate and LFG management report and are used to evaluate the effectiveness of 
the GCCS across the landfill footprint. 

In early 2005, the County implemented a LFG monitoring program to evaluate the effectiveness 
of the existing GCCS concerning protection of groundwater.  As part of this program, additional 
gas probes were installed around Landfill 1 in four areas designated as areas A through D.  The 
probes included in the LFG evaluation program have been monitored generally on a monthly 
schedule since early 2005.  The monitoring data show that the GCCS provides significant control 
of LFG at the perimeter of Landfill 1, demonstrating that the impact of LFG on groundwater 
quality has been minimized to the greatest extent possible.  The results of groundwater sample 
analyses performed during the quarterly monitoring program supports this conclusion with no 
LFG derived VOCs detected in the ground water monitoring network at Landfill 1. 

Vacuum Pressure vs. Time:  The objective of the LFG monitoring program in the four areas 
was to demonstrate that the GCCS was able to establish an inward LFG pressure gradient at the 
perimeter of the waste and potentially in soils adjacent to the waste.  The County initially 
proposed to monitor the LFG probes for one year to monitor the effects of seasonal leachate and 
groundwater fluctuations.  Currently, the County continues to monitor the LFG probes for 
optimization of the GCCS and to prevent LFG migration and protect groundwater.  The most 
recent vacuum pressure graphs are in Attachment C.  The data show that the GCCS maintains 
zero to negative pressure at the landfill limits and is meeting the objective that there is no 
outward pressure gradient at the limit of waste.   

Leachate Collection and Recovery System:  Leachate and groundwater levels are measured 
monthly in a network of 34 ground water monitoring wells and piezometers installed on the 
perimeter of Landfill 1, and in 23 leachate piezometers installed within the Landfill 1 footprint.  
The monthly elevation data are contoured with the maps presented in the quarterly leachate and 
LFG management report.  The effects of leachate extraction on maintaining or enhancing 
hydraulic control within Landfill 1 can be evaluated from the contour maps. 
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Groundwater Chemistry:  Leachate has impacted groundwater quality in one well in the 
southeast corner of Landfill 1 (F-30) and two wells (F-10 and F-35) south of Landfill 1.  The 
occurrence of certain VOCs indicates leachate interaction with groundwater.  Groundwater 
quality data collected from these wells indicate concentrations of MTBE in the 1 to 2 parts per 
billion range.  No other VOCs have been detected in several years of quarterly monitoring at 
these wells.  The concentration of total VOCs detected in samples from well F-10 have decreased 
dramatically over the past few years in response to corrective actions implemented by the 
County. 

Trends in groundwater quality over time are evaluated annually with the preparation of time 
series data plots for each of the 45 monitored locations at Central Landfill.  These plots were last 
presented in the fourth quarter 2008 monitoring report.  Approximately 16 inorganic constituents 
are plotted for each Compliance and Background monitoring well, with a smaller inorganic data 
set available for Corrective Action wells per the MRP requirements.  Total VOC concentrations 
are also plotted versus time for those few monitoring locations with reoccurring VOC detections. 

Contour Maps: Contour maps of groundwater and leachate elevations are prepared for each set 
of water level data, which is collected monthly.  The overall pattern of the groundwater and 
leachate elevation contours have been relatively stable.  The monthly groundwater/leachate 
contour maps for the last 12 months are in Attachment D. 

Applying the Numeric Groundwater Flow Model:  The purpose of the 3-dimensional NGFM 
was to provide a tool for the County that allows for the comprehensive assessment of leachate 
data for Landfill 1.  The NGFM allowed for a better understanding of the environmental 
processes influencing the occurrence and distribution of leachate, and the effectiveness of the 
engineered systems that are in place to control leachate migration and protect groundwater 
resources.  

Shaw created the NGFM on the basis of an in depth understanding of the historical and current 
landfill conditions as well as the geologic and hydrogeologic conditions.  The watershed 
boundary for Landfill 1 defined the geographical area of the model.  The NGFM used the 
information presented in the SCM report as a basis for development and incorporated several 
software programs including MODFLOW and Groundwater Vistas. 

The model was composed of three vertical layers: the refuse mass (top), a dendritic gravel drain, 
and the Franciscan bedrock (bottom).  The watershed divide was used as the model boundary.  
Shaw represented the north, east, and west boundaries by a no-flow condition.  The southern 
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boundary at the mouth of the central canyon was represented by a constant flux boundary.  The 
model was used to understand and characterize a number of issues at Landfill 1 that are 
described in the following sections. 

Long-Term Projections on Leachate Levels in Refuse:  The NGFM was used to predict the 
leachate levels in the landfill during 13 periods of time over a 20-year timeframe: 

• The first 10 time periods are one year in duration to simulate model years 1 through 10 
(2006 to 2016) 

• The 11th time period is two years in duration for model years 11 and 12 (2016 to 2018) 

• The 12th time period is three years in duration for model years 13, 14, and 15 (2018 to 
2021) 

• The last time period is five years in duration for model years 16 through 20 (2021 t0 
2026) 

The time periods display the predicted leachate levels within the landfill with respect to time.  
The time periods were also used to determine leachate production rates with respect to time as 
the leachate levels decline.  The model predicted a steady decline in leachate level as the 
extraction system is operated.  The model also predicted many dry leachate cells in landfill 1.  
This information was presented to the RWQCB in a meeting held on November 2, 2007. 

Infiltration Assessment in Recharge Area of Landfill 1:  Shaw conducted a feasibility study to 
identify, evaluate, and select alternatives that could reduce water flow across the upgradient 
boundary of the landfill either by reducing groundwater flow or subsurface recharge.  The 
following alternatives were evaluated for technical effectiveness, feasibility, and cost: 

• Horizontal drainage wells 

• Slurry walls 

• French drains 

• Impermeable cover 

• Evapotranspiration (phytohydraulic control) 

Shaw’s interpretation of the NGFM concluded that the most effective alternatives are 
phytohydraulic control, slurry walls, and french drains.  Each of these alternatives theoretically 
could significantly reduce subsurface recharge.   
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However, from a construction standpoint, large scale use of slurry walls and French drains are 
not feasibility alternatives to significantly reduce leachate generation.  Both of these alternatives 
would require significant trenching (3,200 feet), the use of trench boxes to maintain sidewall 
stability and worker safety, and incur a capital cost in excess of $1 million.  Other limitations to 
installing the slurry walls include incomplete bentonite hydration because of potential salts and 
hydraulic backpressure upgradient of the slurry wall.  Limitations to the French drain system 
includes potential maintenance because of silt accumulation within the drain line, drainage 
collection, and possibly altering local groundwater gradients and the watershed divide.   

Phytohydraulic control seemed to be good alternative, although limitations include species 
establishment, irrigation during dry months, and plant management.  In addition, slopes greater 
than 30 percent may be prohibitive to certain species growth.   

According to the NGFM model predictions, the best overall alternative might be the 
implementation of a combined approach of phytohydraulic control with a French drain system in 
select areas.  However, the NGFM did not show that the implementation of this alternative 
would have a significant effect on reducing leachate levels within the landfill.  The cost of 
implementing this control measure was not a cost effective approach to control leachate 
recharge.   

More importantly, two key findings resulted from the model runs: 

o Many of the existing ditches upgradient of the landfill needed to be lined 

o Several areas upgradient of the landfill were not properly graded for efficient 
storm water run-off 

The County used the key findings to develop a pilot program of best management practices to 
enhance storm water run-off that lessens infiltration upgradient of landfill 1.  These best 
management practices include selective ditch lining and grading to promote run-off efficiency.   

The ditch lining is an example of how the County utilized the understanding developed in the 
SCM of the interaction of surface water control to leachate recharge.  This was followed by the 
use of the NGFM to guide a cost effective approach to the application of storm water best 
management practices in the field.   

A pilot program was developed by the County for the deployment of best management practices 
at the Central Landfill site.  This program is now part of the routine maintenance program to 



Mr. Glenn Morelli Project 129429 
August 13, 2009 
Page 16 

Sonoma Central Compliance with WRDs 

upgrade the existing drainage systems.  In addition, these best management practices are 
employed as part of each year’s winterization program that is initiated prior to the rainy season. 

Final Cover Closure Scenario Conditions:  Four closure scenarios were modeled for Landfill 
1: 

• Scenario 0: Current conditions with all leachate wells operating and no final cover 
installed.  This is the baseline condition that the other scenarios will be judged against. 

• Scenario 1: All leachate wells are turned off during year 2010 while final cover is 
installed.  Final cover is completed by end of year 2010.  All leachate wells are operating 
in year 2011. 

• Scenario 2: Phase 1 and Phase 2 area leachate wells are turned off during year 2010 while 
final cover is installed over Phase 1 and Phase 2 areas.  Phase 3 and 4 wells are turned off 
in year 2011 while final cover is installed over Phase 3 and 4 areas, and Phase 1 and 
Phase 2 wells operational.  All leachate wells are operating in year 2012. 

• Scenario 3: The leachate wells are turned off in 4 phases over 4 year period, starting with 
Phase 4 area in year 2010 and finishing with Phase 1 area in year 2013.  Final cover is 
installed incrementally over each Phase area.  All leachate wells are operating in year 
2014. 

The conclusions of the final cover closure modeling indicate that there are only minor 
differences between the four scenarios.  Leachate levels increase about five feet in the northern 
and toe areas of the landfill in Scenario 1 in year 2010.  The leachate elevation change in the toe 
area is largely due to the fact that wells LWS1 and LWS2 were turned off in year 2010.  
However, the leachate levels generally return to the baseline levels (Scenario 0) by 2013 for 
Scenario 1 and there was no significant evidence for leachate migration from the landfill.   

The effects to the leachate levels under Scenarios 2 and 3 are less pronounced.  In general, the 
model indicates that turning all or a portion of the leachate wells out while the final cover is 
installed does not have a significant effect on the leachate levels in landfill 1.  In addition, the 
areas of the landfill that did experience some leachate level rise generally return to the baseline 
conditions within one to two years and there was no significant evidence for leachate migration 
from the landfill.   
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Milestone Meetings and Reports 

April 28, 2005: The County and Shaw met with the RWQCB on April 28, 2005 to review the 
preliminary findings of the draft SCM.  In addition, the County and Shaw presented the 
preliminary findings of the previous investigations to the RWQCB. 

Final SCM:  Shaw submitted the Final SCM to the RWQCB in November 2005.  Shaw 
presented the findings of the SCM to the RWQCB shortly thereafter.  The conclusions of the 
SCM are: 

• The current groundwater-monitoring network is sufficient to determine the extent and 
magnitude of affected groundwater and to monitor the effectiveness of leachate and 
landfill gas extraction systems.   

• The monitoring and control systems are designed, maintained, and operated to effectively 
control leachate and LFG. 

• A water balance analysis indicates dewatering exceeds inflow by about 5 million gallons 
per year. 

• No consistent groundwater impact or landfill gas intrusion issues have been identified in 
the Rock Extraction Area other than a temporary low-level volatile organic compound 
detection in one well immediately adjacent to the refuse.  This temporary groundwater 
impact issue has been reversed and no longer exists. 

• Impacted groundwater has not been detected at the site boundary or at any points of 
compliance.   

• The occurrence of impacted groundwater is limited to low concentrations of volatile 
organic compounds in two shallow localized groundwater areas adjacent to Landfill 1. 

• Impacted groundwater was only detected adjacent to the southeastern perimeter of 
Landfill 1 and adjacent to the toe of Landfill 1. 

• Active leachate and landfill gas control systems are necessary to maintain the current 
level of environmental control.   

November 2, 2007:  The County and Shaw met with the RWQCB on November 2, 2007 to 
present the ongoing findings and results from the NGFM and the SCM, and how the NGFM 
were used to assess the long-term leachate levels in Landfill 1.  The NGFM was used to predict 
the leachate levels in the landfill during 13 periods of time over a 20-year timeframe.  The model 
predicted a steady decline in leachate level as the extraction system is operated.  The model also 



Mr. Glenn Morelli Project 129429 
August 13, 2009 
Page 18 

Sonoma Central Compliance with WRDs 

predicted many dry leachate cells in landfill 1.  The County and Shaw presented information that 
indicates the volume of leachate extracted from the landfill exceeded groundwater and surface 
water infiltration.  This information shows that the existing leachate extraction system is 
effective in reducing leachate levels within Landfill 1.   

The RWQCB advised the County to assess subsurface flow from the upgradient watershed area 
to determine if it is possible to reduce infiltration in an effort to minimize leachate generation.  
On the basis of this input, Shaw conducted a study to evaluate possible alternatives to reduce 
recharge upgradient of Landfill 1. 

CURRENT STATUS OF SYSTEM 

Landfill Gas Control 

The site’s GCCS has been designed and constructed with the dual objectives of environmental 
control and providing fuel to the electrical generation plant.  The existing GCCS is a substantial 
and robust system and has the capacity to efficiently extract the site’s LFG generation.  

Since GCCS construction began in 1987, the County has installed numerous LFG extraction 
wells and trench collectors, and has made many GCCS infrastructure improvements to enhance 
LFG capture and control surface emissions and lateral migration.  Many combinations of vertical 
extraction wells and horizontal trench collectors have been installed to provide redundant 
facilities to maximize LFG extraction from various landfill areas.  LFG collector redundancy is a 
key concept employed in designing and operating the site’s GCCS.  The County uses redundancy 
to maintain adequate LFG extraction zones of influence over the long term, and for advance 
planning of replacement schemes to address anticipated decreases or failures of LFG collector or 
well output.   

In early 2005, the County implemented a LFG monitoring program to evaluate the effectiveness 
of the existing GCCS with regard to protection of ground water.  As part of this program, 
additional gas monitoring probes were installed around Landfill 1 in four areas, designated as 
areas A through D.  The probes included in the LFG evaluation program have been monitored 
for vacuum pressure generally on a monthly schedule since early 2005.  The monitoring data 
show that the GCCS provides significant control of LFG at the perimeter of Landfill 1, 
demonstrating that the impact of LFG on ground water quality has been minimized to the 
greatest extent possible.  The results of ground water sample analyses performed during the 
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quarterly monitoring program supports this conclusion.  This program has been used to 
interactively fine-tune the operation of the GCCS.  The test evaluation procedure is described in 
detail in the Construction Plan for the Landfill 1 Gas Monitoring Program (EMCON, October 
2004). 

Leachate Control 

Developing the SCM and the NGFM has helped to characterize Landfill 1 leachate.  The NGFM 
has been pro-actively used in the evaluation of management scenarios to optimize the operation 
of the leachate extraction system.  The NGFM has been used in conjunction with actual data and 
professional judgment to evaluate the overall performance of the leachate extraction system. 

The review of the most recent groundwater/leachate contour map (Attachment D) indicates that 
the LCRS, which expanded in recent years, is meeting the goal of providing hydraulic control of 
leachate.   

Protection of Groundwater 

The County used a detailed technical approach to assess the groundwater conditions at the site.  
The plan entailed the following elements: 

• Characterize the geologic and hydrogeologic conditions that affect the flow of 
groundwater across the site 

• Characterize the aquifer properties of the geologic units in contact with the refuse mass 
and those geologic units that control the flow of groundwater off site  

• Develop a water balance by establishing the sources and seasonal characteristics of water 
that produce leachate 

• Delineate the flow and no-flow boundaries, and the constant head boundaries that will be 
used to assess the flow of groundwater and leachate into and out of the landfill 

• Identify the potential pathways of migration of constituents of concern from the refuse 
mass to groundwater 

• Evaluate the interaction of leachate and groundwater throughout seasonal variations 

• Evaluate the effectiveness of the existing landfill GCCS to control LFG migration to 
surrounding groundwater 
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• Evaluate the effectiveness of the current LCRS to control leachate migration to 
surrounding groundwater 

This technical approach was described in detail in the SCM report.  County staff members update 
this information periodically with newly obtained leachate monitoring data.  The goal of these 
actions is to reduce the leachate build-up to the maximum extent practicable, demonstrate 
hydraulic control, and control LFG through the operation of the GCCS. 

The SCM described in detail the localized release of VOCs to groundwater discovered in 1995 at 
the toe of Landfill 1 in well F-10.  As a result of this detection, the following interim measures 
have been implemented to address the release: 

• Removal of the central canyon sedimentation pond and redirection of all surface flow 
around the toe of the landfill 

• Installation of a collection station within the barrier wall to control, collect, and discharge 
impacted water to the leachate pond 

• Improvements to and expansion of the GCCS and the LCRS to remove LFG and leachate 
from the landfill 

• Preparation of a groundwater remediation feasibility study and implementation of the 
recommended measures 

In addition, numerous investigations have been conducted to better understand the geologic and 
hydrogeologic conditions at the site, including the Delineation Assessment Report (DAR) 
prepared by Pacific GeoScience in February 2005 to delineate the extent of potential 
groundwater quality impact related to Landfill 1.  The DAR investigated the four following 
areas:  

• The area east of Landfill 1 

• The Leachate Pond Area (LPA), down gradient and south of the Landfill 1 toe berm 

• Corrective Action Wells F-5 (upgradient and north of Landfill 1), and MW-3A and MW-
3R (downgradient and south of Landfill 1) 

• The REA 

Pacific GeoScience evaluated the status of water quality impact in each of these areas.  The 
overall conclusion from the DAR investigation of Landfill 1 was that minimal groundwater 
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quality impact occurs at the site, both in terms of aerial extent and the magnitude of 
concentrations detected.  However, LFG and or leachate have impacted groundwater in two of 
the four study areas: 

• The area adjacent to the eastern perimeter of Landfill 1 

• The LPA at the base of the Landfill 1 toe berm 

Low concentrations of VOCs, which are due to leachate migration, were detected in impacted 
groundwater.  In addition, the low concentrations of LFG-related VOC that had previously been 
detected at wells F-5, MW-3A, and MW-3R have been remediated.   

The data presented in the DAR indicate that the magnitude of VOCs has been reduced and/or 
stabilized due to the additional leachate extraction efforts in Landfill 1.  The hydraulic 
assessment of leachate and groundwater levels in both of these areas has been closely reviewed 
and indicate that significant leachate capture mechanisms are in place to mitigate the release of 
leachate.   

Evidence of the success of the leachate capture mechanism includes:   

• Quarterly GW Monitoring indicated decreasing VOCs in corrective action monitoring 
well F-10 

• Ongoing review of contour maps as interpreted by the SCM and NGFM 

• Modeling of the flow conditions by the NGFM 

• Point of Compliance Wells are free of COCs 

LONG TERM MANAGEMENT PLAN 

To ensure current and long-term compliance with the WDRs, the County will implement the 
following measures: 

• Perform ongoing technical reviews of the operational status and compliance network to 
assure long-term protection of groundwater resources   

• Undertake continued system modification and enhancements as indicated by analysis of 
the monitoring data 
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• Consider measures that will reduce groundwater and surface water inflow to the landfill 

• Undertake measures that ensure that landfill operations will not significantly affect 
leachate management and correction action 

• Prepare and implement an Operations Plan for leachate management during landfill 
operations, closure, and during the post closure period 

• Modify any of the existing monitoring programs, when necessary, to ensure 
environmental compliance 

Leachate Management Plan Submittals and Actions 

Leachate management has historically always been a part of the County’s ongoing commitment 
and work efforts at the site.  In 2000, a more formal Leachate Management Plan for the site was 
prepared and submitted to the RWQCB (Leachate Management Plan and Work Plan for 
Leachate Source Reduction Monitoring and Extraction – Central Disposal Site).  This two-part 
plan was prepared pursuant to the final recommendations by EBA after the completion of the 
Evaluation Monitoring Corrective Action Program (EMCAP).  This report, which was submitted 
to the RWQCB, addressed the County’s long-term management plans as well as a proposed 
source reduction plan (leachate and LFG) to implement remediation on site.  The County as part 
of this plan, presented information and experience gained from the field tests and pilot programs 
from 1997 through 2000.  The field tests included pump tests in the affected media, and how the 
County would use this information in the implementation of leachate and LFG extraction 
systems. 

In October 2001, the County followed up with the report “Demonstration of Implemented 
Leachate Long Term Management Plan”.  This report (prepared by County staff) demonstrated 
and outlined the County’s implementation of its long term Leachate Management Plan.  The 
County continues to report the status of leachate management facilities and equipment (leachate 
ponds, pumps, French drains, etc) and the status of the monitoring programs.   

Like the Site Conceptual Model, the Leachate Management Plan and more specifically best 
management practices are continually updated based on current site conditions and anticipated 
directions of future operations.  The most recent update to the Leachate Management Plan for the 
site occurred in February of 2009.   
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CONCLUSIONS 

This technical memorandum summarizes the County’s compliance with the WDRs and describes 
the work that has been accomplished by the County to achieve protection of groundwater and the 
environment.  Significant achievements by the County since the issuance of WDRs include: 

• The development of a SCM and a NGFM was developed to characterize Landfill 1 and 
its potential to impact groundwater and the environment 

• The development of site operational goals and the implementation of enhanced leachate 
and LFG extraction remedial action efforts based on the SCM and the NGFM.  

• The implementation of pro-active monitoring of measures and the review of operational 
data to ensure remedial action measures are achieving these goals 

• The effective control of leachate and LFG as evidenced by the analytical data from site 
monitoring wells and LFG probes 

• The continued protection of groundwater and the environment based on the development 
of a long term plan for full build-out with final closure out in the future 

• The development of a LCRS that has increased leachate production to the maximum 
extent practical at Landfill 1, such that significant additions to the LCRS would not be 
technically effective 

• The development of a GCCS that maximizes the LFG production potential of Landfill 1, 
such that significant additions to the GCCS would not be technically effective 

• The development a site drainage system that  maximizes the surface water runoff 
potential of Landfill 1, such that significant additions to the existing drainage would not 
be technically effective 

It is my professional opinion; that the County has met the standards set in the WDRs to reduce 
leachate to the maximum extent practical, the requirements of CCR Title 27, and accomplishes 
the water resource protection goals of the Porter-Cologne Act.   

Further, based on the SCM, numeric model, and a review of work performed, it is also my 
professional opinion the County has implemented a very aggressive plan for current and future 
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compliance.  While some minor adjustments over time can be performed to improve efficiencies 
of remedial work, at this time, there is more than enough leachate and LFG extraction wells to 
address site conditions to the maximum extent practical.  Ongoing efforts by the County are 
achieving maximum effect, and additional remedial facilities would have no effective impact 
beyond that which is currently being achieved.   

I certify under penalty of law that this document and all attachments were prepared under my 
direction or supervision in accordance with a system designed to ensure that qualified personnel 
properly gather and evaluate the information submitted.  Based on my inquiry of the person or 
persons who manage the system, or those persons directly responsible for gathering the 
information, the information submitted is, to the best of my knowledge and belief, true, accurate, 
and complete.  I am aware that there are significant penalties for submitting false information, 
including the possibility of fine and imprisonment for knowing violations.  

Please call me at (925) 288-2381, if you have any questions.   

Sincerely,   

SHAW ENVIRONMENTAL INC., 

          
J. C. Isham PG, CEG, CHG     
Geology Manager 

Attachments:  

Figure 1: Schematic Cross-Section A Across Axis of Landfill 1 

Figure 2: Schematic Cross-Section B Along Axis of Landfill 1 

Attachment A: First Quarter 2009 Leachate and Landfill Gas Management Report 

Attachment B: Management Flow Chart  

Attachment C: LFG Probe Pressure Graphs, First Half of 2009 

Attachment D: Monthly Groundwater/Leachate Contour Maps from August 2008 to July 
2009 
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Management Flow Chart 
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Attachment C:  

LFG Probe Pressure Graphs, First Half of 2009 
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Attachment D:  

Monthly Groundwater/Leachate Contour Maps from August 
2008 to July 2009 


