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Section 1 
Introduction 
Lake County Watershed Protection District (District) has developed this Groundwater 
Management Plan (GMP) to provide guidance in managing the groundwater 
resources of the County. Like many other areas of California, Lake County is facing 
water supply reliability and water quality challenges. In recent years, the District has 
initiated a number of efforts to proactively address water resource issues, including 
documenting the current status of water use and supply, identifying areas of need, 
and developing recommendations to ensure a supply of high quality water into the 
future. To promote a collaborative, county-wide approach, the District has included 
local stakeholders in each of these efforts.  

This GMP, together with the Lake County Water Inventory and Analysis (CDM 2006) and 
the Lake County Water Demand Forecast (CDM 2006), will serve to improve the 
understanding of the water resources in Lake County and provide a framework for 
the County and other water users to implement effective water resource management 
programs.  

1.1 Lake County Watershed Protection District 
The District works to protect and maintain water resources within Lake County. The 
District is part of the County Department of Public Works and reports to the County 
Board of Supervisors. Because of the District’s responsibilities regarding water 
resources, it is an authorized groundwater management agency as defined by the 
California Water Code (CWC) §10753 (a) and (b). District responsibilities include: 

 Water Resources Planning: plan for groundwater and watershed management; 

 Flood Control: administer the National Flood Insurance Program for Lake County, 
plan and implement flood control projects, and maintain levees and creeks; 

 Operations and Maintenance: operate and maintain the Kelsey Creek Detention 
Structure, Adobe Creek Reservoir, Highland Springs Reservoir, Highland Springs 
Park; and the Middle Creek Flood Control Project; and 

 Prevent other environmental damage. 

1.2 Plan Development Process and Public Outreach 
The District is following the CWC guidance on GMP development, which follows 5 
steps. 

Step 1 – Provide public notification of a hearing on whether or not to adopt a 
resolution of intention to draft a GMP and subsequently complete a hearing on 
whether or not to adopt a resolution of intention to draft a GMP. Following the 
hearing, draft a resolution of intention to draft a GMP. The District provided 
notification in the Lake County Record Bee on September 14th, 2005 and September 
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21st 2005, and held a hearing on whether or not to adopt a resolution of intention on 
October 4th, 2005. 

Step 2 – Adopt a resolution of intention to draft a GMP and publish the resolution of 
intention in accordance with public notification. The Lake County Board of 
Supervisors adopted the resolution of intention to develop a GMP on October 4th, 
2005. The resolution is included as Appendix A.  

Step 3 – Prepare a draft 
GMP within 2 years of 
resolution of intention 
adoption. Provide to the 
public a written 
statement describing the 
manner in which 
interested parties may 
participate in d
the GMP, discussed in
Section 1.3 below. The 
District provided 
notification and held a
public meeting on 
GMP on September 28

eveloping 
 

 
the 

s 
th, 

where meeting attendee
gave input on management objectives for the GMP. 

Groundwater Management Plan Meeting Attendees 

Step 4 – Provide public notification of a hearing on whether or not to adopt the GMP, 
followed by a hearing on whether or not to adopt the GMP. The District anticipates 
holding this hearing in 2006.  

Step 5 - If protests are received for less than 50 percent of the assessed value of 
property in the plan area, the plan may be adopted within 35 days after completion of 
Step 4 above. If protests are received for greater than 50 percent of the assessed value 
of the property in the plan area, the plan will not be adopted. 

In addition to following the statutory requirements of the CWC, the District has also 
made additional efforts to involve the public in the development of the GMP and 
related documents. The District supplied a pamphlet describing Inventory and 
Analysis related information to interested stakeholders. The District also held a public 
meeting on May 25th, 2005 to solicit input from stakeholders on the Inventory and 
Analysis. Additionally, the District held six additional meetings to involve local 
stakeholders during the development of Basin Management Objectives (BMOs) for 
individual groundwater basins. Appendix B includes summaries for these meetings.  
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1.3 Management Objectives 
The GMP supports the long-term maintenance of high quality groundwater resources 
within the 13 groundwater basins of the county. Specifically, the objectives of Lake 
County’s GMP are: 

 Improve the understanding of groundwater hydrology and quality in Lake County; 

 Maintain a sustainable, high quality water supply for agricultural, environmental, 
and urban uses; 

 Minimize the long-term drawdown of groundwater levels; 

 Protect groundwater quality; 

 Minimize changes to surface water flows and quality that directly affect 
groundwater levels or quality; 

 Minimize the effect of groundwater pumping on surface water flows and quality;  

 Facilitate groundwater replenishment and cooperative management projects; and 

 Prevent inelastic land surface subsidence from occurring as a result of groundwater 
pumping. 

1.4 Plan Area 
The Lake County GMP includes those areas in Lake County overlying a groundwater 
basin or groundwater source area not within the service area of another local agency, 
water corporation regulated by the Public Utilities Commission, or mutual water 
company without the agreement of the overlying agency (CWC § 10750.7 (a)). Figure 
1-1 shows the Lake County GMP plan area. Areas within Lake County not overlying a 
groundwater basin as defined in Bulletin 118-2003 nor designated a groundwater 
source area are not explicitly included in the GMP. The groundwater basins and 
source areas in the Lake County GMP are: 

 Gravelly Valley 

 Upper Lake 

 Scotts Valley 

 Big Valley 

 High Valley 

 Burns Valley 

 Coyote Valley 

 Collayomi Valley 
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 Lower Lake 

 Long Valley 

 Clear Lake Cache Formation 

 Middle Creek 

 Clear Lake Volcanics Groundwater Source Area 

The District attempted to include as many overlying agencies as possible in the Lake 
County GMP to provide the most comprehensive and inclusive planning framework. 
To this end, the District sent letters to local water agencies requesting that they enter 
into an agreement with the District to be included in the GMP. Overlying agencies, 
after consulting with their boards of directors may agree to be a part of the GMP by 
signing a Memorandum of Understanding (MOU) with the District. Figure 1-1 also 
shows water agencies overlying groundwater basins in Lake County. Table 1-1 
provides a listing of overlying agencies, the groundwater basins overlain, and the 
status of their agreement to be a part of the GMP. 

Table 1-1 
Overlying Agencies and Agreement to Join GMP 

System Name Groundwater Basin Agreement 
Status 

Adams Springs Water District - part of Cobb 
ACWD Clear Lake Volcanics   

B.I. Mutual Water Company  Clear Lake Volcanics   
Cal 20 Village  Upper Lake Valley   
Callayomi County Water District  Collayomi Valley    
Clearwater Mutual Water Company  Clear Lake Volcanics   
Cobb Area County Water District  Clear Lake Volcanics   
Cobb Mountain Water Company  Clear Lake Volcanics   
Corinthian Bay Mutual Water Company  Big Valley   

Clear Lake Volcanics Hidden Valley Lake CSD  Coyote Valley    

Burns Valley, 
Clear Lake Cache 
Formation, Highlands Mutual Water Company  

Lower Lake Valley  

  

Jago Bay Mutual Water Company  Clear Lake Volcanics   
Kelseyville Co Waterworks District 3  Big Valley   
Konocti County Water District  Clear Lake Cache Formation   
Lake County CSA 18 - Starview  Clear Lake Volcanics   

Clear Lake Cache Formation  Lake County CSA 2 - Spring Valley  Long Valley    

Lake County CSA 20 - Soda Bay  Clear Lake Volcanics   
Upper Lake Valley  Lake County CSA 21 - North Lakeport  Scotts Valley    

Lake County CSA 22 - Mt. Hannah  Clear Lake Volcanics   
Lake County CSA 6 - Finley  Big Valley   
Lake County CSA 7 - Bonanza Springs  Clear Lake Volcanics   
Lake Pillsbury Ranch Water Company  Gravelly Valley   
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Table 1-1 
Overlying Agencies and Agreement to Join GMP 

System Name Groundwater Basin Agreement 
Status 

Lakeport, City of  Scotts Valley    
Loch Lomond Mutual Water Co - part of Cobb 
ACWD  Clear Lake Volcanics   

Lower Lake County Water District  Lower Lake Valley   
Mt. Konocti Mutual Water Company  Clear Lake Volcanics   
Pine Grove Water System - part of Cobb 
ACWD Clear Lake Volcanics   

Riviera West Mutual Water Co.  Clear Lake Volcanics   
Sunrise Shore Mutual Water Company  Clear Lake Volcanics   
Upper Lake County Water District  Upper Lake Valley    

 
1.5 Plan Implementation 
In 2004, to further its objective to improve water resource planning in the County, the 
District applied for an AB 303 grant to inventory existing groundwater conditions and 
uses and to develop a GMP. 

In order for the County to acquire future state funding for groundwater resources 
projects, a GMP must be in place. Assembly Bill 3030 (AB3030), passed by the 
California Legislature in 1992, codified 12 recommended components of a GMP. 
Congress updated GMP requirements with Senate Bill 1938 (SB1938) in 2002. SB1938 
added five required components of a GMP that must be included in order to acquire 
funding from the state. The California Department of Water Resources (DWR) added 
suggested components for a GMP in Bulletin 118-2003. 

Table 1-2 lists the mandatory, voluntary, and suggested components included in the 
Lake County GMP. Table 1-2 also lists the section, figure, or table number within the 
Lake County GMP where each item is addressed. 

Table 1-2 
Groundwater Management Plan Components 

GMP Components Lake County 
GMP Section 

Required Components: (10753.7.)  
Establish Basin Management Objectives (BMOs) 3 
Include components relating to the monitoring and management of: groundwater levels, 
groundwater quality, inelastic land subsidence, and surface water flow or quality that effects 
groundwater or groundwater pumping that effects surface water flow or quality 

4.1 

Prepare a plan that enables the district to work cooperatively with other public entities whose 
service area falls within the plan area and overlies the groundwater basin 1.3 

Prepare a map that details the area of the groundwater basin, the area subject to the GMP, 
and the boundaries of other local agencies that overlie the basin 1.3 

Adopt monitoring protocols that detect changes in: groundwater levels, groundwater quality, 
inelastic land subsidence, and surface water flow or quality that effects groundwater or 
groundwater pumping that effects surface water flow or quality  

4.1 
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Table 1-2 
Groundwater Management Plan Components 

GMP Components Lake County 
GMP Section 

Suggested Components (From bulletin 118-2003 Appendix C)  
If the GMP area includes areas outside a groundwater basin as defined in Bulletin 118, the 
district will use the required components, and geologic and hydrologic principles appropriate 
for the area 

Throughout 
Plan 

Voluntary Components (10753.8.)  
Control of saline intrusion 4.1.2.1 
Identification and management of wellhead protection areas and recharge areas 4.3.2 
Regulation of the migration of contaminated groundwater 4.1.2.1 
Administration of a well abandonment and well destruction program 4.3.1 
Mitigation of conditions of overdraft 4.4 
Replenishment of groundwater extracted by water producers 4.4 
Monitoring of groundwater levels and storage 4.1.1 
Facilitating conjunctive use operations 4.4 
Identification of well construction policies 4.3.1 
Construction and operation by the district of GW contamination cleanup, recharge, storage, 
conservation, water recycling, and extraction projects 4.4 

Development of relationships with state and federal regulatory agencies 4.2 
Review of land use plans and coordination with land use planning agencies to assess 
activities that create a reasonable risk of groundwater contamination 4.2 

Document public involvement and ability of the public to participate in development of the 
GMP, this may include a Technical Advisory Committee (TAC) 1.2 

Establish an advisory committee of stakeholders within the plan area that will help guide the 
development and implementation of the plan and provide a forum for the resolution of 
controversial issues 

5.3 

Describe the area to be managed under the GMP including 
The physical structure of the aquifer system 
A summary of available historical data related to groundwater levels, groundwater quality, 
inelastic land subsidence, and surface water flow or quality that effects groundwater or 
groundwater pumping that effects surface water flow or quality 
A summary of issues of concern related to groundwater levels, groundwater quality, 
inelastic land subsidence, and surface water flow or quality that effects groundwater or 
groundwater pumping that effects surface water flow or quality 

  

A general discussion of historical and projected water demands and supplies 

2 

Establish management objectives (MOs) for the groundwater basin subject to the GMP 1.4 
Describe how meeting each MO will contribute to a more reliable water supply, and describe 
existing or planned actions to achieve MOs 5.1 

Describe the GMP’s monitoring program  4.1 
Describe efforts to coordinate with land use, zoning, or water management planning agencies 
or activities 4.2 

Create a summary of monitoring locations with frequency of wells monitored 4.1 
Provide periodic reports summarizing groundwater conditions and management activities 
including: 5.1 

A summary of monitoring results, with a discussion of historical trends 5.1 
A summary of management actions during the period covered by the report 5.1 
A discussion of whether actions are achieving progress towards meeting MOs 5.1 
A summary of proposed management actions for the future 5.1 
A summary of any GMP changes that occurred during the period covered by the report 5.1 

  

A summary of actions taken to coordinate with other water and land agencies and other 
government agencies 5.1 

Provide for the periodic re-evaluation of the entire plan by the managing entity 5.2 
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1.6 Document Organization 
The Lake County GMP is organized into the following sections:  

 Section 2 Plan Area Setting - describes the physical setting of Lake County 
including items such as geologic setting, land use, water sources, and physical 
hydrogeologic infrastructure; 

 Section 3 Basin Management Objectives - discusses the development and 
implementation of Basin Management Objectives (BMOs); 

 Section 4 Plan Components - discusses the individual components of the Lake 
County GMP as listed in Table 1-2; 

 Section 5 Recommendations and Conclusion - summarizes the results of this 
document and presents recommendations for management of the County’s 
groundwater resources; and 

 Section 6 References. 

 Appendices 
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Section 2 
Plan Area Setting 
Lake County is a topographically diverse area in the Coast Ranges of California. Hills, 
mountains and valleys are the predominant landforms. The majority of agricultural 
and urban development uses groundwater. The geologic setting of the county is 
dominated by basement rock that forms the majority of ridges and mountains. There 
are 12 groundwater basins and one groundwater source area1 in Lake County. The 
amount of information available for each basin varies significantly; however, the 
basins with the most development are generally better characterized.  

2.1 Topography 
Lake County encompasses roughly 1,261 square miles (807,000 acres) of varied 
topography in the Coastal Range (USDA 1989). Clear Lake is the largest water body in 
the county, and has an approximate elevation of 1,320 feet above mean sea level (msl). 
The highest point in Lake County is Snow Mountain with an elevation of 7,038 feet, 
and the lowest elevation is 500 feet above msl in the southeastern portion of the 
county in the Cache Creek drainage. Figure 2-1 illustrates Lake County topography. 

Figure 2-2 identifies the area and elevation characteristics of Lake County. The figure 
shows the percent of land that is below each elevation. For example, the figure 
indicates that 50 percent of the county is below 2,000 feet and ninety percent is below 
3,500 feet. 

 

Figure 2-2 
Cumulative Frequency Elevation 

Source: Department of Water Resources 

 

 

 

 

 

 

 

______________________ 

1 A groundwater “Source Area” is an area that provides significant groundwater resources and is not a 
valley or basin. 
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2.2 Land Use and Water Source 
Figure 2-3 (at the end of this section) shows the agricultural land use within Lake 
County.  

Land use is generally in valleys and areas that have topography, soils, and water 
sources conducive to agricultural or municipal development. As shown in Figure 2-3, 
vineyards (shown as purple) are present in most groundwater basins in Lake County. 
Vineyards are the primary crop in the Clear Lake Volcanics groundwater source area. 
Deciduous orchard (shown as pink) land uses occur primarily in Big Valley, Scotts 
Valley, and Upper Lake groundwater basins. Lakeport is in the Scotts Valley 
Groundwater Basin, and the City of Clearlake is in the Lower Lake, Burns Valley, and 
Clear Lake Cache Formation Groundwater Basins.  

The majority of agricultural water in Lake County is supplied by groundwater. Figure 
2-4 (at the end of this section) shows water sources for agricultural land within Lake 
County. Figure 2-4 illustrates that groundwater is the primary source of water for 
agriculture, and that surface water use occurs primarily in the northwestern lake area 
near Scotts Creek and Middle Creek. Surface water use also occurs in Big Valley near 
Clear Lake.  

2.3 Geology 
This section presents an overview of the geologic features of Lake County. One of the 
primary influences on the county’s geology is its location in the Coast Range province 
of California. Geology in the Coast Ranges consists of a metamorphic rock (basement 
rock) that forms many ridges and underlies most groundwater basins; volcanic rocks 
that form volcanoes, hills, geysers, and hot springs; and sedimentary rocks that form 
groundwater basins in valleys. The current extents of geologic formations are shown 
in a geologic map of Lake County (Figure 2-5 at the end of this section). Table 2-1 lists 
major geologic formations. 

 
Table 2-1 

Major Geologic Formations in Lake County 
Formation Name Rock Type General Location Age 

Franciscan Formation Metamorphic Throughout Lake 
County 

150-165 million 
years old 

Cache Formation Sedimentary East of Clear Lake 1.6-1.8 million 
years old 

Clear Lake Volcanics Volcanic South of Clear Lake 2.5 million 
years old to 
recently 

Serpentinized 
Ultramafic Rocks 

Metamorphic Multiple small areas 
in Lake County 

unknown 

Quaternary Alluvium Sedimentary Groundwater basins recent 
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The geologic history of the Coast Ranges includes underwater deposition, mountain 
building episodes, volcanism, and regional faulting. The Franciscan Formation was 
originally deposited 125 million years ago at the edge of the Pacific Ocean, and the 
fluctuating sea levels caused alternating deposition of shale and sandstone. After the 
formation was deposited, it was uplifted and squeezed by movement of tectonic 
plates, forming the majority of the Coast Ranges as they are today. The Franciscan 
Formation forms the bedrock in the majority of mountains and under valleys in Lake 
County 

Faulting occurred in Lake County, lowering a prehistoric area in the Coast Ranges 
that filled with water and began to deposit lacustrine sediments (Sims 1988). Lava 
from a nearby volcano blocked the drainage of the lake, forming an early incarnation 
of Clear Lake. Volcanic activity occurred intermittently through the Pleistocene with 
the extrusion of a number of separate lava flows, beginning the deposition of the 
Clear Lake Pleistocene Volcanics, including Mount Konocti and the surrounding area. 
Other depressions and valleys in the Coast Ranges began to be filled with sands, silts 
and gravels carried by streams, resulting in the deposition of alluvial basins (Brice 
1953).  

2.4 Groundwater Basins 
Lake County has 12 groundwater basins and one groundwater source area , as shown 
in Figure 2-6 at the end of this section. Groundwater basins are composed primarily of 
shallow alluvial deposits, and deposits of the Clear Lake Volcanics over the fractured 
basement rock of the Franciscan Formation. Groundwater levels in the majority of 
Lake County’s groundwater basins are high in the spring and decrease over the 
summer.  

As part of the development of the GMP, an inventory of available information for all 
of the County groundwater basins was conducted. As noted above, the information 
available for each groundwater basin varies widely, and some basins have little or no 
data information to characterize groundwater conditions. In general, significant 
information is available for sedimentary deposits in major groundwater basins; 
however, very little information is available for the smaller alluvial basins and the 
Clear Lake Volcanics groundwater source area. Groundwater quality monitoring is 
performed by DWR sporadically in Lake County, however not enough monitoring 
has been performed to indicate groundwater quality trends. Data from the California 
Department of Health Services regarding Lake County public water suppliers was 
analyzed for constituents of concern and compared to secondary water quality 
thresholds (SWQLs). The SWQLs are thresholds at which water may begin to have an 
effected taste or odor. Some constituents were detected at levels exceeding the 
(SWQLs) and are listed in the description of each groundwater basin. Table 2-2 lists 
the groundwater basins and identifies what information is available for each basin. 
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Table 2-2 

Summary of Available Information for Lake County Groundwater Basins 
Groundwater 

Basin 
Water Bearing 

Formations 
Groundwater 
Hydrogeology 

Groundwater 
Levels 

Groundwater 
Quality Subsidence Groundwater 

Wells 
Gravelly Valley      X 
Upper Lake X X X X  X 
Scotts Valley X X X X X X 
Big Valley X X X X X X 
High Valley X X X   X 
Burns Valley X  X   X 
Coyote Valley X X X X  X 
Collayomi Valley X X X X  X 
Lower Lake X X X   X 
Long Valley      X 
Clear Lake Cache 
Formation 

X     X 

Middle Creek      X 
Clear Lake 
Volcanics 

X X    X 

 
Several terms are typical when discussing groundwater and the productivity of 
groundwater aquifers. The following sections describe Lake County’s individual 
groundwater basins using these terms, if information was available. These terms 
include: 

 Specific Capacity - The specific capacity of a well depends on hydraulic 
characteristics of the aquifer and on the construction of the well. Specific capacity is 
determined by dividing the wells production by the drawdown that occurs during 
pumping. Higher specific capacities in wells tend to be indicative of higher aquifer 
production. 

 Specific Yield – The specific yield is the percent of space in the ground that will 
drain by gravity when the water table drops. Specific yield is reported as a percent. 
Higher specific yields tend to be indicative of higher aquifer production. An 
example of a good specific yield is 7 percent, which is a typical average specific 
yield of aquifers in the Sacramento Valley. 

 Transmissivity – Transmissivity is a term used to define the ability of an aquifer to 
convey or transport water, similar to the capacity of a pipeline. Transmissivity is 
related to hydraulic conductivity and saturated thickness of an aquifer or 
groundwater basin. Hydraulic conductivity is the rate at which groundwater 
moves through an aquifer. More porous aquifers, such as sand and gravel aquifers, 
have high hydraulic conductivities. The saturated thickness is the total depth of 
groundwater in an aquifer or basin. The term transmissivity combines both these 
terms so it is a good overall indication of the capacity of a groundwater basin to 
produce water. Higher transmissivity values tend to be indicative of higher aquifer 
production. An example of a good transmissivity is 100,000 gallons per day per foot 
(gpd/ft), which is the average transmissivity of a productive aquifer in the 
Sacramento Valley.  
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 Well Production - Well production is the amount of water that is produced from a 

well, typically reported in gallons per minute (gpm).  

The following sections also contain information about the wells in each groundwater 
basin. DWR’s Well Completion Report database provided well depth and well use 
data. This database identifies well categories and well depth. Table 2-3 shows the 
number of each type of well by groundwater basin and countywide. Lake County has 
approximately 5,300 wells. The wells are classified by purpose as domestic, irrigation, 
municipal, monitoring, and other. Approximately 3,400 of the 5,300 wells in the 
county are in a groundwater basin as defined by DWR. The remaining 1,900 wells are 
in areas of the county not in a groundwater basin. 

Table 2-3 presents the total number of wells by type within Lake County groundwater 
basins. Table 2-3 shows that of the 5,333 wells in Lake County, 3,596 wells are 
domestic, 813 wells are irrigation, 108 wells are municipal wells, 220 wells are 
monitoring wells, and 596 wells are listed as “other”.  

 
Table 2-3 

Number of Wells by Use and Groundwater Basin 

Groundwater Basin Domestic 
Wells 

Irrigation 
Wells 

Municipal 
Wells 

Monitoring 
Wells 

Other 
Wells Totals 

Clear Lake Cache Formation 71 9 0 10 7 97 
Scotts Valley 235 87 2 0 31 355 
Long Valley 30 7 0 0 4 41 
High Valley 19 10 0 0 8 37 
Burns Valley 86 13 0 3 9 111 
Collayomi Valley 141 34 1 16 22 214 
Coyote Valley 86 17 5 6 13 127 
Lower Lake 243 25 8 9 13 298 
Gravelly Valley 13 0 1 0 3 17 
Clear Lake Pleistocene Volcanics 537 59 11 8 52 667 
Middle Creek 39 3 0 0 4 46 
Upper Lake  243 99 6 22 68 438 
Big Valley 463 297 9 29 162 960 
Total of All GW Basins 2,219 664 67 101 399 3,450 
All Wells not in a GW Basin 1,377 149 41 119 197 1,883 
Total for Lake County 3,596 813 108 220 596 5,333 

Note: “Municipal Wells” include wells listed as municipal or public. “Other Wells” Include wells listed as abandoned, 
exploratory other, stock, test, unknown, or unused. 
Source: Department of Water Resources Well Completion Report 
 
Each description of a groundwater basin includes cumulative frequency figures that 
illustrate the well depth range and cumulative frequency depth distribution for 
domestic and irrigation wells. Figures 2-7 and 2-8 show well depth frequency 
throughout Lake County. The cumulative frequency, on the left axis of the figure, 
shows the percent of all wells that are shallower than the line. For example, 
approximately 50 percent of all domestic wells are shallower than 100 feet deep, and 
approximately 50 percent of all irrigation wells are shallower than 125 feet deep.  
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Figure 2-7 

Depth Distribution of Domestic Wells in Lake County 

Source: Department of Water Resources 
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Figure 2-8 
Depth Distribution of Irrigation Wells in Lake County 

Source: Department of Water Resources 

 

 

 

2.4.1 Gravelly Valley Groundwater Basin 
The Gravelly Valley Groundwater Basin is in the northern portion of Lake County 
(Figure 2-6) in the Eel River Inventory Unit. Lake Pillsbury borders the basin to the 
south, and the Franciscan Formation borders the basin to the west, north, and east.  

Groundwater Wells 
Groundwater is used for domestic use in the Gravelly Valley Groundwater Basin. 
Figure 2-9 presents the well depth range and cumulative frequency depth distribution 
for domestic wells in the Gravelly Valley Groundwater Basin. Approximately 50 
percent of all domestic wells (6 wells) are shallower than 125 feet deep. Gravelly 
Valley has only one irrigation well.  
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Figure 2-9 
Depth Distribution of Domestic Wells in the Gravelly Valley 

Source: Department of Water Resources 

 

Groundwater Basin 

 
2.4.2 Upper Lake Basin 
The Upper Lake Basin is northwest of the northern end of Clear Lake (Figure 2-6). The 
Upper Lake Basin is composed of three valleys: Middle Creek Valley, Clover Valley, 
and Bachelor Valley. Middle Creek and Clover Valleys are in the Middle Creek 
Inventory Unit, and are bordered to the east and north by the Franciscan Formation, 
and to the west by Lower Cretaceous Marine rocks. Bachelor Valley is in the Scott’s 
Creek Inventory Unit and is bounded primarily by the Franciscan Formation and by 
Middle Creek Valley to the east.  

Water-Bearing Formations 
Quaternary Alluvium  
Quaternary Alluvium includes channel deposits, fan deposits, and gravel, sand and 
fine materials (ESA 1978). The channel alluvium occurs along Middle, Alley, and 
Clover Creeks. The mouths of several ravines and small canyons that enter into the 
valley contain fan and older alluvial deposits that consist of gravel, sand, and fine 
materials. These deposits reach a thickness of 40 to 50 feet and decrease downstream 
to only a few feet (ESA 1978). Quaternary alluvium is generally a good water 
producing unit.  
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Pleistocene Terrace Deposits 
The Pleistocene terrace deposits, consisting of poorly consolidated clay, silt, and sand 
with some gravel lenses, border the west and northwest of Middle Creek Valley. 
Because of the deposits’ high clay content, they have a low permeability and are less 
significant as a groundwater source (ESA 1978).  

Pleistocene Lake and Floodplain Deposits 
Underlying the valley floors of Middle, Clover, and Alley creeks are fine-grained 
lacustrine sediments and coarser grained floodplain deposits. These deposits overlie 
bedrock and older unconsolidated sediments and generally range from 60 to 110 feet 
in thickness. Sediments in the Middle Creek Valley area form a confining layer for an 
underlying artesian aquifer system (ESA 1978). The floodplain deposits contain sand 
and gravel lenses from former stream channels. The fine-grained lake deposits have 
low permeability with specific yields from about 3 to 5 percent while wells screened 
in the sand and gravel lenses produce an average of 230 gpm (DWR 1957).  

Groundwater Hydrogeology 
Groundwater recharges the Upper Lake Basin at the mouths of canyons and around 
the periphery of the basin. Recharge also occurs along Middle Creek, Clover Creek, 
and Alley Creek (ESA 1978). Groundwater recharge occurs from the stream channels 
during the early part of the wet season, and the basin fully recharges and contributes 
to stream flow during most wet seasons. Lesser amounts of recharge occur to the 
groundwater basin through percolation of smaller streams and direct rainfall. 

Groundwater levels in the Upper Lake Basin are shallow and have remained constant 
over the last 40 years. Figure 2-10 at the end of this section shows hydrographs in the 
Upper Lake Basin that indicate groundwater levels and trends. Water levels in the 
basin are generally within 10 feet of the ground surface in the spring. Groundwater 
levels have stayed constant spring to spring. The general direction of groundwater 
flow in Upper Lake Basin is southward toward Clear Lake. In Clover Valley, 
groundwater moves to the northwest, towards Middle Creek.  

Groundwater in the Upper Lake Basin fluctuates between 5 and 15 feet from spring to 
fall. Total storage in the Upper Lake Basin is approximately 9,000 acre-feet (ESA 1978). 
DWR estimated total storage to be 10,900 acre-feet and usable storage to be 5,000 acre-
feet. Specific yield for the depth interval of 0 to 100 feet is approximately 8 percent 
(DWR 1957). Average-year agricultural groundwater demand in the Upper Lake 
basin is approximately 4,075 acre-feet per year. 

Groundwater Quality/ Inelastic Land Surface Subsidence 
DWR monitors a number of wells for water quality in the Upper Lake Groundwater 
Basin. Monitoring is not extensive enough to determine trends in groundwater 
quality or the overall character of groundwater in the basin. Information obtained 
from DHS indicates that iron and manganese have been detected above SWQLs in the 

A  2-9 



Section 2 
Plan Area Setting 

 

 
Upper Lake Groundwater Basin. Current information regarding inelastic land surface 
subsidence is unavailable.  

Groundwater Wells 
There are 243 domestic wells and 99 irrigation wells in the Upper Lake Basin. Figures 
2-11 and 2-12 present the well depth range and cumulative frequency depth 
distribution for domestic and irrigation wells in Upper Lake Basin. Approximately 50 
percent of domestic wells are shallower than 75 feet deep, and approximately 50 
percent of irrigation wells are shallower than 125 feet deep. 

Source: Department of Water Resources 
Figure 2-11 

Depth Distribution of Domestic Wells in the Upper Lake Basin 
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Source: Department of Water Resources Figure 2-12 
Depth Distribution of Irrigation Wells in the Upper Lake Basin 

2.4.3 Scotts Valley Basin 
The Scotts Valley Basin is the source of water supply for Lakeport and adjacent 
agricultural areas. It is west of Clear Lake in the Scotts Valley Inventory Unit (Figure 
2-6). The basin includes Scotts Valley, the foothills between Scotts Valley and Clear 
Lake, and the foothills immediately to the south of Lakeport. Clear Lake borders the 
basin to the east and the Franciscan Formation borders the basin to the north, west 
and south. Scotts Creek flows through Scotts Valley and drains to the northwest 
around White Rock Mountain into the Upper Lake Basin. 

Over time, Scotts Creek has changed drainage directions and affected the 
development of the basin. Originally, Scotts Creek drained into Clear Lake during the 
deposition of the Quaternary Terrace Deposits. Clear Lake drained to the west, 
towards the Pacific Ocean at that time. Cache Creek then eroded back into the Cache 
Formation far enough to reach Clear Lake, and the lake started draining into Cache 
Creek to the east. Scotts Creek began to flow through Clear Lake’s old drainage to the 
west, towards the Pacific Ocean. During this time, Scotts Creek eroded into the 
Quaternary Terrace Deposits, creating the depression that is now Scotts Valley. Scotts 
Creek deposited a layer of gravels in the bottom of Scotts Valley. Approximately 
10,000 years ago, a large landslide occurred in the Scotts Creek drainage, blocking its 
drainage to the west and creating a lake in Scotts Valley. The lake deposited the clay 
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that makes up the floor of Scotts Valley today. Eventually Scotts Creek eroded a new 
channel, carving its present course to Clear Lake around Rock Mountain into the 
Upper Lake Basin to Clear Lake. The old drainage of Scotts Creek that was blocked by 
the landslide has filled up with water to form the Blue Lakes.  

Water-Bearing Formations 
Quaternary Alluvium 
The channel deposits of Scotts Creek and the valley deposits in the southern portion 
of Scotts Valley are composed of Quaternary Alluvium. Older stream channels 
deposited by Scotts Creek also underlie Quaternary Lake and Floodplain Deposits in 
the northern portion of Scotts Valley. In the southern portion of the valley, the 
alluvium is exposed at the surface. It is 40 to 70 feet thick (Ott Water Engineers 1987) 
and is the recharge area for the valley. In the northern portion of the valley, where the 
alluvium is buried by lake deposits, the alluvium is 85-105 feet deep, is 5-10 feet thick, 
and is a confined groundwater aquifer (Wahler 1970). Wells completed in the 
confined portion of Quaternary Alluvium produce up to 600 gallons per minute, and 
specific yield is estimated to vary between 20 and 25 percent (Wahler 1970). 

Quaternary Lake and Floodplain Deposits 
The northern portion of Scotts Valley is underlain by lake deposits of clay ranging in 
thickness from 60 to 90 feet (DWR 1957). This clay layer acts as a confining layer for 
the northern portion of Scotts Valley, where it overlies Quaternary Alluvium. 
Permeability in lake deposits is low, and specific yield of the clays is about 3 percent 
(Wahler 1970). 

Quaternary Terrace Deposits 
Quaternary Terrace deposits lie directly on bedrock and consist of poorly 
consolidated clay, silt, and sand, with some gravel. Quaternary Terrace deposits form 
the ridge that separates Scotts Valley from Clear Lake, and are exposed in foothills in 
the western and southern portions of the Scotts Valley Basin. The Quaternary Terrace 
Deposits also underlie the alluvium and lake deposits in Scotts Valley. The specific 
yield of terrace deposits is estimated to be between 5 and 10 percent, and wells in the 
formations sustain small yields of up to 60 gallons per minute (Wahler 1970).  

Groundwater Hydrogeology 
The south end of Scotts Valley serves as the principal recharge area for the entire 
valley (Wahler 1970). Surface water flow in Scotts Creek percolates into the aquifer in 
the southern portion of Scotts Valley at a rate of approximately 1,000 acre-feet per 
month (Wahler 1970). When Scotts Creek is not flowing, this recharge does not take 
place 

Hydrographs in Figure 2-16 at the end of this section show groundwater levels in the 
Scotts Valley Basin are shallow in the spring and experience wide fluctuations over 
the irrigation season. Water levels in the basin are on average 10 feet below the 
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ground surface in the spring, and spring groundwater levels have remained generally 
constant over the last 40 years. 

Spring to summer drawdown of the water table varies by position in the Scotts Valley 
Basin, with Scotts Valley experiencing larger drawdown than the rest of the basin. 
Spring to summer drawdown in the Scotts Valley ranges from 30 to 60 feet, and 
drawdown near Burger Lake and south of Lakeport is roughly 10 feet. Anecdotal 
information from groundwater users in Scotts Valley indicates that the summer 
drawdown is far enough to de-water some pumps. The general direction of 
groundwater flow in the Scotts Valley Basin is northward along Scotts Creek in the 
Scotts Valley portion of the basin, and eastward towards Clear Lake in the eastern and 
southern portions of the basin (Wahler 1970). Groundwater levels in the basin seem to 
completely recover each wet season, and overall there does not appear to be any 
increasing or decreasing trend in long term groundwater levels. 

Total groundwater in storage in Scotts Valley is approximately 5,900 acre-feet (Wahler 
1970). DWR estimated usable storage to be 4,500 acre-feet (DWR 1957). Specific yield 
for the depth interval of 0 to 100 feet is approximately 8 percent (DWR 1957). 
Average-year agricultural groundwater demand in the Scotts Valley Basin is 
approximately 2,369 acre-feet per year. 

Groundwater Quality/Inelastic Land Surface Subsidence 
Current published information regarding groundwater quality and inelastic land 
surface subsidence is unavailable. Information obtained from DHS indicates that iron, 
aluminum, barium and manganese have been detected above SWQLs in Scotts Valley. 
Anecdotal evidence in the form of elevated well casings (two to four feet above 
ground) indicates that the valley may have subsided by as much as four and one half 
feet. There have been no reports of groundwater quality issues associated with 
increased drawdown. 

Groundwater Wells 
There are 235 domestic wells and 87 irrigation wells in the Scotts Valley Basin. Figures 
2-14 and 2-15 present the well depth range and cumulative frequency depth 
distribution for domestic and irrigation wells in Upper Lake Basin. Approximately 50 
percent of domestic wells are shallower than 125 feet deep, and approximately 50 
percent of irrigation wells are shallower than 100 feet deep. 
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Source: Department of Water Resources 
Figure 2-14 

Depth Distribution of Domestic Wells in the Scotts Valley Basin 

 

 

Figure 2-15 Source: Department of Water Resources 

Depth Distribution of Irrigation Wells in the Scotts Valley Basin 
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2.4.4 Big Valley Groundwater Basin 
The Big Valley Basin is the source of water supply for Kelseyville and is the largest 
agricultural area in Lake County. It lies south of Clear Lake in the Big Valley 
Inventory Unit (Figure 2-6). The basin includes the lowlands portion of Big Valley 
near Clear Lake, and the southern uplands portion near Adobe and Kelsey Creeks. 
The Big Valley Groundwater Basin is bordered by Clear Lake to the north, the Clear 
Lake Volcanics to the east and the Franciscan Formation borders the basin to the west 
and south. Adobe and Kelsey Creeks flow through Big Valley and drain to the north 
into Clear Lake.  

Big Valley is roughly triangular shaped, and is at most six miles wide and 
approximately eight miles long. The ground surface in the northern portion of the 
basin gently slopes to the north towards Clear Lake. There are uplands on the west 
side of the valley, and separate uplands in the south central portion of the valley that 
have been uplifted approximately 400 feet by faulting (Christensen 2003).  

Water-Bearing Formations  
Hydrogeology in Big Valley is comprised of two distinct areas: the younger alluvial 
and basin deposits in the north, and raised uplands comprised of the Kelseyville 
Formation in the south. The two areas are separated by the Big Valley Fault, which 
uplifted the Kelseyville Formation and created the uplands in the south.  

Christenson Associates, Inc. identified 4 major aquifers in the Big Valley area in the 
Big Valley Ground Water Recharge Investigation Update (2003). The younger alluvial 
system in the northern portion of the basin contains two main aquifers, designated 
“A1” and “A2”. A clay-rich lake deposits layer designated “C2” separates the aquifers 
from each other (Christensen 2003). The Kelseyville Formation also includes two 
aquifers, designated “A3”, and “volcanic ash”. The “A3” aquifer and “volcanic ash” 
aquifers are separated by a clay layer designated “C3”. Figure 2-16 is a cross section of 
Big Valley’s aquifers and shows the spatial relationships between the aquifers and 
clay layers.  

“A1” Aquifer  
Much of the northern portion of Big Valley is directly underlain by alluvial deposits 
ranging from 10 feet to 126 feet thick (Christensen 2003). The deposits are likely to be 
stream deposits, consisting of gravel, sand, and silt. The “A1” aquifer is generally 
unconfined except near and under Clear Lake, where it is confined by an overlying 
clay layer. 
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 “A2” Aquifer  
The “A2” aquifer is below the “A1” aquifer and a confining clay layer, designated 
“C2” (Christensen 2003). The “A2” aquifer ranges from 14 to 140 feet in thickness, and 
is likely to be composed of stream deposits of gravel, sand, and silt clay. The “A2” 
aquifer is generally confined or semi-confined.  

“A3” Aquifer  
Much of the uplands in the southern portion of Big Valley are underlain by the “A3” 
aquifer, ranging from 5 to 160 feet in thickness. The deposits in the “A3” aquifer are 
similar to the deposits in the “A1” and “A2” aquifers, likely being comprised of 
stream deposits, gravel, sand, and silt. The “A3” aquifer is generally unconfined 
(Christensen 2003) 

“Volcanic Ash” Aquifer  
The “Volcanic Ash” aquifer is below the “A3” aquifer and a confining clay layer, 
designated “C3” (Christensen 2003). The “Volcanic ash” aquifer is generally 2 to 5 feet 
thick, with thicknesses as high as 50 feet reported in two wells. The aquifer consists of 
volcanic tuff, and water throughout the aquifer is confined (Christensen 2003).  

 

Source: Christensen Associates Inc. 
 

Figure 2-16 
Diagrammatic Cross Sections of Big Valley 

Water-bearing Formations 
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Groundwater Hydrogeology  
The majority of recharge to groundwater in the “A1” and “A2” aquifers is from 
infiltration of surface flow from Kelsey and Adobe Creeks into the aquifer system. 
Additional recharge to the “A1” and “A2” aquifers occurs from percolation of rainfall, 
and underflow from the “A3” aquifer. The “A1” aquifer may also receive recharge 
from Clear Lake during the summer, when pumping has lowered the groundwater 
level below the level of Clear Lake (Christensen 2003).  

The “A3” aquifer is recharged by percolation of rainfall and by infiltration of water 
from Kelsey Creek. Recharge of groundwater in the “Volcanic ash” aquifer is poorly 
understood. It is probably recharged by underflow from uplands, and infiltration of 
streamflow at surface exposures of the volcanic ash (Christensen 2003).  

Hydrographs in Figure 2-17 at the end of this section show groundwater levels in the 
Big Valley Groundwater Basin behave differently in the northern portion than in the 
southern portion of the basin. Hydrographs in the northern portion, the alluvial 
system portion of Big Valley, are typically shallow in the spring and experience wide 
fluctuations over the irrigation season. Water levels in the northern portion are 
typically five feet below the ground surface in the spring, and decrease from 10 to 50 
feet in the summer. Hydrographs in the southern portion, marked in Figure 2-17 by 
yellow, in the uplands in Big Valley, show that water levels in this area are 
significantly farther below ground surface than in the northern portion. Spring 
groundwater levels range from 70 to 90 feet below ground surface, while summer 
groundwater levels are typically 30 to 40 feet below spring levels. Spring 
groundwater levels have remained generally constant over the last 40 years except in 
drought periods. Drought periods can be seen in the hydrographs between 1975 and 
1977, and between 1987 and 1992.  

Figure 2-18 presents a groundwater contour map of groundwater levels observed in 
the spring of 2000. The direction of groundwater flow in Big Valley is generally 
northward towards Clear Lake. The groundwater gradient in the southern portion of 
the valley is approximately 70 feet per mile. The gradient in the northern portion of 
the valley is approximately 20 feet per mile.  

Figure 2-19 presents a contour map showing the change in groundwater levels 
between the spring of 2000 and the summer of 2000. Figure 2-19 shows a number of 
areas in Big Valley where groundwater was significantly lower over the summer. 
There was a 50-foot decline in water levels around the town of Finley, a 50-foot 
decline southeast of Kelseyville, and two 20-foot areas of declines near Kelseyville.  

Groundwater in storage in Big Valley has been estimated several times. DWR 
estimated groundwater in storage to be 105,000 acre-feet for a saturated depth interval 
of 10 to 100 feet in 1960. In 2004, DWR estimated usable storage to be 60,000 acre-feet. 
DWR estimated specific yield in 1957 to be 8 percent. Well yields from PG&E reports 
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in 1957 average 374 gpm for unconfined wells and 495 gpm for ‘confined’ wells; 
specific capacities were estimated to be 31 gallons per minute per foot for unconfined 
wells and 77 for ‘confined’ wells (DWR 1957). Average-year agricultural groundwater 
demand in the Big Valley basin is approximately 11,363 acre-feet per year. 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 

 

 

 

 

 

 Figure 2-18 
Spring 2000 Big Valley Groundwater Contour Map 

Source: Christensen Associates Inc. 
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Source: Christensen Associates Inc. Figure 2-19 
Change in Big Valley Groundwater Elevations, 

Spring to Summer 2000 
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Groundwater in the Big Valley Groundwater Basin may be overdrafted during 
periods of drought, when there is inadequate recharge during winter months to 
replace water extracted during the summer months. Potential impacts of overdraft 
during these periods might include: water shortages for irrigation, water shortages for 
municipal use, deterioration of groundwater quality, dry wells, and ground 
subsidence.  

Groundwater Wells 
There are 463 domestic wells and 297 irrigation wells in the Big Valley Groundwater 
Basin. Figures 2-20 and 2-21 present the well depth range and cumulative frequency 
depth distribution for domestic and irrigation wells in Big Valley Groundwater Basin. 
Approximately 50 percent of domestic wells are shallower than 75 feet deep, and 
approximately 50 percent of irrigation wells are shallower than 150 feet deep. 

Source: Department of Water Resources Figure 2-20 
Depth Distribution of Domestic Wells in the Big Valley Groundwater Basin 
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Figure 2-21 Source: Department of Water Resources 

 

Depth Distribution of Irrigation Wells in the Big Valley Groundwater Basin 

2.4.5 High Valley Basin 
The High Valley Basin includes High Valley, a small valley north of Clearlake Oaks 
(Figure 2-6) in the Shoreline Inventory Unit. The valley is three miles long and one 
mile wide. The Franciscan Formation borders High Valley on the north, west, and 
south, and an area of volcanic rocks near Round Mountain borders High Valley to the 
east. Drainage occurs through the narrow gorge of Schindler Creek to the southeast. 

Water-Bearing Formations 
Quaternary Alluvium 
Quaternary Alluvium in High Valley consists of up to 100 feet of fine grained lake 
deposits. The perimeter of the deposit consists of alluvial fan deposits that may 
contain coarser sediments. Alluvium is generally a good water producing unit.  

Holocene Volcanics 
Holocene volcanics likely originated from the vicinity of Round Mountain. The 
volcanics underlie the fine grained alluvium in the valley and form a confined aquifer. 
The volcanics were initially a productive aquifer; however, well yield has reduced 
over time. Recharge is likely reduced by the fine grained alluvium preventing 
infiltration to the volcanics (DWR 2003).  
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Groundwater Hydrogeology 
The alluvial aquifer portion of High Valley is recharged through direct precipitation. 
Recharge to the deeper volcanic aquifer is likely through the perimeter of the valley 
through alluvial fans (DWR 2003).  

Hydrographs in Figure 2-22 at the end of this section show groundwater levels in 
High Valley have slow recovery after droughts. Water levels in the basin range from 
10 to 30 feet below the ground surface in the spring. Spring groundwater levels have 
fluctuated considerably over the last 40 years. After the drought of 1976, spring 
groundwater levels had declined 45 feet, and it took 5 years for water levels to recover 
to pre-1976 levels. This trend of slow recovery is indicative of low recharge rates to 
the basin. 

Spring to summer drawdown of the water table is 5 to 10 feet during an average year 
in High Valley. The general direction of groundwater flow in High Valley is 
unknown. Usable storage capacity is approximately 900 acre-feet (DWR 1960). 
Average-year agricultural groundwater demand in the High Valley basin is 
approximately 36 acre-feet per year. 

Groundwater Quality/Inelastic Land Surface Subsidence 
DWR monitors a number of wells for water quality in the High Valley Groundwater 
Basin. Monitoring is not extensive enough to determine trends in groundwater 
quality or the overall character of groundwater in the basin. Information was not 
available from DHS for the High Valley Groundwater Basin. Current information 
regarding inelastic land surface subsidence is unavailable.  

Groundwater Wells 
There are 19 domestic wells and 10 irrigation wells in the High Valley Basin. Figures 
2-23 and 2-24 present the well depth range and cumulative frequency depth 
distribution for domestic and irrigation wells in High Valley Basin. Approximately 50 
percent of domestic wells are shallower than 125 feet deep, and approximately 50 
percent of irrigation wells are shallower than 175 feet deep. 
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Source: Department of Water Resources 
Figure 2-23 

Depth Distribution of Domestic Wells in the High Valley Basin 

Figure 2-24 
Depth Distribution of Irrigation Wells in the High Valley Basin 

Source: Department of Water Resources 
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2.4.6 Burns Valley Basin 
Burns Valley Basin is in the Shoreline Inventory Unit (Figure 2-6). The Franciscan 
Formation borders the Burns Valley Basin on the north, Clear Lake borders the basin 
on the west, and the Cache Formation borders the basin on the south and east.  

Water-Bearing Formations 
Quaternary Alluvium 
The valley lowlands contain stream channel gravel and adjacent floodplain deposits. 
These lowland deposits are Quaternary Alluvium and are composed of silt, sand, and 
gravel. The southern end of the valley has a maximum thickness of approximately 50 
feet (DWR 2003). Groundwater in this formation is unconfined and typically provides 
water for domestic use.  

Quaternary Terrace Deposits 
Quaternary Terrace Deposits have been deposited on the sides of the alluvial plain in 
the Burns Valley Basin. The terrace deposits are approximately 15 feet above the 
valley floor and slope up the valley to a similar elevation as the foothill exposures of 
the Cache Formation. Groundwater in this formation is not well understood. 

Lower Lake Formation 
The Lower Lake Formation, consisting of lake deposits, underlies the alluvial and 
terrace deposits in the Burns Valley Basin. The formation consists of fine sands, silts, 
and thick interbeds of marl and limestone (Rymer 1981), and has a maximum 
thickness of 200 feet (DWR 2003). The formation has low permeability and provides 
water to wells at up to a few hundred gallons per minute (DWR 2003). 

Groundwater Hydrogeology 
The District monitors one well in the Burns Valley Basin. The monitoring well 
indicates that groundwater levels fluctuate from 2 feet below ground surface in the 
spring to 10 feet below ground surface in the fall. The well also indicates that water 
levels rose in the Burns Valley Basin in 1981-1983. No information on groundwater 
movement is available. DWR estimates the useable storage capacity to be 1,400 acre-
feet (DWR 1960). Average-year agricultural groundwater demand in the Burns Valley 
basin is approximately 14 acre-feet per year. 

Groundwater Quality/Inelastic Land Surface Subsidence 
DWR monitors a number of wells for water quality in the Burns Valley Basin. 
Monitoring is not extensive enough to determine trends in groundwater quality nor 
the overall character of groundwater in the basin. Information was not available from 
DHS for the High Valley Groundwater Basin. Current information regarding inelastic 
land surface subsidence is unavailable.  
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Groundwater Wells 
There are 86 domestic wells and 13 irrigation wells in the Burns Valley Basin. Figures 
2-25 and 2-26 present the well depth range and cumulative frequency depth 
distribution for domestic and irrigation wells in Burns Valley Basin. Approximately 
50 percent of domestic wells are shallower than 75 feet deep, and approximately 50 
percent of irrigation wells are shallower than 250 feet deep.  

Figure 2-25 
Depth Distribution of Domestic Wells in the Burns Valley Basin 

Source: Department of Water Resources 
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Figure 2-26 
Depth Distribution of Irrigation Wells in the Burns Valley Basin 

Source: Department of Water Resources 

 
2.4.7 Coyote Valley Basin 
Coyote Valley Basin is in the southeastern portion of the county along Putah Creek 
(Figure 2-6) and is part of the Upper Putah Inventory Unit. Coyote Valley Basin is 5 
miles long and 2.5 miles wide. Clear Lake Volcanics border Coyote Valley Basin to the 
east, Serpentinized ultramafic rocks border the basin to the south and west, and the 
Franciscan Formation borders the basin to the north. Low hills of basalt are found in 
the south and southeastern part of the valley.  

Water-Bearing Formations 
Holocene Alluvium 
Holocene alluvium is the primary water-bearing unit in the basin and overlies the 
Cache Formation. The alluvium consists of floodplain and channel deposits of Putah 
Creek and alluvial fan deposits in the southwestern portion of the valley and at the 
valley boundaries. The deposits are primarily composed of poorly stratified sand and 
gravel, with limited fine grained material. The formation is predominantly 
interbedded coarse sand and gravel, and ranges from about 100 to 300 feet thick 
(DWR 1976). Groundwater within the upper 100 feet of the formation is largely 
unconfined (Peterson 1996). Wells drilled in the alluvium produce on average 1,000 
gallons per minute (Aust 2006).  
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Plio-Pleistocene Volcanics and Cache Formation 
Underlying the valley alluvium is a poorly understood mixture of volcanic rocks and 
sediments that may be related to the Cache Formation. The southeastern part of the 
valley contains volcanic rocks and Cache Formation tuffaceous deposits that may be 
waterbearing. The poorly consolidated tuffaceous deposits are found fairly deep 
beneath the hills to the northeast where they are overlain and potentially interbedded 
with basaltic flows. The northeast edge of the valley contains Cache Formation 
outcrops that likely underlie much of the alluvium. The Cache Formation is made of 
gravel, silt, sand and the upper layers contain water-laid tuffs and tuffaceous sands 
become dominant (DOM 1953). The Cache Formation has low permeability because 
most of the strata are too high in clay or silt to allow for great water movement.  

Groundwater Hydrogeology 
Putah Creek is the main groundwater recharge source for Coyote Valley Basin. Some 
recharge occurs from precipitation on the alluvial plain and from side-stream runoff.  

Hydrographs in Figure 2-27 at the end of this section show groundwater levels in the 
Coyote Valley Basin are shallow in the spring, decrease over the summer, and recover 
during the winter. Water levels in the basin are between 10 to 15 feet below ground 
surface on average in the spring. Spring groundwater levels have been generally 
stable throughout the valley. 

Spring to summer drawdown of the water table varies by position in the Coyote 
Valley Basin, with areas in the west experiencing larger drawdown than the rest of the 
basin. Spring to summer drawdown in the western areas ranges from 20 to 25 feet, 
and drawdown on the eastern side of the valley ranges from 5 to 10 feet. The general 
direction of groundwater flow in the Coyote Valley is to the southeast, in the direction 
of Putah Creek flow (Figure 2-28). DWR estimated 29,000 acre feet of storage capacity 
and 7,000 acre feet of useable storage capacity in 1960. Average-year agricultural 
groundwater demand in the Coyote Valley basin is approximately 671 acre-feet per 
year. 
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Source: Hidden Valley Lake Community Services District 
Figure 2-28 

Coyote Valley Groundwater Level Contours, April 2001 

Groundwater Quality/Inelastic Land Surface Subsidence 
DWR monitors a number of wells for water quality in the Coyote Valley Groundwater 
Basin. Monitoring is not extensive enough to determine trends in groundwater 
quality or the overall character of groundwater in the basin. Information obtained 
from DHS indicates that iron and manganese have been detected above SWQLs in the 
Coyote Valley, and chromium was identified as a constituent of concern by Coyote 
Valley Stakeholders. Current information regarding inelastic land surface subsidence 
is unavailable. 

Groundwater Wells 
There are 86 domestic wells and 17 irrigation wells in the Coyote Valley Basin. Figures 
2-29 and 2-30 present the well depth range and cumulative frequency depth 
distribution for domestic and irrigation wells in Coyote Valley Basin. Approximately 
50 percent of domestic wells are shallower than 125 feet deep, and approximately 50 
percent of irrigation wells are shallower than 125 feet deep.  
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Source: Department of Water Resources 

 

 

Figure 2-29 
Depth Distribution of Domestic Wells in the Coyote Valley Basin 

 

Depth Distribution of Irrigation Wells in the Coyote Valley Basin 
Figure 2-30 Source: Department of Water Resources 
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2.4.8 Collayomi Valley Basin 
The Collayomi Valley Basin is in the southern portion of Lake County (Figure 2-6) and 
is the source of water supply for Middletown and adjacent agricultural areas. The 
basin includes Collayomi and Long Valley, both in the Upper Putah Inventory Unit. 
The two valleys are considered a single groundwater basin due to their hydrologic 
continuity. The Franciscan Formation borders the basin to the west, and a mixture of 
Serpentinized Ultramafic Rocks and Franciscan Formation borders the basin to the 
north, east, and south. A small area of volcanic rocks borders the central southern 
portion of the valley. The boundary is typically the edge of the valley floor except 
where water bearing basalt and landslide debris extend beyond the valley floor. 

Water-Bearing Formations 
Quaternary Alluvium  
Quaternary alluvium in the Collayomi Valley Basin consists of deposits of clay and 
silt, with localized areas of channelized gravel. Near Putah Creek, shallow deposits of 
fine sand and cobbles are present. The maximum thickness of alluvium in the basin is 
approximately 350 feet in Collayomi Valley, and 475 feet in Long Valley (DWR 1976). 
Alluvium generally is a productive water bearing unit.  

Groundwater Hydrogeology 
Recharge occurs in the Collayomi basin next to Putah, Dry, and St. Helena Creeks. 
Some recharge also occurs from infiltration of irrigation water and direct rainfall. 
Recharge in Long Valley may be impeded by hardpan conditions near the ground 
surface (DWR 1976). 

Hydrographs in Figure 2-31 at the end of this section show groundwater levels in the 
Collayomi Valley Basin are shallow in the spring and experience fluctuations over the 
irrigation season. Water levels in the basin range from 3 to 15 feet below the ground 
surface in the spring, and spring groundwater levels have remained generally 
constant over the last 40 years. 

Spring to summer drawdown of groundwater is generally between 5 and 20 feet 
throughout the Collayomi Valley Basin. The direction of groundwater flow in the 
Collayomi Valley is to the north where it discharges to Putah Creek. Groundwater 
flow in Long Valley is from the southeast to the northwest where it also discharges to 
Putah Creek. Groundwater in both valleys generally flows the same direction as 
surface flow (CMA 1987). Groundwater levels in the basin seem to completely recover 
each wet season, and overall there does not appear to be any increasing or decreasing 
trend in groundwater levels. 

Total storage in the basin is approximately 37,000 acre-feet (CMA 1987). DWR 
estimates groundwater storage in the Collayomi Basin to be 29,000 acre-feet with a 
useable storage capacity of 7,000 acre-feet (DWR 1960).Average-year agricultural 
groundwater demand in the Collayomi Valley basin is 266 acre-feet per year. 
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Groundwater Quality/Inelastic Land Surface Subsidence 
DWR monitors a number of wells for water quality in the Collayomi Valley 
Groundwater Basin. Monitoring is not extensive enough to determine trends in 
groundwater quality or the overall character of groundwater in the basin. Information 
obtained from DHS indicates that iron and manganese have been detected above 
SWQLs in Collayomi Valley and sulfide was identified as a constituent of concern by 
Collayomi Valley Stakeholders. Current information regarding inelastic land surface 
subsidence is unavailable.  

Groundwater Wells 
There are 141 domestic wells and 34 irrigation wells in the Collayomi Valley Basin. 
Figures 2-32 and 2-33 present the well depth range and cumulative frequency depth 
distribution for domestic and irrigation wells in Collayomi Valley Basin. 
Approximately 50 percent of domestic wells are shallower than 125 feet deep, and 
approximately 50 percent of irrigation wells are shallower than 150 feet deep.  

 

Figure 2-32 
Depth Distribution of Domestic Wells in the Collayomi Valley Basin 

Source: Department of Water Resources 
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Figure 2-33 
Depth Distribution of Irrigation Wells in the Collayomi Valley Basin 

Source: Department of Water Resources 

 

 
2.4.9 Lower Lake Basin 
The Lower Lake Basin is southeast of Clear Lake (Figure 2-6) in the Shoreline and 
Lower Lake Inventory Units. The rocks of the Great Valley sequence border the 
Lower Lake Basin on the south (Rymer 1981), and the Cache Formation and volcanic 
rock border the basin to the north. The Lower Lake Formation and volcanic rocks 
occur within this basin. Average-year agricultural groundwater demand in the Lower 
Lake basin is approximately 17 acre-feet per year. 

Water-Bearing Formations 
Quaternary Alluvium 
Alluvial deposits consist of clay, silt, sand and gravel and are approximately 50 to 75 
feet thick. Irrigation wells constructed near the alluvial deposits provide about 400 to 
600 gpm (Upson 1955). The alluvial plain of Herndon Creek likely contains gravelly 
clay, and is interbedded with gravel layers. Wells in the area with depths of 
approximately 75 feet yield up to 250 gpm with 40 feet of drawdown (Upson 1955).  
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Lower Lake Formation 
The Lower Lake Formation includes conglomerate, sandstone, siltstone, limestone, 
tuff, and diatomite (Rymer 1981). Younger alluvial deposits are found above the 
Lower Lake Formation and cover an area almost two-thirds of the basin. Permeability 
is variable but generally low because the strata are high in clay or silt. The formation 
thickness is unknown. Well yields are about 150 to 240 gpm (Upson 1955).  

Groundwater Hydrogeology 
Precipitation and seepage from Herndon Creek and Clear Lake are the main sources 
of recharge for the basin (Upson 1955). Recharge is also likely from Copsey and 
Seigler Canyon creeks. Infiltration of rain falling on the outcrop areas is the likely 
source of groundwater recharge in the Cache Formation (Upson 1955).  

DWR monitored three groundwater wells in the Lower Lake Basin, but discontinued 
monitoring by 1995. Monitoring prior to 1995 indicates that groundwater levels 
fluctuated from an average of 10 feet below ground surface in the spring to an 
average of 20 feet below ground surface in the fall. There is no information on 
groundwater movement.  

The basin’s storage capacity is approximately 3,000 to 4,000 acre-feet (Upson 1955). 
Additional storage capacity is available as part of the Lower Lake Formation but 
thickness and yield are unknown.  

Groundwater Quality/Inelastic Land Surface Subsidence 
DWR monitors a number of wells for water quality in the Lower Lake Groundwater 
Basin. Monitoring is not extensive enough to determine trends in groundwater 
quality or the overall character of groundwater in the basin. Information was not 
available from DHS for the Lower Lake Basin. Current information regarding inelastic 
land surface subsidence is unavailable.  

Groundwater Wells 
There are 243 domestic wells and 25 irrigation wells in the Lower Lake Basin. Figures 
2-34 and 2-35 present the well depth range and cumulative frequency depth 
distribution for domestic and irrigation wells in Lower Lake Basin. Approximately 50 
percent of domestic wells are shallower than 50 feet deep, and approximately 50 
percent of irrigation wells are shallower than 100 feet deep.  
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Source: Department of Water Resources 

 

Figure 2-34 
Depth Distribution of Domestic Wells in the Lower Lake Basin 

Figure 2-35 
Depth Distribution of Irrigation Wells in the Lower Lake Basin 

Source: Department of Water Resources 
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2.4.10 Long Valley Groundwater Basin 
Long Valley Groundwater Basin is in the northeast portion of the county (Figure 2-6) 
in the Cache Creek Inventory Unit. The Franciscan Formation borders most of the 
Long Valley Groundwater Basin. Volcanic rocks form a small section of the southern 
boundary. The basin is made up of alluvial fill. Very little information exists about 
this groundwater basin. Average-year agricultural groundwater demand in the Long 
Valley basin is approximately 253 acre-feet per year. 

Groundwater Wells 
There are 30 domestic wells and 7 irrigation wells in the Long Valley Groundwater 
Basin. Figures 2-36 and 2-37 present the well depth range and cumulative frequency 
depth distribution for domestic and irrigation wells in Long Valley Groundwater 
Basin. Approximately 50 percent of domestic wells are shallower than 100 feet deep, 
and approximately 50 percent of irrigation wells are shallower than 100 feet deep.  

Figure 2-36 
Depth Distribution of Domestic Wells in the Long Valley Groundwater Basin 

Source: Department of Water Resources 
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Figure 2-37 
Source: Department of Water Resources 

Depth Distribution of Irrigation Wells in the Long Valley Groundwater Basin 

2.4.11 Clear Lake Cache Formation Groundwater Basin 
The Clear Lake Cache Formation Groundwater Basin is east of Clear Lake and is in 
both the Shoreline and Cache Creek Inventory Units (Figure 2-6). The Clear Lake 
Cache Formation Groundwater Basin shares a boundary with the Burns Valley 
Groundwater Basin in the southwest. Lower Cretaceous marine and Mesozoic ultra-
basic intrusive rocks bound the south of the basin. Lower Cretaceous marine deposits 
border the east portion of the basin, and the Franciscan Formation borders the north 
and west portions of the basin.  

Water-Bearing Formations 
Cache Formation 
The Cache Formation is generally of low porosity, and is the only water-bearing 
formation in the Clear Lake Cache Formation Groundwater Basin. The Cache 
Formation ranges in age from 1.6 to 1.8 million years old and is over 13,000 feet thick 
(Hearn 1988). The Cache Formation is characterized by sandstone, conglomerate, gray 
sandstone with light-olive-gray conglomerate lower in the section. It represents 
fluvial deposition, and was deposited in a fault-controlled, subsiding basin (Rymer 
1981). The Cache Formation overlies the Franciscan Formation and Serpentinized 
Ultramafic Rocks, and is overlain by the Clear Lake Pleistocene Volcanics, and the 
Lower Lake Formation (Rymer 1981). The Cache Formation dips to the southwest.  
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Groundwater Hydrogeology 
Groundwater levels have not been monitored in the Cache Formation. Other 
hydrogeologic information for the basin is unavailable. Average-year agricultural 
groundwater demand in the Clear Lake Cache Formation basin is approximately 85 
acre-feet per year. 

Groundwater Quality/Inelastic Land Surface Subsidence 
Current information regarding groundwater quality and inelastic land surface 
subsidence is unavailable.  

Groundwater Wells 
There are 71 domestic wells and 9 irrigation wells in the Clear Lake Cache Formation 
Groundwater Basin. Figures 2-38 and 2-39 present the well depth range and 
cumulative frequency depth distribution for domestic and irrigation wells in Clear 
Lake Cache Formation Groundwater Basin. Approximately 50 percent of domestic 
wells are shallower than 125 feet deep, and approximately 50 percent of irrigation 
wells are shallower than 200 feet deep.  

Figure 2-38 
Depth Distribution of Domestic Wells in the Clear Lake Cache Formation 

Groundwater Basin 

Source: Department of Water Resources 
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Figure 2-39 
Source: Department of Water Resources 

 

Depth Distribution of Irrigation Wells in the Clear Lake Cache 
Formation Groundwater Basin 

 
2.4.12 Middle Creek Groundwater Basin 
The Middle Creek Groundwater Basin is in the Middle Creek Inventory Unit (Figure 
2-6). The Franciscan Formation borders the Middle Creek Groundwater Basin to the 
north and east. Lower Cretaceous Marine deposits bound the basin to the west. The 
basin is made up of alluvial fill. Little information is available about the Middle Creek 
Groundwater Basin. Average-year agricultural groundwater demand in the Middle 
Creek basin is approximately 73 acre-feet per year.  

Groundwater Wells 
There are 39 domestic wells and 3 irrigation wells in the Middle Creek Groundwater 
Basin. Figures 2-40 and 2-41 present the well depth range and cumulative frequency 
depth distribution for domestic and irrigation wells in Middle Creek Groundwater 
Basin. Approximately 50 percent of domestic wells are shallower than 100 feet deep, 
and approximately 50 percent of irrigation wells are shallower than 75 feet deep.  
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Figure 2-40 
Depth Distribution of Domestic Wells in the Middle Creek Groundwater Basin 

Source: Department of Water Resources 

 

Figure 2-41 
Depth Distribution of Irrigation Wells in the Middle Creek Groundwater Basin 

Source: Department of Water Resources 
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2.4.13 Clear Lake Volcanics Groundwater Source Area 
The Clear Lake Volcanics groundwater source area is south of Clear Lake and is in the 
Shoreline, Middle Putah, and Upper Putah Inventory Units. The Clear Lake Volcanics 
share a boundary with the Big Valley Groundwater Basin to the west (Figure 2-6). The 
Franciscan Formation bounds the south and east of the area.  

Water-Bearing Formations 
Clear Lake Volcanics 
The Clear Lake Volcanics consist of basalt, andesite, and other volcanic rocks in a 
complex sequence. The Clear Lake Volcanics are heavily faulted and fractured, and 
are over 4,000 feet thick near Mount Konocti (Hearn 1988). A well drilled near the 
intersection of Red Hills Road and Highway 29 revealed that the formation was 1,600 
feet thick at that location (Slade 2002). Groundwater in the Clear Lake Volcanics 
occurs primarily in fractures, joints, and within weathered zones that formed in 
between volcanic eruptions. The amount of groundwater available to a well in the 
formation is highly dependent on the size, openness, frequency, and interconnection 
of fractures and joints encountered in the well.  

Groundwater Hydrogeology 
Overall, the hydrogeologic properties of the Clear Lake Volcanics vary widely 
between different locations in the area, and are not well defined. In some areas, pump 
tests have been performed to determine aquifer properties. Pump tests determine an 
aquifer’s characteristics at a particular well location. Pump tests typically reveal 
specific capacity and transmissivity. Specific capacity is a calculated number based on 
the pumping rate in gallons divided by a measurement of the difference of static and 
pumping levels in the well. Higher specific capacities indicate a productive well, and 
low specific capacities indicate an unproductive well. Transmissivity is the capacity of 
an aquifer to transmit water. A higher transmissivity indicates the aquifer is able to 
transmit more water.  

A pumping test performed on a well east of Soda Bay Road in the Clear Lake 
Volcanics revealed a specific capacity of 43 gpm/ft, and a transmissivity ranging 
between 20,000 and 86,000 gpd/ft (Hicke 2002). Other pump tests performed near the 
intersection of Red Hills Road and Highway 29 indicated specific capacities of 1.25, 
47.6, and 18.7 gpm/ft, and pumping rates of 555 gpm, 150 gpm, and 670 gpm. 
Average-year agricultural groundwater demand in the Clear Lake Volcanics basin is 
approximately 2,271 acre-feet per year. 

Groundwater Quality/Inelastic Land Surface Subsidence 
Published information regarding groundwater quality and inelastic land surface 
subsidence is unavailable. Information obtained from DHS indicates that iron, 
aluminum and manganese have been detected above SWQLs in the Clear Lake 
Volcanics.  
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Groundwater Wells 
There are 537 domestic wells and 59 irrigation wells in the Clear Lake Volcanics 
Groundwater Source Area. Figures 2-42 and 2-43 present the well depth range and 
cumulative frequency depth distribution for domestic and irrigation wells in Clear 
Lake Volcanics Groundwater Source Area. Approximately 50 percent of domestic 
wells are shallower than 200 feet deep, and approximately 50 percent of irrigation 
wells are shallower than 325 feet deep.  

Figure 2-42 
Depth Distribution of Domestic Wells in the Clear Lake Volcanics 

Groundwater Source Area 

Source: Department of Water Resources 
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Figure 2-43 
Depth Distribution of Irrigation Wells in the Clear Lake Volcanics 

Groundwater Source Area 

Source: Department of Water Resources 

 

 

2.5 Agricultural Water Demand by Groundwater Basin 
Water demand was calculated to estimate the average year agricultural water use 
overlying groundwater basins in Lake County. The calculation was performed using 
2001 land use data from DWR, and crop irrigation requirements for an average water 
year from DWR. Acreage of land use of each crop was multiplied by the crop's water 
demand and a factor representing irrigation efficiency, and then demand for each 
crop was totaled by groundwater basin. Calculations for each groundwater basin are 
presented in Appendix B. This data provides a snapshot of approximate water 
demand near the year 2001; land use changes that occurred after 2001 are not 
represented by this calculation.  
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Table 2-4 
Agricultural Demand in Lake County by Groundwater Basin During an Average Year 

Groundwater 
Basin 

Land 
Irrigated 

with 
Surface 
Water 
(acres) 

Land 
Irrigated 

with 
Groundwater 

(acres) 

Irrigated 
Land 
Total 

(acres) 

Surface 
Water 

Demand 
(acre-ft) 

Groundwater 
Demand 
(acre-ft) 

Total 
Demand 
(acre-ft) 

Gravelly Valley 0 0 0 0 0 0 
Upper Lake 
Valley 1,117 1,509 2,920 4,182 4,075 8,257 

Scotts Valley 0 856 856 0 2,369 2,369 
Big Valley 23 6,765 6,788 91 11,363 11,454 
High Valley 0 64 64 0 36 36 
Burns Valley 162 5 167 91 14 105 
Coyote Valley 1,059 348 1,407 3,402 671 4,073 
Collayomi 
Valley 33 317 350 146 266 412 

Lower Lake 
Valley 0 31 31 0 17 17 

Long Valley 0 118 118 0 253 253 
Clear Lake 
Cache 
Formation 

26 132 158 15 85 100 

Middle Creek 0 18 18 0 73 73 
Clear Lake 
Volcanics 185 2,979 3,164 820 2,271 3,091 

 
Table 2-4 presents the agricultural water demand for an average year by groundwater 
basin. Table 2-4 indicates that groundwater is the primary source of water for the 
Lake County groundwater basins. Groundwater basins with a groundwater demand 
over 1,000 acre-feet per year include: Upper Lake Valley, Scotts Valley, Big Valley, 
and the Clear Lake Volcanics Groundwater Source Area.  
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Mt. Hannah Water consupmtion and production

Produced Consumed Variance

     

     

2009 4,086,320                   1,311,553                   2,774,767         68%

2010 2,683,870                   1,061,486                   1,622,384         60%

2011 1,234,630                   1,121,329                   113,301            9%

2012 1,761,527                   1,205,856                   555,671            32%

2013 2,210,145                   1,350,107                   860,038            39%

2014 970,222                       495,965                      474,257            49%

Average 2,157,786                   1,091,049                   1,066,736         49%

Variance is the amount of water that is "lost" or unaccounted for. This is typically due to leaks ion the system.

2014 by billing cycle billed produced lost

March 12/14/13~02/12/14 155,190         354,621      (199,431)       -56%

May 2/13/14~4/14/14 157,884         343,697      (185,813)       -54%
  

-                 
July 4/15/14~6/16/14 182,891         271,904      (89,013)         -33%

Billed Gallons per day Per day/connection per day/person

Mar‐14 155190 2,587                          72                      33                 

May‐14 157884 2,631                          73                      33                 

Jul‐14 182891 3,048                          85                      39                 

















































Million gallons/year?

Year Produced Consumed Delta Variance Rainfall at 
Cobb Mtn\

# of 
connectio

ns

Persons/c
onnection

Pop per 
2010 

census

GPCD 
(produced)

GPCD 
(consume

d)

Water 
Loss 

GPCD

Water Loss 
GPD

2004 62,290,425       39,878,330 22,412,095 35.98% 0.3598    42.15       494 1.71        845 201.96                129.30    (72.67)     (61,403.00) 
2005 60,360,555       39,204,180 21,156,375 35.05% 0.3505    100.34     494 1.71        845 195.71                127.11    (68.59)     (57,962.67) 
2006 49,616,162       32,687,128 16,929,034 34.12% 0.3412    84.75       494 1.71        845 160.87                105.98    (54.89)     (46,380.92) 
2007 46,969,921       29,878,137 17,091,784 36.39% 0.3639    53.48       494 1.71        845 152.29                96.87      (55.42)     (46,826.81) 
2008 41,637,176       30,002,432 11,634,744 27.94% 0.2794    56.08       494 1.71        845 135.00                97.28      (37.72)     (31,876.01) 
2009 45,820,580       27,900,668 17,919,912 39.11% 0.3911    64.12       494 1.71        845 148.56                90.46      (58.10)     (49,095.65) 
2010 45,391,300       27,354,440 18,036,860 39.74% 0.3974    97.48       494 1.71        845 147.17                88.69      (58.48)     (49,416.05) 
2011 37,480,333       27,741,939 9,738,394 25.98% 0.2598    55.73       494 1.71        845 121.52                89.95      (31.57)     (26,680.53) 
2012 41,063,400       28,302,829 12,760,571 31.08% 0.3108    89.00       494 1.71        845 133.14                91.77      (41.37)     (34,960.47) 
2013 41,469,280       29,025,305 12,443,975 30.01% 0.3001    13.77       494 1.71        845 134.45                94.11      (40.35)     (34,093.08) 

Average 47,209,913       31,197,539  16,012,374          34% 35.70       through April 2014
Use 10 MGY of savings 65.69       Ave 2004-2013

Year Produced Difference Variance
2004 62.3 22.4 36%
2005 60.4 21.2 35%
2006 49.6 16.9 34%
2007 47.0 17.1 36%
2008 41.6 11.6 28%
2009 45.8 17.9 39%
2010 45.4 18.0 40%
2011 37.5 9.7 26%
2012 41.1 12.8 31%
2013 41.5 12.4 30%

412 connections
2 residents/connection

1,001 people
60 gpcd

365 days
21,900 gpcy

21,925,404 gpy
22 mgpy

IVR Storage
AF CF Gallons

IVR usable storage 300,600
2013 water in storage 96,411         
Current water in storage 27,753         1,208,920,680     
estimated Spring Valley dem 83.95           3,657,011            27,354,440    
Annual fisheries use at 10 cfs 7,239.67      315,360,000        

Storage remaining: Current wate 889,903,669        

y = ‐0.0061x + 12.636
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Paradise Valley Water consupmtion and production Average Gal per day

Produced Consumed Varience Per person

2007 4,151,530                    4,103,334                  48,196              1% 69

2008 4,208,248                    3,720,437                  487,811            12% 63

2009 3,407,580                    3,152,290                  255,290            7% 53

2010 3,391,537                    3,031,106                  360,431            11% 51

2011 3,480,828                    3,265,993                  214,835            6% 55

2012 2,900,392                    2,405,732                  494,660            17% 40

2013 1,297,190                    1,051,013                  246,177            19% 18

74 active connections with approx. 2.2 people per household is a population of 163. 
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1 Introduction	and	Background	
Lake  County  Special  Districts  County  Services  Area  16  [(CSA) 16] includes Paradise Cove and Paradise
Valley Ranch.  Paradise Valley Ranch is a 92 Equivalent Dwelling Units (EDU) development planned
directly to the north of the existing 88 EDU Paradise Cove development. The existing Paradise Cove
development is currently under a building moratorium (there are currently only 70 of the existing 88 lots
developed) because of limitations on the water supply. The purpose of this study is to assess the
feasibility of supplying water to (CSA) 16 through a water main extension from the existing Clearlake
Oaks County Water District water distribution system, westerly to the project location. The general
project location is shown in Figure 1.

Figure 1. Project Location

	

PROJECT
LOCATION
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2 Water	Demand	

2.1 Existing	Water	Demand	from	Paradise	Cove	within	(CSA)	16	
The  existing  Paradise  Cove  system  has  70  active  connections  within  CSA  (16).   The  existing  system
supplies  peak  flow  of  17-gpm,  for  a  total  daily  flow  of  25,000  gallons  per  day.   The  existing  70  active
connections are using approximately 350 gallons per connection per day at peak.  This is a relatively low
per connection usage, which is explained primarily by the use of a secondary supply and distribution
system for irrigation water.  Because there is secondary supply for most irrigation needs, the peak day
peaking factor is low, estimated at 1.5. For planning purposes, an average daily flow of 250 gpcd and a
1.5 peaking factor is reasonable for the Paradise Cove area.

2.2 Anticipated	Water	Demand	within	(CSA)	16		
The planned Paradise Valley Ranch development will have 77 residential connections, a winery, 15,000
sf of commercial space and an equestrian center/clubhouse.  The water system in Paradise Valley Ranch
will also have a secondary supply for irrigation water, so residential use is expected to be the same as for
Paradise Cove (250 gpd average with a 1.5 peaking factor).  Paradise Cove will have 88 residential
connections at build-out.  Anticipated water demand for (CSA) 16 at build out is shown in Table 1.

Table 1. Anticipated Water Demand at Build-out, (CSA) 16

(CSA) 16 Demand
Equivalent
Dwelling

Units (EDU)

Unit
Flow

Peak
Day

Peaking
Factor

Daily Flow

Average Peak
Paradise Cove at Build-out gpd/EDU gpd gpd
Residential 88 250 1.5 22,000 33,000

Paradise Valley Ranch at Build-out
Residential 77 250 1.5 19,250 28,875
Winery (20,000 cases/year) 3 4 522 2,087
Agricultural Commercial (15,000 sf) 10 1.5 1,745 2,618
Equestrian Center 2 2 500 1,000

Total Demand of (CSA) 16 44,017 67,579

Rounded total demand (CSA) 16 180 45,000 70,000
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2.3 Existing	Water	Supply	and	Treatment	Facilities	
The existing (CSA) 16 water system consists of three wells and a treatment facility.  Notably, the system
also includes a separate surface water intake, filter system and distribution system for irrigation water.
The  three  wells  have  capacities  of  10-gpm,  4-gpm  and  3-gpm,  respectively.   The  treatment  facility
consists of sodium hypochlorite storage and feed equipment along with a 6-ft diameter manganese
greensand filter.

2.4 Adequacy	of	Existing	Water	Supply	
The existing groundwater wells are not adequate to supply the current 70 active connections and
existing 18 undeveloped lots in the Paradise Cove subdivision and certainly not adequate to supply the
proposed 92 EDU Paradise Valley Ranch subdivision.  Additional groundwater resource potential has
been separately investigated and additional reliable groundwater resources have not been identified.
The low productivity of the existing wells is of even greater concern during drought conditions, such as
those being experienced in 2014.  With such a tenuous source, an additional, more reliable water source
is critical not only for expansion of the community, but for maintenance of adequate water supply for
those already being served by the existing water system.  A conceptual design report was prepared
examining the feasibility of a surface water supply from Clear Lake to serve the Paradise Cove and
Paradise Valley Ranch communities.  That report estimated that a 50-gpm surface water treatment plant
would be required. Details of the treatment process required, plant costs, etc. are included in that
previous report.

3 Clearlake	Oaks	County	Water	District	Ability	to	Provide	Service	
The distribution system of the Clearlake Oaks County Water District extends west to Harvey Boulevard
with a main line extending down to Harvey Boulevard running in the in-land shoulder of Highway 20.

3.1 General	Intertie	Arrangement	
The general arrangement of the proposed intertie is 8900-ft of 8” water main extending along the
Highway 20 alignment from Harvey Boulevard to the east end of the Paradise Cove water distribution
system, tying in to the 6” main in Paradise Cove at the corner of Paradise Valley Boulevard and Highway
20.  Figure 1 shows the general arrangement of the intertie, including the existing main line in Highway
20  up  to  Harvey  Boulevard,  the  8900-ft  main  line  extension,  and  the  main  line  on  Paradise  Valley
Boulevard.



Feasibility Study
Service Expansion from Clearlake Oaks County Water District Westerly to Serve
Paradise Cove and Paradise Valley Ranch; Lake County Special Districts County Service Area (CSA) 16

June 2014 4 | P a g e

Insert Figure 1 of General Intertie Arrangement
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3.2 Pressure	and	Flow	
The pressure in the Paradise Cove distribution system is controlled by the level in the storage tank
shown in Figure 1.  The approximate elevation of that tank is 1460 with a water surface (hydraulic grade
line, HGL) of approximately 1500.  The tie-in to Clearlake Oaks County Water District at Harvey
Boulevard  is  at  approximately  elevation  1350.   A  hydrant  pressure  and  flow  test  was  conducted  in
February, 2014.  Water was released from the terminal hydrant at Harvey Boulevard, flow from that
hydrant was estimated, and pressure in the distribution system was measured at a hydrant
approximately 500-ft away.  The results of that test are shown in Table 2.

Table 2. Hydrant Pressure Testing at Harvey Boulevard

Estimated Flowrate Pressure Head
gpm psi feet

0 120 277
15 115 266

100 100 231
200 35 81
400 25 58

The results of this testing indicate that flow from the Clearlake Oaks County Water District system
should be limited to 100-gpm in order to not cause issues with pressure drop in the distribution system
in the Harvey Boulevard area. 100-gpm is adequate to recover the 70,000 gallons/day peak day demand
at build-out of Paradise Cove/Paradise Valley Ranch in approximately 12 hours, which is more than
adequate.   The  100-psi  available  pressure  at  that  flowrate  provides  231  feet  of  head  above  the  tie-in
elevation of 1350, setting the HGL at the tie-in at approximately 1581.  That allows for 81-ft (35 psi) of
friction  losses  in  the  intertie  to  keep  the  HGL  of  1500-ft  in  the  Paradise  Cove/Paradise  Valley  Ranch
distribution system.  Friction losses in an 8-inch pipeline at 100-gpm flowrate are nearly zero and we
would anticipate that the 1500-ft HGL in the Paradise Cove/Paradise Valley Ranch area to be easily
maintained.

3.3 Intertie	Pipeline	Alignment	
The alignment of the intertie pipeline generally follows Highway 20.  A brief evaluation of the alignment
suggests that approximately 30% of the route would be unavoidably in the travel lane and 70% would be
in the shoulder, outside the fog line.  In the travel lane, a full-lane overlay to the center stripe of the
road and re-striping of the fog line should be anticipated, when outside the fog line, shoulder pavement
replacement only is anticipated.  When crossings are necessary, they should be as perpendicular as
possible to the highway.  A general examination of the route profile (shown in Figure 2) shows that
approximately 5 air relief valves will be required along the alignment.
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Figure 2. Approximate Profile of Intertie Alignment

3.4 Storage	
Because water transfer rates from the Clearlake Oaks County Water District distribution system are
limited, storage for peak day demand and fire flow will have to be accommodated locally to the Paradise
Cove/Paradise  Valley  area.   This  will  be  initially  accomplished  with  the  existing  storage  tank.   The
adequacy of the existing storage tank should be assessed separately; new storage can be built to
accommodate additional storage requirements as needed.  Figure 1 shows the location of where future
storage can be built.

4 Cost		

4.1 Cost	of	Clear	Lake	Oaks	County	Water	District	Intertie	
Table 3 presents the conceptual cost estimate for the Clear Lake Oaks County Water District Intertie.
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Table 3. Conceptual Cost Estimate of Clearlake Oaks Intertie

Cost of pipeline
Length (ft) 8900
Diameter (in) 8
$/in/foot (pipe and backfill only) $7
$/foot $56
Cost for pipe and trench installation $498,400

Air Relief Valves 7
$/ARV installation $6,000
Cost of ARVs $42,000

Turnouts
Cost of Turnouts as required $28,400

Caltrans Pavement Restoration
Length of Full Lane Replacement 3,000
Length of Shoulder Replacement 5,900
Crossings 1
Cost of Full Lane Replacement ($/ft) $75
Cost of Shoulder Replacement ($/ft) $18
Cost of Crossings ($/Crossing) $25,000
Cost of Caltrans Restoration $356,200

Subtotal, Pipeline Intertie Construction $925,000

Modifications to Existing Water Systems
Modifications to existing Paradise Cove Tank (aeration / filtration)
Repair/Replace existing water mains connecting to Clearlake Oaks System
Modification to Paradise Cove connections
Replace Meters
Remove existing wells offline
Total Cost of Modifications $260,000

Subtotal, Construction Costs $1,185,000
10% Contingency $118,500

Total Estimated Construction Cost $1,303,500

15% Engineering, Construction Management, Permitting $195,525
Total Estimated Project Cost $1.5M
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4.2 Water	Treatment	System	Costs	
Table 4 contains a conceptual level cost estimate for the proposed 50-gpm surface water treatment plant
as developed in the previous report.

Table 4. Conceptual Cost Estimate for Water Treatment Plant for (CSA) 16

Unit Process
Estimated
Equipment / Labor
Cost

Raw Water Pumping1 $25,000
Initial Screening $20,000
Pre-oxidation (Ozone) $50,000
Coagulation $10,000
pH Adjustment $10,000
Groundwater Blending (pipeline) $80,000
Rapid Mixing $10,000
Dissolved Air Flotation (DAF) $160,000
Secondary Oxidation (Potassium Permanganate) $20,000
Booster Pumping $10,000
Filtration $70,000
Taste and Odor Control $70,000
Disinfection (Sodium Hypochlorite)2 $10,000
Backwash $30,000
Solids Dewatering $35,000
Treatment Building (25 x 40) $100,000
Electrical, Instrumentation and Control $200,000
Raw Water Pipeline from Lake intake to Water Treatment Plant $150,000
Chlorine Contact Pipeline from Treatment Plant to Storage Tank
(No Services)

$140,000

Subtotal, Construction $1,200,000
10% Contingency $120,000

Total Estimated Construction Cost $1,320,000
15% Engineering, Construction Management, Permitting $198,000

Total Estimated Project Cost $1,518,000

4.3 Comparison	of	Costs	
The capital costs of the two project alternatives are comparable.  When all of the facilities required for the
water treatment plant are included, the costs are within the level of accuracy of conceptual cost estimates
and can be considered to be generally equivalent.  However, the cost of continued operation of the water
treatment plant will be considerably higher than the costs of connecting to the Clear Lake Oaks County
Water District system.  While there are some additional costs in increasing the production from the water
treatment plant at Clear Lake Oaks, the economy of scale of increasing production from that plant are
considerably better than the costs of operating a stand-alone water treatment plant.  The consolidation of
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the Paradise Cove/Paradise Valley water system to the Clear Lake Oaks County Water District system is
encouraged by the California Department of Health as it makes management and monitoring of the
system more cost effective.
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