
Project Justification 
 
City of Live Oak Water Supply Reliability Well 
 

Table 4 – 2014 IRWM Drought Solicitation Project Summary Table  

Drought Project Element Project Name/ID 

  Add 1 column per 
Project 

D.1 Provide immediate regional drought preparedness  1 

D.2 Increase local water supply reliability and the delivery of safe drinking water 1 

D.3 Assist water suppliers and regions to implement conservation programs and measures that are not 
locally cost-effective 

D.4 Reduce water quality conflicts or ecosystem conflicts created by the drought  

IRWM Project Element  

IR.1 Water supply reliability, water conservation, and water use efficiency 1 

IR.2 Stormwater capture, storage, clean-up, treatment, and management  

IR.3 Removal of invasive non-native species, the creation and enhancement of wetlands, and the acquisition, 
protection, and restoration of open space and watershed lands 

IR.4 Non-point source pollution reduction, management, and monitoring  

IR.5 Groundwater recharge and management projects  

IR.6 Contaminant and salt removal through reclamation, desalting, and other treatment 
technologies and conveyance of reclaimed water for distribution to users 

1 

IR.7 Water banking, exchange, reclamation, and improvement of water quality 1 

IR.8 Planning and implementation of multipurpose flood management programs  

IR.9 Watershed protection and management  

IR.10 Drinking water treatment and distribution 1 

IR.11 Ecosystem and fisheries restoration and protection  

 
Project Description 
Design and construct new treated drinking water supply and storage on the east side of the City to alleviate 

the existing water supply deficit.  



Additional Project Description Project Information: 

How Will Project Help Alleviate Drought Impacts: As described in Attachment 2, new water supply is urgently 

needed on the east side of town to remedy the current supply deficiency and for safety (to provide fire flow). 

The City’s 2009 Water Master Plan shows a 1,220 gpm deficiency on maximum day demand, and a 1,435 gpm 

deficiency in maximum day demand plus fire flows (page 3-10). This situation is in immediate need of remedy 

because with the current drought, water levels in other City wells are dropping and this is causing a further 

reduction in supply availability. At the present time, the City has only one operational well on the east side of 

town. If this one operational well were to fail, the City would have no water supply east of Highway 99. Since 

water currently produced west of Highway 99 is not adequately distributed to the east side of the City due to 

insufficient distribution system crossings under the Union Pacific Railroad right-of-way, this loss of supply 

would result in inadequate fire protection. The goal of the project is to produce an additional 2,000 gallons 

per minute of water supply on the east side of the City, provide wellhead treatment for that production, and 

provide ground level storage to both meet the State supply requirements and provide adequate fire 

protection. This new, and urgently needed, supply will provide drought mitigation, and fill the deficiency in 

maximum day and fire flows described above. The project will also provide redundancy in supply in the area 

of the City east of Highway 99.  

Does Project Fit one or more of eligible drought projects?  Yes, this project meets one of the four eligible drought 

project types identified in Section C of the PSP.  The new supply, treatment, and storage will increase the 

local water supply reliability and deliver a safe drinking water supply that meets all water quality requirements 

for a municipal water supply in California.  

Why is Expedited Funding Needed? Funding is needed because the City of Live Oak is a disadvantaged 

community and, alone, is unable to fund the planning, design and construction of this project. Grant 

assistance through the IRWM drought program is immediately needed so that the City is able to implement 

this project and thereby meet maximum day demands and fire flows.   



Project Map: 

  

 



Project Physical Benefits 

The City of Live Oak understands that grant eligible projects for funding through the 2014 IRWM Drought 
Grant Solicitation must be consistent with an adopted IRWM plan, and must provide one of the following 
primary benefits:  

1. Projects and programs that provide immediate regional drought preparedness 
2. Increase local water supply reliability and the delivery of safe drinking water 
3. Assist water suppliers and regions to implement conservation programs and measures that are not 

locally cost‐effective 
4. Reduce water quality conflicts or ecosystem conflicts created by the drought 

 
As described in the project description, the project provides an increase in local water supply reliability and 
the delivery of safe drinking water.  
 
The City of Live Oak also recognizes that the project must yield multiple benefits; including one or more of 
the elements (PRC§75026.(a)) as other benefit(s): 
 

1. Water supply reliability, water conservation, and water use efficiency 

2. Stormwater capture, storage, clean‐up, treatment, and management 

3. Removal of invasive non‐native species, the creation and enhancement of wetlands, and the 
acquisition, 

4.  protection, and restoration of open space and watershed lands 
 

5. Non‐point source pollution reduction, management, and monitoring 
6. Groundwater recharge and management projects 
7. Contaminant and salt removal through reclamation, desalting, and other treatment technologies and 
8. conveyance of reclaimed water for distribution to users 
9. Water banking, exchange, reclamation, and improvement of water quality 
10. Planning and implementation of multipurpose flood management programs 
11. Watershed protection and management 
12. Drinking water treatment and distribution 
13. Ecosystem and fisheries restoration and protection 

 

The project is eligible because it has the following physically quantifiable benefits: 

1. Water supply reliability through new water supply production (primary benefit) – see Table 5.1 
2. Drinking water treatment to remove arsenic (secondary benefit) – see Table 5.2 
3. Lower nitrate concentration at new well facilities due to well depth and/or screening of selected 

intervals with the highest quality water (secondary benefit) – see Table 5.3 
  



 

Table 5.1 – Annual Project Physical Benefits 

Project Name: _Water Supply Reliability 
Well_________________________________________________________________________ 

Type of Benefit Claimed: _____New Water Supply Production_____________________________________ 

Units of the Benefit Claimed : _Acre-feet per year (AF/Y)____________________________________ 

Additional Information About this Benefit__Water produced will provide supply reliability, meet max day and fire demands 

(a) (b) (c) (d) 

  Physical Benefits 

Year 
Without 
Project 

With Project 
Change Resulting from Project 

(c) – (b) 

2016 0 800 800 

2017 0 3,200 3,200 

2018 0 3,200 3,200 

2019 0 3,200 3,200 

2020 0 3,200 3,200 

… … … … 

2066 (Last 
Year of 
Project 

Life) 

0 2,400 3,200 

Totals over 
Project Life 
(50 years) 

0 160,000 160,000 

Comments: Calculated by assuming 2,000 gallons per minute produced from new well.  Well life is assumed 
to be 50 years. Benefit start date is October 2016 and end date is September 2066. 

 
  



 

Table 5.2 – Annual Project Physical Benefits 

Project Name: _Water Supply Reliability 
Well_________________________________________________________________________ 

Type of Benefit Claimed: _____Drinking Water Treatment (Arsenic)____________________________ 

Units of the Benefit Claimed : _micrograms per liter (ug/l)____________________________________ 

Additional Information About this Benefit__Arsenic Treatment will Reduce levels below MCL of 10 ug/l 

(a) (b) (c) (d) 

  Physical Benefits 

Year 
Without 
Project 

With Project 
Change Resulting from Project 

(c) – (b) 

2016 20.6 2 18.6 

2017 20.6 2 18.6 

2018 20.6 2 18.6 

2019 20.6 2 18.6 

2020 20.6 2 18.6 

… … … … 

Last Year of 
Project Life 

(2066) 
20.6 2 18.6 

Comments: The "Without Project" condition is based on the Well #5 average arsenic concentration of 20.6 
ug/L due to the fact that the Water Supply Reliability Well Project will be both replacing Well #5 and 
increasing supply capacity from what Well #5 previously produced. Using commercially available arsenic 
treatment, it is anticiapted that treated water quality will fully remove arsenic from the drinking water 
supply.  Therefore, the "With Project" condition conservativly estimates that the concentration will be 
reduced to 2 ug/l, or 1 log removal. The project life is estimated to be 50 years. Benefit start date is 
October 2016 and end date is September 2066. 

 
  



 

Table 5.3 – Annual Project Physical Benefits 
Project Name: _Water Supply Reliability 
Well_________________________________________________________________________ 
Type of Benefit Claimed: _____Lowered Nitrate Concentration at New Well Facilities 

Units of the Benefit Claimed : _milligrams per liter (mg/l)____________________________________ 

Additional Information About this Benefit__Nitrate concentrations will be reduced compared to Well #5 due to a different well 
location, a greater well depth at the new well facilities, and screening of selected intervals with the highest quality water. 

(a) (b) (c) (d) 

 Physical Benefits  

Year Without Project With Project Change Resulting from Project 

   (c) – (b) 

2016 27.7 4.97 22.7 

2017 27.7 4.97 22.7 

2018 27.7 4.97 22.7 

2019 27.7 4.97 22.7 

2020 27.7 4.97 22.7 

… … … … 

Last Year of 
Project Life 

(2066) 

27.7 4.97 22.7 

Comments:  The "Without Project" condition is based on the Well #5 average nitrate concentration of 27.7 
mg/L.  The "With Project" condition, is conservatively based on the 4.97 mg/L nitrate concentration 
documented in the City's 2013 Consumer Confidence Report for the existing operational wells (Wells 1A, 2A, 
3, and 4) because it is anticipated that the nitrate concentration for new wells will be similar to, or less than, 
that found in the existing operational wells. The project life is estimated to be 50 years. Benefit start date is 
October 2016 and end date is September 2066. 

 
 
 

  



Attachment 3: Project Justification 

Technical Analysis of Physical Benefits Claimed 

Analysis of Water Supply Reliability Benefit (Primary Benefit):  

As presented in the project description above, without the use of Well #5, the City of Live Oak is left 
with a supply deficiency on the east side of town. As shown in the table below, Well #5 was the City’s 
most productive well but was abandoned due to poor water quality. Without Well #5 operational, the 
other wells in the system are not able to produce enough supply on peak demand days and times. A 
diminished supply results in diminished flows and pressures that are noticeable to the residents of the 
community. Not only are those levels of service noticeable to the residents during normal use, but the 
Sutter County Fire Department has voiced repeated concerns for the safety of residents in a fire 
emergency due to the lack of adequate fire flows. Figure 1 shows those areas of the City that are 
deficient in fire flow if Well #3 was not operational during a fire emergency. This figure illustrates how 
dire the situation is east of State Route 99.  

City of Live Oak Well Summary Table 

 

As noted earlier, in late 2009 the City completed its Water Master Plan, which identified inadequate 
supply to meet its maximum day demand, and its maximum day demand (MDD) plus fire flows. Per 
California Waterworks standards (Title 22, Chapter 15, Section 64554, R-14-03), the system shall be 
capable of meeting maximum day demand with the highest-capacity source off line. The existing reliable 
supply of Wells 1A, 2A, and 3 is not sufficient to meet MDD. Therefore, at least one new well needs to 
be added. The plan shows a 1,220 gpm deficit on maximum day demand, and a 1,435 gpm deficit in 
maximum day demand plus fire flows.  These deficits are directly attributable to the loss of Well #5 and 
the reduced productivity of the remaining wells now that wellhead arsenic treatment has been added to 
meet the State’s revised arsenic MCL of 10 μg/L (reduced from the previous 50 μg/L). These deficits are 
correctable with the addition of approximately 2,000 gpm of new reliable production. Available records 
for Live Oak’s existing wells did not include the Well Drillers Reports, but based on communications with 
City staff, it is believed that these wells were constructed using the cable tool method and were 
constructed as open bottom wells or a combination of open bottom and mills slot screen. All new wells 
in the City will be completed using the reverse rotary drilling method and constructed using stainless 
steel wire-wrap screen. The increase in open area will provide for increased flow rates as compared to 
the existing wells.   

Reliability of Additional Supply from Underlying Groundwater Aquifer 

No water level data is available for the City of Live Oak municipal wells. However, hydrographs for nine 
wells in the area surrounding Live Oak were obtained that have water level data extending back as far as 
1947 and up to 2005. The monitoring well groundwater elevations indicate a groundwater flow direction 
to the south, at a gradient of about 2.4 feet per mile. Similar to Bulletin 118, these data show that 

Well ID

Date 

Installed

Casing 

Diameter 

(in)

Total 

Depth (ft)

Top of 

Screen (ft)

Bottom of 

Screen (ft)

Production 

Rate (gpm)

Drawdow

n in Well 

(ft)

Specific 

Capacity 

(gpm/ft) Status

1A 1951 10 292 292 NA 600 40.5 15 Active

2A 1951 10 393 393 NA 650 46 14 Active

3 1960 13 426 100 NA 750 41 18 Active

4 1983 16 426 390 NA 935 42 22 Active

5 1983 16/14 410 207 NA 1350 NA NA Abandoned
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Figure 1Source: Draft 2009 Water Master Plan



groundwater fluctuations are typically no more than 10 feet. Six of the wells do not show any long-term 
decline in groundwater elevations. In the other wells, long-term declines appear to be less than five feet. 
In the drought period of 1987 to 1992, additional declines in individual years of two to four feet are 
visible only in some wells, but water level recoveries in winter months were generally not as 
pronounced as in wetter years. Hydrographs for the three closest wells to the Live Oak municipal wells, 
16N03E07D002M, 17N03E30N001M and 17N03E33P001M, show no long term water level declines, but, 
as shown in Figure 2 (Figure 3-2 from the City’s 2009 Draft Urban Water Management Plan, page 3-7), 
do show decreased recharge during the drought periods. However, these decreases are generally on the 
order of six feet or less. Trend lines for two of the three wells actually indicate rising water levels over 
the 60-year period. Based on these data, there are no reliability issues with the subbasin at current 
pumping rates or increased production from the proposed project (City of Live Oak: Urban Water 
Management Plan – Draft, October 2009, page 3-6). 

 
Figure 2. Groundwater Levels of Area Monitoring Wells Showing Long-term Trends 
Source: 2009 Draft Urban Water Management Plan, City of Live Oak (page 3-7) 
 
Analysis of Drinking Water Treatment Benefit (Secondary Benefit):  

The City of Live Oak’s Well #5 has been repeatedly tested and shown elevated arsenic and nitrate levels. 
The well is very old, and because of its age it is not able to be economically repaired and upgraded in 
order to facilitate arsenic and nitrate treatment and removal systems. In 2009, the City was awarded 
funding to install an arsenic and nitrate removal system at Well #5, but due to the age and level of repair 



needed to the well itself, the costs necessary to fully complete the project were not feasible and the City 
was forced to abandon the upgrade and remove the well from service.  New well facilities would 
effectively replace Well #5, and produce comparatively lower arsenic and nitrate concentrations. 

Water quality of new wells is anticipated to be similar to the existing operational wells and would 
require the same arsenic treatment as the existing wells. During well design the City will attempt to 
maximize water quality to avoid the need for nitrate treatment. Part of this design strategy could 
include deeper wells and/or screening selected intervals with the highest quality water.   
 
Arsenic treatment on new wells is likely unavoidable, however Live Oak will characterize the vertical 
profile of arsenic concentrations during exploratory drilling and monitoring well construction. This 
exploratory data will be used to select screened intervals for wells that avoid areas of highest arsenic 
concentration. Sutter County’s 2012 Groundwater Management Plan describes arsenic occurrence as 
follows: 

 “Arsenic is a naturally occurring element commonly found in alluvial sediments. Its presence in 
groundwater is a result of the dissolution of the element in sediments containing minerals 
containing arsenic. The CDPH has established a primary MCL of 10 μg/L for arsenic. Arsenic 
concentrations are near to or above the CDPH MCL throughout Sutter County in each of the 
aquifer zones assessed; conversely, concentrations of arsenic below the CDPH MCL are also 
present throughout the County in each of the aquifer zones assessed. Countywide, arsenic 
concentrations do not appear to be isolated to any one specific aquifer zone in the subsurface. 
However, recent data analysis suggests a possible correlation between elevated arsenic 
concentrations and the presence of volcaniclastic material of the Sutter Buttes Rampart 
formation. Concentrations of arsenic in the stratigraphic units that occur above and below the 
Rampart are generally less than 10 μg/L, whereas concentrations of arsenic within the Rampart 
material are between 10 to 370 μg/L (Steven T. Springhorn, “Stratigraphic Analysis and 
Hydrogeologic Characterization of Cenozoic Strata in the Sacramento Valley near the Sutter 
Buttes,” M.Sc. Thesis, California State University, Sacramento, 2008). Concentrations of arsenic 
tend to be under the CDPH MCL southeast of Highway 99 and in the shallow aquifers” (page 32). 

 
Arsenic concentration measured at Well #5 is summarized on Figure 3 and shows that arsenic levels at 
that well location have always exceeded the 10 μg/L MCL. Utilizing the same treatment process being 
used for the other City wells, arsenic will be reduced to less than the MCL and may be removed 
completely. A final concentration of 2 μg/L (one log removal based on the average well #5 arsenic 
concentration) is assumed to be a conservative estimate of mass removed. Schematic drawings of the 
City’s existing arsenic treatment process at Well #4, which is similar to the treatment process at the 
other City wells, is provided as Attachment A.   
 
Analysis of Lowered Nitrate Concentration Due to Well Depth and/or Screening of Selected Intervals 

(Secondary Benefit):  

As mentioned above, during well design the City will attempt to maximize water quality to avoid the 
need for nitrate treatment. Part of this design strategy could include deeper wells and/or screening 
selected intervals with the highest quality water. As with arsenic concentrations, the City will 
characterize the vertical profile of nitrate concentrations during exploratory drilling and monitoring well 
construction. This exploratory data will be used to select screened intervals for wells that avoid areas of 
highest nitrate concentration. Sutter County’s Groundwater Management Plan describes nitrate 
occurrence as follows: 
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Figure 3: Historical Arsenic Concentrations for Well #5 

MCl 10 
MCL 10 µg/L (as of January 23, 2006) 
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Attachment ASchematic of City of Live Oak's Existing Arsenic Treatment Process at Well #4





 
 “Nitrate is a contaminant which does not naturally occur in the subsurface. Elevated 

concentrations of nitrate are widespread in the Sacramento Valley. Concentrations of nitrate in 
the populated areas of Sutter County are near or above the MCL for nitrate (as NO3). The CDPH 
has established a primary MCL of 45 milligrams per liter (mg/L) for nitrate (as NO3). Near the 
Sutter Buttes and Yuba City, nitrate concentrations in several wells (less than 150 feet) exceed 
the MCL. Where present, elevated concentrations of nitrate are likely a result of overlying land 
uses, such as septic systems, animal enclosures, or applied fertilizers.” (pages 31-32) 

 
Nitrate (as NO3) concentration measured at Well #5 is summarized on Figure 4 and shows an average 
nitrate concentration of 27.7 mg/L. The City of Live Oak Consumer Confidence Report from 2009, the 
same year that Well #5 was abandoned, identified a city-wide nitrate concentration of 21.25 mg/L.  The 
2013 Consumer Confidence Report for the City reported a nitrate concentration of 4.97 mg/L for the 
existing operational wells (Wells #1A, 2A, 3, and 4), and nitrate concentrations for new wells, like this 
Water Supply Reliability Well Project, are expected to be similar or lower.  Well design criteria, such as 
increasing drilling depth, carefully selecting the well location, and selectively screening for intervals of 
optimal water quality will be used to help ensure new wells will help reduce nitrate content.  
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Figure 4: Historical Nitrate (as NO3) Concentrations for Well #5 
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Cost Effectiveness Analysis 

Table 6 – Cost Effective Analysis 

Project name: _Water Supply Reliability 
Well__________________________________________________________ 

Question 
1  

Types of benefits provided as shown in Table 5 
1. New Water Supply Production 
2. Drinking Water Treatment (Arsenic) 
3. Lower Nitrate Concentration at New Well Facilities 

Question 
2 

Have alternative methods been considered to achieve the same types and amounts of 
physical benefits as the proposed project been identified?  
No. 

     If no, why? 
The City of Live Oak has no other cost effective alternatives for additional water supply 
other than replacement well facilities for abandoned Well #5. The City does not have an 
available surface water supply to serve its customers and it is cost prohibitive to consider 
development of surface supply at this time.  Compared to the City’s existing wells, the new 
well facilities will be constructed with stainless steel wire wrap for the screen and be 
equipped with a vertical turbine pump with a variable frequency drive. This proposed new 
well design will result in lower operation and maintenance cost and have lower energy 
requirements over the life of the well compared to the City's existing wells. 

     If yes, list the methods (including the proposed project) and estimated costs. 

Question 
3 

If the proposed project is not the least cost alternative, why is it the preferred alternative? 
Provide an explanation of any accomplishments of the proposed project that are different 
from the alternative project or methods.  The proposed project is the least cost alternative. 

Comments: 

 



Attachment 3: Project Justification 

Attached Reference Documents 

2009 City of Live Oak Consumer Confidence Report 
 
2013 City of Live Oak Consumer Confidence Report  
 
2009 City of Live Oak Draft Urban Water Management Plan 
 
2012 Sutter County Groundwater Management Plan  
 
2009 City of Live Oak Water Master Plan 
 
 
 
 



2009 SWS CCR Form Revised Jan 2010 

2009 Consumer Confidence Report 
Water System Name: City of Live Oak      5110001 Report Date: 5-28-2010 

We test the drinking water quality for many constituents as required by state and federal regulations.  This report shows the results of 
our monitoring for the period of January 1 - December 31, 2009. 

Este informe contiene información muy importante sobre su agua potable.  Tradúzcalo ó hable con alguien que lo entienda 
bien. 

 
Type of water source(s) in use:   Wells (ground water). 
Name & location of source(s):   Wells 1a, 2a, 3, and 4.  
Drinking Water                                           
Source                                                       
Assessment                                          
information: 

A source assessment has been completed for the four wells serving the City of Live Oak. The sources are 
considered most vulnerable to the following activities not associated with any detected contaminants:  
Wells 1a, 2a, and 3: Existing and historic gas stations, underground storage tanks.  
Well 4 Agricultural drainage, chemical / petroleum pipelines sewer collection systems, existing / historic gas 
stations, chemical / petroleum processing / storage, underground storage tanks. To view the complete assessment 
contact:  

 DHS Valley District Office                          Or at:   Live Oak City Hall 
 415 Knollcrest Drive, Suite 110 9955 Live Oak Blvd. 
 Redding, Ca. 96002 Live Oak, CA  95953 
 Attn: Richard Hinrichs  224-4867  Attn: Jim Goodwin (530) 695-2112 

                          
Time and place of regularly scheduled board meetings for public participation:  

City Hall, 9955 Live Oak Blvd. First and third Wednesday of every month at 7 PM. 

For more information, contact:  Jim Goodwin City Manager   Phone:  (530) 695-2112 
 

TERMS USED IN THIS REPORT 

Maximum Contaminant Level (MCL): The highest level 
of a contaminant that is allowed in drinking water.  Primary 
MCLs are set as close to the PHGs (or MCLGs) as is 
economically and technologically feasible.  Secondary MCLs 
are set to protect the odor, taste, and appearance of drinking 
water. 
Maximum Contaminant Level Goal (MCLG): The level of 
a contaminant in drinking water below which there is no 
known or expected risk to health.  MCLGs are set by the 
U.S. Environmental Protection Agency (USEPA). 
Public Health Goal (PHG): The level of a contaminant in 
drinking water below which there is no known or expected 
risk to health.  PHGs are set by the California Environmental 
Protection Agency. 
Maximum Residual Disinfectant Level (MRDL):  The 
highest level of a disinfectant allowed in drinking water.  
There is convincing evidence that addition of a disinfectant is 
necessary for control of microbial contaminants. 
Maximum Residual Disinfectant Level Goal (MRDLG): 
The level of a drinking water disinfectant below which there 
is no known or expected risk to health.  MRDLGs do not 
reflect the benefits of the use of disinfectants to control 
microbial contaminants. 

Primary Drinking Water Standards (PDWS): MCLs and 
MRDLs for contaminants that affect health along with their 
monitoring and reporting requirements, and water treatment 
requirements. 
Secondary Drinking Water Standards (SDWS):  MCLs for 
contaminants that affect taste, odor, or appearance of the drinking 
water.  Contaminants with SDWSs do not affect the health at the 
MCL levels. 
Treatment Technique (TT):  A required process intended to 
reduce the level of a contaminant in drinking water. 
Regulatory Action Level (AL): The concentration of a 
contaminant which, if exceeded, triggers treatment or other 
requirements that a water system must follow. 
Variances and Exemptions:  Department permission to exceed an 
MCL or not comply with a treatment technique under certain 
conditions. 
ND: not detectable at testing limit   
ppm: parts per million or milligrams per liter (mg/L) 
ppb: parts per billion or micrograms per liter (ug/L) 
ppt: parts per trillion or nanograms per liter (ng/L)  
ppq: parts per quadrillion or picogram per liter (pg/L) 
pCi/L: picocuries per liter (a measure of radiation) 
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The sources of drinking water (both tap water and bottled water) include rivers, lakes, streams, ponds, reservoirs, springs, and wells.  
As water travels over the surface of the land or through the ground, it dissolves naturally-occurring minerals and, in some cases, 
radioactive material, and can pick up substances resulting from the presence of animals or from human activity. 

Contaminants that may be present in source water include: 

• Microbial contaminants, such as viruses and bacteria that may come from sewage treatment plants, septic systems, agricultural 
livestock operations, and wildlife. 

• Inorganic contaminants, such as salts and metals that can be naturally-occurring or result from urban stormwater runoff, industrial 
or domestic wastewater discharges, oil and gas production, mining, or farming. 

• Pesticides and herbicides, that may come from a variety of sources such as agriculture, urban stormwater runoff, and residential 
uses. 

• Organic chemical contaminants, including synthetic and volatile organic chemicals, that are by-products of industrial processes 
and petroleum production, and can also come from gas stations, urban stormwater runoff, agricultural application, and septic 
systems. 

• Radioactive contaminants, that can be naturally-occurring or be the result of oil and gas production and mining activities. 

In order to ensure that tap water is safe to drink, the USEPA and the state Department of Public Health (Department) prescribe 
regulations that limit the amount of certain contaminants in water provided by public water systems.  Department regulations also 
establish limits for contaminants in bottled water that provide the same protection for public health. 

Tables 1, 2, 3, 4, and 5 list all of the drinking water contaminants that were detected during the most recent sampling for the 
constituent.  The presence of these contaminants in the water does not necessarily indicate that the water poses a health risk.  The 
Department allows us to monitor for certain contaminants less than once per year because the concentrations of these contaminants do 
not change frequently.  Some of the data, though representative of the water quality, are more than one year old. 

TABLE 1 – SAMPLING RESULTS SHOWING THE DETECTION OF COLIFORM BACTERIA 
Microbiological 
Contaminants 

(complete if bacteria 
detected) 

Highest No. of 
Detections 

No. of 
months in 
violation 

MCL  MCLG Typical Source of Bacteria 

Total Coliform 
Bacteria 

(In a mo.) 
0 

0 More than 1 sample in a month with a 
detection 

0 Naturally present in the 
environment 

Fecal Coliform or E. 
coli 

(In the year) 
0 

0 A routine sample and a repeat sample 
detect total coliform and either sample 
also detects fecal coliform or E. coli 

0 Human and animal fecal waste 

TABLE 2 – SAMPLING RESULTS SHOWING THE DETECTION OF LEAD AND COPPER 
Lead and Copper 

(complete if lead or 
copper detected in the last 

sample set) 

No. of 
samples 
collected 

90th percentile 
level detected No. sites exceeding AL AL PHG Typical Source of Contaminant 

Lead (ppb) Sept., 
Oct. 2008 

20 ND 0 15 2 Internal corrosion of household 
water plumbing systems; discharges 
from industrial manufacturers; 
erosion of natural deposits 

Copper (ppm) Sept., 
Oct. 2008 

20 0.17                      0 1.3 0.17 Internal corrosion of household 
plumbing systems; erosion of 
natural deposits; leaching from 
wood preservatives 

TABLE 3 – SAMPLING RESULTS FOR SODIUM AND HARDNESS 

Chemical or 
Constituent (and 
reporting units) 

Sample Date Level 
Detected   Range of Detections MCL 

PHG 
(MCLG

) 
Typical Source of Contaminant 

Sodium (ppm) 2003,05,06 18.8 16-20 none none Salt present in the water and is 
generally naturally occurring 

Hardness (ppm) 
 

Grains 

2005,06 215 
 

12.6 

167-251 
 

9.8-14.7 

none none Sum of polyvalent cations present 
in the water, generally magnesium 
and calcium, and are usually 
naturally occurring 

*Any violation of an MC or AL is asterisked.  Additional information regarding the violation is provided later in this report. 
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TABLE 4 – DETECTION OF CONTAMINANTS WITH A PRIMARY DRINKING WATER STANDARD 

Chemical or Constituent 
(and reporting units) 

Sample 
Date 

Level 
Detected 

Range of 
Detections 

MCL 
[MRDL] 

PHG 
(MCLG) 
[MRDLG] 

Typical Source of Contaminant 

Arsenic Treated water 
(ppb) 

2009 4.6 ND-9.7 10 0.004 Erosion of natural deposits, runoff from 
orchards. Some people who drink water 
that contains arsenic in excess of the MCL 
over many years could experience skim 
damage or problems with their circulatory 
system, and may have an increased risk of 
getting cancer. 

Chlorine (ppm) 3 per 
week 

    1.07  0.21-2.20 4 4 Drinking water disinfectant added for 
treatment. 

Chromium (ppb) 2007, 
08,09 

6.5  ND-15 50 100 Discharge from steel and pulp mills and 
chrome plating; erosion of natural 
deposits.  

Fluoride (ppm) 2006, 07, 
08 

0.20 0.19-0.21 2 1 Erosion of natural deposits; water additive 
which promotes strong teeth; discharge 
from fertilizer and aluminum factories.  

Nitrate (ppm) 2009     21.25    11.48-23.25 45  45 Runoff and leaching from fertilizer use; 
leaching from septic tanks and sewage; 
erosion of natural deposits. 

TABLE 5 – DETECTION OF CONTAMINANTS WITH A SECONDARY DRINKING WATER STANDARD 

Chemical or Constituent 
(and reporting units) 

Sample 
Date 

Level 
Detected 

Range of 
Detections MCL PHG 

(MCLG) Typical Source of Contaminant 

Chloride (ppm) 2008,09 9.9      7.2-12.6 500 n/a Runoff/leaching from natural deposits; 
saltwater influence.  

Manganese (ppb) 2006,07 
,09 

19.5 ND-34.0 50 n/a Leaching from natural deposits. 

Sulfate (ppm) 2007, 
08,09 

21.1 17.2-25.3 500 n/a Runoff/ leaching of natural deposits; 
industrial wastes.  

Total Dissolved Solids 
(ppm) 

2005, 06 318 242-380 1000 n/a Runoff/ leaching of natural deposits. 

Turbidity (NTUs) 2005, 
08,09 

1.3 0.30-1.90 5 n/a Soil runoff. 

TABLE 6 – DETECTION OF UNREGULATED CONTAMINANTS 

Chemical or Constituent 
(and reporting units) 

Sample 
Date 

Level 
Detected 

Range of 
Detections Notification Level Health Effects Language 

Hexavalent Chrome (ppb) 2006 4.4 ND-8.8          n/a Hexavalent Chrome (ppb) 

*Any violation of an MCL, MRDL, or TT is asterisked.  Additional information regarding the violation is provided later in this report. 
 

Additional General Information on Drinking Water 
 

Drinking water, including bottled water, may reasonably be expected to contain at least small amounts of some contaminants.  The 
presence of contaminants does not necessarily indicate that the water poses a health risk. More information about contaminants and 
potential health effects can be obtained by calling the USEPA’s Safe Drinking Water Hotline (1-800-426-4791). 
Some people may be more vulnerable to contaminants in drinking water than the general population.  Immuno-compromised persons 
such as persons with cancer undergoing chemotherapy, persons who have undergone organ transplants, people with HIV/AIDS or 
other immune system disorders, some elderly, and infants can be particularly at risk from infections. These people should seek advice 
about drinking water from their health care providers. USEPA/Centers for Disease Control (CDC) guidelines on appropriate means to 
lessen the risk of infection by Cryptosporidium and other microbial contaminants are available from the Safe Drinking Water Hotline 
(1-800-426-4791). 
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In order to ensure that tap water is safe to drink, the U.S. Environmental Protection Agency (USEPA) and the State Department of 
Public Health (Department) prescribe regulations that limit the amount of certain contaminants in water provided by public 
water systems.  Department regulations also establish limits for contaminants in bottled water that provide the same 
 
• If present, elevated levels of lead can cause serious health problems, especially for pregnant women and young children.  Lead 

in drinking water is primarily from materials and components associated with service lines and home plumbing.  City of Live 
Oak is responsible for providing high quality drinking water, but cannot control the variety of materials used in plumbing 
components.  When your water has been sitting for several hours, you can minimize the potential for lead exposure by flushing 
your tap for 30 seconds to 2 minutes before using water for drinking or cooking.  If you are concerned about lead in your 
water, you may wish to have your water tested.  Information on lead in drinking water, testing methods, and steps you can take 
to minimize exposure is available from the Safe Drinking Water Hotline or at http://www.epa.gov/safewater/lead. 

 
While your drinking water meets the federal and state standard for arsenic, it does contain low levels of arsenic.  The arsenic 
standard balances the current understanding of arsenic’s possible health effects against the costs of removing arsenic from 
drinking water.  The U.S. Environmental Protection Agency continues to research the health effects of low levels of arsenic, 
which is a mineral known to cause cancer in humans at high concentrations and is linked to other health effects such as skin 
damage and circulatory problems.  

 
Nitrate in drinking water at levels above 45 mg/L is a health risk for infants of less than six months of age.  Such nitrate levels 
in drinking water can interfere with the capacity of the infant’s blood to carry oxygen, resulting in a serious illness; symptoms 
include shortness of breath and blueness of the skin.  Nitrate levels above 45 mg/L may also affect the ability of the blood to 
carry oxygen in other individuals, such as pregnant women and those with certain specific enzyme deficiencies.  If you are 
caring for an infant, or you are pregnant, you should ask advice from your health care provider. 

Nitrate levels may rise quickly for short periods of time because of rainfall or agricultural activity.   

 

Summary Information for Contaminants Exceeding an MCL, MRDL, or AL or 
Violation of Any TT or Monitoring and Reporting Requirement 

Last year your tap water met all EPA and State drinking water health standards. The City of Live Oak’s Public Works  
Department vigilantly safeguards your water supplies and now meets the State and Federal drinking water standards   
for arsenic treatment contaminate levels as of  January 2009. 

Summary Information for Fecal Indicator-Positive Ground Water Source Samples, Uncorrected 
Significant Deficiencies, or Violation of a Ground Water TT  

We had no Fecal Indicator-Positive Ground Water Source Samples in 2009. 
 

http://www.epa.gov/safewater/lead


2012 SWS CCR Form Revised Jan 2013 

2013 Consumer Confidence Report 

Water System Name: City of Live Oak 5110001 Report Date: July 1
st
 2014 

We test the drinking water quality for many constituents as required by state and federal regulations.  This report shows 

the results of our monitoring for the period of January 1 - December 31, 2012 and may include earlier monitoring data. 

Este informe contiene información muy importante sobre su agua potable.  Tradúzcalo ó hable con alguien que lo 

entienda bien. 

 

Type of water source(s) in use:   Wells 

Name & location of source(s):   Well 1a & Well 2A 10046 O Street. Well Three 2455 Walker Way. 

Well Four 2658 Apricot Street 

Drinking Water Source Assessment information: A source assessment has been completed for the four well sites 

Serving the City of Live Oak. Wells 1a/2a and 3: Existing and historic gas station, underground storage tanks. 

Well 4: Agricultural drainage, chemical/petroleum pipelines, sewer collection system, existing/historic gas station,  

Chemical/petroleum processing/storage, underground storage tanks 

Time and place of regularly scheduled board meetings for public participation:  

City Hall, 9955 Live Oak Blvd. first and third Wednesday of every month at 7 PM  

For more information, contact:  City Manager Jim Goodwin   Phone:  530-695-2112 
 

TERMS USED IN THIS REPORT 

Maximum Contaminant Level (MCL): The highest 

level of a contaminant that is allowed in drinking 

water.  Primary MCLs are set as close to the PHGs (or 

MCLGs) as is economically and technologically 

feasible.  Secondary MCLs are set to protect the odor, 

taste, and appearance of drinking water. 

Maximum Contaminant Level Goal (MCLG): The 

level of a contaminant in drinking water below which 

there is no known or expected risk to health.  MCLGs 

are set by the U.S. Environmental Protection Agency 

(USEPA). 

Public Health Goal (PHG): The level of a 

contaminant in drinking water below which there is no 

known or expected risk to health.  PHGs are set by the 

California Environmental Protection Agency. 

Maximum Residual Disinfectant Level (MRDL):  

The highest level of a disinfectant allowed in drinking 

water.  There is convincing evidence that addition of a 

disinfectant is necessary for control of microbial 

contaminants. 

Maximum Residual Disinfectant Level Goal 

(MRDLG): The level of a drinking water disinfectant 

below which there is no known or expected risk to 

health.  MRDLGs do not reflect the benefits of the use 

Primary Drinking Water Standards (PDWS): MCLs and 

MRDLs for contaminants that affect health along with their 

monitoring and reporting requirements, and water treatment 

requirements. 

Secondary Drinking Water Standards (SDWS):  MCLs 

for contaminants that affect taste, odor, or appearance of the 

drinking water.  Contaminants with SDWSs do not affect the 

health at the MCL levels. 

Treatment Technique (TT):  A required process intended to 

reduce the level of a contaminant in drinking water. 

Regulatory Action Level (AL): The concentration of a 

contaminant which, if exceeded, triggers treatment or other 

requirements that a water system must follow. 

Variances and Exemptions:  Department permission to 

exceed an MCL or not comply with a treatment technique 

under certain conditions. 

ND: not detectable at testing limit   

ppm: parts per million or milligrams per liter (mg/L) 

ppb: parts per billion or micrograms per liter (µg/L) 

ppt: parts per trillion or nanograms per liter (ng/L)  

ppq: parts per quadrillion or picogram per liter (pg/L) 
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of disinfectants to control microbial contaminants. pCi/L: picocuries per liter (a measure of radiation) 

The sources of drinking water (both tap water and bottled water) include rivers, lakes, streams, ponds, reservoirs, 

springs, and wells.  As water travels over the surface of the land or through the ground, it dissolves naturally-occurring 

minerals and, in some cases, radioactive material, and can pick up substances resulting from the presence of animals or 

from human activity. 

Contaminants that may be present in source water include: 

 Microbial contaminants, such as viruses and bacteria, that may come from sewage treatment plants, septic systems, 

agricultural livestock operations, and wildlife. 

 Inorganic contaminants, such as salts and metals, that can be naturally-occurring or result from urban stormwater 

runoff, industrial or domestic wastewater discharges, oil and gas production, mining, or farming. 

 Pesticides and herbicides, that may come from a variety of sources such as agriculture, urban stormwater runoff, and 

residential uses. 

 Organic chemical contaminants, including synthetic and volatile organic chemicals, that are by-products of industrial 

processes and petroleum production, and can also come from gas stations, urban stormwater runoff, agricultural 

application, and septic systems. 

 Radioactive contaminants, that can be naturally-occurring or be the result of oil and gas production and mining 

activities. 

In order to ensure that tap water is safe to drink, the USEPA and the California Department of Public Health 
(Department) prescribe regulations that limit the amount of certain contaminants in water provided by public water 
systems.  Department regulations also establish limits for contaminants in bottled water that provide the same protection 
for public health. 

Tables 1, 2, 3, 4, 5, 7, and 8 list all of the drinking water contaminants that were detected during the most recent 

sampling for the constituent.  The presence of these contaminants in the water does not necessarily indicate that the 

water poses a health risk.  The Department allows us to monitor for certain contaminants less than once per year because 

the concentrations of these contaminants do not change frequently.  Some of the data, though representative of the water 

quality, are more than one year old. 

 

 

TABLE 1 – SAMPLING RESULTS SHOWING THE DETECTION OF COLIFORM BACTERIA 

Microbiological 

Contaminants 

(complete if bacteria detected) 

Highest No. 

of Detections 

No. of 

months 

in 

violation 

MCL  MCLG Typical Source of Bacteria 

Total Coliform Bacteria (In a mo.) 

 

0 More than 1 sample in a 

month with a detection 

0 Naturally present in the environment 

Fecal Coliform or E. coli (In the year) 

 

0 A routine sample and a repeat 

sample detect total coliform 

and either sample also detects 

fecal coliform or E. coli 

0 Human and animal fecal waste 

TABLE 2 – SAMPLING RESULTS SHOWING THE DETECTION OF LEAD AND COPPER 

Lead and Copper 

(complete if lead or copper 

detected in the last sample set) 

No. of 

samples 

collected 

90th 

percentile 

level 

detected 

No. sites 

exceeding AL 
AL PHG Typical Source of Contaminant 

Lead (ppb) 

August 2011 

20 0.0013 0 15 0.2 Internal corrosion of household water 

plumbing systems; discharges from 

industrial manufacturers; erosion of natural 

deposits 

Copper (ppm) 

August 2011 

18 0.176 0 1.3 0.3 Internal corrosion of household plumbing 

systems; erosion of natural deposits; 
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leaching from wood preservatives 

       

TABLE 3 – SAMPLING RESULTS FOR SODIUM AND HARDNESS 

Chemical or Constituent 

(and reporting units) 

Sample 

Date 

Level 

Detected 

Range of 

Detections 
MCL 

PHG 

(MCLG) 
Typical Source of Contaminant 

Sodium (ppm) 2012 18 mg/l 18 mg/l none none Salt present in the water and is generally 

naturally occurring 

Hardness (ppm) 2006 214 mg/l 201-240 mg/l none none Sum of polyvalent cations present in the 

water, generally magnesium and calcium, 

and are usually naturally occurring 

*Any violation of an MCL or AL is asterisked.  Additional information regarding the violation is provided later in this report. 

 

 

While your drinking water meets the federal and state standard for arsenic, it does contain low levels of 

arsenic.  The arsenic standard balances the current understanding of arsenic’s possible health effects against 

the costs of removing arsenic from drinking water.  The U.S. Environmental Protection Agency continues to 

research the health effects of low levels of arsenic, which is a mineral known to cause cancer in humans at high 

concentrations and is linked to other health effects such as skin damage and circulatory problems.  
 

 

 

 

TABLE 4 – DETECTION OF CONTAMINANTS WITH A PRIMARY DRINKING WATER STANDARD 

Chemical or Constituent 

(and reporting units) 

Sample 

Date 

Level 

Detected 

Range of 

Detections 

MCL 
[MRDL] 

PHG 

(MCLG) 
[MRDLG] 

Typical Source of Contaminant 

Arsenic 2013 4.7 ND-9.8 ug/l 10 ug/l 0.004 ug/l Some people who drink water 

containing arsenic in excess of the 

MCL over many years may experience 

skin damage or circulatory system 

problems, and may have an increased 

risk of getting cancer. 

Barium   2012 140 ug/l 140 ug/l 1,000.0 

ug/l 

2000 ug/l Some people who drink water 

containing barium in excess of the 

MCL over many years may experience 

an increase in blood pressure. 

Chromium  2012 11.0  

ug/l 

11 ug/l 50.0 ug/l (100) Some people who use water containing 

chromium in excess of the MCL over 

many years may experience allergic 

dermatitis. 

Fluoride (natural source) 2012 0.1440 

mg/l 

0.1440 mg/L 2.0 mg/l 1.0 mg/l For the Consumer Confidence Report:  

Some people who drink water 

containing fluoride in excess of the 

federal MCL of 4 mg/L over many 

years may get bone disease, including 

pain and tenderness of the bones. 

Children who drink water containing 

fluoride in excess of the state MCL of 

2 mg/L may get mottled teeth. 

For a Public Notice:   This is an alert 

about your drinking water and a 

cosmetic dental problem that might 

affect children under nine years of age.  

At low levels, fluoride can help 

prevent cavities, but children drinking 
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water containing more than 2 

milligrams per liter (mg/L) of fluoride 

may develop cosmetic discoloration of 

their permanent teeth (dental 

fluorosis).  The drinking water 

provided by your community water 

system [name] has a fluoride 

concentration of [insert value] mg/L. 

Dental fluorosis may result in a brown 

staining and/or pitting of the 

permanent teeth.  This problem occurs 

only in developing teeth, before they 

erupt from the gums.  Children under 

nine should be provided with 

alternative sources of drinking water 

or water that has been treated to 

remove the fluoride to avoid the 

possibility of staining and pitting of 

their permanent teeth.  You may also 

want to contact your dentist about 

proper use by young children of 

fluoride-containing products.  Older 

children and adults may safely drink 

the water. 

Drinking water containing more than 4 

mg/L of fluoride can increase your risk 

of developing bone disease. 

For more information, please call 

[water system contact name] of [water 

system name] at [phone number].  

Some home water treatment units are 

also available to remove fluoride from 

drinking water.  To learn more about 

available home water treatment units, 

you may call the California 

Department of Public Health’s Water 

Treatment Device Unit at (916) 449-

5600. 

Nitrate 2013 4.97 

mg/l 

1.29-6.94 mg/l 45 mg/l 

(as NO3) 

45 mg/l 

(as NO3) 

Infants below the age of six months 

who drink water containing nitrite in 

excess of the MCL may become 

seriously ill and, if untreated, may die. 

Symptoms include shortness of breath 

and blueness of the skin. 

Carbofuran 2013 

 

 ND ug/l  18.00 

ug/l 

1.7 ug/l Some people who use water containing 

Carbofuran in excess of the MCL over 

many years may experience problems 

with their blood, or nervous or 

reproductive system problems. 

2,4,-D 2012 10 ug/l 10 ug/l 70 ug/l 20 ug/l Some people who use water containing 

the weed killer 2,4-D in excess of the 

MCL over many years may experience 

kidney, liver, or adrenal gland 

problems. 
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Dibromochloropropane 

(DBCP) 

2012 0.017 

ug/l 

0.01-0.024 ug/l 5.0 ug/l 4.0 ug/l Some people who use water containing 

DBCP in excess of the MCL over 

many years may experience 

reproductive difficulties and may have 

an increased risk of getting cancer. 

DI (2-Ethylhexyl)Adipate 2010 5.0 ug/l  400.0 

ug/l 

200 ug/l Some people who drink water 

containing di(2-ethylhexyl) adipate in 

excess of the MCL over many years 

may experience weight loss, liver 

enlargement, or possible reproductive  

difficulties. 

DI (2-Ethylhexyl) Phthalate 2010 3.0 ug/l  4.0 ug/l 12.0 ug/l Some people who use water containing 

di(2-ethylhexyl) phthalate well in 

excess of the MCL over many years 

may experience liver problems or 

reproductive difficulties, and may have 

an increased risk of getting cancer. 

Ethylene Dibromide 

(EDB) 

2012 0.02 ug/l  0.05 ug/l 0.01 ug/l Some people who use water containing 

ethylene Dibromide in excess of the 

MCL over many years may experience 

liver, stomach, reproductive system, or 

kidney problems, and may have an 

increased risk of getting cancer. 

Glyphosate 2013 25ug/l  700.0 

ug/l 

900 ug/l Some people who drink water 

containing glyphosate in excess of the 

MCL over many years may experience 

kidney problems or reproductive 

difficulties. 

Molinate 2013 2.ug/l  20.0 ug/l 1.0 ug/l Some people who use water containing 

Molinate in excess of the MCL over 

many years may experience 

reproductive effects. 

Simazine 2013 1.0 ug/l  4.0 ug/l 4.0 ug/l Some people who use water containing 

Simazine in excess of the MCL over 

many years may experience blood 

problems. 

Oxamyl  

2012 

20  ug/l  50.0 ug/l 26.0 ug/l Some people who drink water 

containing Oxamyl in excess of the 

MCL over many years may experience 

slight nervous system effects. 

Atrazine 2013 ND ug/l  1.0 ug/l 0.15 ug/l Some people who use water containing 

atrazine in excess of the MCL over 

many years may experience 

cardiovascular system problems or 

reproductive difficulties. 

Hexachlorocyclopentadiene 2010 1.0 ug/l  50.0 ug/l 50.0 ug/l Some people who use water containing   

Hexachlorocyclopentadiene in excess 

of the MCL over many years may 

experience kidney or stomach 

problems. 

Hexachlorobenzene 2010 1.0 ug/l  1.0 ug/l 0.5 ug/l Some people who drink water 

containing Hexachlorobenzene in 

excess of the MCL over many years 

may experience liver or kidney 

problems, or adverse reproductive 

effects, and may have an increased risk 

of getting cancer. 
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Xylenes 2013 ND ug/l ND 10 mg/l 10mg/l Some people who drink water 
containing xylenes well in excess of the 
maximum contaminant level (MCL) for 
many years could experience damage 
to their nervous system. 

Benzo (A) Pyrene 2010 0.1 ug/l  0.2 ug/l .07 ug/l  Leaching from linings of water storage 

tanks and distribution mains    

TABLE 5 – 

DETECTION OF 

CONTAMINANTS 

WITH A 

SECONDARY 

DRINKING WATER 

STANDARD 

   

 

 

 

 

   

 

 

  

Chemical or Constituent 

(and reporting units) 
Sample 

Date 

Level 

Detected 

Range of 

Detections 
MCL 

PHG 

(MCLG) 
Typical Source of Contaminant 

Copper 2012 ND ug/l  1,000 

ug/l 

N/A Copper is an essential nutrient, but 

some people who drink water 

containing copper in excess of the 

action level over a relatively short 

amount of time may experience 

gastrointestinal distress. Some people 

who drink water containing copper in 

excess of the action level over many 

years may suffer liver or kidney 

damage. People with Wilson’s Disease 

should consult their personal doctor. 

Color 2012 1.0  units  15.0 

units 

N/A Naturally-occurring organic 

materials 

Iron 2012 194.4 

ug/l 

193-196 ug/l 300 ug/l N/A  Naturally-occurring organic materials    

Manganese 2013 5-590 

ug/l 

5-590 ug/l 50.0 ug/l N/A Leaching from natural deposits 

Specific Conductance 2013 510  US 510 US 2,200 

US 

N/A Leaching from natural deposits; 

industrial wastes    

Turbidity  NTU 

0.5 

 5.0 NTU N/A Turbidity has no health effects.  However, 

high levels of turbidity can interfere with 

disinfection and provide a medium for 

microbial growth.  Turbidity may indicate 

the presence of disease-causing organisms.  

These organisms include bacteria, viruses, 

and parasites that can cause symptoms 

such as nausea, cramps, diarrhea, and 

associated headaches. 

Odor Threshold 2012 0.0 TON  3.0 TON N/A Substances that form ions when in 

water; seawater influence 

Thiobencarb 2013 1.0  ug/l 1.0 ug/l 70.0 ug/l 70.0 ug/l Some people who use water containing 

Thiobencarb in excess of the MCL 

over many years may experience body 

weight and blood effects. 
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Additional General Information on Drinking Water 

Drinking water, including bottled water, may reasonably be expected to contain at least small amounts of some 

contaminants.  The presence of contaminants does not necessarily indicate that the water poses a health risk. More 

information about contaminants and potential health effects can be obtained by calling the USEPA’s Safe Drinking Water 

Hotline (1-800-426-4791). 

Some people may be more vulnerable to contaminants in drinking water than the general population.  Immuno-

compromised persons such as persons with cancer undergoing chemotherapy, persons who have undergone organ 

transplants, people with HIV/AIDS or other immune system disorders, some elderly, and infants can be particularly at 

risk from infections. These people should seek advice about drinking water from their health care providers. 

USEPA/Centers for Disease Control (CDC) guidelines on appropriate means to lessen the risk of infection by 

Cryptosporidium and other microbial contaminants are available from the Safe Drinking Water Hotline (1-800-426-

4791). 

Lead-Specific Language for Community Water Systems:  If present, elevated levels of lead can cause serious health 

problems, especially for pregnant women and young children.  Lead in drinking water is primarily from materials and 

components associated with service lines and home plumbing.  City of Live Oak is responsible for providing high quality 

drinking water, but cannot control the variety of materials used in plumbing components.  When your water has been 

sitting for several hours, you can minimize the potential for lead exposure by flushing your tap for 30 seconds to 2 

minutes before using water for drinking or cooking.  If you are concerned about lead in your water, you may wish to have 

your water tested.  Information on lead in drinking water, testing methods, and steps you can take to minimize exposure is 

available from the Safe Drinking Water Hotline or at http://www.epa.gov/safewater/lead. 

 

 

 

 

Summary Information for Violation of a MCL, MRDL, AL, TT,  

or Monitoring and Reporting Requirement 

VIOLATION OF A MCL, MRDL, AL, TT, OR MONITORING AND REPORTING REQUIREMENT 

Violation Explanation Duration 
Actions Taken to Correct 

the Violation 

Health Effects 

Language 

No violations in 

2013 

    

     

 

For Water Systems Providing Ground Water as a Source of Drinking Water 

TABLE 7 – SAMPLING RESULTS SHOWING 

FECAL INDICATOR-POSITIVE GROUND WATER SOURCE SAMPLES 

Microbiological Contaminants 

(complete if fecal-indicator detected) 

Total No. of 

Detections 

Sample 

 Dates 

MCL 
[MRDL] 

PHG 

(MCLG) 
[MRDLG] 

Typical Source of Contaminant 

E. coli 2013  ND  0 (0) Human and animal fecal waste 

Enterococci 2013 ND  TT n/a Human and animal fecal waste 

http://www.epa.gov/safewater/lead
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Coliphage 2012 ND  TT n/a Human and animal fecal waste 

Summary Information for Fecal Indicator-Positive Ground Water Source Samples, 

Uncorrected Significant Deficiencies, or Ground Water TT  

SPECIAL NOTICE OF FECAL INDICATOR-POSITIVE GROUND WATER SOURCE SAMPLE 

 

 

 

 

 

SPECIAL NOTICE FOR UNCORRECTED SIGNIFICANT DEFICIENCIES 

 

 

 

 

 

VIOLATION OF GROUND WATER TT 

TT Violation Explanation Duration 
Actions Taken to Correct 

the Violation 

Health Effects 

Language 

     

     

 





 

City of Live Oak 
Urban Water Management Plan 

October 2009 

Prepared for 
City of Live Oak 

Prepared by 
ECO:LOGIC 



 

 
October 2009 DRAFT City of Live Oak 
LOAK08-001 i Urban Water Management Plan 

Contents 
City of Live Oak 
Urban Water Management Plan – Draft 

 

SECTION 1 INTRODUCTION .......................................................................................................1-1 
1.1 Contact.......................................................................................................................1-1 
1.2 Purpose ......................................................................................................................1-1 
1.3 Public Participation ...................................................................................................1-2 

1.3.1 Agency Coordination..................................................................................1-2 
1.3.2 Interagency Coordination ...........................................................................1-2 

1.4   Implementation of UWMP........................................................................................1-3 

SECTION 2 SUPPLIER SERVICE AREA .......................................................................................2-1 
2.1 Service Area ..............................................................................................................2-1 
2.2 Climate ......................................................................................................................2-1 
2.3 Other Demographic Factors ......................................................................................2-2 

2.3.1 Population Growth......................................................................................2-2 
2.4 Past Drought, Water Demand, and Conservation Information..................................2-5 

SECTION 3 WATER SOURCES....................................................................................................3-1 
3.1 Groundwater ..............................................................................................................3-1 

3.1.1 Regional Geology .......................................................................................3-1 
3.1.2 City of Live Oak Well Hydrogeology ........................................................3-3 
3.1.3 Pumping Test Data .....................................................................................3-3 
3.1.4 East Butte Subbasin Summary ...................................................................3-4 
3.1.5 Existing Supply and Quality.......................................................................3-4 
3.1.6 Future Groundwater Supply .......................................................................3-7 

3.2 Local Surface Water ................................................................................................3-14 
3.3 Transfer and Exchange Opportunities .....................................................................3-14 
3.4 Recycled Water .......................................................................................................3-14 
3.5 Development of Desalinated Water.........................................................................3-15 

SECTION 4 RELIABILITY PLANNING .........................................................................................4-1 
4.1 Frequency and Magnitude of Supply Deficiencies....................................................4-1 
4.2 Plans to Assure a Reliable Water Supply ..................................................................4-1 
4.3 Reliability Comparison..............................................................................................4-1 
4.4 Three Year Minimum Water Supply .........................................................................4-2 



Contents 

 
October 2009 DRAFT City of Live Oak 
LOAK08-001 ii Urban Water Management Plan 

SECTION 5 WATER USE ............................................................................................................5-1 
5.1 Water Use by Sector..................................................................................................5-1 

5.1.1 Residential Sector .......................................................................................5-4 
5.1.2 Commercial Sector .....................................................................................5-4 
5.1.3 Industrial Sector..........................................................................................5-4 
5.1.4 Institutional / Government Sector...............................................................5-4 
5.1.5 Landscape and Agricultural Irrigation Sector.............................................5-4 
5.1.6 Wholesale to Other Agencies .....................................................................5-4 
5.1.7 Other Water Uses........................................................................................5-4 

SECTION 6 WATER DEMAND MANAGEMENT MEASURES ........................................................6-1 
6.1 Introduction ...............................................................................................................6-1 
6.2 Demand Management Measures (DMM)..................................................................6-2 

6.2.1 DMM 1 – Water Survey Programs for Single-Family Residential and 
Multi-Family Residential Customers..........................................................6-2 

6.2.2 DMM 2 – Residential Plumbing Retrofit ...................................................6-6 
6.2.3 DMM 3 – System Water Audits, Leak Detection, and Repair ...................6-9 
6.2.4 DMM 4 – Metering with Commodity Rates for All New Connections and 

Retrofit of Existing Connections ..............................................................6-10 
6.2.5 DMM 5 – Large Landscape Conservation Programs and Incentives .......6-12 
6.2.6 DMM 6 – High-efficiency Washing Machine Rebate Program...............6-16 
6.2.7 DMM 7 – Public Information Programs...................................................6-18 
6.2.8 DMM 8 – School Education Programs.....................................................6-20 
6.2.9 DMM 9 – Conservation Programs for Commercial, Industrial, and 

Institutional Accounts...............................................................................6-22 
6.2.10 DMM 10 – Wholesale Agency Programs.................................................6-24 
6.2.11 DMM 11 – Conservation Pricing .............................................................6-25 
6.2.12 DMM 12 – Water Conservation Coordinator ...........................................6-27 
6.2.13 DMM 13 – Water Waste Prohibition........................................................6-29 
6.2.14 DMM 14 – High Efficient Toilet Replacement ........................................6-29 

SECTION 7 SUPPLY AND DEMAND COMPARISON......................................................................7-1 
7.1 Supply and Demand Comparison Provisions ............................................................7-1 

SECTION 8 WATER SHORTAGE CONTINGENCY PLAN..............................................................8-1 
8.1 Water Shortage Contingency Plan.............................................................................8-1 

8.1.1 Water Shortage Emergency Response........................................................8-1 
8.1.2 Preparation Actions for a Catastrophe........................................................8-2 
8.1.3 Supplemental Water Supplies.....................................................................8-2 
8.1.4 Long Term Additional Water Supply Options ...........................................8-2 

8.2 Water Shortage Contingency Ordinance/ Resolution................................................8-2 
8.2.1 Rationing Stages and Reduction Goals.......................................................8-2 
8.2.2 Priority by Use............................................................................................8-3 
8.2.3 Health and Safety Requirements ................................................................8-3 

8.3 Mandatory Prohibitions on Water Wasting ...............................................................8-4 
8.4 Consumption Reduction Methods .............................................................................8-4 
8.5 Excessive Use Penalties ............................................................................................8-4 
8.6 Revenue and Expenditure Impacts and Measures to Overcome Impacts..................8-4 
8.7 Mechanisms to Determine Reductions in Water Use................................................8-5 



Contents 

 
October 2009 DRAFT City of Live Oak 
LOAK08-001 iii Urban Water Management Plan 

SECTION 9 WATER RECYCLING ...............................................................................................9-1 
9.1 Participation in Regional Recycled Water Planning .................................................9-1 
9.2 Wastewater Collection and Treatment in Live Oak ..................................................9-1 

9.2.1 Wastewater Treatment Processes ...............................................................9-1 
9.2.2 Regional Wastewater Treatment Plant .......................................................9-1 

9.3 Recycled Water Currently Being Used .....................................................................9-2 
9.3.1 Potential Uses of Recycled Water ..............................................................9-2 

9.4 Projected Use of Recycled Water..............................................................................9-2 
  
Tables 

Table 1-1  Summary of Coordination Efforts to Include Agencies and Citizens in Planning and 
Notification ...............................................................................................................1-2 

Table 2-1  Average Monthly Climate Conditions of the Live Oak Region................................2-1 
Table 2-2  Population Projections of the City of Live Oak ........................................................2-2 
Table 3-1  Groundwater Well Pumping Rate and Water Quality Concerns...............................3-5 
Table 3-2  Existing Demand and Supply Comparison ...............................................................3-5 
Table 3-3  Groundwater Production (AFA) ...............................................................................3-6 
Table 3-4  Estimated Buildout Demands and Well Pumping Rates...........................................3-8 
Table 3-5  Current and Projected Water Supplies (AFA).........................................................3-14 
Table 4-1  Estimated Reliable Water Supply Reduction During Drought Scenarios.................4-2 
Table 4-2  Estimated Minimum Reliable Water Supply ............................................................4-2 
Table 5-1  Projected Increase of Water Customers Served by Live Oak (customers/Year) ......5-2 
Table 5-2  Projected Water Use by Water Use Sector (AFA)....................................................5-3 
Table 6-1  Summary of Demand Management Measures ..........................................................6-2 
Table 6-2  2007 Domestic Water Billing Rates........................................................................6-11 
Table 6-3  2007 Domestic Water Billing Rates........................................................................6-25 
Table 7-1  Projected Normal Groundwater Supply and Demand Comparison ..........................7-1 
Table 7-2  Projected Single Dry Year Supply and Demand Comparison ..................................7-2 
Table 7-3  Projected Supply and Demand Comparison during Multiple Dry Year Ending 

in 2015.......................................................................................................................7-2 
Table 7-4  Projected Supply and Demand Comparison during Multiple Dry Year Ending 

in 2020.......................................................................................................................7-2 
Table 7-5  Projected Supply and Demand Comparison during Multiple Dry Year Ending 

in 2025.......................................................................................................................7-3 
Table 7-6  Projected Supply and Demand Comparison during Multiple Dry Year Ending 

in 2030.......................................................................................................................7-3 
Table 8-1  Water Rationing Stages and Reduction Goals ..........................................................8-3 
Table 8-2  Estimated Per Capita Health and Safety Water Consumption ..................................8-4 
Table 9-1  Wastewater Average Dry Weather Flow (AFA).......................................................9-1 
 



Contents 

 
October 2009 DRAFT City of Live Oak 
LOAK08-001 iv Urban Water Management Plan 

Figures 

Figure 2-1  Vicinity Map .............................................................................................................2-3 
Figure 2-2  Live Oak City Limits and SOI ..................................................................................2-4 
Figure 3-1  Existing Water Service Area (City Limits) ...............................................................3-2 
Figure 3-2  Groundwater Levels of Area Monitoring Wells Showing Long-term Trends ..........3-7 
Figure 3-3  Existing and Future Well Locations..........................................................................3-9 
Figure 3-4  Predicted drawdown using the average aquifer parameters ....................................3-10 
Figure 3-5  Predicted drawdown from thirteen wells pumping an annual average of 7,300 gpm, 

using the average estimated Transmissivity value ..................................................3-11 
Figure 3-6  Predicted drawdown from thirteen wells pumping an annual average of 7,300 gpm, 

using a higher estimated Transmissivity .................................................................3-12 
Figure 3-7  Predicted drawdown from thirteen wells pumping an annual average of 7,300 gpm, 

using the average estimated Transmissivity but a smaller storage coefficient........3-13 
 

Appendices 

Appendix A Draft – No Waste Ordinance 
Appendix B Draft – Resolution to Declare a Water Shortage Emergency 
Appendix C Resolution of Adoption of City of Live Oak Urban Water Management Plan 



 

 
October 2009 DRAFT City of Live Oak 
LOAK08-001 1-1 Urban Water Management Plan 

Section 1 
Introduction 

The City of Live Oak prepared this Urban Water Management Plan (UWMP) in 2009.  This plan 
includes information necessary to meet the requirements of the California Water Code Division 
6, Part 2.6 (Urban Water Management Planning Act), with guidance from the California 
Department of Water Resources document Guidebook to Assist Water Suppliers in the 
Preparation of a 2005 Urban Water Management Plan. 

Although the City of Live Oak is not currently subject to the Urban Water Management Planning 
Act (i.e., the City produces less than 3,000 acre feet of water per year and serves less than 3,000 
customers or connections), this plan has been prepared to be used in meeting the requirements of 
SB610 and SB221.  This Urban Water Management Plan is intended to be used in conjunction 
with the Water Master Plan to fulfill the requirements of water supply assessments and 
verifications. 

1.1 CONTACT 

The water supplier is a Municipality, and is not a Bureau of Reclamation Contractor or State 
Water Project Contractor. 

The person to contact regarding this Urban Water Management Plan is:  

Public Works Facilities Manager 
9955 Live Oak Boulevard 
Live Oak, CA  95953 
Phone: (530) 695-2112 
Fax: (530) 695-2595 
E-mail addresses: srolls@rarcivil.com and stakhar@liveoakcity.org  

1.2 PURPOSE 

This report has been prepared in anticipation of meeting the requirements of the Urban Water 
Management Plan Act (UWMPA), Water Code Section 10630 et. seq.  The City has also 
prepared this plan to promote the managed use of water for urban and municipal purposes.  The 
purpose of the UWMP is to develop and promote water conservation tools and to plan for 
potential water shortages.  A second purpose for the City preparing this UWMP is to prepare for 
water supply assessments and verifications that may be necessary according to SB 610 and 
SB221 for future planned development consistent with the City’s General Plan. 
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The programs and water management tools developed from the UWMPA will help to secure 
future water resources for the City of Live Oak and to maximize the beneficial use of current 
sources.   

1.3 PUBLIC PARTICIPATION 

1.3.1 AGENCY COORDINATION 

This UWMP is consistent with growth projections and land use designations contained in the 
City’s 2009 General Plan (General Plan).  This document has also been coordinated with the 
City’s Water Master Plan.    

1.3.2 INTERAGENCY COORDINATION 

The City of Live Oak draws groundwater from a basin that is shared by other water purveyors.  
Several local and regional stakeholders were solicited for assistance in the draft of this plan 
(Table 1-1).  

The City notified the following entities about the plan: 

Table 1-1 
Summary of Coordination Efforts to Include 

Agencies and Citizens in Planning and Notification 

Coordination and Public Involvement Actions 

Entities Plan Writing Contacted Attended 
Meeting Given Copy Comments 

Received 
Noticed of 
Adoption 

Consultant       

City of Live Oak       

Residential       

Commercial       

Industrial       

Yuba City       

Gridley       

Biggs       

Sutter County       

Library       

 

Will be filled in at the time of 
implementation. 
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1.4   IMPLEMENTATION OF UWMP 

This Urban Water Management Plan is the first plan prepared by the City.  The demand 
management measures will be implemented under the following circumstances: 

 Upon the City making application to the Department of Water Resources, State Water 
Resources Control Board, or California Bay-Delta Authority (or successor) for grant 
or loan funding requiring implementation of demand management measures, or; 

 By the next year ending in zero or five after the City reaching 3,000 connections or 
exceeding 3,000 acre feet per year total water production. 

Budget costs will be estimated at the time of implementation.
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Section 2 
Supplier Service Area 

2.1 SERVICE AREA 

The City of Live Oak is located on the northern edge of Sutter County north of Yuba City.  The 
City supplies potable water to all the residential, commercial, and institutional / governmental 
water users within City limits.     

2.2 CLIMATE 

Live Oak has a mild climate with hot and dry summers, and cool winters (Table 2-1). Annual 
precipitation averages approximately 21 inches.  Deviation from the average annual precipitation 
was experienced in 1995-98 due to the El Nino conditions when considerably more precipitation 
than average occurred, and the last drought period extended from 1987 to 1991. 

Table 2-1 
Average Monthly Climate Conditions of the Live Oak Region 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

www.wrcc.dri.edu/CLIMATEDATA.html 
www.cimis.water.ca.gov/cimis/welcome.jsp 

 

Month
Month ly Average 

Eto (in)
Average Rainfall 

( in)
Average Tem p 

(oF)

Jan 1.00 4.36 46.06
Feb 1.66 3.52 51.40
Mar 3 .12 2.91 55.31
Apr 4 .72 1.60 60.80
May 6.07 0.67 67.69
June 7.45 0.23 74.47
July 8 .46 0.04 79.21
Aug 7.62 0.08 77.47
Sept 5 .70 0.33 73.50
O ct 4 .06 1.32 65.25
Nov 1.97 2.81 53.95
Dec 1 .07 3.61 46.72
Annual 4 .41 21.48 62.65
Source: NOAA and CIMIS 
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2.3 OTHER DEMOGRAPHIC FACTORS 

Live Oak was incorporated as a City in 1947.  The City lies along Highway 99, and west of the 
Feather River as depicted in Figure 2-1.  The City is predominately surrounded by agricultural 
land.  The topography is relatively flat with an average elevation of approximately 77 feet above 
mean sea level (NAVD 88). 

2.3.1 POPULATION GROWTH 

The City’s annual population growth rate has varied widely during the past decade.  From 1990 
to 2000, the population increased by approximately 1,900 residents per the State of California, 
Department of Finance.1 As the overall population has increased in the City and region, the 
demand for water has also increased.  For purposes of this plan, the City has a future projected 
average population growth rate of 4.8% growth rate based on historical growth data from 2001 
through 2008.2  Table 2-2 summarizes the projected population growth of the City to the year 
2030. 

Table 2-2 
Population Projections of the City of Live Oak 

 2008 2010 2015 2020 2025 2030 

City Population (a) 8,539 9,380 11,860 14,990 18,950 23,960 

(a) Population estimates using a 4.8% growth rate based on historical growth data from 2001 through 
2008 from State of California, Department of Finance, E-4 Population Estimates for Cities, 
Counties and the State, 2001-2008, with 2000 Benchmark. Sacramento, California, May 2008. 

The developed areas within the City consist of single-family and multifamily residential units; 
commercial establishments; and industrial, private, and governmental institutions.  The City has 
established a sphere of influence encompassing approximately 1.9 square miles as outlined in 
Figure 2-2.   

 

                                                   
1 State of California, Department of Finance, E-4 Population Estimates for Cities, Counties and the State, 2001-2008, with 
2000 Benchmark 
2 State of California, Department of Finance, E-4 Population Estimates for Cities, Counties and the State, 2001-2008, with 
2000 Benchmark 
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2.4 PAST DROUGHT, WATER DEMAND, AND CONSERVATION 
INFORMATION 

The local region experienced a drought from 1987 through 1991.  The City was able to provide 
water to all customers without any water supply reductions or issues during that period.  
Historically a drought in this region will typically draw the static water levels down no more than 
10 feet.  The typical groundwater levels are 10 to 16 feet below ground level and with the wells 
pumping water from 100 feet or deeper, droughts have an insignificant impact on the City’s 
water supply.  

Water conservation is one of several priority policies for the City.  The City will provide 
community education through utility bill inserts and newsletters, advertisements, in-classroom 
presentations, water awareness poster contests, and community events.    
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Section 3 
Water Sources 

The sole source of water for the City of Live Oak is groundwater from the East Butte Subbasin of 
the Sacramento Valley Groundwater Basin.  Water supply for domestic water service and fire 
flow is supplied from four wells owned and operated by the City.  The wells are numbered 1A, 
2A, 3 and 4. The current City of Live Oak water system service area, and well field is presented 
in Figure 3-1. 

3.1 GROUNDWATER 

3.1.1 REGIONAL GEOLOGY 

A description of the Sacramento Valley Hydrologic Region (DWR Bulletin 118, 2004) indicates 
the groundwater levels have remained relatively constant, with levels usually within ten feet from 
the ground surface.  According to the Geologic Map of the Sacramento Valley, (Water-Supply 
Paper 1497, Plate 2), the surficial geology of the Live Oak area consists of the Victor Formation 
and related deposits.  These materials consist of “lenticular silt, sand, gravel and clay deposited 
by streams draining the Cascade Range.”  Bulletin 118, (Evaluation of Ground Water Resources: 
Sacramento Valley, 1978), states that the Victor Formation in the North Sacramento Valley was 
deposited by streams during the late Pleistocene and consists of silt, sand and buried channels of 
gravel.  It directly overlies the Laguna Formation and is about 30 meters thick.  The Victor is 
considered to be moderately permeable throughout and highly permeable where old stream 
channels are tapped.  The yield of wells is generally low due to the limited saturated thickness. 

The City of Live Oak lies within the southern portion of the East Butte Subbasin of the 
Sacramento Valley Groundwater Basin (California’s Groundwater Bulletin 118, updated 
2/27/04).  The chapter describing the East Butte Subbasin does not include the Victor Formation 
as a water-bearing formation; although, it is including in the description of the subbasin to the 
south, known as the Sutter subbasin.  Instead, it lists various Holocene stream and basin deposits, 
and Pleistocene units including the Modesto, Riverbank, Tuscan and Laguna Formations and the 
Sutter Butte Alluvium.  These deposits consist of a variety of clays, silts, and gravels in varying 
proportions.  The Pliocene Tuscan Formation is composed of a series of volcanic mudflows, tuff 
breccia, tuffaceous sandstone and volcanic ash layers in four units, two of which are found in the 
southern part of the subbasin. 
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The underlying Laguna Formation is composed of debris derived from the erosion of the Sierra 
Nevada and deposited as sand, silt, and gravel deposits that are moderately consolidated and 
poorly-to-well-cemented.  The Laguna is non-volcanic and generally tan to brown.  The thickness 
is approximately 500 feet.  The formation is considered poorly to moderately permeable.  Deep 
wells obtain moderate yields from sandy layers or from areas where soft, well-sorted granitic 
sand is present.  

3.1.2 CITY OF LIVE OAK WELL HYDROGEOLOGY 

The City currently has four wells to provide potable water, Wells 1A, 2A, 3 and 4.  Well 5 has 
been removed from service due to high Nitrate and Arsenic levels.  The wells are constructed 
dominantly in clay, with intervals of sand and gravel.  No formation names were provided on the 
drill logs.   

In Wells 1A and 2A, relatively thin sand intervals located between 160 and 210 feet below the 
ground surface (bgs) appear to be the most productive zones.  This is based on camera surveys of 
the well bores performed prior to refurbishing in 2005.  In Well 1A, cavities caused by sand 
washout of the original unlined well bore were observed at 161 ft bgs, 171-173 ft bgs, and 210 to 
215 ft bgs.  The large cavity at 210 to 213 is believed to be the zone that produces the most water.  
Although Well 1A was originally drilled to a depth of 386 ft bgs, when refurbished it had 
apparently collapsed or filled to a depth of 236 ft bgs; however, the current capacity is only 
slightly less than its original capacity.  Adjacent Well 2A also appears to produce most water 
from a similar sand layer located between 210 to 225 ft bgs.  Although it is screened to a greater 
depth, it does not currently produce significantly more water than Well 1A.  

There is no log available for Well 3.  Geologic information is limited to a description of an 
impervious layer beginning at 47 bgs.  Well 4 produces entirely from a 30 ft screened interval of 
gravel at the bottom of the well located beneath a volcanic ash layer.   

Based solely on the literature review and well log descriptions, the materials present in the Live 
Oak wells are likely to be Holocene Basin or Pleistocene Victor Formation deposits to a depth of 
about 100 feet, underlain by the Laguna Formation.  The actual units and contacts cannot be 
determined based on the available drill logs.  It is uncertain how the volcanic ash and cinders 
identified in Well 4 would fit in the overall stratigraphic sequence, but the materials may be 
volcanic sediments of the Tuscan Formation. 

3.1.3 PUMPING TEST DATA 

Limited pumping data and groundwater information is available for the City of Live Oak wells.  
Geologic logs for Wells 2A and 3 indicate that static water levels are 11 to 16 ft bgs and that the 
groundwater is confined by near-surface clays.  Pumping test data from the logs indicate that 
Well 2 was pumped at 1,000 gpm with 31 feet of drawdown, while Well 3 was pumped at 1,500 
gpm with 26 feet of drawdown.  These values indicate Specific Capacities of 32 and 58 gpm/ft, 
respectively, which are comparable to those published in the report:  Evaluation of Ground Water 
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Resources: Sacramento Valley (1978, p. 65) which indicates that wells in the Live Oak area 
should have specific capacities in the range of 35 to 75 gpm/ft.   

Adjacent Wells 1A and 2A can be used to estimate the maximum yield that might be attained 
from a well in this area.  In Well 1A, a downhole camera survey was performed that indicated 
that most groundwater was produced from cavities or washouts at 161 ft, 175 to 177 ft, 187 ft, 
and 210 to 213 ft below the ground surface (bgs).  Most water was said to come from the lowest 
cavity.  At the above specific capacity, and with a static water level of 11 feet bgs, the well could 
potentially produce up to 4,800 gpm (150 ft x 32 gpm/ft) without drawing water levels below the 
uppermost sand layer.  However, the well’s 10-inch-diameter casing would prevent such 
production rates. 

An empirical equation to approximate a confined aquifer’s transmissivity (T) can be obtained 
from the above specific capacities, using the equation:  T = 2000 x Specific Capacity (Driscoll, 
1986).  For Well 2, T would equal 64,000 gpd/ft (or 8,600 ft2/day) while for Well 3, T would 
equal 116,000 gpd/ft (or 15,500 ft2/day).  A specific capacity of 75 gpd/ft would result in a T of 
150,000 gpd/ft (or 20,000 ft2/day).  In the absence of formal aquifer stress test data, it is assumed 
the confined aquifer has a storage coefficient of 1x10-3. 

3.1.4 EAST BUTTE SUBBASIN SUMMARY 

The Live Oak wells are located within the Sacramento Valley Groundwater Basin, East Butte 
Subbasin.  According to California’s Groundwater Bulletin 118, updated 2/27/04, the estimated 
specific yield for the East Butte Subbasin is 5.9 percent.  The estimated storage capacity to a 
depth of 200 feet is approximately 3,128,959 acre-feet.  Estimates of annual groundwater 
extraction for agricultural; municipal and industrial; and environmental wetland uses were 
104,000, 75,500 and 1,300 acre-feet respectively, totaling 180,300 acre-feet.  Deep percolation of 
applied water was estimated to be 126,000 acre-feet.  

Assuming no recharge, the current City of Live Oak groundwater usage of 1,440 acre-feet 
annually (AFA) is about 1% of the total annual subbasin withdrawals, and less than 1/100th of 1% 
of the total estimated storage capacity of the basin.  

3.1.5 EXISTING SUPPLY AND QUALITY 

In recent years, it had become evident that the City of Live Oak would need to treat water from 
some of its wells because of the diminishing availability of wells meeting drinking water quality 
requirements, notably arsenic.   All wells were above the maximum contaminant level of 10 parts 
per billion (ppb) for arsenic. To address the problem, the City installed skid mounted treatment 
vessels with manganese oxide media for arsenic removal for the four wells currently in operation 
in 2008.  All wells meet the arsenic standard. 

Wells 1A and 2A have elevated nitrate levels.  Each of these wells has violated the MCL once 
and will be continued to be monitored.  Status, pumping capacity, depth to static water, and any 
known water quality concerns for all available groundwater wells are listed in Table 3-1.  
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Table 3-1 
Groundwater Well Pumping Rate and Water Quality Concerns 

Source Status Capacity 
(gpm) 

Depth to Static 
Water (ft) 

Depth to 
Pumping Water 

(ft) 

Current 
Water Quality 

Concerns 

1A Active 650 11 51.5 Nitrate 

2A Active 700 11 47.0 Nitrate 

3 Active (a) 750 11 37.0 - 

4 Active (a) 935 11 Not Available - 

5 Abandoned 0 - - - 

Booster PS Active (assumes 
one pump off) 4,200 - - - 

Total System 
Pumping Reliable 
Capacity (Wells 3, 
4, and Booster PS) 
Wells 1A and 2A 

feed the tank. 

 5,885 - - - 

(a) Based on information provided by the City in August 2009. 

Peak pumping capacity of the City’s active wells (Wells 1A, 2A, 3 and 4) is approximately 3,035 
gpm.  The existing reliable supply capacity and demand scenarios are listed in Table 3-2 

Table 3-2 
Existing Demand and Supply Comparison 

Scenario Reliable 
Supply 

Average 
Day 

Demand(c) 

Maximum 
Day 

Demand(c) 

Maximum 
Day + Fire 

Flow 
Demand(d) 

Peak 
Hour 

Demand 
(e) 

Surplus/ 
(Deficit) 

Existing Development- 
Annual Average (gpm) 2,100 (a) 1,310 - - - 790 

Existing Development-
Maximum Day (gpm) 2,100 (a) - 3,320 - - -1,220 

Existing Development-
Maximum Day+ Fire  
(gpm) 

5,885 (b) - - 7,320 - -1,435 

Existing Development-
Peak Hour (MG) 1.4 (b) - - - 1.2 0.2 

(a) Includes Wells 1A, 2A, and 3. Well 4 is not included, because it is the largest source per Title 22, Chapter 15, 
Section 64554, R-13-03.  The booster pump station is not included because average day and maximum day 
supply must come from the wells. 

(b) Includes Wells 3 and 4 and booster pump station.  The largest source out of service is the standby pump at 
the booster pump station. 

(c) Demand includes committed unbuilt demands and is therefore higher than actual demand. 
(d) Based on a fire flow of 4,000 gpm as discussed in Chapter 4. 
(e) Per Title 22, Chapter 15, Section 64552, R-13-03, peak hour needs be met for four hours. 

For existing conditions, the City does not have reliable supply capacity for maximum day.   
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Average water production from 2005 through 2008 indicate an overall decrease in water use from 
all City water customers (Table 3-3).  The water production dropped in 2006 when water meters 
were beginning to be installed.  This pattern is typical when users realize they are now billed for 
any extra water they use or waste when they are connected to a meter.    

Table 3-3 
Groundwater Production (AFA) 

City Produced 
Groundwater 2005 2006 2007 2008 

East Butte Subbasin (a) 1,640 1,500 1,410 1,440 

% of Total Water Supply 100 100 100 100 

(a) Based on water production records provided by be City. 

According to California’s Groundwater Bulletin 118, updated 2/27/04, groundwater level 
fluctuations for composite wells within the southern portion of Butte County averaged about 4 
feet during normal years and up to 10 feet during drought years.   

No water level data is available for the City of Live Oak municipal wells.  However, hydrographs 
for nine wells in the area surrounding Live Oak were obtained that have water level data 
extending back as far as 1947 and up to 2005.  The monitoring well groundwater elevations 
indicate a groundwater flow direction to the south, at a gradient of about 2.4 feet per mile.   

Similar to Bulletin 118, these data show that groundwater fluctuations are typically no more than 
10 feet.  Six of the wells do not show any long-term decline in groundwater elevations.  In the 
other wells, long-term declines appear to be less than five feet.  In the drought period of 1987 to 
1992, additional declines in individual years of two to four feet are visible only in some wells, 
but water level recoveries in winter months were generally not as pronounced as in wetter years.  
Hydrographs for the three closest wells to the Live Oak municipal wells, 16N03E07D002M, 
17N03E30N001M and 17N03E33P001M, show no long term water level declines, but do show 
decreased recharge during the drought period, see Figure 3-2.  However, these decreases are 
generally on the order of six feet or less.  Trend lines for two of the three wells actually indicate 
rising water levels over the 60 year period.  Based on these data, there are no reliability issues 
with the subbasin at current pumping rates.  
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Figure 3-2 

Groundwater Levels of Area Monitoring Wells Showing Long-term Trends 

Long term pumping at existing rates has not significantly impacted the aquifer in the area of the 
City of Live Oak.  Even during extended drought years, such at 1987 to 1991, temporary water 
level drops were limited to less than 10 feet.   

The aquifer appears to have the capacity to supply additional production.  Not including recharge 
from irrigation, only a small percentage of the storage capacity in the upper 200 feet of the 
aquifer is tapped.  It appears that properly spaced wells will be able to provide the required 
capacity, although water quality issues may be an issue in some areas. 

3.1.6 FUTURE GROUNDWATER SUPPLY 

Future groundwater will come from new wells.  Planning level assumptions regarding future 
wells are as follow: 

 New wells will produce a minimum of 2,000 gallons per minute (gpm). Based on the 
well logs of the existing wells, the current production may be limited by the screened 
length and well casing size.  Future wells may be able to produce more water by 
increasing the well casing size. 



Section 3 Water Sources 
 

 
October 2009 DRAFT City of Live Oak 
LOAK08-001 3-8 Urban Water Management Plan 

 Water quality will be similar to the existing wells and would require the same 
treatment as the existing wells.  During well design the City should attempt to 
maximize water quality to avoid treatment, which could include deeper wells and/or 
screening selected intervals with the highest quality water. 

 The underlying groundwater aquifer will provide adequate long-term water supply.   

 The reliable system capacity will be sized so that MDD can be met with the largest 
well out of service. 

The estimates of aquifer parameters discussed in Section 3.1 .3, combined with estimates of 
future groundwater usage, were then used to predict potential aquifer drawdown under buildout 
conditions during average, and single, and multiple dry year conditions.  As shown in Table 3-4 
and Figure 3-3, it is anticipated that the average buildout demand of 7,300 gpm would be met by 
thirteen wells completed in Live Oak and around its perimeter.  The average monthly pumping 
rates for each well would be variable, but would be greatest (up to 900 gpm) during the high 
demand months of July and August.   

Table 3-4 
Estimated Buildout Demands and Well Pumping Rates 

Month Buildout 
Demand (MG) 

Buildout Demand 
(gpm) (a) 

Buildout Average gpm 
per well (13 wells) (a) 

January 180 4,000 310 

February 160 4,000 310 

March 240 5,400 410 

April 340 7,900 610 

May 400 9,000 690 

June 470 10,900 840 

July 500 11,200 860 

August 490 11,000 840 

September 390 9,000 690 

October 280 6,300 480 

November 210 4,900 370 

December 180 4,000 310 

Total or average 3,840 7,300 560 

(a) Assuming the wells are pumping 24 hours a day. 
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The performance of the hypothetical wells and their effect on the aquifer was simulated using the 
computer program AQTESOLV (HydroSOLVE, 2007; computer program AQTESOLV Pro for 
Windows, ver 4.50.13) which incorporates the confined aquifer groundwater model of 
Dougherty-Babu (1984).  The locations of the thirteen wells and the average monthly pumping 
rates were incorporated into the simulation.  As shown in Figure 3-4, if only one well were 
pumping, using average monthly pumping rates, a transmissivity of 12,000 ft2/day and a storage 
coefficient of 0.001, the anticipated drawdown in the well at the end of three years of pumping 
would be about 26 feet.  This is similar to, or slightly more than, the values determined from brief 
pumping tests described above, and indicates that the assumed aquifer parameters are reasonable.  
The model used in AQTESOLV assumes that there is no recharge to the aquifer and therefore, 
the simulations are considered to represent drought conditions (single or multiple year depending 
on simulation).  Although unlikely, this provides a conservative estimate useful for drought 
planning, because after multiple years of lower-than-normal precipitation, all the water pumped 
is derived from storage in the aquifer.  As a result, it provides a likely upper limit to water level 
declines in an extreme drought situation.  It does not account for other drawdown impacts that 
could result from other regional groundwater pumping.  

 

Figure 3-4 
Predicted drawdown using the average aquifer parameters 
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When multiple wells are present in an area, there will be interference between them that will 
increase the total amount of drawdown.  When all thirteen wells are incorporated into the 
simulation, each pumping at the average buildout rates shown in Table 3-4, the predicted 
drawdown would increase to that shown in Figure 3-5.  In this case, the total estimated 
drawdown at centrally-located well 1A (at the end of three years of pumping and in the absence 
of recharge) would be greatest – on the order of 110 feet.  The estimated drawdown at one well 
on the northern perimeter of Live Oak (Well 7), one well on the southern perimeter (Well 13), 
one well on the eastern flank (Well 8), and two non-pumping monitoring points, one about 3,750 
feet northwest of Well  1A, and one about 5,250 feet to the south is also shown.  Drawdown at 
each of the monitoring wells would be approximately 80 feet.  Please note that the calculated 
interference drawdown is a relatively crude estimate because the aquifer is known to be 
heterogeneous, while the analytical simulation assumes uniform conditions in the aquifer.  
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Figure 3-5 

Predicted drawdown from thirteen wells pumping an annual average of 7,300 gpm, 
using the average estimated Transmissivity value 

 



Section 3 Water Sources 
 

 
October 2009 DRAFT City of Live Oak 
LOAK08-001 3-12 Urban Water Management Plan 

Any changes in the aquifer parameters would result in different drawdown rates.  For instance, if 
the transmissivity is 16,000 ft2/day instead of 12,000 ft2/day, the drawdown would be more than 
20% less, as shown in Figure 3-6.  Alternatively, if the transmissivity is 12,000 ft2/day, but the 
storage coefficient is 0.0001 instead of 0.001, drawdown in the central well 1A at the end of three 
years could be as much as 140 feet (again in the absence of aquifer recharge) as shown in Figure 
3-7.  Without performing pumping tests on the wells, their long-term performance is somewhat 
speculative at this time, but is likely to be within this range of values.  
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Figure 3-6 

Predicted drawdown from thirteen wells pumping an annual average of 7,300 gpm, 
using a higher estimated Transmissivity 
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Figure 3-7 

Predicted drawdown from thirteen wells pumping an annual average of 7,300 gpm, 
using the average estimated Transmissivity but a smaller storage coefficient 

 
Effect of Multiple Dry Years on Well Performance 

For Live Oak wells, the “static” water level is typically about 10 feet below the ground surface.  
Well construction logs for the existing four wells indicate that the top of the screen interval 
begins anywhere from 100 to 390 feet below the ground surface.  Because it is desirable to not 
draw water levels below the top of the screened interval, it is possible under the above pumping 
scenarios that drawdown could exceed this typical operating standard in some wells (particularly 
if other area pumping results in a significant seasonal decrease in the “static” water level).   
However, as previously described, most water from the existing Live Oak wells is apparently 
produced from relatively thin sand layers that exist at depths of 160 feet or more below the 
surface.  If so, even the large drawdown shown in Figure 3-7 would likely not result in exposure 
of the screen to the atmosphere.  Even if this were to occur, it would not prevent the well field 
from producing the required volume of water.  New wells could be constructed with these 
predicted drought-year drawdown values in mind.   

Under the estimated potential worst case condition of a multiyear drought, and no aquifer 
recharge, the additional drawdown may require pump modifications for the existing wells.  The 
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modifications may include lowering the pump, or replacing the pump if the new design point is 
not within the current pump capabilities. 

Projected Water Supplies 

Projections for future groundwater supply are presented in Table 3-5.  The additional production 
is based on adding additional wells as required to meet demand.  The future water supply in 2030 
is sufficient to meet the projected 2030 maximum day water demand.  The 2030 water demand is 
based on the General Plan land use. Future water capacity will be provided from new wells 
throughout the system.  Future wells are expected to provide at least 2,000 gpm for maximum 
day, and 770 gpm for an average day.   

Table 3-5 
Current and Projected Water Supplies (AFA) 

Water Supply 
Sources 2009 (a) 2010 2015 2020 2025 2030 

Existing 
Groundwater 3,120 3,120 5,590 8,070 8,070 9,310 

New 
Groundwater (b) 0 2,470 2,480 0 1,240 3,720 

Surface Water 0 0 0 0 0 0 

Recycled Water 0 0 0 0 0 0 

Total 3,120 5,590 8,070 8,070 9,310 13,030 

(a) Based on average existing well supply capacity in 2008. 
(b) Based on adding additional wells as required.  Average well flow is shown. 

3.2 LOCAL SURFACE WATER 

The City currently does not treat any surface water and does not have any plans to obtain surface 
water in the future.  The underlying groundwater basin appears to be adequate to provide a 
reliable water source and therefore surface water will not be pursued. 

3.3 TRANSFER AND EXCHANGE OPPORTUNITIES  

Transfer and exchange of water would be difficult for the City of Live Oak as there are no nearby 
municipalities or irrigation districts. Connecting to the next closest municipal system in Yuba 
City would require approximately 12 miles of pipeline. 

3.4 RECYCLED WATER  

The existing Live Oak Wastewater Treatment Facility consists of fine screening, aerated 
treatment ponds and lagoons, and chlorine disinfection with subsequent de-chlorination. Treated 
effluent is discharged to Reclamation District 777 Lateral Drain Number 1.  The average annual 
flow for the treatment facility is 0.8 mgd (2008). Currently no wastewater is produced for 
recycled water use. 
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The City was issued a new waste discharge permit and a new cease and desist order (CDO) in 
July 2004, which reflected new regulatory requirements and gave the City a five-year timeline to 
bring its treatment facilities into compliance.  New regulatory requirements mandate a significant 
upgrade in the level of treatment and/or development of a new method or location of treated 
effluent disposal.  

The City has elected to complete the necessary upgrades to meet the new permit limits.  The 
upgraded plant will be constructed to meet Title 22 quality effluent that could potentially offset 
some potable water use for landscape irrigation or groundwater use for local crop irrigation.  
Since the City is not currently planning or pursuing production of recycled water, this UWMP 
assumes no future use of recycled water. 

3.5 DEVELOPMENT OF DESALINATED WATER 

In preparing this UWMP, the opportunities for development of three desalinated water sources 
were reviewed, 1) ocean water desalination, 2) brackish ocean water desalination, and 3) brackish 
groundwater desalination. The results of this review are as follows: 

1. The City of Live Oak is located inland within the central Sacramento Valley.  Ocean 
water is not readily available and therefore no opportunities currently exist for 
desalination of ocean water. 

2. Live Oak is situated northeast of the Sacramento Delta, a distance of more than eighty 
miles.  As with ocean water, brackish ocean water that may exist in the delta area is 
not near Live Oak and therefore no opportunities currently exist for the desalination of 
brackish ocean water. 

3. It is possible that shallow groundwater impacted by historic agricultural practices or 
deep groundwater originating from marine sediments may represent sources of 
brackish groundwater in the vicinity of Live Oak.  Although the cost of membrane 
processes for the desalination of brackish water has been decreasing, several obstacles 
continue to exist for the City to consider these sources as potentially viable long-term 
water supplies: 

− Shallow brackish water supplies, if they exist, have few barriers for protection 
from surface contamination and therefore would make poor potable water 
sources. 

− Deep brackish groundwater requires deep pumping and special attention to well 
design to avoid possible cross contamination with higher quality sources. 

− Membrane treatment capital and operation and maintenance costs for salinity 
removal currently far exceed the costs for other conventional treatment 
mechanisms and therefore would be considered only if other water sources were 
not available. 
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− Desalination treatment produces a high total dissolved solids waste stream that is 
very costly for disposal.  Disposal would likely entail one or more of the 
following: 

 Brine drying via heat evaporators for disposal in a permitted landfill; 

 Brine drying using solar drying (in ponds designed to meet the 
containment requirements of designated waste) for disposal in a permitted 
landfill, or; 

 Ocean disposal in liquid form through trucking to a sea outfall. 
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Section 4 
Reliability Planning 

A reliable water source is crucial for any region or City.  Reliability is a measure of a water 
service system’s expected success in supplying short term and long term water needs under 
extreme conditions.  To plan for long term water supply reliability, the water supplier needs to 
investigate increasing water supply and demand reduction options to determine the best course of 
action for meeting water service needs.  In addition to climate, other factors that can cause water 
supply shortages are earthquakes, chemical spills, and energy outages at pumping and storage 
facilities.  Changes in aquifer water quality also impact the availability of groundwater supplies, 
and these impacts have affected several of the City’s wells in the past, such as Arsenic. 

4.1 FREQUENCY AND MAGNITUDE OF SUPPLY DEFICIENCIES 

California experienced a severe drought during 1976/77.  Another significant drought was 
experienced in the late 1980’s and early 1990’s.  The City had sufficient water supplies during 
these drought periods without any major issues or shortfalls, as discussed in Section 3.1.5.   

4.2 PLANS TO ASSURE A RELIABLE WATER SUPPLY 

Water use efficiency improvements and development of new water supplies will be necessary to 
meet the City’s projected water demand.  The City will continue to examine supply enhancement 
options, including additional wells.  Recycled water is also a reliable water source because it is 
consistently available; therefore, the City will continue to study recycled water use options where 
groundwater degradation is not a result. 

4.3 RELIABILITY COMPARISON 

The region experienced drought conditions during the period of 1977 and 1987 to 1991.   As was 
previously stated, the water supply was not affected by the drought.  During the drought periods 
the static ground water levels decrease minimally which had no affect the pumping capacity of 
the wells.   

For planning purposes, reliability of water supply is examined by comparing water supply in a 
normal year to the supply that would be available during a drought period.  Table 4-1 compares 
the water supplied to the City during a normal water year (2008) to the projected water supply 
associated with a single dry year (1977) and multiple dry years (1987-1991).  Historically a 
drought in this region will typically draw the static water levels down no more than 10 feet.  The 
typical ground water levels are 10 to 16 feet below ground level and with the wells pumping 
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water from 100 feet or deeper, droughts have an insignificant impact on the City’s water supply.  
Therefore, the water supply was not decreased for drought years.   

Table 4-1 
Estimated Reliable Water Supply Reduction 

During Drought Scenarios 

 Multiple Dry Water Years 

Normal Water Year 
(2008) (AFA) (a) 

Single Dry Water 
Year (AFA) 

Year 1 
(AFA) 

Year 2 
(AFA) 

Year 3 
(AFA) 

1,880 1,880 1,880 1,880 1,880 

(a) Based on average supply from City’s Wells 1A, 2A, 3 and 4.  

4.4 THREE YEAR MINIMUM WATER SUPPLY 

The minimum water supply for three years is listed in Table 4-2. 

Table 4-2 
Estimated Minimum Reliable Water Supply  

 2009 2010 2011 2012 

Minimum Water Supply (gpm) 5,885 11,885 11,885 11,885 

(a) Assumes 3 new 2,000 gal per minute well is installed in 2010. 
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Section 5 
Water Use 

5.1 WATER USE BY SECTOR 

When the City retrofitted all its customers with water meters, the City developed a system to 
account for customer types and consumption.  Meter categories include church, city property, 
commercial, duplex, fire station, government, library, multi-family dwelling, post office, school, 
single-family dwelling, and trailer park.  Accordingly, each would have different needs and 
different rationing allocations if rationing became necessary.   

The General Plan buildout land use was used to project customers and water use to the year 2030.  
Each water use sector was assumed to grow linearly from 2008 until 2030.  Residential 
customers were assumed at one meter per dwelling unit.  Nonresidential customers were assumed 
at one meter per equivalent dwelling unit (EDU).  An EDU was defined as 500 gpd based on a 
single-family residence demand.  The projected increase in water customers is presented in Table 
5-1, and the projected increase in water use is presented in Table 5-2. 
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Table 5-1 
Projected Increase of Water Customers Served by Live Oak (customers/Year) (a, b) 

Water Use Sectors 2008 2010 2015 2020 2025 2030 

Single Family Residential       

Metered 1,995 3,290 6,520 9,760 12,990 16,230 

Unmetered 0 0 0 0 0 0 

Multi Family Residential       

Metered 60 110 220 340 450 570 

Unmetered 0 0 0 0 0 0 

Commercial       

Metered 74 170 400 640 870 1,110 

Unmetered 0 0 0 0 0 0 

Industrial       

Metered 1 1 1 1 1 1 

Unmetered 0 0 0 0 0 0 

Institutional/Government       

Metered 10 110 350 600 840 1090 

Unmetered 0 0 0 0 0 0 

Landscape       

Metered 19 100 300 490 690 890 

Unmetered 0 0 0 0 0 0 

Agricultural       

Metered 0 0 0 0 0 0 

Unmetered 0 0 0 0 0 0 

Lower Income Households       

Metered 0 30 90 160 220 290 

Unmetered 0 0 0 0 0 0 

Total 2,200 3,800 7,900 12,000 16,100 20,300 

(a) Based on General Plan buildout land use. 
(b) Assumes half of the general plan buildout high density residential is lower income 

households and the other half is multifamily. 
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Table 5-2 
Projected Water Use by Water Use Sector (AFA) (a, b) 

Water Use Sectors 2008 2010 2015 2020 2025 2030 

Single Family Residential       

Metered 1,330 2,040 3,800 5,560 7,330 9,090 

Unmetered 0 0 0 0 0 0 

Multi Family Residential       

Metered 160 170 210 250 280 320 

Unmetered 0 0 0 0 0 0 

Commercial       

Metered 30 80 220 350 490 620 

Unmetered 0 0 0 0 0 0 

Industrial       

Metered 50 50 50 50 50 50 

Unmetered 0 0 0 0 0 0 

Institutional/Government       

Metered 420 440 480 520 570 610 

Unmetered 0 0 0 0 0 0 

Landscape       

Metered 20 60 170 280 390 500 

Unmetered 0 0 0 0 0 0 

Agricultural       

Metered 0 0 0 0 0 0 

Unmetered 0 0 0 0 0 0 

Lower Income Households       

Metered 0 10 50 90 120 160 

Unmetered 0 0 0 0 0 0 

Unaccounted for Water       

Metered 0 0 0 0 0 0 

Unmetered 80 114 199 284 369 450 

Total 2,100 3,000 5,200 7,400 9,600 11,800 

(a) Based on General Plan buildout land use. 

(b) Assumes half of the general plan buildout high density residential is lower income 
households and the other half is multifamily. 
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5.1.1 RESIDENTIAL SECTOR 

Live Oak averaged 3.4 persons per housing unit for residential customers in the 2000 U.S. 
census.  The City mainly consists of single-family residences; however there are also duplexes 
and multi-family complexes.  The City also has three mobile home parks. 

5.1.2 COMMERCIAL SECTOR 

The City has a mix of commercial customers including grocery stores, business offices, gas 
stations, medical complexes, and restaurants. 

5.1.3 INDUSTRIAL SECTOR 

Sunsweet is an industrial user of water currently.  Per buildout land use, there are no additional 
industrial uses of the water in the future. 

5.1.4 INSTITUTIONAL / GOVERNMENT SECTOR 

The City has many institutional and government customers such as churches, fire department, 
library, parks, post office, and schools. 

5.1.5 LANDSCAPE AND AGRICULTURAL IRRIGATION SECTOR 

Landscape irrigation is currently provided for parks.  The City does not provide water for 
agricultural irrigation.  The agricultural areas outside the City provide their own water supply 
through irrigation canals and their own wells. 

5.1.6 WHOLESALE TO OTHER AGENCIES 

The City of Live Oak does not currently provide any wholesale water to any other agencies. 

5.1.7 OTHER WATER USES 

Other water uses include unaccounted water. Unaccounted water is considered water that is 
produced and distributed but is not sold or metered.  Sources of unaccounted water include water 
system leaks, inaccurate meters, theft, fire protection, and unmetered water used for flushing 
dead ends within the system to maintain water quality.
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Section 6 
Water Demand Management Measures 

6.1 INTRODUCTION 

The City of Live Oak is committed to the implementation of the most feasible water conservation 
measures appropriate for the City to produce the greatest reduction in water use.  The City of 
Live Oak is not signatory to the Memorandum of Understanding regarding Urban Water 
Conservation in California (MOU) and is therefore not a member of the California Urban Water 
Conservation Council (CUWCC).   

Recent amendments to the California Water Code as described in Assembly Bill 1420 (Laird), set 
eligibility of loans and grants made available by the State Water Control Board or California 
Bay-Delta Authority conditioned on the implementation of Demand Management Measures 
(DMM)’s described in the UWMP.  The DMM’s described below will use the same framework 
as the Best Management Practices (BMP)’s listed in the MOU due to the amount of research 
conducted by CUWCC in determining reliable conservation estimates.  However, for the DMM’s 
described herein are distinctly different from the MOU BMPs in such that the implementation, 
scheduling, and reporting period have been based on City specific level of effort and compliance 
with the UWMPA.  A summary of the demand management measures is presented in Table 6-1. 
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Table 6-1 
Summary of Demand Management Measures 

DMM Description 
Live Oak 

Compliance 
with UWMPA 

1 Water Survey Programs for Single-Family Residential and Multi-Family 
Residential Customers 

(a) 

2 Residential Plumbing Retrofit (a) 

3 System Water Audits, Leak Detection, and Repair Implemented 

4 Metering with Commodity Rates for All New Connections and Retrofit of 
Existing Connections Implemented 

5 Large Landscape Conservation Programs and Incentives (a) 

6 High Efficiency Washing Machine Rebate Program (a) 

7 Public Information Programs (a) 

8 School Education Programs (a) 

9 Conservation Programs for Commercial, Industrial, and Institutional 
Accounts 

(a) 

10 Wholesale Agency Programs N/A 

11 Conservation Pricing (a) 

12 Water Conservation Coordinator (a) 

13 Water Waste Prohibition (a) 

14 High Efficient Toilet Replacement (a) 

(a) To be implemented by the next year ending in zero or five after the City reaching 3,000 connections or 
exceeding 3,000 acre feet per year total water production. 

 

6.2 DEMAND MANAGEMENT MEASURES (DMM) 

The City is committed to providing safe and reliable water to City customers in the most efficient 
and cost effective manner therefore, in response to the UWMPA, the City will address the 
14 DMM’s.   

For each DMM, an overall outline of the City’s schedule for DMM implementation is provided 
with a means of tracking and evaluating DMM implementation and effectiveness.  Specifics tasks 
will be summarized and reported in UWMP updates for each DMM therefore, a reporting period 
is defined as the five year period between UWMP updates.  

6.2.1 DMM 1 – WATER SURVEY PROGRAMS FOR SINGLE-FAMILY RESIDENTIAL AND 
MULTI-FAMILY RESIDENTIAL CUSTOMERS  

Most residential customers unknowingly use water inefficiently and take for granted this limited 
resource.  Additionally, customers don’t understand the amount of water wasted by over watering 
their landscape.  A water survey program will educate City customers on efficient landscape 
water use, test fixtures for leaks, provide information on other services available to them (other 
DMM’s) such as rebates and free water efficient fixtures.  
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DMM Description 

The Water Survey Program for Single-Family Residential and Multi-Family Residential 
Customers consists of the following actions:  

 Define the funding source and allocate appropriate funds for this DMM. 

 Assign Water Conservation staff. 

 Target high use customers and market water use surveys to single-family residential 
and multi-family residential customers through the following actions. 

− On an annual basis (each August), compile single-family and multi-family 
residential user account information and water use data.  This information will be 
analyzed to prioritize the marketing efforts described below.  High volume water 
use customers as identified as being the top five percent (5%) highest water 
consumers will be the focus for initial marketing efforts followed by the 
remaining 15 percent (15%) as determined by water use ranking priority to make 
up the target 20 percent (20%) marketing effort as outlined in this measure. 

 Develop or identify marketing material to be used for initial contact, during surveys 
and follow-up to surveys. 

− Compile DMM specific materials/equipment such as educational materials, tools 
for minor irrigation system repair, flow and measurement equipment, replacement 
sprinkler equipment and other applicable materials and equipment.  

 Directly contact via letter or telephone not less than 1% of single-family residential 
customers and 1% of multi-family residential customers each year with an offer to 
conduct a water survey.  

− Priority in contact shall be given to those high volume use customers identified 
above.   

− Telephone followed by letter contact shall be conducted for users identified above 
as high volume use customers. 

− Letter correspondence and telephone contact shall include information on other 
DMM services available to the customer such as high efficient toilets, high 
efficient washing machines, and free water conserving retrofit devices. 

 Conduct surveys of all positive respondents to survey offer and other interested 
customers becoming aware of the survey through DMM 7.  Surveys shall include 
indoor and outdoor components, and at minimum shall have the following elements: 

Indoor  

 Check for leaks, including toilets, faucets, and water meter; 

 Check showerhead flow rates, aerator flow rates, and offer to replace (see DMM 
2) or recommend replacement, as necessary; 
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 Check toilet flushing rating and recommend installation of displacement device 
or direct customer to HET rebate program, as necessary; replace leaking toilet 
flapper, as necessary; 

 Check and document any other water use appliances that may exist in the 
residence such as dishwasher, evaporative cooler, spa and so on.  

Outdoor  

 Check irrigation system for leaks, use of irrigation timers, and proper irrigation 
times; 

 Review or develop customer irrigation schedule. 

 Provide customer with evaluation results and water saving recommendations; leave 
information packet with customer.  

 For those customers who are reluctant to having staff conduct an onsite survey, offer a 
self survey kit.  The self survey kit will include the City forms and a description to 
walk the customer through the water audit process.  The form enclosed in the kit will 
allow the customer to record their fixture flow rates for comparison to currently 
available low water use fixtures and allow the customer to return the completed form 
for a free water conservation kit distributed under DMM 2.  The self survey kit will 
include the following:  

− Toilet tabs to detect toilet leaks, 

− Shower flow rate detector bag, 

− Self Water Audit instructions and forms, 

− Educational material such as water savings tips, the significance of the EPA 
Water Sense certification, and 

− Promotional material for incentives and rebates the City provides.  

 Maintain survey information and track monthly customer use and information to 
ensure accuracy and for use in evaluating DMM effectiveness.  

Schedule and Steps for Implementation 

This DMM will be implemented under the following circumstances. 

 Upon the City making application to the Department of Water Resources, State Water 
Resources Control Board, or California Bay-Delta Authority (or successor) for grant 
or loan funding requiring implementation of demand management measures, or  

 By the next year ending in zero or five after the City reaching 3,000 connections or 
exceeding 3,000 acre feet per year total water production. 

DMM implementation will follow the below schedule: 
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1. Within first six months, identify the target group of customers to market this and other 
DMM’s as described in the description of this DMM. 

2. Within first year, conduct the marketing phase as part of this DMM through mailings 
and phone contacts and through other marketing media described in DMM 7.  

3. Continue marketing efforts until one percent (1%) of the total number of connections 
has completed a residential survey as described in this DMM within the reporting 
period. 

Tracking and Documentation 

To track implementation of this DMM the following information should be gathered.  This 
information will be summarized in the UWMP updates and used in assessing effectiveness of this 
DMM. 

1. Number of single-family residential accounts in service area.  

2. Number of multi-family residential accounts in service area.  

3. Number of single-family residential surveys offered during reporting period.  

4. Number of single-family residential surveys completed during reporting period.  

5. Number of multi-family residential surveys offered during reporting period.  

6. Number of multi-family residential surveys completed during reporting period. 

7. Maintain survey records for all surveys conducted.  

8. Track costs on a per survey basis and cumulative basis.  Costs include, staff time 
during survey, administrative time tracking and updating account information, repairs 
done, and plumbing retrofit devices installed.  

9. Coordinated tracking activities with DMM's 2, 6, 7, and 14. 

Estimate of Current Conservation Savings 

Current conservation savings of this DMM are estimated by conducting the following: 

The average difference in historic and post survey water use data is estimated to be the Gross 
Savings in water use.  The Gross Savings must be reduced by the estimated savings from other 
DMM’s resulting from the survey to provide the Net Savings for this DMM.  Savings from the 
other DMM’s will be calculated and tracked under their respective DMM however, are also used 
to estimate the savings in this DMM.  Calculate and compile the savings estimates for all 
measures conducted during the survey (retrofits) and others which have materialized after the 
survey (toilet and/or washing machine replacements). Take the Gross Saving acquired from 
historic and post survey water use data and subtract the estimated savings from all other DMM’s 
resulting from the survey. This is your estimated Net Savings.  The Net Savings is a result of 
outdoor use reduction, leak mitigation conducted during the survey and overall changes in water 
use behavior as a result of the educational aspect of the survey.  The net savings and the costs 
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tracked over the reporting period will be used to make a direct comparison to costs of providing 
water to the service area.  The following example demonstrates how to calculate the water 
savings estimates.  

Determine the average daily use one month prior the Survey gal/day prior Line 1 

Determine the average daily use one month after the Survey  gal/day after Line 2 

Gross Savings: Subtract line 2 from line 1 gal/day savings Line 3 

Savings from other DMM's  gal/day other DMM’s Line 4 

Net Savings: Subtract line 4 from line 3  gal/day net savings Line 5 

   

Effectiveness:    

Percent Savings: Divide line 5 by line 1 then multiply by 100 percent savings % 

 

Evaluation of Effectiveness of DMM 

Effectiveness shall be evaluated by use of CUWCC conservation savings table provided below 
with comparison to net savings calculated for this DMM. 

 

The calculated Net Savings for this DMM should conserve at least 10% of the total monthly use.  
At the end of the reporting period, if actual water savings fall significantly lower than the 
estimated values, the DMM shall go through a Cost-Benefit analysis to determine if this measure 
is economical.  

6.2.2 DMM 2 – RESIDENTIAL PLUMBING RETROFIT 

This DMM replaces high water use fixtures with low-volume retrofit plumbing devices.  These 
devices range from toilet water displacement bags to faucet aerators.  The devices are typically 
installed during a water survey however are available to the public upon request.   

DMM Description 

The Residential Plumbing Retrofit DMM targets replacement of old high water use plumbing 
fixtures with new high efficiency or low flow fixtures, in coordination with DMM 1 and 7.  
Through DMM implementation described below, the City will offer the following plumbing 
retrofit components:  

 
Pre-1980 

Construction 
Post-1980 

Construction 

Low-flow showerhead retrofit 7.2 gpcd 2.9 gpcd 

Toilet retrofit (five year life)  1.3 gpcd 0.0 gpcd 

Leak repair 0.5 gpcd 0.5 gpcd 

Landscape survey (outdoor use reduction) 10% 10% 



Section 6 Water Demand Management Measures 
 

 
October 2009 DRAFT City of Live Oak 
LOAK08-001 6-7 Urban Water Management Plan 

 Toilet displacement bags, 

 New toilet flap valves, 

 Low-volume shower heads, and 

 Low-volume faucet aerators. 

Schedule and Steps for Implementation 

This DMM will be implemented under the following circumstances. 

 Upon the City making application to the Department of Water Resources, State Water 
Resources Control Board, or California Bay-Delta Authority (or successor) for grant 
or loan funding requiring implementation of demand management measures, or  

 By the next year ending in zero or five after the City reaching 3,000 connections or 
exceeding 3,000 acre feet per year total water production. 

The following steps are necessary to implement this DMM: 

1. Allocate appropriate funds for this DMM.  

2. Define water conservation staff to work event booths, respond to telephone and front 
desk inquiries for conservation kits. 

3. This DMM is an extension of DMM 1 in such that a retrofit kit may be installed, if 
needed, during a residential survey.   

4. Identify single-family and multi-family residences constructed prior to 1992. Develop 
a targeting and marketing strategy to distribute or directly install high-quality, low-
flow showerheads (rated 2.5 gpm or less), toilet displacement devices (as needed), 
toilet flappers (as needed) and faucet aerators (rated 2.2 gpm or less) as practical to 
residences requiring them.  The strategy may contain the following information: 

− Estimate the pre-1992 constructed residential customer population (number of 
people) to be the target of the coordinated marketing effort in this DMM.  
Additional prospective recipients of this measure will be identified through direct 
contact at events booths, and surveys conducted in DMM 1.   

5. The goal of this DMM is to actively market, distribute and install plumbing retrofit 
devices as appropriate for high water use fixtures present in the residential sector.  
This DMM will be maintained until it can be demonstrated that 75% of single-family 
residences and 75% of multi-family units are fitted with high-quality, low-flow 
showerheads.  

6. Continue marketing efforts until 1 percent (%) of the total number of residential 
connections has been fitted with a retrofit device as described in this DMM annually. 

7. In addition to direct contact marketing conducted in DMM 1 additional marketing 
should be coordinated with DMM 7 to include additional forms of communication.   
Bill stuffers, ads, events booths, online content, and physical posters placed in public 
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areas are alternative methods of communicating the availability of retrofit devices and 
should be evaluated for execution as part of DMM 7.   

8. Compile and maintain an inventory of water retrofit kits for direct distribution which 
include high quality fixtures that are EPA WaterSense® certified.   

Tracking and Documentation 

To assess the progress of the DMM the following information should be gathered.  This 
information will also be summarized in the UWMP updates. 

1. The number of the target population of pre-1992 single-family residences and 
multi-family units provided showerheads and other water saving devices.  

2. The estimated percentage of pre-1992 single-family residences and multi-family units 
in service area fitted with low-flow showerheads and other water saving devices.  

3. Maintain a list of customer accounts fitted with retrofit devices to track water savings.  
Minimum information necessary to evaluate the effectiveness of this DMM includes 
the following: 

− Number of people in the household. 

− Number of fixtures. 

− Age of toilet (if known).  

− Number and type of devises delivered and/or installed. 

− Name, address and account number. 

4. Track device costs and staff time conducted for this DMM. 

Evaluation of Effectiveness of DMM 

Effectiveness shall be evaluated by use of CUWCC conservation savings table provided below 
and actual water use records for those accounts which have received retrofit devices by direct 
distribution or installation during a residential survey. 

Historic and post retrofit device water use will be tracked to determine if retrofit devices saving 
are realized according to CUWCC table.   

If actual water savings fall significantly lower than estimated values by the CUWCC table, the 
DMM will be evaluated.  Evaluation should assess device retention rates, actual water savings, 
customer participation, costs and benefits.  Consideration should be given to market saturation 
and previous conservation efforts.   

Estimate of Current Conservation Savings 

For those recipients who received retrofit devices via a residential survey or self survey, the 
savings can be directly calculated and tracked from survey results.   
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For customers receiving the retrofit devices through direct distribution or pick up, savings 
estimates will be estimated by use of the CUWCC table below and compared with monthly use 
data.  The table shows the expected daily water savings per capita in a residence if a showerhead 
retrofit or toilet retrofit of a new flapper and displacement bag installed. 

 Pre-1980 
Construction Savings 

Post-1980 
Construction Savings 

Low-flow showerhead retrofit 7.2 gpcd 2.9 gpcd 

Toilet retrofit (five year life)  1.3 gpcd 0.0 gpcd 

 

6.2.3 DMM 3 – SYSTEM WATER AUDITS, LEAK DETECTION, AND REPAIR 

System water losses are a result of leaks through cracked pipes, damaged appurtenances, faulty 
joints, illegal uses such as withdrawals from hydrants without explicit approval or permitting and 
through other non-revenue uses such as metering errors.  Water loss through distribution system 
leaks, does not register at the customer meter for subsequent billing.  This water loss translates to 
lost revenue that is used to recoup the operational investment made in the supply of potable 
water.  To minimize the amount of lost revenue, utilities typically target an acceptable amount of 
water loss as determined by the balance of non-revenue generating water losses to operational 
costs required to track down system water losses.   

The City repairs all leaks in the distribution system as soon as they are detected. All leaks that are 
reported by customers or meter readers are investigated and repairs are made.  The City’s 
unaccounted water use was 4% for 2007.  The expected unaccounted water use for a water 
system is on average 5-10%; therefore the current operation for leak detection and repair is 
sufficient. 

DMM Description 

The System Water Audit, Leak Detection, and Repair DMM will consist of the following with 
implementation as described below: 

 System tracking of water production and use and an assessment of water losses as a 
percentage of production, 

Schedule and Steps for Implementation 

Implementation shall consist of at least the following actions:  

1. Annually (April) complete a prescreening system audit to determine the need for a full 
scale system audit. The prescreening system audit shall be calculated as follows:  

− Determine total metered sales for previous year;  

− Determine other verifiable water uses from previous year, e.g., construction 
water, hydrant flushing, fire suppression uses, etc.;  
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− Determine total annual production into the distribution system;  

− Divide metered sales plus other verifiable uses by total supply into the system.  If 
this quantity is less than 0.9, a full scale system audit is indicated.  

2. When indicated by the above analysis, the City will perform a complete water audit of 
the distribution system using methodology consistent with that described in AWWA 
M36: Water Audit and Leak Detection.  

3. Advise customers whenever it appears possible that leaks exist on the customer’s side 
of the meter.  This will be done in conjunction with DMM 1, where high water use 
might indicate a leak. 

Tracking and Documentation 

To assess the progress of the DMM the following information should be gathered.  This 
information will be summarized in the UWMP updates. 

1. Prescreening audit results and supporting documentation, 

2. Maintain necessary data on file to verify the values used to calculate verifiable uses as 
a percent of total production, 

3. Maintain in-house records of audit results or worksheets for each completed audit 
period, 

4. Records of physical surveys conducted on the system, and 

5. Tracking of all leak repairs with estimates of leakage flow rate in gallons per day. 

Evaluation of Effectiveness of DMM 

Effectiveness of this DMM is verified by maintaining unaccounted water losses to less than 10% 
as indicated by the prescreened water audits. 

6.2.4 DMM 4 – METERING WITH COMMODITY RATES FOR ALL NEW CONNECTIONS AND 
RETROFIT OF EXISTING CONNECTIONS 

The City of Live Oak is 100% metered and bills all customers by volume of use.  The City 
completed retrofitting existing connections in 2006.  The 2007 billing rate for domestic water use 
is presented in Table 6-2. 
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Table 6-2 
2007 Domestic Water Billing Rates  

Meter Size Minimum Charge Minimum Units Rate / Units 

5/8” – 3/4" $23.97 2,000 $1.41/HCF 

1” $25.38 2,100 $1.41/HCF 

1 ½” – 1 ¾” $30.78 2,200 $1.41/HCF 

2” $51.41 3,600 $1.41/HCF 

3” $127.35 9,000 $1.41/HCF 

4” $218.69 15,500 $1.41/HCF 

6” $465.07 33,000 $1.41/HCF 

 
The current rate is $1.41 per hcf unit (748 gallons). 

DMM Description 

For consistency with California Water Code (Section 525b), this DMM refers to potable water 
systems.  A water meter is defined as a device that measures the actual volume of water delivered 
to an account in conformance with the guidelines of the American Water Works Association.  

Schedule and Steps for Implementation 

Implementation shall consist of at least the following actions:  

1. Require meters for all new service connections. 

2. Read meters and bill customers by volume of use.  

− Maintain billing intervals that are no greater than bi-monthly (every two months) 
for all customers; 

− For each metered connection, perform at least five actual meter readings 
(including remotely sensed) per twelve month period.  

Tracking and Documentation 

This DMM allows the City to track use on a per account basis, and analyze savings for each 
sector and the City as a whole.  Additionally this data will allow the City to perform full scale 
water audits .  This section will outline the recommended minimum use data necessary for 
tracking sector, seasonal and annual water use and describes how each relates to the proposed 
DMM’s.  

1. Sectors: The number of accounts for each sector and sub-sector must be tabulated.  
This includes the number of dedicated landscape irrigation meters.  This information 
will be useful in identifying DMM coverage and market penetration for water saving 
devices.   

2. Seasonal: Metered data should be collected monthly for each sector and compared 
seasonally (winter vs. summer) to quantify the amount of discretionary use for each 
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sector.  Discretionary use is typically outdoor water used to wash a car, irrigate 
landscape and the like.  Data gathered and analyzed for seasonal use will assist in: 

− Developing irrigation water budgets, 

− Residential leak detection if compiled with metered data captured by a data 
logging water meter,  

− The ability to perform follow up tracking for DMM water savings and 
effectiveness,  

− The ability to perform system wide leak detection when comparing verifiable 
uses to well production data, 

− Quantify seasonal peak demand savings obtained from implementing DMM’s,  

− Developing a marketing list of high use customers, and 

− Educating the customer on actual water use.  

3. Annual: Metered data collected and analyzed annually will help quantify City wide 
and Sector savings obtained from all programs implemented.  The City can use this 
data to keep the public informed of conservation progress 

Estimate of Current Conservation Savings 

As the City of Live Oak is 100% metered and bills all customers by volume of use, no reduction 
of demand is expected. 

6.2.5 DMM 5 – LARGE LANDSCAPE CONSERVATION PROGRAMS AND INCENTIVES 

Large turf areas such as parks, cemeteries, greenbelts and golf courses have an irrigated area of 
one or more acres.  Large landscape owners are more likely to participate in a conservation 
program as irrigation makes up most if not all of their water demand.  A reduction in water use 
would result in a lower utility bill the landscaper pays in volumetric fees and likewise save the 
utility water, pumping energy and provide additional supply for peak use periods.  A large 
landscape DMM will assist in educating the large landscape operators, provide an irrigation 
survey and establish a water budget for those accounts with dedicated landscape meters.   

DMM Description 

The large landscape conservation program, as described below, applies to large landscape areas 
greater than 2 acres, including CII accounts (CII users are commercial, industrial, or institutional 
service) with mixed use meters and landscape accounts with dedicated meters.  This DMM 
consists of developing, tracking, and accounting for irrigation water use at these large landscape 
accounts through the use of irrigation budgets based on site surveys with follow-up visits.  Water 
conservation is achieved through this DMM by increasing irrigation efficiency at large landscape 
accounts and reducing water waste.   
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Schedule and Steps for Implementation 

This DMM will be implemented under the following circumstances. 

 Upon the City making application to the Department of Water Resources, State Water 
Resources Control Board, or California Bay-Delta Authority (or successor) for grant 
or loan funding requiring implementation of demand management measures, or  

 By the next year ending in zero or five after the City reaching 3,000 connections or 
exceeding 3,000 acre feet per year total water production. 

Implementation of large landscape conservation program shall consist of at least the following 
actions:  

1. Define the funding source and allocate appropriate funds for this DMM.  

2. Define Water Conservation staff to conduct surveys. 

3. Implement a marketing campaign, similar to DMM 1 by marketing large landscape 
water use surveys to commercial/industrial/institutional (CII) accounts with mixed-use 
meters servicing landscapes larger than 2 acres.  

− Each reporting period, directly contact via letter or telephone not less than 1% of 
CII accounts with mixed-use meters and offer water use surveys.  Continue 
marketing efforts until 90 percent (%) of the total number of connections in the 
CII sector has completed an outdoor survey as described in this DMM within the 
reporting period. 

− Develop or identify marketing material to be used for initial contact, during 
surveys and follow-up to surveys. 

4. Compile DMM specific materials such as tools, hardware and software if applicable.  

5. Revise current landscaping standards to meet or exceed State mandated landscaping 
guidelines for future and existing development or adopt the updated Model Water 
Efficient Landscape Ordinance by January 2010. 

6. The City will provide non-residential customers with support to improve their 
landscape water use efficiency.  Support shall include, but not be limited to, the 
following:  

− Accounts with Dedicated Irrigation Meters  

 Identify accounts with dedicated irrigation meters and assign ETo-based water 
use budgets equal to no more than 70% of reference evapotranspiration per 
square foot of landscape area plus a reasonable leaching fraction based on soil 
type (e.g., 10 to 20%). (CUWCC 2008).  

 For customers exceeding established water budgets and as a tool of measuring 
performance, require an annual irrigation system analysis to be submitted to the 
City for review.  The irrigation system analysis consists of performing the same 
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procedures and recording the same system information as would be completed 
during a staff survey.   

 Provide notices each billing cycle to accounts with water use budgets showing the 
relationship between the budget and actual consumption.  The City may choose 
not to notify customers whose use is less than their water use budget.  

 Offer landscape surveys as described in sub-section 7 below. 

− Commercial/Industrial/Institutional Accounts with Mixed-Use Meters or Non-
Metered  

 This section of the DMM will focus on CII accounts serviced by a mixed use 
meter irrigating an accumulated landscaped area greater than 2 acres.   

 Compile CII user account information and historical water use data.  Determine 
the difference in water use during summer months when landscape irrigation is 
conducted and winter months when no irrigation occurs (Baseline).  Use this 
information to analyze and prioritize the marketing efforts described above and 
for educating the customer on use during the survey. 

 Offer a landscape survey described in sub-section 7 below. 

 Encourage the installation of dedicated landscape irrigation meters for mixed use 
systems. 

− Offer the following measures when cost-effective:  

 Training (multi-lingual where appropriate) in landscape maintenance, irrigation 
system maintenance, and irrigation system design.  

 Financial incentives to improve irrigation system efficiency such as loans, 
rebates, and grants for the purchase and/or installation of water efficient irrigation 
systems.  

− Provide follow-up to water use analyses/surveys to discuss and reiterate the 
findings and recommended improvements resulting from a survey.  Follow-up 
will consist of a letter, phone call, or site visit where appropriate.  

− New or Change of Service Accounts: Provide information on climate-appropriate 
landscape design, efficient irrigation equipment/management to new customers 
and change-of-service customer accounts.  

7. Large Landscape Survey:  Surveys will consist of the following components  

− Discuss the purpose of the survey.  This will include the savings potential for the 
City, community, and for the recipient of the survey (benefits).  Also discuss the 
consequences of maintaining a non-efficient irrigation system.  Describe the step 
to be taken during the survey and why they are important.   
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− Review the historical water use data gathered with the survey recipient and 
explain the magnitude of savings potential by maintaining their irrigation system.   

− Landscape evaluation: Evaluation will be conducted by recording landscape area, 
features, plant zones, total irrigable area, irrigation system check, and distribution 
uniformity (DU) analysis. 

− Results:  Discuss the findings of the survey, review or develop irrigation 
schedules, as appropriate, provide conservation recommendations, and leave 
information packet on rebates or incentives if available. 

− Post survey follow-up:  A post survey follow up should be conducted.  The 
follow up will track the water use data before and after the survey and secondly 
the survey recipient should be contacted via phone or letter reminding them of the 
recommendations and provide a review of the results.  

− Track survey offers, acceptance, findings, devices installed, savings potential, and 
survey cost.  

8. Options:   

− Install climate appropriate water efficient landscaping at City facilities, and dual 
metering where appropriate.  

− Provide customer notices prior to the start of the irrigation season alerting them to 
check their irrigation systems and make repairs as necessary. Provide customer 
notices at the end of the irrigation season advising them to adjust their irrigation 
system timers and irrigation schedules. 

− Require by ordinance of all large landscaped areas regardless of source an annual 
irrigation system analysis to be conducted and submitted to the City for review by 
the conservation coordinator.   

Tracking and Documentation 

To assess the progress of the DMM the following information should be gathered.  This 
information will be summarized in the UWMP updates. 

1. Dedicated Landscape Irrigation Accounts:  

− The City shall preserve water use records and budgets for customers with 
dedicated landscape irrigation accounts for a period of not less than one reporting 
periods. This information may be used to assess effectiveness for this particular 
type of account.  

 Number of dedicated irrigation meter accounts.  

 Number of dedicated irrigation meter accounts with water budgets.  

 Aggregate water use for dedicated landscape accounts with budgets. 
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 Aggregate budgeted water use for dedicated landscape accounts with budgets.  

2. Mixed Use Accounts:  

− Number of mixed use accounts.  

− Number, type, and dollar value of incentives, rebates, and no, or low interest 
loans offered to, and received by, customers.  

− Number of surveys offered.  

− Number of surveys accepted.  

− Estimated annual water savings by customers receiving surveys and 
implementing recommendations.  

Evaluation of Effectiveness of DMM 

Evaluation should assess actual water savings, customer participation, costs and benefits and the 
following for each type of connection: 

 Dual metered:  Number of times the customer’s use exceeds 100% of the established 
water budget. 

 Mixed metered: Annually, for each Large Landscape account, determine if water 
savings are at or greater than 15% of baseline.  

6.2.6 DMM 6 – HIGH-EFFICIENCY WASHING MACHINE REBATE PROGRAM 

Washing machines make up 21.7% of the total indoor residential water use (Mayer et al, 1999).  
Replacing conventional top load high volume washing machines with horizontal axis front 
loading washing machines have been found to conserve water by as much as 38% per load 
(Vickers, 2001).  Although high efficiency washing machines save the consumer more money 
over the life of the appliance when compared to conventional washing machines, initial sticker 
price and unfamiliarity tend to be main barriers withholding consumer from purchasing High 
Efficiency Washing Machines (HEWMs).  

DMM Description 

This DMM is based on providing a financial incentive for customers in the City’s utility service 
area to switch to HEWMs.  The incentive will allow customers to upgrade existing conventional 
washing machines to high efficient washing machines to benefit both the customer and utility 
through reduced water use. 

Schedule and Steps for Implementation 

This DMM will be implemented under the following circumstances. 

 Upon the City making application to the Department of Water Resources, State Water 
Resources Control Board, or California Bay-Delta Authority (or successor) for grant 
or loan funding requiring implementation of demand management measures, or  
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 By the next year ending in zero or five after the City reaching 3,000 connections or 
exceeding 3,000 acre feet per year total water production. 

Implementation shall consist of at least the following actions:  

1. The City shall offer a financial incentive in the amount not less than $50, for the 
purchase of high-efficiency clothes washing machines (HEWMs) meeting a water 
factor (WF) value of 6.0 or less and modified energy factor (MEF) of 2 or greater.  
These factors represent standards which the Department of Energy (DOE) has 
declared as upcoming regulatory performance standards to be enacted by July 1, 2011 
as shown in the figure below.  These standards are chosen for the HEWM incentive 
program to expedite the transition from pre-2007 and non-Energy Star models to 
HEWMs whose performance standards are higher than the current standards.    

 

 

Courtesy of Energy Star: Program Requirements and Criteria for Cloths Washers as of March 7, 2008 

2. Any financial incentive offered shall be not less than the marginal benefits of the water 
savings, reduced by the necessary expense of administering the incentive program.  
Incentive levels shall be calculated by using methods found in A Guide to Customer 
Incentives for Water Conservation prepared by Barakat and Chamberlain for the 
CUWA, CUWCC, and US EPA, February 1994.   

3. Determine the maximum cost effective financial incentive to be offered to utility 
customers.  

4. Allocate funds and resources for the DMM. 

5. Develop Policy that outlines terms and conditions, eligible products, eligible 
customers, method of incentive transfer and tracking. 

6. As part of other marketing strategies or independent of other DMM’s develop a 
marketing strategy to target customers with washing machines whose modified energy 
factors (MEF) are less than 1.72 and water factor (WF) greater than 8.0.   

Tracking and Documentation 

The City shall provide documentation for all of the following items:  

1. The quantity of single-family and multi-family dwelling units in the agency service 
area.  

2. The quantity and value of financial incentives issued for HEWMs offered.  

3. Average or estimated administration and overhead costs to operate the program.  
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Evaluation of Effectiveness of DMM 

Effectiveness of the incentive program will assess customer participation, water savings, costs, 
and benefits.  Savings estimates provided below assume the units have a useful life of 14 years 
and the HEWMs are operated in the utility service area throughout its useful life.    

Estimate of Current Conservation Savings 

Gross water savings (gallons) from financial incentive programs that result in the purchase and 
installation of High Efficiency Washing Machines with water factors equal to or less than 9.5 are 
calculated using the following formula:  

GWS = 14 yr x Σi Ni x (13.3 – i) x 1,170 gallons per year 

Where: 

N = Number of machines replaced.  

i = Water factor, defined as less than 8 until June 1, 2009, and less than 7.5 until 
January 1, 2011.  

13.3 = Baseline WF for washers sold in 1994, as supplied to DOE by the Association of 
Home Appliance Manufacturers (AHAM).  

14 yr. = Assumed average useful life of residential washers. (Based on information from 
the Bern Kansas study). 

1,170 gallons/year = Average change in water use for a unit change in water factor. This 
value was developed by the California Energy Commission.  

Net water savings (gallons) from financial incentive programs shall be calculated using 
the following formula:  

NWS = GWS x (1 - FR), 

Where: FR is the estimated rate of free ridership for this DMM and is estimated to be 
approximately 10% as determined by other utility reports.  Free ridership for this program is an 
assumed percentage of customers who have planned or will purchase a water conserving device 
even if a rebate program was not implemented.  A rebate program is designed to target those 
customers who would purchase a less efficient device over a high efficient device based on 
sticker price.  The goal of a rebate program is to target those customers and provide a financial 
incentive to lessen the financial burden of purchasing a more expensive water efficient device.  
Free riders reduce the cost effectiveness of the rebate program by using money that is allocated 
for the target group of customers.     

6.2.7 DMM 7 – PUBLIC INFORMATION PROGRAMS 

A public information program is a powerful channel of communication between the pubic and 
the message the City delivers.  The key goal to a public information program is to: educate the 
public on the necessity of conservation; the benefits of conservation; and actions needed to 
achieve water conservation goals.  Secondary benefit is the ability to convey specific DMM 



Section 6 Water Demand Management Measures 
 

 
October 2009 DRAFT City of Live Oak 
LOAK08-001 6-19 Urban Water Management Plan 

information and if possible conduct business through certain channels such as a processing a 
rebate application on the City website.  There is a variety of medium available to choose from to 
keep the public informed however at a minimum a conservation webpage should be the made 
available to promote conservation and support DMM activities. 

DMM Description 

The City of Live Oak currently does not have a public information program to promote and 
educate customers about water conservation. 

The City understands the importance of educating the public on water conservation and 
promoting water conservation awareness.  The City has a very limited staff and resources to 
implement a public information program, however the City will consider the following: 

An informed public tends to be more responsive to City services and more understanding to the 
needs of rate adjustments when warranted.  This DMM includes communication with the public 
through various means as described below to promote water conservation, involvement in the 
UWMP update process, and general awareness of water use and conservation.  This program 
includes development of outreach materials for each targeted DMM effort, providing educational 
sessions for interested parties, and providing conservation displays and information via 
community events, bill stuffers and other forms of communication. 

Schedule and Steps for Implementation 

This DMM will be implemented under the following circumstances. 

 Upon the City making application to the Department of Water Resources, State Water 
Resources Control Board, or California Bay-Delta Authority (or successor) for grant 
or loan funding requiring implementation of demand management measures, or  

 By the next year ending in zero or five after the City reaching 3,000 connections or 
exceeding 3,000 acre feet per year total water production. 

Implementation shall consist of at least the following actions:  

1. Prepare and implement a public information program to promote water conservation 
and water conservation related benefits.  Components of the program include but not 
limited to: 

− Conducting workshops to employees, citizens, industrial, commercial institutions, 
community groups and the media. 

− Producing paid and public service advertising. 

− Provide conservation education via bill inserts. 

− Mass marketing promotion of conservation programs and conservation as a 
whole.  
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− Develop online content on the City’s website promoting water conservation and 
city sponsored conservation services.  If the City will process their own rebates, 
make application forms which include equipment and eligibility, available as a 
downloadable document. 

2. Provide information on customers’ bills showing use in gallons per day for the last 
billing period compared to the same period the year before if available. 

3. Provide public information to promote water conservation practices, over different 
forms of media. 

4. Coordinate with other government agencies, industry groups, public interest groups, 
and the media.  

5. Develop marketing materials for all other DMM’s under this measure.  This 
information should make efficient use of all media types ensuring that each DMM 
promotion is made available in all materials.   

Tracking and Documentation 

1. Number of public speaking events relating to conservation during reporting period.  

2. Number of media events relating to conservation during reporting period.  

3. Number of paid or public service announcements relating to conservation produced or 
sponsored during reporting period.  

4. Types of information relating to conservation provided to customers.  

5. Annual budget for public information programs directly related to conservation.  

Evaluation of Effectiveness of DMM 

As a customer calls, e-mails, or comes in to the City offices and inquiries about a water 
conservation program, the person receiving the inquiry should ask how the customer heard about 
the program.  This information should be noted for use in evaluating the communication 
effectiveness of this DMM.  This will allow the City the ability to evaluate which forms of 
communication are most prevalent. 

6.2.8 DMM 8 – SCHOOL EDUCATION PROGRAMS 

Education programs inform younger generations on the life cycle of water and benefits of 
conservation.  Implementing an ongoing education campaign on the K-12 grade level using 
educational materials, which meet education standards, allows children to learn methods of 
conservation to apply at home and to reinforce behavioral changes within the household.  
Additionally, learning about conservation leaves a long lasting impression on the students with 
the potential of improving their conservation awareness as an adult. 
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DMM Description 

The School Education Programs DMM consists of developing and presenting water conservation 
materials to K-12 grade classes in the City.  This DMM will be coordinated with other related 
DMM’s and will be implemented according to the steps and schedule described below. 

Schedule and Steps for Implementation 

This DMM will be implemented under the following circumstances. 

 Upon the City making application to the Department of Water Resources, State Water 
Resources Control Board, or California Bay-Delta Authority (or successor) for grant 
or loan funding requiring implementation of demand management measures, or  

 By the next year ending in zero or five after the City reaching 3,000 connections or 
exceeding 3,000 acre feet per year total water production. 

Implementation shall consist of at least the following actions:  

1. Implement a school education program to promote water conservation and water 
conservation related benefits to cover at least 1 class in the elementary, 1 class in the 
middle-school range, and 1 class in the high-school range.  

2. Programs shall include working with school districts and private schools in the service 
area to provide instructional assistance, educational materials, and classroom 
presentations that identify urban, agricultural, and environmental issues and conditions 
in the local watershed.  Education materials shall meet the state education framework 
requirements, and grade appropriate materials shall be distributed to grade levels K - 
3rd, 4th - 6th, 7th - 8th, and high school.  

3. Develop an annual contest promoting water conservation 

Tracking and Documentation 

1. Number of school presentations made during reporting period for grade levels K - 3rd, 
4th - 6th, 7th - 8th, and high school. 

2. Number and type of curriculum materials developed and/or provided by water 
supplier, including confirmation that curriculum materials meet state education 
framework requirements and are grade-level appropriate.  

3. Number of students reached.  

4. Number of in-service presentations or teacher’s workshops conducted during reporting 
period.  

5. Annual budget for school education programs related to conservation.  

Evaluation of Effectiveness of DMM 

There are no methods of measuring effectiveness for this DMM.  
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6.2.9 DMM 9 – CONSERVATION PROGRAMS FOR COMMERCIAL, INDUSTRIAL, AND 
INSTITUTIONAL ACCOUNTS 

This DMM establishes conservation programs implemented on the Commercial, Industrial, and 
Institutional (CII) sectors. 

DMM Description 

Conservation programs will be established for CII accounts and will parallel residential measures 
in such that surveys (indoor/outdoor), and incentive programs may be made available for the CII 
sector and will be the focus of this measure.  Some CII customers may maintain landscaped areas 
which require a more exhaustive outdoor survey therefore, in those instances the survey effort 
will be coordinated with DMM 5 Large Landscape Conservation Programs. 

Schedule and Steps for Implementation 

This DMM will be implemented under the following circumstances. 

 Upon the City making application to the Department of Water Resources, State Water 
Resources Control Board, or California Bay-Delta Authority (or successor) for grant 
or loan funding requiring implementation of demand management measures, or  

 By the next year ending in zero or five after the City reaching 3,000 connections or 
exceeding 3,000 acre feet per year total water production. 

Implementation shall consist of at least the following actions:  

1. Identify commercial, industrial, and institutional (CII) accounts according to water 
use.  In a similar method as conducted in DMM 1, rank water use among each sub-
sector and conduct a marketing campaign until 10% of each sub-sector’s accounts are 
surveyed within 10 years of the date implementation is to commence.  Marketing will 
be via mail, phone, personal site visit and bill stuffers offering complete 
indoor/outdoor water audits and available rebate/incentive programs.   

− In determining which sector pertains to CII accounts, the following sub-sectors 
are defined:  

 Commercial Accounts: any water use that provides or distributes a product or 
service, such as hotels, restaurants, office buildings, commercial businesses or 
other places of commerce. These do not include multi-family residences, 
agricultural users, or customers that fall within the industrial or institutional 
classifications.  

 Industrial Accounts: any water users that are primarily manufacturers or 
processors of materials as defined by the Standard Industrial Classifications (SIC) 
Code numbers 2000 through 3999.  

 Institutional Accounts: any water-using establishment dedicated to public service. 
This includes schools, courts, churches, hospitals, and government facilities. All 
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facilities serving these functions are to be considered institutions regardless of 
ownership.  

2. CII Water-Use Survey and Customer Incentives Program:  

− Water use surveys will include a site visit, an evaluation of all water-using 
apparatus and processes, and a customer report identifying recommended 
efficiency measures, their expected payback period and available agency 
incentives.  Within one year of a completed survey, a follow-up will be 
completed via phone or site visit with the customer regarding facility water use 
and water saving improvements.   

3. Implementation of a CII High Efficiency Toilet (HET) Incentive Program - This 
program will accelerate the replacement of existing high-water-using toilets with High 
Efficient (1.28 gallons or less) Toilets in commercial, industrial, and institutional 
facilities.  

4. CII Conservation Performance Target: 

− Implement this DMM to target an annual water use savings by CII accounts by an 
amount equal to 10% of the baseline use of CII accounts in the service area over 
the historical use data available. The target amount of annual water use reduction 
in CII accounts is a static value to be calculated from the baseline amount of 
annual use.  The baseline will be defined as the average annual use for available 
historical metered use data provided by CII accounts.  

5. Continue marketing efforts until 10 percent (%) of the total number of connections in 
the CII sub-sectors have completed a survey as described in this DMM within the 
reporting period.  

Tracking and Documentation 

1. The number of accounts (or customers) and amount of water use within each of the 
CII sectors.  

2. Track customer contacts, accounts (or customers) receiving surveys, follow-ups, and 
measures implemented. 

3. Customer participant information, including retail water utility account ID’s, primary 
contact information, facility address, facility type, number of toilets being replaced, 
number of toilets in facility (if available), primary reasons for toilet replacement and 
program participation (if available).  

4. Number of CII HETs incentives processed/installed by CII sub-sector by year.  

5. Total program cost by year, including administration and overhead, labor (staff 
salaries and benefits), marketing, outside services, incentives, and implementation 
(agency installation, rebate, permitting and remedial costs). Costs for program 
development and program operation shall be reported separately.  

6. Total program budget by year.  



Section 6 Water Demand Management Measures 
 

 
October 2009 DRAFT City of Live Oak 
LOAK08-001 6-24 Urban Water Management Plan 

7. Description of program design and implementation, such as types of incentives, 
marketing, advertising methods and levels, customer targeting methods, customer 
contact methods, use of outside services (e.g., consultants or community-based 
organizations), and participant tracking and follow up.  

8. Description of program acceptance or resistance by customers, any obstacles to 
implementation, and other issues affecting program implementation or effectiveness.  

Evaluation of Effectiveness of DMM 

Effectiveness is evaluated by reviewing the pre and post survey water use data for each customer 
that received a water survey or installed HETs on the premises.  Using the base line performance 
criteria described in this DMM, overall CII saving should be at 10% of the baseline as established 
by historical average annual metered use data.  On a per account basis, the estimated reduction of 
water should be approximated by the reduction shown in the following section below for each 
sub-sector type shown.   

Estimate of Current Conservation Savings 

The estimates provided are from the CUWCC MOU and represent the estimated water savings 
upon the completion of a survey, retrofit and education provided under this DMM. 

Commercial and Institutional water reduction results from DMM’s such as Interior and 
Landscape Water Surveys, Plumbing Codes, and Other Factors (Includes savings accounted for 
in other DMM’s.) Estimated reduction in gallons per employee per day in year 2000 use 
occurring over the period 1980-2000: 12%.  

Industrial water reduction results from DMM’s, Waste Discharge Fee, New Technology, Water 
Surveys, Plumbing Codes and Other Factors (Includes savings accounted for in other DMM’s.) 
Estimated reduction in gallons per employee per day in year 2000 use occurring over the period 
1980-2000: 15%.  

6.2.10 DMM 10 – WHOLESALE AGENCY PROGRAMS 

Water agencies which treat and sale water to retail agencies or specially formed utility districts at 
wholesale must also provide conservation assistance to the purchasing utility.  The wholesaler 
shall conduct, fund, and promote workshops to assist the retail agency with the following: 

1. Procedures for calculating program savings, costs and cost-effectiveness; and 

2. The technical, programmatic, strategic or other pertinent issues and developments 
associated with water conservation activities in each of the following areas: HET 
replacement; residential retrofits; commercial, industrial and institutional surveys; 
residential and large turf irrigation; and conservation-related rates and pricing.  

The City of Live Oak does not wholesale water to other retailers therefore this DMM does not 
apply to the City. 
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6.2.11 DMM 11 – CONSERVATION PRICING 

DMM Description 

This DMM promotes water conserving retail water rate structures.  When creating a rate case, 
professional judgments are made to determine whether costs are accounted to a variable or fixed 
cost center by the staff of the agency. The final water rate case is an accumulation of all the 
decisions and judgments made by staff and supplemented by the financial projections leading an 
agency to establish its final water rate recommendation.   

In a water, sewer or refuse collection rate increase case, the final rates as recommended by staff 
must go through ballot approval at a Proposition 218 hearing.  Proposition 218 contains 
requirements for the imposition of a fee or charge for property related services.  Procedures for 
fees and charges are contained in Section 6 of Article XIII D and must be implemented during a 
rate increase.  Paragraph (b) describes the requirements for new, existing, or increased fees and 
charges, as: 

1. Revenues from fees or charges shall not exceed the funds required to provide the 
service. 

2. Revenues from fees or charges shall not be used for any other purpose. 

3. The amount of the fee or charge imposed upon any parcel or person as an incident of 
property ownership shall not exceed the proportional cost of the service attributable to 
the parcel. 

4. No fee or charge may be imposed unless the service is actually used by or immediately 
available to the owner of the property in question. 

5. No fee or charge shall be imposed for general governmental services, i.e., police, 
ambulance, library, where the service is available to the public at large in substantially 
the same manner as it is to the property owners. 

The 2007 domestic water billing rates are shown in Table 6-3. 

Table 6-3 
2007 Domestic Water Billing Rates  

Meter Size Minimum Charge Minimum Units Rate / Units 

5/8” – 3/4" $23.97 2,000 $1.41/HCF 

1” $25.38 2,100 $1.41/HCF 

1 ½” – 1 ¾” $30.78 2,200 $1.41/HCF 

2” $51.41 3,600 $1.41/HCF 

3” $127.35 9,000 $1.41/HCF 

4” $218.69 15,500 $1.41/HCF 

6” $465.07 33,000 $1.41/HCF 
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As shown, the City bills its customers by volumetric use.  The current rate structure establishes a 
set minimum usage fee with a flat rate structure for use above the minimum usage volume.  The 
flat rate under the current rate structure does not send a conservation signal to the customers 
during peak periods.  Although volumetric billing under the current rate structure allows the 
customer to make calculated reductions in discretionary use (i.e. irrigation), it does not provide 
incentive to reduce usage during peak and critical times when utility costs are most expensive or 
during critical drought conditions.   

This DMM is not intended to supplant this rate setting process, but rather to reinforce the need to 
establish a strong nexus between volume-related system costs and volumetric commodity rates. 
Conservation pricing requires volumetric rate(s).  The goal of this DMM is to recover the 
maximum amount of water sales revenue from volumetric rates that is consistent with utility 
costs (which may include utility long-run marginal costs), financial stability, revenue sufficiency, 
and customer equity.   

Schedule and Steps for Implementation 

During the next rate study, the following volumetric rate designs may be consistent with the 
above definition and should be evaluated for implementation 

1. Uniform rate in which the volumetric rate is constant regardless of the quantity 
consumed.  

2. Seasonal rates in which the volumetric rate reflects seasonal variation in water 
delivery costs.  

3. Tiered rates in which the volumetric rate increases as the quantity used increases.  

4. Allocation-based rates in which the consumption tiers and respective volumetric rates 
are based on water use norms and water delivery costs established by the utility 

In addition to volumetric rate(s), conservation pricing may also include one or more of the 
following other charges:  

1. Service connection charges designed to recover the separable costs of adding new 
customers to the water distribution system.  

2. Monthly or bimonthly meter/service charges to recover costs unrelated to the volume 
of water delivered or new service connections and to ensure system revenue 
sufficiency.  

3. Special rates and charges for temporary service, fire protection service, and other 
irregular services provided by the utility.  

Other options are those shown on the CUWCC MOU and are as follows:  
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Adequacy of Volumetric Rate(s): A retail agency’s volumetric rate(s) shall be deemed sufficiently 
consistent with the definition of conservation pricing when it satisfies at least one of the 
following two options.  

Option 1: Let V stand for the total annual revenue from the volumetric rate(s) and M stand for 
total annual revenue from customer meter/service (fixed) charges, then:  

 

 

This calculation shall only include utility revenues from volumetric rates and monthly or 
bimonthly meter/service charges. It shall not include utility revenues from new service 
connection charges; revenue from special rates and charges for temporary service, fire 
protection, or other irregular services; revenue from grants or contributions from external 
sources in aid of construction or program implementation; or revenue from property or 
other utility taxes.  

Option 2: Use the rate design model included with the Municipal Water and Wastewater Rate 
Manual published by the Canadian Water & Wastewater Association with the signatory’s 
water system and cost information to calculate V’, the uniform volume rate based on the 
signatory’s long-run incremental cost of service, and M’, the associated meter charge. 
[Let HCF be annual water delivery (in hundred cubic feet).] A signatory’s volumetric 
rate(s) shall be deemed sufficiently consistent with the definition of conservation pricing 
if:  

 

 

The rate design model can be downloaded at www.cuwcc.org/technical.  

This calculation shall only include utility revenues from volumetric rates and monthly or 
bimonthly meter/service charges. It shall not include utility revenues from new service 
connection charges; revenue from special rates and charges for temporary service, fire 
protection, or other irregular services; revenue from grants or contributions from external 
sources in aid of construction or program implementation; or revenue from property or 
other utility taxes.  

6.2.12 DMM 12 – WATER CONSERVATION COORDINATOR 

DMM Description 

To actively manage the measures outlined in this Section, a water conservation coordinator 
(WCC) and supporting staff must be identified.  The WCC will be charged with overseeing and 
developing the strategies and procedures of all steps and procedures listed in each DMM.   This 
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person must be personable and maintain a friendly and professional image as a representative of 
the City as the WCC will be in direct contact with the public.  Additionally the WCC must be 
able to communicate effectively by relaying complex concepts to upper management and City 
Council as the administrator of the Water Conservation Program.   

Schedule and Steps for Implementation 

This DMM will be implemented under the following circumstances. 

 Upon the City making application to the Department of Water Resources, State Water 
Resources Control Board, or California Bay-Delta Authority (or successor) for grant 
or loan funding requiring implementation of demand management measures, or  

 By the next year ending in zero or five after the City reaching 3,000 connections or 
exceeding 3,000 acre feet per year total water production. 

Until that time, public works staff will be charged with implementing active DMM’s according to 
their respective schedules.  Implementation shall consist of at least the following actions:  

1. Designation of a water conservation coordinator and support staff (if necessary), 
whose duties shall include the following:  

− Coordination and oversight of conservation programs and DMM implementation;  

− Preparation of the DMM Implementation Status Report to be included in UWMP 
updates;  

− Communication and promotion of water conservation issues to agency senior 
management; coordination of agency conservation programs with operations and 
planning staff; preparation of annual conservation budget; and preparation of the 
conservation elements of the agency’s Urban Water Management Plan.  

Tracking and Documentation 

1. Conservation Coordinator name, staff position, and years on job.  

2. Date Conservation Coordinator position created by agency.  

3. Number of Conservation Coordinator staff.  

4. Duties of Conservation Coordinator and staff.  

Evaluation of Effectiveness of DMM 

Evaluation of effectiveness will consider the goals met under each DMM implementation and 
schedule and ultimately the overall volume of water savings produced by the active management 
of the program by the coordinator. 
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6.2.13 DMM 13 – WATER WASTE PROHIBITION 

The most visual forms of wasteful practices occur during residential irrigation and outdoor water 
use.  To combat wasteful use, water waste prohibition in the form of an ordinance informs the 
customer that water waste is prohibited.  A draft no waste ordinance is included in Appendix A. 

DMM Description 

The City will implement and enforce measures prohibiting water wasting practices such as but 
not limited to inefficient irrigating, gutter flooding, single pass cooling systems in new 
connections, non-recirculating systems in all new conveyer carwash and commercial laundry 
systems, and non-recycling decorative water fountains.  The draft water waste ordinance states 
that no person shall unknowingly waste water.  This water waste ordinance shall include the 
provisions applicable to ensure that water waste is captured even if it is wasted unknowingly to 
them.  

Enforcement will identify wasteful water practices and notify the owner of the violation.  At the 
time of first notification/violation the owner may be solicited for a residential or CII survey as 
proactive option for the owner to consider.  Repeat violation shall be fined at levels deemed 
appropriate by the City.  

Schedule and Steps for Implementation 

This DMM will be implemented under the following circumstances. 

 Upon the City making application to the Department of Water Resources, State Water 
Resources Control Board, or California Bay-Delta Authority (or successor) for grant 
or loan funding requiring implementation of demand management measures, or  

 By the next year ending in zero or five after the City reaching 3,000 connections or 
exceeding 3,000 acre feet per year total water production. 

6.2.14 DMM 14 – HIGH EFFICIENT TOILET REPLACEMENT 

High Efficient Toilets (HETs) use a maximum of 1.28 gallons per flush (gpf) and save 
approximately 60% to 75% of water when compared to their high water use counterparts at 3.5 
and 5.0 gpf.  In this measure, older 3.5 and 5.0 (gpf) toilet fixtures in residences are replaced with 
1.28 gpf fixtures.  The US Environmental Protection Agency (USEPA) through WaterSense® 
has developed performance standards for high efficient toilet.  Additional maximum performance 
testing was conducted on standard and WaterSense® certified toilets with the intent to verify 
actual performance with mass loadings, which have been determined to be nearly identical to real 
world loadings.   

DMM Description 

This DMM is based on implementing a financial incentive program for customers in the City’s 
utility service area for replacement of higher water use toilets with HETs.  The incentive will 
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allow customers to upgrade existing high water use toilet to high efficient toilets to benefit both 
the customer and utility through reduced water use. 

Schedule and Steps for Implementation 

This DMM will be implemented under the following circumstances. 

 Upon the City making application to the Department of Water Resources, State Water 
Resources Control Board, or California Bay-Delta Authority (or successor) for grant 
or loan funding requiring implementation of demand management measures, or  

 By the next year ending in zero or five after the City reaching 3,000 connections or 
exceeding 3,000 acre feet per year total water production. 

Implementation shall consist of at least the following actions:  

1. Implement a rebate program which replacing existing high-water-using toilets with 
high efficient (1.28 gallons or less) toilets in single-family and multi-family 
residences.  

2. The City should offer a financial incentive in the amount not less than $75, for the 
purchase of a WaterSense® certified HET.  

3. Allocate funds and resources for the DMM. 

4. Coordinate marketing efforts with DMM 7 to target residences with high water use 
toilets.  Toilets sold after 1994 were required by law to be Ultra Low Flush Toilets 
(1.6 gpf) therefore, residences which were constructed prior to 1994 would typically 
contain toilets which use 3.5 gpf or greater. 

5. Develop Policy that outlines terms and conditions, eligible products, eligible 
customers, method of incentive transfer and tracking considering the following 
components: 

− Eligible products are those HETs which are at minimum WaterSense Certified.  
To ensure that utility customers are supplied high performing HETs the City may 
opt to narrow down the eligibility list to those high performing toilets listed in a 
Maximum Performance Study conducted by a joint effort between the California 
Urban Water Conservation Council (CUWCC), Alliance for Water Efficiency 
(AWE), The Canadian Water and Waste Water Association (CWWA) and other 
sponsoring utilities found here: www.a4we.org/MaP-main.aspx. 

− Eligible customers are those customers utilizing toilets with a flush rate of 3.5 
gallons per flush (gpf) or more.   

− The City must identify a method of funding the incentive.  This is largely 
determined by the available technology currently employed and the staff 
availability.  If the City is able to track the incentive program in the utility billing 
system, the recommended method of funding is via a utility bill credit.  This 
would reduce the administration and paperwork needed to process the credit. 
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Other methods would allow a voucher to be given to the local appliance stores 
and or rebates to be processed after the purchase and installation of the HET. 

− Methods of tracking the incentive and ensuring that the HET is utilized in the 
service area to ensure that the City gets the full return on the investment.  If the 
City is able to track incentives via the billing system, this would the most 
efficient process which it would allow the City to track the accounts which the 
HETs were installed.  Likewise, a follow up inspection may be necessary to 
verify HET installation. 

Tracking and Documentation 

1. The number of single-family residences and multi-family units in the service area 
constructed prior to 1992.  Coordinate with DMM 2, as this is part of the marketing 
criteria.   

2. The average number of toilets per single-family residence; the average number of 
toilets per multi-family unit.  

3. The average persons per household for single-family residences; the average persons 
per household for multi-family residences.  

4. The housing resale rate for single-family residences in service area; the housing resale 
rate for multi-family residences in service area.  

5. Estimated water savings per HET replacement.  

6. Total program cost by year, including administration and overhead, labor (staff 
salaries and benefits), marketing, outside services, incentives, and implementation 
(agency installation, rebate, permitting and remedial costs). Costs for program 
development and program operation shall be reported separately. 

7. Description of program design and implementation, such as types of incentives, 
marketing, advertising methods and levels, customer targeting methods, customer 
contact methods, use of outside services (e.g., consultants or community-based 
organizations), and participant tracking and follow up.  

8. Description of program acceptance or resistance by customers, any obstacles to 
implementation. 

Evaluation of Effectiveness of DMM 

Evaluation will measure the estimated savings with the actual cost of implementing this measure. 

Estimate of Current Conservation Savings 

A simplified savings estimate resulting in the installation of an ultra low flush toilet is estimated 
to be a flat rate of 10.5 gallons per capita day as determined by a survey conducted by 
AWWARF Residential End Uses of Water, on 1,188 households throughout 12 study sites.  This 
savings estimate was based on the then Ultra Low Flush Toilets with a flush rate of 1.6 gpf 
therefore the savings for the HET will be greater.
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Section 7 
Supply and Demand Comparison 

7.1 SUPPLY AND DEMAND COMPARISON PROVISIONS 

The water supply and demand comparison is presented in Table 7-1. The projected water demand 
is compared to water supplied from the existing and future wells.  The future supply in a single or 
multiple dry year scenario is assumed to be the same as in a normal year based on the discussion 
in Section 3. The aquifer appears to have the capacity to supply additional production.   

Table 7-1 
Projected Normal Groundwater Supply and Demand Comparison(a) 

Water Supply Sources 2009 2010 2015 2020 2025 2030 

Groundwater Supply (AFA) 3,120 5,590 8,070 9,310 11,790 13,030 

Projected Water Demand (AFA) 2,100 3,000 5,200 7,400 9,600 11,800 

Difference (supply minus demand) (AFA) 1,020 2,590 2,870 1,910 2,190 1,230 

Percent of 2009 demand (%) 100 179 259 298 378 418 

Difference as % of supply (%) 33 46 36 21 19 9 

Different as % of demand (%) 49 86 55 26 23 10 

(a) Supply is assumed to be the same for normal and multiple dry year scenarios due to the groundwater 
basin historically not being affected by drought. 

(b) Demands are higher than observed metered demand data due to the inclusion of approved unbuilt 
demands.  Approved unbuilt demands were included because system capacity has been committed to these 
parcels 

 
The City of Live Oak is pursuing sufficient water supplies to meet customer needs through 2030, 
and will continue its commitment to conservation programs and new construction efficiency 
standards. The projected single dry year supply and demand comparison is presented in 
Table 7-2. 
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Table 7-2 
Projected Single Dry Year Supply and Demand Comparison 

 2010 2015 2020 2025 2030 

Groundwater Supply (AFA) 5,590 8,070 9,310 11,790 13,030 

Projected Water Demand (AFA) 3,000 5,200 7,400 9,600 11,800 

Difference (supply minus demand) 
(AFA) 

2,590 2,870 1,910 2,190 1,230 

Percent of 2009 demand (%) 179 259 298 378 418 

Difference as % of supply (%) 46 36 21 19 9 

Different as % of demand (%) 86 55 26 23 10 

 

The projected supply and demand comparison during multiple years is shown in Tables 7-3 
through 7-6. 

Table 7-3 
Projected Supply and Demand Comparison during Multiple Dry Year Ending in 2015 

 2009 2010 2011 2012 2013 2014 2015 

Groundwater Supply (AFA) 3,120 5,590 5,590 5,590 5,590 5,590 8,070 

Projected Water Demand (AFA) 2,100 3,000 3,440 3,880 4,320 4,760 5,200 

Difference (supply minus demand) 
(AFA) 

1020 2590 2150 1710 1270 830 2870 

Percent of 2009 demand (%) 100 143 164 185 206 227 248 
Difference as % of supply (%) 33 46 38 31 23 15 36 

Different as % of demand (%) 49 86 63 44 29 17 55 

 

Table 7-4 
Projected Supply and Demand Comparison during Multiple Dry Year Ending in 2020 

 2016 2017 2018 2019 2020 

Groundwater Supply (AFA) 8,070 8,070 8,070 8,070 9,310 

Projected Water Demand (AFA) 5,640 6,080 6,520 6,960 7,400 

Difference (supply minus demand) 
(AFA) 

2430 1990 1550 1110 1910 

Percent of 2009 demand (%) 269 290 310 331 352 

Difference as % of supply (%) 30 25 19 14 21 

Different as % of demand (%) 43 33 24 16 26 

 



Section 7 Supply and Demand Comparison 

 
October 2009 DRAFT City of Live Oak 
LOAK08-001 7-3 Urban Water Management Plan 

Table 7-5 
Projected Supply and Demand Comparison during Multiple Dry Year Ending in 2025 

 2021 2022 2023 2024 2025 

Groundwater Supply (AFA) 9,310 9,310 9,310 9,310 11,790 

Projected Water Demand (AFA) 7,840 8,280 8,720 9,160 9,600 

Difference (supply minus demand) 
(AFA) 

1470 1030 590 150 2190 

Percent of 2009 demand (%) 373 394 415 436 457 

Difference as % of supply (%) 16 11 6 2 19 

Different as % of demand (%) 19 12 7 2 23 

 

Table 7-6 
Projected Supply and Demand Comparison during Multiple Dry Year Ending in 2030 

 2026 2027 2028 2029 2030 

Groundwater Supply (AFA) 11,790 11,790 11,790 11,790 13,030 

Projected Water Demand (AFA) 10,040 10,480 10,920 11,360 11,800 

Difference (supply minus demand) 
(AFA) 

1750 1310 870 430 1230 

Percent of 2009 demand (%) 478 499 520 541 562 

Difference as % of supply (%) 15 11 7 4 9 

Different as % of demand (%) 17 13 8 4 10 
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Section 8 
Water Shortage Contingency Plan 

8.1 WATER SHORTAGE CONTINGENCY PLAN 

The City does not currently have a water shortage contingency plan.  This plan was prepared to 
be consistent with the provisions of the City’s emergency response procedures to implement 
during an interruption of water supplies including, but not limited to a regional power outage, an 
earthquake, or other disaster.  

8.1.1 WATER SHORTAGE EMERGENCY RESPONSE 

The City will implement a water shortage emergency response plan as necessary to maintain 
potable water supplies to the extent practicable.  The water shortage emergency response plan is 
intended to maintain minimum levels of water supply to meet basic health and sanitation needs 
during times of water shortage. 

In the case of a power failure all the well sites except well number three have diesel engine 
electric generators.  Typically a back-up generator would have enough fuel to run 12 to 24 hours.  
If a power interruption were to last longer, the generators would need to be re-fueled accordingly, 
until power was restored. 

In 2005, the City constructed a 1.4 million gallon storage tank and pump station to absorb the 
peak hourly demand in the summer months.  This storage tank would serve as back-up supply in 
an immediate emergency, until the system was brought online or other water supplies were 
brought in. 

The City will identify potable water distribution sites in cases of emergencies.  The City can also 
contact bottled water companies, or licensed potable water haulers in cases of limited 
emergencies.  Canals such as the Live Oak canal and the Sutter Butte Canal contain non-potable 
water that traverse the community and could be used in extreme conditions with emergency 
treatment provided.  Residents would need to boil or disinfect any non-potable water.  Another 
option for the City is to use local trucking firms to transport water along with the County’s fire 
tanker trucks.   

When a water shortage appears imminent, a City water shortage response team would be 
activated by the City Council, City Manager, or Public Works Director.  The team will include 
the City Manager’s Office, Public Works Department,  Finance Department, and Planning 
Department. 
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8.1.2 PREPARATION ACTIONS FOR A CATASTROPHE 

Below is an example of actions the City would undertake if a catastrophe were imminent or 
declared. 

 Determine extent of water shortage 
 Activate the water shortage response team 
 Monitor existing storage 
 Obtain additional water supplies 
 Develop alternative water supplies 
 Determine where immediate funding will come from 
 Contact and coordinate with other agencies 
 Put employees and contractors on-call 
 Communicate with the public 

8.1.3 SUPPLEMENTAL WATER SUPPLIES 

There are no identified supplemental water supplies other than using bottled water, or consumers 
treating non-potable water that is conveyed in canals near the City. 

8.1.4 LONG TERM ADDITIONAL WATER SUPPLY OPTIONS 

The City will continue to address the supplemental groundwater needs to meet future long term 
water demand by drilling additional wells according to the City’s Water Master Plan.  
Opportunities for recycled water use will also be further studied. 

8.2 WATER SHORTAGE CONTINGENCY ORDINANCE/ RESOLUTION 

As stated before the City does not have a no waste ordinance, however a draft ordinance is 
presented in the Appendix A.  A draft resolution to declare a Water Shortage Emergency is also 
presented in the Appendix B. 

8.2.1 RATIONING STAGES AND REDUCTION GOALS 

The City developed a three-stage action plan (Table 8-1) to enforce during a declared water 
shortage.  The plan includes voluntary and mandatory rationing, depending on the causes, 
severity, and anticipated duration of water supply shortages, if known.  Action stages may be 
triggered by a shortage at any time of the year.  If it appears that it may be a dry year, mainly due 
to insufficient precipitation and dropping of the groundwater table, the City can take action in 
advance of a crisis.     
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Table 8-1 
Water Rationing Stages and Reduction Goals 

Stage Criteria Water Demand 
Reduction Goal Program Type 

Stage 1 
Minimal 

 1 or more of the operational City wells 
is out of service due to noncompliance 
with drinking water standards or drop 
in static groundwater levels 

15% Reduction Voluntary / Mandatory 

Stage 2 
Moderate 

 Prolonged Periods of low water 
pressure. 

 1 or more of the operational City wells 
is out of service due to noncompliance 
with drinking water standards or drop 
in static groundwater levels 

25% Reduction Voluntary / Mandatory 

Stage 3 
Severe 

 Prolonged Periods of low water 
pressure. 

 1 or more of the operational City wells 
is out of service due to noncompliance 
with drinking water standards or drop 
in static groundwater levels 

 Extended warm weather patterns 
typical of summer 

35% Reduction Mandatory 

 

8.2.2 PRIORITY BY USE 

Priorities for use of available water during shortages are listed below according to ranking. 

1. Minimum health and safety allocations - for interior residential needs (includes single 
family, multifamily, and mobile homes, and convalescent facilities); and fire fighting 
and public safety needs; 

2. Commercial, industrial, institutional/governmental operations - for maintaining 
economic base of community; 

3. Existing landscaping - trees and shrubs; 

4. New demand - proposed construction projects. 

8.2.3 HEALTH AND SAFETY REQUIREMENTS 

Estimates for interior residential water use provided by the California Department of Water 
Resources is show in Table 8-2. 

These water use estimates indicate per capita health and safety water requirements for various 
appliances and fixtures.  A health and safety allotment of 68 gallons per capita per day (gpcd) is 
essential for basic interior water use with no habit or plumbing fixture change.  However, if there 
is prolonged water shortage or a disaster, then customers would be required to make changes in 
their interior water use habits (for instance, not flushing toilets unless necessary or taking less 
frequent showers).  These reductions will be reinforced through a public awareness campaign 
during periods of threatened water supply. 
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Table 8-2 
Estimated Per Capita Health and Safety Water Consumption 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

8.3 MANDATORY PROHIBITIONS ON WATER WASTING  

As previously mentioned, a no waste ordinance was drafted (Appendix A).  The ordinance 
prohibits various wasteful water uses such as outdoor irrigation during high evaporation times, 
having leaky sprinklers or fixtures, and washing of hardscapes without first obtaining a waiver. 
Warnings and penalties are levied for infractions to the ordinance. 

8.4 CONSUMPTION REDUCTION METHODS  

Examples of consumption reduction methods that could be instituted during a drought period 
include: use prohibitions (especially for landscape irrigation); additional water conservation 
enforcement; voluntary rationing, mandatory rationing; flow restrictions; expansion of leak 
detections and repair programs; installation of water kits, plumbing fixture replacements; 
restrictions on building permits; installation of pool covers; and water shortage pricing.   

8.5 EXCESSIVE USE PENALTIES 

Any customer violating the regulations and restrictions on water use set forth in the City’s draft 
no waste ordinance shall receive a written warning for the first such violation.  When the City 
approves the ordinance the City will decide and approve the amount the fines will be for second, 
and third violations. 

8.6 REVENUE AND EXPENDITURE IMPACTS AND MEASURES TO 
OVERCOME IMPACTS 

Water rates need to be set up to enable water suppliers to cover the costs in pumping, storing, 
treating, and delivering water.  Revenues need to be collected to build reserves for future water 
system repairs, maintenance, and replacement.  Water shortages increase costs to the water 

Unit Daily Use Unit Use gal/day Daily Use Unit Use gal/day Daily Use Unit Use gal/day

Toilets 5 flushes 5.5 gpf 27.5 3 flushes 5.5 gpcd 16.5 5 flushes 1.5 gpf 7.5
Shower 5 min 4.0 gpm 20.0 4 min 3.0 gpm 12.0 5 min 2.0 gpm 10.0

Washer1 12.5 gpcd 12.5 11.5 gpcd 11.5 11.5 gpcd 11.5
Kitchen 4 gpcd 4.0 4 gpcd 4.0 4 gpcd 4.0
Other 4 gpcd 4.0 4 gpcd 4.0 4 gpcd 4.0
Total (gpcd) 68.0 48.0 37.0

29.4 22.9
1  Reduced washer use results from larger loads.
2  Fixtures include ULF 1.6 gpf toilets, 2.0 gpm showerheads, and efficient clothes washers.

Non-Conserving Fixtures Habit Changes Conserving Fixtures2

Reduction  (%)
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supplier by increasing expenses for public educational campaigns, stricter conservation efforts, 
and facility development.  Other costs for repairs, maintenance, and replacement are fixed. 

To mitigate the financial impacts of a water shortage, the City would need to rely on reserves and 
increased water rates, when justified. 

8.7 MECHANISMS TO DETERMINE REDUCTIONS IN WATER USE 

With normal water supply conditions, water production is recorded daily at each wellhead and 
reported to the Public Works Facilities Manager. 

Reporting escalates with advanced stages of water shortages.  During water emergency shortages, 
production figures would be reported to the Water Services Supervisor hourly, and to the 
Director of Public Works and City Manager daily.  Reports would also be provided to the City 
Council.  If reduction goals are not met, the City Council would be notified so that additional 
action may be taken (water shortage emergency). 



 

 
October 2009 DRAFT City of Live Oak 
LOAK08-001 9-1 Urban Water Management Plan 

Section 9 
Water Recycling 

9.1 PARTICIPATION IN REGIONAL RECYCLED WATER PLANNING 

The City of Live Oak is not part of a regional group that discusses recycled water planning.   

9.2 WASTEWATER COLLECTION AND TREATMENT IN LIVE OAK 

The City of Live Oak currently owns and operates a wastewater treatment and collection system.  
On average the wastewater treatment plant handles an inflow of 0.8 mgd.  The sewer service area 
collects flows from approximately 8,500 people, 70 acres of commercial, and 60 acres of light 
industrial users.  Table 9-1 presents the current and anticipated annual wastewater volumes to be 
collected for treatment and disposal. 

Table 9-1 
Wastewater Average Dry Weather Flow (AFA) (a) 

 2008 2010 2015 2020 2025 2030 

WWTP 810 890 1,130 1,420 1,800 2,270 

(a) Average dry weather flow (ADWF) estimated assuming a 4.8% growth rate as explained in Section 2.3. 

The City will upgrade their treatment plant to meet discharge compliance requirements. The 
upgraded plant will include secondary treatment by an activated sludge process, and tertiary 
treatment including filters and UV disinfection. 

9.2.1 WASTEWATER TREATMENT PROCESSES  

The Live Oak Wastewater Treatment Plant has a capacity of 1.4 million gallons/day (MGD) 
average dry weather flow (2006).   The existing treatment facilities consist of fine screening, 
aerated treatment ponds and lagoons, and chlorine disinfection with subsequent de-chlorination 
before discharging disinfected effluent to an irrigation drain (Reclamation District 777 Lateral 
Drain Number 1).  Final effluent can also flow into a detention basin before final discharge into 
Lateral Drain 1.  Lateral Drain 1 is under the jurisdiction of the California Department of Fish 
and Game.  Effluent discharge can be intermittent during the summer months should the plant 
hold effluent in the ponds to increase treatment.  The plant can store approximately 30 days of 
flow. 

9.2.2 REGIONAL WASTEWATER TREATMENT PLANT  

The City of Live Oak does not have a regional wastewater treatment plant.  However, if the City 
does decide in the future to regionalize with Yuba City, partially treated wastewater will likely be 
sent to the Yuba City WWTF where it will be further treated discharged into the Feather River.   
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9.3 RECYCLED WATER CURRENTLY BEING USED 

The City does not currently recycle any of is treated wastewater.  The City does not currently 
have any of the infrastructure to deliver recycled water to for landscape irrigation or industrial 
uses in the vicinity of the City.  

9.3.1 POTENTIAL USES OF RECYCLED WATER 

The City is planning to upgrade the existing secondary wastewater treatment plant to a full 
Title 22 plant, which would allow for the possibility of recycled water.  The plant would have the 
required storage and treatment redundancy.  A recycled water distribution system including 
pumping, distribution pipelines, and storage would also need to be constructed. 

With the possibility of the City upgrading the treatment plant and potentially using recycled 
water, the City could use recycled water for the following: 

 Groundwater recharge, 

 Irrigation of fodder and food crops, 

 Irrigation of parks, playgrounds, school, and other large landscapes, such as golf 
courses, cemeteries, and freeway landscaping, 

 Filling of tanker trucks for fire fighting, dust control during construction projects, and 
flushing of sanitary sewers, 

 Certain commercial and industrial processes (such as cooling towers, etc.). 

9.4 PROJECTED USE OF RECYCLED WATER 

There is currently no projected use of recycled water for the City of Live Oak.  Until the City 
moves beyond initial considerations for recycling water the recycled water use cannot be 
projected.
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PROHIBITING WASTEFUL USE OF WATER 

It is hereby resolved by the City Council that to conserve the City's water supply for the greatest 
public benefit, and to reduce the quantity of water used by the City's customers, that wasteful use 
of water should be eliminated.  Customers of the City shall observe the following regulations and 
restrictions on water use: 

1. No customer shall waste water.  As used herein, the term "waste" means: 

a. Use of potable water to irrigate turf, ground-cover, shrubbery, crops, vegetation, 
and trees (agricultural accounts are excluded from the time of irrigation restriction) 
between the hours of 10:00 o'clock A.M. and 6:00 o'clock P.M. or in such a 
manner as to result in runoff for more than five (5) minutes; 

b. Use of potable water to wash sidewalks, walkways, driveways, parking lots, open 
ground or other hard surfaced areas except where necessary for public health or 
safety; 

c. Allowing potable water to escape from breaks within the customer's plumbing 
system for more than twenty-four (24) hours after the customer is notified or 
discovers the break; 

d. Washing cars, boats, trailers, aircraft, or other vehicles by hose without a shutoff 
nozzle and bucket except to wash such vehicles at commercial or fleet vehicle 
washing facilities using water recycling equipment. 

e. Use of potable water to clean, fill or maintain decorative fountains, lakes or ponds 
unless such water is reclaimed. 

2. The following restrictions are effective during a declared Water-Shortage 
Emergency. 

a. No restaurant, hotel, cafe, cafeteria or other public place where food is sold, served 
or offered for sale, shall serve drinking water to any customer unless expressly 
requested. 

b. Use of potable water for construction, compaction, dust control, street or parking 
lot sweeping, building wash down where non-potable or recycled water is 
sufficient. 

c. Use of potable water for sewer system maintenance or fire protection training 
without prior approval by the Mayor; 

d. Use of potable water for any purpose in excess of the amounts allocated or each 
class of service. 

3. Other restrictions may be necessary during a declared Water Shortage Emergency, 
to safeguard the adequacy of the water supply for domestic, sanitation, fire 
protection, and environmental requirements. 
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ENFORCEMENT 

Any customer violating the regulations and restrictions on water use set forth in this chapter shall 
receive a written warning for the first such violation.  Upon a second violation, the customer shall 
receive a written warning and the City may cause a flow-restrictor to be installed in the service.  
If a flow-restrictor is placed, the cost of installation and removal shall be paid by the violator.  
Any willful violation occurring subsequent to the issuance of the second written warning shall 
constitute a misdemeanor and may be referred to the County District Attorney’s Office for 
prosecution.  The City may also disconnect the water service.  If water service is disconnected, it 
shall be restored only upon payment of the turn-on charge fixed by the Board of Directors.  

PENALTY FOR VIOLATIONS 

Except as provided in the enforcement section for the first and second violations any person, 
firm, partnership, association, corporation or political entity violating or causing or permitting the 
violation of any of the provisions of this section or providing false information to the City in 
response to City’s requests for information needed by the City to calculate consumer water 
allotments shall be guilty of a misdemeanor punishable by imprisonment in the county jail for not 
more that thirty days or by a fine not exceeding one thousand dollars or both.  Each separate day 
or portion thereof in which any violation occurs or continues without a good faith effort by the 
responsible party to correct the violation shall constitute a separate offense and, upon conviction 
thereof, shall be separately punishable. 

APPEALS 

Variances from the requirements of this Section may be granted by the Board of Directors only 
after denial of a variance request by the general manager.  Appeals of variance request denials 
shall be made in writing to the secretary of the Board at least 2 weeks prior to the meeting at 
which they will be heard. Upon granting any appeal, the Board of directors may impose any 
conditions it determines to be just and proper.  Variances granted by the Board shall be prepared 
in writing, the furnished to the applicant.  The board of Directors may require it to be recorded at 
applicant’s expense. 

REMEDIES/CUMULATIVE 

The remedies available to the City to enforce this ordinance are in addition to any other remedies 
available under the City’s code or any state statutes or regulations, and do not replace or supplant 
any other remedy, but are cumulative. 
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DRAFT RESOLUTION OF THE CITY COUNCIL OF THE CITY 
OF LIVE OAK CITY AUTHORIZING THE PUBLIC WORKS DIRECTOR 

TO DECLARE A WATER SHORTAGE EMERGENCY 
 

The City Council of the City of Live Oak does hereby resolve as follows: 
 
PURSUANT to California Water Code Section 350 et seq., the Council has conducted duly noticed 
public meeting to establish the criteria under which a water shortage emergency may be declared. 

WHEREAS, the Council finds, determines and declares as follows: 

(a)  The City is the municipal water purveyor for the Live Oak Water Utility. 

(b)  The demand for water service is not expected to lessen. 

(c)  When the combined total amount of water supply available to the City from all sources 
falls at or below the Stage II triggering levels described in the Urban Water 
Management Plan, the City will declare a water shortage emergency. The water supply 
would not be adequate to meet the ordinary demands and requirements of water 
consumers without depleting the City’s water supply to the extent that there may be 
insufficient water for human consumption, sanitation, and fire protection. This 
condition is likely to exist until precipitation and inflow dramatically increases or until 
water system damage resulting from a disaster are repaired and normal water service is 
restored. 

NOW, THEREFORE, BE IT RESOLVED that the City Council of the City of Live Oak hereby 
directs the Public Works Director to find, determine, declare and conclude that a water shortage 
emergency condition exists that threaten the adequacy of water supply, until the City’s water supply 
is deemed adequate. After the declaration of a water shortage emergency, the Public Works 
Director is directed to determine the appropriate Rationing Stage and implement the City’s Water 
Shortage Emergency Response. 

LET IT FURTHER BE RESOLVED, that the Council shall periodically conduct proceedings to 
determine additional restrictions and regulations which may be necessary to safeguard the adequacy 
of the water supply for domestic, sanitation, and fire protection. 
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1. INTRODUCTION 

1.1. Purpose of Groundwater Management Plan 

Sutter County (County) has prepared this Groundwater Management Plan (GMP) with input 
and direction from County stakeholders, and with financial and technical assistance from the 
California Department of Water Resources (DWR). Preparing this GMP is one step Sutter 
County is taking to promote and encourage groundwater users in the County to be 
responsible stewards of the water resources. 

Sutter County’s purposes for preparing this GMP are to: 

• Summarize the current understanding of the groundwater underlying Sutter County 
and its role in the County’s overall water supply, and make that information publicly 
available. 

• Formulate goals and objectives that can be used as guidelines to help manage 
groundwater resources to meet current and future demands in Sutter County. 

• Establish a plan for the County’s involvement in ongoing monitoring and 
management of groundwater to promote those goals and objectives. 

• Maintain eligibility for grant funding administered by the California Department of 
Water Resources to increase the understanding of the groundwater basins underlying 
Sutter County. 

1.2. Sutter County’s Role in Groundwater Management 

Sutter County has the authority to adopt and implement this GMP under California Water 
Code §10750 et seq., which states that a local agency that overlies part of a groundwater 
basin can “by ordinance, or by resolution…adopt and implement a groundwater management 
plan…within all or part of its service area,” so long as the area is: 

• Not served by another local agency, a water corporation regulated by the Public 
Utilities Commission, or a mutual water company. 

• Served by a local agency, when the majority of the agency’s governing body declines 
to exercise its authority to manage groundwater and enters into an agreement with the 
local agency developing the GMP. 

Sutter County’s intended role in groundwater management, as discussed in this GMP, is to 
help coordinate the various groundwater users in the County, and encourage them to be 
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responsible stewards of the water resources.  The County does not have the budget or staff to 
act as an “enforcer” with regards to groundwater use, and does not intend to do so. 

1.3. Plan Area 

Sutter County intends this GMP to be relevant for the entire County. Sutter County overlies 
the south central part of the Sacramento Valley Groundwater Basin, and specifically the 
Sutter Subbasin and portions of the East Butte and North American Subbasins, as shown in 
Figure 1. The majority of the County is serviced by water and irrigation districts, reclamation 
districts, cities, and public utility districts (Figure 2), which have the authority to manage 
groundwater in their service areas. Unless those entities decline to manage groundwater on 
their own, and instead enter into agreements with the County, this GMP does not formally 
apply to those areas. If those entities choose not to adopt their own GMPs, they have the 
option of taking formal action to adopt the Sutter County GMP for their areas. By doing so, 
they will fulfill the requirements of the groundwater management provisions of the California 
Water Code. 

Some of the water purveyors in the County have prepared groundwater management plans 
established under provisions of Sections 10750-10756 of the California Water Code 
(Assembly Bill 3030).  Four of these plans have been submitted to DWR for final adoption. 

1.4. Public Involvement in Plan Development 

Throughout the development of this GMP, Sutter County solicited public input to help guide 
the direction and content. Aside from the required public notices and hearings related to the 
GMP development, Sutter County undertook an extensive public outreach program to 
encourage public involvement in the GMP development and to solicit public input for the 
GMP. To help guide the development of the GMP, a Plan Advisory Group (PAG) was 
formed that included representatives of water purveyors, cities, and the general public 
(attendance sheets provided in Appendix A) 

The Sutter County Water Resource Department and the Board of Supervisors approved a 
Public Outreach Plan (Appendix B) for the GMP process. The Public Outreach Plan 
established the following objectives: 

• Establish an open process to facilitate stakeholder input. 

• Provide information to facilitate stakeholder education on material forming the basis 
of the GMP. 
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• Provide a framework by which stakeholders are kept informed of the process, issues, 
and potential solutions. 

• Incorporate public comments throughout the decision-making process. 

Various entities – including the Board of Supervisors, Plan Advisory Group, and the general 
public – were involved in the development, approval, and adoption of the GMP.   

While developing the GMP, eleven public meetings were held. The location and time for 
each of the PAG meetings were advertised in local media. Attendance at each PAG meeting 
was recorded and a mailing list was created to disseminate meeting times and important 
information regarding the GMP progress. Participation in the PAG was voluntary and the 
public was invited to attend and comment at public workshops held in Yuba City. At each of 
the public workshops, Wood Rodgers, Inc. presented a PowerPoint® presentation of the 
purpose, scope, and schedule for preparing the GMP, along with educational information 
related to groundwater, geology, wells, and information about the hydrogeology within the 
County. The PAG meetings were held in 2008 on June 10, August 14, October 17, and 
December 9; in 2009 on February 10; in 2010 on June 17, August 19, October 28, and 
December 15; and in 2011 on April 141and October 20. The Sutter County Water Resources 
Department hosted a website for the GMP at:  

http://www.co.sutter.ca.us/doc/government/depts/pw/wr/gmp/gmphome 

All of the presentations and applicable meeting information were posted on the GMP 
website. Presentations, attendance sheets, and a summary of public comments from the 
workshops are included in Appendix B.   

1.4.1. GMP Survey 

The County circulated a voluntary Public Opinion Survey to obtain participation and 
feedback from stakeholders. The surveys were distributed to interested individuals at the 
PAG meetings and were also made available for download on the County’s website. In 
order to differentiate between individual well owner concerns and water district concerns, 
two surveys were distributed. Unfortunately, due to the limited returns, the surveys were 
not beneficial in identifying countywide concerns related to groundwater. 

 

                                                
1 The reason the meetings extended over four years is that DWR issued a stop work order in 2009 due to 
uncertainties with the State of California budget.  Consequently, the GMP process was temporarily delayed from 
February 2009 to May 2010.  Resumption of the GMP process required approval of a new Notice of Intent and a 
contract amendment with DWR. 
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1.5. Issues of Concern 

A variety of issues and/or concerns with regard to groundwater and groundwater 
management have been raised by residents of the County during the development of this 
GMP. These issues and concerns include the following. 

1.5.1. Protect private groundwater rights. 

The development of the GMP has raised concerns about how individual groundwater 
rights will be affected. California State Water Law gives property owners the right to 
make reasonable and beneficial use of the groundwater resource underlying their 
property. The GMP does not encroach upon or place any restrictions on groundwater 
rights. Furthermore, the County does not have the budget or staff to act as an “enforcer” 
with regards to groundwater use, and does not intend to do so. 

1.5.2. Is there enough groundwater to sustain a drought? 

Water districts within the County have been able to provide groundwater when surface 
water supplies were reduced during past droughts. Conversely, the use of groundwater 
when surface water is in short supply allows the aquifer(s) to recharge when surface 
water is available and is known as conjunctive use. 

Increased use of groundwater in some areas is perceived to be taxing the available 
supply, and there is concern that wells will go dry during a drought. A related concern is 
that existing wells may be damaged by increased pumping. This concern is particularly 
widespread in the southeastern portion of the County, where groundwater is used 
extensively for irrigation. Additionally, changes in cropping trends to more permanent 
crops have raised concerns about the ability to reduce groundwater use during drought 
periods without sustaining substantial economic losses in areas that do not use 
groundwater conjunctively with surface water. 

This concern is understandable given the history of significant groundwater level 
fluctuations in the southeastern portion of the County during past drought periods. Data 
also indicate that during wetter periods, or when pumping is reduced, groundwater levels 
have started to recover. The need for water supply reliability to support water users in the 
County can be addressed through the conjunctive use/management of available surface 
water, groundwater, and recycled water supplies. Together, these water sources comprise 
the irrigation water supply for the County, and can be used in fluctuating proportions to 
meet demands during different hydrologic (including climatic) and economic conditions. 
Successful management will also require better coordination among water users, and 
water users will need to work together to develop strategies for curtailing water use 
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during drought periods. If intra-county water transfers (transfers from one party to 
another within Sutter County) are possible, they can become an important water 
management tool and consideration during these periods. 

1.5.3. Are there plans to “export” water out of Sutter County? 

There is general concern that projects related to groundwater studies and groundwater 
management (including this GMP) are somehow related to the desire to “export” water 
from the County. Those who express this concern feel that the State (and other parties 
within and outside of the County) cannot be trusted to protect the interests of the 
community within the County. Currently, under state law, groundwater substitution water 
transfers are allowed. A groundwater substitution water transfers occurs when an entity 
with surface water rights makes an agreement to transfer some or all of its surface water 
to downstream users (by not diverting it), and then pumps groundwater to make up for 
the “lost source supply” that results from the transfer. 

This concern can be somewhat allayed by maintaining local water district control of 
water management decisions. Also, establishing an open process for discussing 
groundwater conditions and making management decisions will help the stakeholders 
within the County have a better understanding of the resources and issues and to voice 
their concerns and have them addressed.  

1.5.3.1. Sutter County Conjunctive Water Use Success (Case Study) 

The Department of Water Resources provided the following case study for inclusion 
in this GMP to demonstrate the effectiveness of conjunctive water use. 

“An example of a successful conjunctive use program was implemented by the South 
Sutter Water District (SSWD or District). The SSWD is located in southern Sutter and 
western Placer counties, with the Bear River as the northern boundary and stretching 

southwest between Highway 65 and 
Highway 70 to Pleasant Grove and Curry 
Creeks. The District was formed in 1954 
to develop, store and distribute surface 
water supplies and to augment and 
replenish over-drafted groundwater 
supplies. Figures 3 and 4 are 
groundwater level hydrographs 
illustrating the recovery of groundwater 
levels after the implementation of the 

Figure 3 - Hydrograph for Well 13N/5E-30A1M
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conjunctive use program. Today SSWD encompasses a total gross area of nearly 
64,000 acres, including 57,012 acres that are authorized to receive surface water. 
According to the District,41,946 acres have actually been irrigated in recent years 
using a combination of surface and groundwater supplies. By far the majority of 
those acres grow rice (roughly 34,834 acres, or 83%), while the balance is 

apportioned between orchards (2,881 
acres, or 5%), irrigated pasture (2,088 
acres, or 5%), row and field crops 
(1,742 acres, or 4%) and the 
remaining 3%, which is fallowed in 
certain years.  

The enlarged New Camp Far West 
(NCFW) Reservoir was completed in 

1964 with a storage capacity of 
104,400 acre-feet (AF). SSWD and 

Camp Far West Irrigation District (CFWID), formed in 1924, holds the water rights 
for operating the reservoir. Surface supplies are managed conjunctively with 
groundwater supplies. The seven (7) megawatts of power generated by the NCFW 
powerhouse is wholesaled to Sacramento Municipal Utility District. The Federal 
Energy Commission (FERC) license for NCFW was issued on July 2, 1981.  

One and a quarter miles downstream of NCFW Dam (and about 15 miles above the 
confluence with the Feather River), water is diverted by a diversion dam designed to 
move 30 cubic feet per second (cfs) north into the CFWID and 380 cfs south into the 
SSWD. In 1994, SSWD, CFWID, and the Department of Water Resources entered into 
a settlement agreement to meet the District’s obligations under the State Water 
Resources Control Board’s (SWRCB) Water Quality Control Plan for the Bay-Delta. 
Under the agreement, SSWD agreed to release up to 4,400 AF of water from NCFW, 
when requested by DWR, in all dry and critical year types. The present water rights 
require minimum in stream flows below the diversion works of 25 cfs from April 1 
through June 30 and 10 cfs from July 1 through March 30. Under the new agreement, 
SSWD would increase the flow releases to the lower Bear up to 37 cfs in dry and 
critical years for up to sixty days in July through September.  

SSWD receives anywhere from 5,000-20,000 AF of surplus water from Nevada 
Irrigation District (NID) annually. That water is currently conveyed to SSWD from 
Rollins Reservoir via the Bear River/Wise Canal system. When completed, SSWD’s 
Canal Expansion project, including related conveyance system improvements, could 

Figure 4 - Hydrograph for Well 13N/4E-13R1M
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well provide previously-unforeseen opportunities for delivering a portion of surplus 
NID supplies to SSWD directly via the Bear River and NCFW Reservoir.”  

1.5.4. Will there be taxes or fees for groundwater use? 

Concerns have been expressed about the sources of funding for the GMP and other 
groundwater programs in the County. Funding would be necessary should staff be 
required to perform new monitoring and evaluation activities or to undertake 
groundwater investigations. Funding for the latter may be available from DWR and other 
grant programs, under which this GMP maintains eligibility for the County.  Currently, 
the County assesses fees only for exploratory drilling, well construction, and well 
destructions, as shown in the following table (Table 1). 

Table 1 
Current Sutter County Fee Assessments (as of January 1, 2012) 

Well Permit Fee 

Well Construction $470.00 

Well Destruction $376.00 

Water Exploration and Test Holes $376.00 

Permit Extension (1 year) $47.00 

 

There is concern about the potential for taxes and fees on groundwater use, and metering 
of pumps. This GMP does not contain any recommendation to meter groundwater 
pumping or to enact use-based fees or taxes, although they are considerations and are 
used in other areas. State law affords property owners the right to make beneficial use of 
groundwater on their land. 

1.5.5. How can we obtain good quality water? 

Water quality problems are significant within the County and concerns have been 
expressed about water quality with regard to salinity, arsenic, and manganese. The 
hydrogeology of the County as it relates to water quality is not well-understood, and 
further study will be necessary to develop guidelines for how to obtain good-quality 
water in different areas of the County, and to determine how to manage groundwater 
without causing water quality deterioration in areas with otherwise good quality water. 
As discussed in Section 4.4, this GMP illustrates water quality in different areas of the 
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County, and shows the geographic areas (and depths) where poorer quality groundwater 
can be anticipated. As more data becomes available, the County will be able to 
incorporate it into the existing understanding of the groundwater subbasins. 

1.5.6. Is this going to generate new regulations on groundwater? 

Concern has been expressed about the potential for additional layers of bureaucracy and 
regulations on groundwater use. In general, stakeholders recognize a need to better 
understand and manage groundwater in the County, but have expressed a desire for a 
“balance” between achieving this objective and minimizing bureaucracy and regulations. 

To implement the GMP, an institutional framework (not yet determined) will be needed; 
however, the intent of this GMP is to minimize the bureaucracy and regulations needed to 
achieve the goals and objectives of the GMP. The GMP provides a framework and a 
forum for studying, discussing, and managing groundwater within the County. Ideally, 
management will be accomplished cooperatively amongst the groundwater users in the 
County.   
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2. THE COUNTY 

2.1. Physical Setting 

Sutter County encompasses approximately 607 square miles (389,443 acres) in the central 
portion of the Sacramento Valley. As shown in Figure 5, Sutter County is bound by Butte 
County to the north, Colusa and Yolo Counties to the west, Yuba and Placer Counties to the 
east, and Sacramento County to the south. The County seat, Yuba City, is located 
approximately 50 miles north of Sacramento. The 2010 U.S. Census reported that the 
population of the County in 2010 was 94,737, with the majority of the population residing in 
Yuba City and Live Oak, and about 25 percent of the population in the rural communities. 
Land use within the County is principally agricultural, with approximately 318,701 acres in 
production (Sutter 2010a). 

The two main population centers in the County are Yuba City, with 67 percent of the 
population, and the City of Live Oak, approximately 10 percent of the population (U.S. 
Census 2010). The remaining County residents live within the small communities of Tierra 
Buena, Meridian, Rio Oso, Trowbridge, Sutter, Pleasant Grove, Nicolaus, East Nicolaus, 
Riego, Robbins, or in the vast rural agricultural areas which make up Sutter County. Future 
major growth areas planned for Sutter County include Sutter Pointe (Measure M). The Sutter 
Pointe Specific Plan details a large-scale development project that is currently on file with 
and being processed by Sutter County. This plan area is located in the southern most portion 
of the County adjacent to the Sacramento County border and a portion of the Placer County 
border. The plan area includes the development of approximately 7,500 acres into mixed use 
and residential properties and has been structured to facilitate future incorporation as an 
independent city (Sutter 2010). 

The main transportation routes connecting the County with the region are Highway 99, which 
runs north-south through the County, California State Route 20, which runs east-west 
through the County and Highway 113, which runs from the south-west portion of the County 
and terminates at Highway 99 (connecting Woodland with the County). 

Land elevations range between 80 and 20 feet above sea level throughout the County with 
the exception of the Sutter Buttes, where elevations are more than 2,100 feet above sea level. 
The lowest land elevations are located towards the southern portion of the County. 

Sutter County has abundant surface water, including the Sacramento, Feather, and Bear 
Rivers, as shown in Figure 5. A number of the water districts in the County (Figure 2) divert 
and transfer surface water. 
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2.2. Water Purveyors and Users 

Water resources in the County are managed by water purveyors and individual water users 
who have “hands on” control of both surface water and groundwater for agricultural, urban, 
environmental, and domestic uses. These water managers represent a complex mix of 
organized water purveyors, non-organized areas, and areas within National Wildlife Refuges. 
A brief discussion of each category is presented below. 

2.2.1. Water Purveyors 

There are 48 water purveyors in Sutter County which provide water service to their 
customers (Figure 2). These water purveyors include water districts, irrigation districts, 
reclamation districts, mutual water companies, public utilities districts, and incorporated 
cities. Additionally, there are many private water users including community service 
districts (CSD’s) and farming interests.  

Six water purveyors provide water service not only in Sutter County, but in the counties 
that share borders with Sutter.  They are: 

• Reclamation District No. 1004 (Colusa County) 

• Biggs-West Gridley Water District (Butte County) 

• Butte Water District (Butte County) 

• Dry Creek Mutual Water Company (Yuba County) 

• South Sutter Water District (Placer County) 

• Natomas Central Mutual Water Company (Sacramento County) 

2.2.2. Non-Organized Areas 

The non-organized areas within the County are not within the boundaries or service area 
of established water purveyors.  

2.2.3. National Wildlife Refuges 

The Sacramento National Wildlife Refuge Complex consists of five national wildlife 
refuges and three wildlife management areas. Portions of Sutter County have been 
dedicated, both through public and private efforts, as wildlife refuges. Exclusively in 
Sutter County, the Sutter National Wildlife Refuge has 2,591 total acres, with the 
majority (83%) located inside the Sutter Bypass. According to U.S. Fish and Wildlife 



 
Sutter County   
Groundwater Management Plan 
 
 

 
March 19, 2012 11 

Service, the refuge “consists of approximately 1,881 acres of seasonal and summer 
wetlands and approximately 674 acres of unmanaged wetlands, grasslands, and riparian 
habitats” (USFW 2009). 

The Natomas Basin Conservancy also owns nearly 1,000 acres of wildlife 
habitat/mitigation lands within the southern portion of the County. 

2.3. Land Use 

The predominant land use within the County is agriculture. The 2008 Sutter County General 
Plan Technical Background Report estimates that 322,240 acres (83%) of Sutter County is 
agricultural land. An estimated 44,581 acres (11%) is designated as open space. The 
remaining 6% of the County is designated as residential, public and vacant, commercial, 
industrial, and transportation and utilities.  As stated above, agriculture dominates land uses 
within Sutter County. Figure 6 shows the distribution of land uses, with regard to crop type 
and water source, for the entire County. It is apparent that permanent crops dominate the 
eastern portion of the County, along the Feather River, while rice and other non-permanent 
crops dominate the central and western portion of the County.   

2.4. Water Use 

The amount of water applied for agricultural production and urban or community use has 
been estimated using information from DWR with respect to unit crop, consumptive use, and 
applied water, with corresponding losses included and accounted for. Water use within cities 
and communities was estimated using limited production data from some water purveyors 
from 2008 to 2010.   

2.4.1. Agricultural Water Use 

Water use during the 2009 growing season was calculated based on the Sutter County 
2009 Crop Report. Estimates of applied water for irrigated agriculture are 1,122,018 AF.  

Sutter County’s agricultural water usage is approximately 60 percent surface water, 20 
percent groundwater, and 20 percent that is irrigated by both surface water and 
groundwater. Figure 6 illustrates the source of water for crops grown in the County. The 
predominant source of water for permanent crops is groundwater.  

2.4.2. Urban/Community Water Use 

Water for urban and community use is from groundwater and surface water. From 
available DWR records, the minimum urban water use was 1,770 AF in 2010 (records for 
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all urban water suppliers was not available).  Yuba City provides mostly surface water 
(15,682 AF in 2008) while smaller communities rely exclusively on groundwater. 
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3. HYDROLOGY AND SURFACE WATER 

3.1. Seasonal and Long-Term Hydrology 

Annual fluctuations in northern California precipitation directly influence the volume of 
water flowing in the Sacramento River. Precipitation and climate data from the Western 
Regional Climate Center (WRCC) suggest the average annual precipitation for the west side 
of the County (Colusa Station) is 16.40 inches per year and on the east side of the County 
(Marysville Station), it is 20.96 inches per year. In Nicolaus, the average annual precipitation 
is 18.27 inches per year. Collectively, average annual precipitation is 18.54 inches per year. 
Snow-fall within Sutter County is rare, measuring on average 0.01 inches per year. 
Precipitation is highly variable throughout the State, from year to year. Precipitation usually 
takes place from October to May and on average no precipitation occurs from June to 
September. The water year, defined as starting on October 1 and ending September 30, is 
classified as one of five water year types: critical, dry, below normal, above normal, or wet2. 
Within the past ten years, only two water years were classified as wet and one year was 
classified above normal. The remaining years were either dry, critical, or below normal. The 
average annual temperature is approximately 62° F, with an average high of 95.7° F in July 
and an average low of 37.4° F in January.   

Precipitation in the Sierra Nevada, Coast Range, Klamath, and Cascade Mountains contribute 
to surface water flow and groundwater recharge in the Sacramento River Basin. The general 
direction of surface water flow is toward the center of the valley, flowing south. Water 
diversions, evaporation, and groundwater recharge reduce flows as the Sacramento River 
approaches the Delta.  

3.2. Surface Water  

Sutter County is located in the Sacramento River Basin, with the Sacramento River on the 
west and the Feather River on the east. The Sacramento River is the largest river in northern 
California and drains the northern central part of California. The watershed for the 
Sacramento River includes tributaries originating in the Sierra Nevada, the Coast Range, and 
the Cascade Mountains. The main tributaries in Sutter County include the Feather River, 
Bear River, Dry Creek, Pleasant Grove Creek, Auburn Ravine, and Coon Creek.   

During periods of heavy precipitation and runoff, a portion of the flow within the Sacramento 
River is diverted through the Sutter Bypass. The Sutter Bypass is a man-made feature in 
Sutter County and was designed to alleviate the flood control system along the Sacramento 

                                                
2 http://cdec.water.ca.gov/cgi-progs/iodir/wsihist 
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River. Aside from the major rivers and tributaries within Sutter County, there are no 
significant surface water storage reservoirs within Sutter County.   

It is important to note that flows in all the major rivers in northern California are managed by 
dams, e.g. the Feather River by Lake Oroville and the Sacramento River by Lake Shasta. The 
reservoirs are managed to provide flood protection while collecting runoff from the 
watershed. Releases from the reservoirs occur from spring through summer to provide 
irrigation water for agriculture as well as to provide drinking water downstream. 

The following discussion provides information on the location, ownership, infrastructure, and 
an overview of the operational practices of the major water bodies that relate to or are within 
Sutter County.   

3.2.1. The Sacramento River 

The Sacramento River is the major surface water feature in Sutter County. Running 
north-south along the western part of the County, the Sacramento River is the main 
drainage for the Sacramento Valley Basin on its way to the Delta and the San Francisco 
Bay. The Sacramento River supports many beneficial uses including recreational, 
agricultural, and wildlife. The river is currently not used for municipal or domestic water 
supplies in the County. There are, however, future plans to utilize the Sacramento River, 
in conjunction with groundwater, to provide municipal water supply to the Measure M 
Sutter Pointe development (Sutter 2011). 

Many tributary streams flow from the mountains on both sides of the valley into the 
Sacramento River. According to a 2005 report by the Glenn County Department of 
Agriculture (GCDA), flows in the Sacramento River near Grimes in Southern Colusa 
County range from 6,500 cfs to 16,900 cfs for the period of record of 1946-2003 (GCDA 
2005). 

3.2.2. The Feather River 

The Feather River is a major tributary of the Sacramento River and outlines a major 
portion of Sutter County’s eastern boundary. The river trends north-south along the 
northern and central portions of the County to the convergence with the Bear River, 
where it changes course and flows southwest through the south-central portion of the 
County until it intersects the Sutter Bypass and the Sacramento River. Like the 
Sacramento River, the Feather River provides beneficial uses including recreation, 
agricultural, and wildlife. Yuba City obtains a large portion of its annual water supplies 
for municipal and domestic use from the Feather River.  
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3.2.3. The Bear River 

The Bear River is a tributary of the Feather River and enters Sutter County from Placer 
County near the City of Wheatland in Yuba County. It forms the boundary between 
Sutter and Yuba Counties up to the convergence with the Feather River. The Bear River 
generally flows west until it converges with the Feather River, approximately one mile 
upstream from the rural community of Nicolaus. Although smaller than the Sacramento 
and Feather Rivers, the Bear River also provides beneficial uses that include recreation, 
agricultural, and wildlife. Discharges within the river are partially controlled by several 
upstream reservoirs. The Camp Far West Reservoir (located in the counties of Yuba, 
Placer and Nevada) is the last downstream reservoir on the river and subsequently 
regulates surface water discharges to downstream users, which has been the source of 
surface water for a very successful conjunctive water use program for the South Sutter 
Water District.   

3.2.4. The Sutter Bypass 

The Sutter Bypass (Bypass) is an artificial flood corridor constructed in the 1930’s. As 
described by the Army Corp of Engineers, “the Sutter Bypass, which began operation in 
the 1930’s, is a leveed portion of the natural floodway in the Sutter Basin. The bypass is 
south of the Sutter Buttes from Colusa to Verona between the Sacramento and Feather 
rivers. Flows enter the Sutter Bypass from the Butte Basin at its upper end near Colusa at 
the Butte Slough. Other flows enter from Wadsworth Canal, interior drainage from 
pumping plants, and the Sacramento River by way of the Tisdale Weir and Bypass. Flows 
exit the Sutter Bypass and combine with the Sacramento River, Feather River, Natomas 
Cross Canal, and Yolo Bypass upstream from the Fremont Weir near the town of 
Verona”(USACE). 

3.3. Seasonal and Long-Term Water Quality 

Under the USGS National Water Quality Assessment (NAWQA) Program, the USGS 
conducted an intensive study of the Sacramento River Basin and collected data between 1995 
and 1998. Through the sampling process, the USGS selected indicator streams that were 
based upon the characterization that “they drain small to intermediate sized watersheds with 
relatively homogeneous land use and geology” (USGS 1998). The Colusa Basin Drain is 
located entirely in the Sacramento Valley and was chosen as an indicator stream to determine 
the impacts of agriculture on stream-water quality (USGS 1998). At the indicator water 
quality station, Colusa Basin Drain at Road 99E near Knights Landing, it was determined 
that pH levels were generally on the higher end, with declining suspended sediment 
concentrations over the two-year sampling period. The higher concentrations of mercury 
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correlate with suspended sediment because much of the load of total mercury is transported 
with the suspended material.   

The findings of the USGS study also indicated that the water of the Sacramento River and its 
major tributaries is generally of good quality. As stated in the U.S. Geological Survey 
Circular 1215: 

“the amount of dissolved solids in the Sacramento River and its major tributaries 
(Yuba, Feather, and American rivers) was low at all of the sampled locations. 
Higher median concentrations of dissolved solids occurred at agricultural sites such 
as the Sacramento Slough and Colusa Basin Drain, but those are diluted upon 
mixing with Sacramento River water. Nutrient concentrations such as nitrate also 
were low throughout the Sacramento River Basin, and drinking-water standards for 
nitrate were not exceeded during the course of this study. The concentrations of 
Molinate and other pesticides (used in rice farming) measured during this study in 
the Colusa Basin Drain or in the Sacramento River, represent a significant 
improvement over concentrations measured in previous years”. 

3.4. Surface Water Supply Contracts 

3.4.1. Settlement Contracts 

USBR currently contracts with approximately 145 water districts, water purveyors, or 
private users for water rights to the Sacramento River. The total amount of water under 
the settlement contracts is approximately 2.2 million acre-feet and cover a total of almost 
440,000 acres of land bordering the Sacramento River and its tributaries between 
Redding and Sacramento. The Settlement Contracts were originally executed in 1964 
with a term not to exceed 40 years. New contracts have been executed with 
approximately 145 existing Sacramento River Settlement Contracts. 

The Settlement Contracts include a Base Supply and Project Water. The Base Supply is 
the amount that reflects the agreed-upon water right of the respective entity. This is 
generally regarded as pre-1914 water rights and also water rights perfected after 1914 and 
reflect water that would be available to the respective entities under “natural” conditions. 
Project Water represents the amount of water the Bureau of Reclamation agrees to 
provide from its Central Valley Project (CVP) yield. Under the provisions of the 
Settlement Contracts both the Base Supply and Project Supply could be reduced by 25 
percent of the total contract amount, but only in certain water year types. 
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3.4.2. Long-Term Renewal Contracts 

In accordance with the CVP Improvement Act (CVPIA), the USBR negotiated long-term 
water service contracts in 2007. According to Section 3404c of the CVPIA, Renewal of 
Existing Long-Term Contracts requires the USBR to renew any existing long-term 
repayment or water service contract for the delivery of water from the CVP for a period 
of 25 years and may renew such contracts for successive periods of up to 25 years each. 
The USBR anticipates that, “as many as 113 CVP water service contracts, located within 
the Central Valley of California, may be renewed during this negotiation process” (USBR 
2007a).   

The long-term renewal contracts, unlike the Settlement Contracts, have no specified 
reduction in delivery; during critically dry or water-short years, the water supply 
available from the Project will be allocated among the contractors.   

Also, the long-term renewal contracts contain a tiered pricing provision. The Base Supply 
is 80 percent of the total contract amount, and Tier 1 and Tier 2 supplies represent 10 
percent each of the remaining contract amount. Each tier has an incrementally higher 
water cost. The Tier 1 and Tier 2 water, which is available in most years, is not used due 
to the incremental higher cost of water. 



 
Sutter County   
Groundwater Management Plan 
 
 

 
March 19, 2012 18 

4. GROUNDWATER 

4.1. Groundwater Basins and Subbasins 

Sutter County is underlain by the Sacramento Valley Groundwater Basin. The Sacramento 
Valley Groundwater Basin covers a vast area and encompasses the alluvial deposits under the 
valley floor from the Sierra Nevada Mountains to the east, the Coast Range mountains to the 
west, the Sacramento-San Joaquin Delta to the south, and the Klamath and Cascade Ranges 
to the north. The Sacramento Valley Groundwater Basin covers over 5,900 square miles and 
10 counties, and has been divided into 18 subbasins. The GMP area is underlain by three 
groundwater subbasins (Figure 1) as defined by the California Department of Water 
Resources (DWR) in “California’s Groundwater, Bulletin 118 – Update 2003”. These 
subbasins are: the East Butte Subbasin, the Sutter Subbasin, and the North American 
Subbasin. According to DWR, 

“A groundwater basin is defined as an alluvial aquifer or a stacked series of alluvial aquifers 
with reasonably well-defined […] features that significantly impede groundwater flow such 
as rock or sediments with very low permeability or a geologic structure such as a fault.  […] 

“A subbasin is created by dividing a groundwater basin into smaller units using geologic and 
hydrologic barriers or, more commonly, institutional boundaries […]. These subbasins are 
created for the purpose of collecting and analyzing data, managing water resources, and 
managing adjudicated basins.” 

4.2. Hydrogeology 

4.2.1. Overview of Groundwater and Geology 

Groundwater is water that is underground and below the water table (saturated zone), as 
opposed to surface water, which flows across the ground surface. There are three main 
types of subsurface geology where groundwater can exist: 

• Hard Rock – Groundwater can be present in cracks or fractures in the rocks. 

• Underground Caverns – Groundwater can fill these underground voids. 

• Porous Sediments – Groundwater can fill the pore spaces between grains of sand 
and gravel. 

In Sutter County, groundwater exists in porous sediments, alluvial aquifers, or fractured 
volcanic rock such as in the vicinity of the Sutter Buttes. Figure 7 shows a simplified 
surface geologic map with the major faults in the County. Sutter County is situated along 
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the axial portion of the Sacramento Valley Groundwater Basin. The subsurface aquifers 
consist generally of layers of gravel, sand, clay, and in some cases volcanic ash. The 
characteristics of different aquifers, and zones within each aquifer, are related to the 
aquifer materials (sands, gravels, clays, etc.). Within a single aquifer zone, nearby wells 
with similar construction can have very similar well yields and water quality. It should be 
noted that many of the geologic formations that make up the alluvial aquifers are 
continuous units that are also present in other counties as discussed. 

In the northern portion of Sutter County, the geologic setting changes rapidly from the 
stratigraphic succession observed in the rest of the County. A thick sequence of 
volcaniclastic sediments derived from the Sutter Buttes volcanic epoch form a volcanic 
fan apron of alluvial deposits around its perimeter. These deposits have been 
characterized recently by DWR as consisting largely of gravel, sand, silt, and clay. These 
deposits are observed at ground surface around the Buttes, and may extend up to a 15 
mile radius in the subsurface (Springhorn 2008). Sediments deposited under marine 
sedimentary processes are also observed at ground surface and at shallow depths in the 
subsurface around the Buttes. These deposits were elevated from depth to their current 
position during the emplacement of the volcanic intrusion which formed the Sutter 
Buttes. Water quality in these sediments is generally poor and deteriorates with depth. 

There is a large amount of hydrogeologic data available in the Sacramento Valley which 
has been widely studied, and groundwater is continuous within specific aquifer zones 
(although discontinuous between different aquifer zones) over large areas within the 
Sacramento Valley.  

4.2.2. Status of Understanding of Regional and Local Geology 

The geology of the Sacramento Valley has been studied for at least 95 years, and much 
has been learned over this time. However, there are still many areas of active study and 
debate. In Sutter County, areas that are not well-understood and/or are actively being 
studied include: 

• The connection between the Coast Range-sourced Tehama Formation and the 
analogous Sierra Nevada-sourced deposits, and where this interaction occurs. 

• The possible existence of subsurface barriers to groundwater flow within the 
County. 

• The source of poor water quality in parts of the County. 
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4.2.3. Regional Geology and Structure 

The Sacramento Valley Groundwater Basin is a north-south trending structural trough 
which is filled with layers of sediments. The stratigraphic succession of the basin 
deposits, from oldest to youngest (deep to shallow), depict a regional change in 
depositional environment from one dominated by marine sedimentary processes to that of 
continental (alluvial) processes. The deepest portions of the basin generally consist of 
marine sedimentary rocks, ranging in age from Late Jurassic to early Miocene (160 
million years ago to 24 million years ago). These marine deposits are overlain by younger 
alluvial and locally prominent volcanic rocks of early Miocene to Holocene age 
(Harwood and Helley 1987). Within the Basin, these deposits are disrupted by 
deformational stresses derived from east-west compressional forces associated with 
regional uplift along the western margin of the valley and extensional forces to the east, 
within the Basin and Range Provenance (Harwood and Helley 1987). Over time, these 
forces have applied great stresses and strain on valley deposits, creating complex and 
diversely-oriented fold and fault structures. 

The prominent fault system that occurs in Sutter County is the Willows Fault. The 
Willows Fault is an active northwest-trending fault that dips steeply to the east and shows 
reverse displacement, meaning the ground east of the fault has moved up relative to the 
west side. The Willows Fault enters into the County from Colusa County southwest of 
the Sutter Buttes and extends to the southeast portion of the County towards Sacramento.  

The most prominent and recognizable geologic feature in Sutter County are the Sutter 
Buttes. The Sutter Buttes are composed of late Cenozoic volcanic rocks that rise over 
2,000 feet above the Sacramento Valley floor. The Sutter Buttes formed between 2.4 and 
1.4 million years ago as magma at depth was injected into the overlying Cretaceous and 
Tertiary rocks, causing deformation in the form of faulting, folding, and uparching 
(Harwood and Helley 1987). 

4.2.4. Regional Stratigraphy 

The prominent non-marine, fresh water-bearing stratigraphic units found within the East 
Butte, Sutter, and North American Subbasins include (from youngest to oldest): 

• Recent Alluvial Deposits (stream channel, basin, and flood plain); 

• the Modesto Formation; 

• the Riverbank Formation; 
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• the Sutter Buttes Rampart; 

• the Victor Formation; 

• the contiguous Laguna, Tuscan, and the Tehama Formations; 

• the Mehrten Formation; and 

• the informally named Sutter Formation (Springhorn 2008). 

Except for the Sutter Formation, the stratigraphic descriptions presented herein are based 
upon the California Department of Water Resources “Bulletin 118 – California’s 
Groundwater” and are shown in the geologic cross-sections (Figure 8). The location of 
the cross-section is shown in Figure 7. 

Locally, the stratigraphic succession observed in each subbasin differs slightly; therefore, 
each subbasin and its associated geologic setting are described separately with regard to 
their relative positions and occurrences in the specific subbasin. 

4.2.4.1. East Butte Subbasin (Basin Number 5-21.59) 

The northern section of Sutter County is underlain by the East Butte Subbasin. The 
East Butte Subbasin is bounded by the Sutter Buttes to the south, Butte Creek to the 
west and northwest, the Cascade Mountain range to the northeast, and the Feather 
River to the southeast. The East Butte Subbasin aquifer system consists of late 
Tertiary to Quaternary aged deposits comprised of Sierra and Cascade sourced 
material, and in the southern portion of the subbasin around the Sutter Buttes, by 
volcanic and volcaniclastic rocks. The geologic formations that comprise the East 
Butte Subbasin are (from youngest to oldest): 

• Recent Alluvial Deposits; 

• the Pleistocene aged Modesto and Riverbank Formations; 

• the Sutter Buttes Rampart; and 

• the Tertiary aged Laguna and Tuscan Formations. 

 

 

 



 
Sutter County   
Groundwater Management Plan 
 
 

 
March 19, 2012 22 

Recent Alluvial Deposits 

Stream channel deposits are Holocene in age and were deposited between 11,000 
years ago and present day. The stream channel deposits occur along the current and 
ancestral paths of streams and rivers in Sutter County. Where present, the stream 
channel deposits extend from ground surface up to a depth of 80 feet below ground 
surface (Helley and Harwood 1985). The stream channel deposits consist of 
unconsolidated gravels, sand, silt, and clay, derived from the erosion and reworking 
of the Modesto and Riverbank Formations (described below). This unit is moderately 
to highly permeable, but because of its shallow depth and limited thickness, it 
possesses limited water-bearing capacity. 

Basin deposits are Holocene in age and, like the stream channel deposits, were 
deposited between 11,000 years ago and present day. Basin deposits occur where 
sediment-laden floodwaters breached natural stream and river levees and spread 
across lower-lying topography. Where present, the basin deposits extend from ground 
surface up to a depth of 150 feet. The basin deposits consist mainly of silt and clay. 
These units have low permeability and generally yield small quantities of water to 
wells. 

The Modesto Formation 

The Modesto Formation is Pleistocene in age and is a stream terrace deposit that was 
deposited between 12,000 to 50,000 years ago (Helley and Harwood, 1985). Within 
this subbasin, the Modesto Formation consists of poorly indurated gravel and cobbles, 
sand, and clay and is derived from the reworking and deposition of the Riverbank 
Formation, Laguna Formation, and Tuscan Formation (DWR 2004). The Modesto 
Formation was likely deposited by the same stream and river systems that flow today, 
because it generally borders existing channels (Blake et. al. 1999). This formation 
may extend across the entire subbasin and where present, may range in thicknesses 
from 50 to 150 feet (DWR 2000). The sediments of the Modesto Formation are 
moderately to highly permeable and can yield moderate quantities of water to wells. 

The Riverbank Formation 

The Riverbank Formation is Pleistocene in age and was deposited between 120,000 
and 500,000 years ago (Helley and Harwood, 1985). The Riverbank Formation 
consists of gravel and small cobbles, and is interbedded with reddish-clay, sand and 
silt. Like the Modesto Formation, the Riverbank Formation is a stream terrace 
deposit. However, the Riverbank Formation is older than the Modesto Formation. The 
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Riverbank Formation may extend across the entire subbasin, underlying the Modesto 
Formation, with thicknesses ranging from 50 to 200 feet. The Riverbank Formation is 
poorly to highly permeable and can yield moderate quantities of water to wells. 

Sutter Buttes Rampart  

The Sutter Buttes Rampart was deposited during the Middle to Lower Pleistocene 
period and is encountered in the southern portion of the subbasin. This unit is up to 
600 feet thick in the subsurface (DWR 2000). In several studies (William and Curtis 
1977, Springhorn 2008) the Sutter Buttes Rampart has been separated into two 
distinct units: the Rhyolitic Rampart and the Andesitic Rampart. The Andesitic 
Rampart phase of volcanism was much larger than the Rhyolitic phase. All the large 
peaks of the Sutter Buttes are andesitic domes and comprise the majority of the 
Rampart on the surface and the subsurface. The Sutter Buttes Rampart consists 
largely of gravel, sand, silt, and clay sediments which were deposited 
circumferentially around the Buttes as a geologic apron. These sediments may extend 
up to 15 miles north of the Sutter Buttes and west beyond the Sacramento River. 
Certain zones within these units yield large quantities of water (DWR 2004). 

Laguna Formation 

The Laguna Formation is Plio-Pleistocene in age and was deposited between 4 
million and 2 million years ago. The Laguna Formation is comprised of Sierra 
Nevada sourced sediments, consisting of consolidated alluvial gravel, sand, and silt, 
comprised of granitic, metamorphic, and volcanic material. Estimates of the thickness 
of the Laguna Formation range from 180 feet (Helley and Harwood 1985) to 1,000 
feet (Olmstead and Davis 1961). The Laguna Formation is characterized as being 
moderately consolidated and poorly to moderately cemented. Because of this, the 
permeability of formation is generally low to moderate. Wells completed in this 
formation have been observed to yield only moderate quantities of water (DWR 
2003). 

Tuscan Formation 

The Tuscan Formation has been the subject of much interest in recent years. The 
Tuscan Formation is a regional aquifer system wholly or in parts of Tehama, Butte, 
Glenn, Colusa, and Sutter County. Within Sutter County, there has been limited 
analysis done on the subsurface extent of the Tuscan Formation. It is likely that the 
Tuscan Formation is only present in the northern portion of the County and 
consequently is not a major water resource for the County. 
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The Tuscan Formation is Plio-Pleistocene in age and was deposited between 4 million 
and 2 million years ago. The Tuscan Formation was derived by alluvial deposition 
associated with the erosion of volcanic material derived from Cascade volcanism. The 
formation outcrops from Red Bluff, in the northern part of the Sacramento Valley, to 
Oroville, southeast of Chico, and has been recognized in the subsurface at a distance 
of about 15 miles west of the Sacramento River (DWR 2003a). The deposits of the 
Tuscan Formation thin from east to west, from about 1,600 feet thick in the foothills 
of the Sierra Nevada to about 300 feet thick in the subsurface of the Sacramento 
Valley (Lydon 1969). In surface outcrops, the exposures of the Tuscan Formation are 
described as four separate, but lithologically similar units: Units A through D (Helley 
and Harwood 1985). Units A, B, and C are found within the subsurface in the 
northern part of the subbasin and units A and B are found in the southern part of the 
subbasin (DWR 2004). All of the units of the Tuscan Formation contain stratigraphic 
sequences of volcanic mudflows, volcanic conglomerates, volcanic sandstones, 
siltstones, and tuff deposits. In the subsurface, the Tuscan Formation consists largely 
of black volcanic sand and gravel, with interbedded layers of tuff breccias and 
tuffaceous clays (Ferriz, H. 2001). Unit A is the oldest (deepest) water-bearing unit 
and is distinguished from Units B and C by the presence of metamorphic clasts. Unit 
B contains equal distributions of volcanic mudflows, conglomerates, and tuffaceous 
sandstones. Units A and B are referred to as the “Lower Tuscan Formation”. Unit C is 
capped by massive volcanic mudflows with some interbedded conglomerates and 
sandstones. In the subsurface, the volcanic mudflows of Unit C act as a confining 
layer to groundwater flow, separating the more permeable deposits of the Lower 
Tuscan Formation (Helley and Harwood 1985). 

4.2.4.2. Sutter Subbasin (Basin Number 5-21.62) 

The Sutter Subbasin underlies the central portion of Sutter County and is wholly 
within the boundaries of the County. The subbasin is bound by the confluence of 
Butte Creek with the Sacramento River and the Sutter Buttes to the north, by the 
Feather River to the east, by the confluence of the Sutter Bypass and Sacramento 
River to the south, and by the Sacramento River to the west. The Sutter Subbasin 
aquifer system consists of late Tertiary to Quaternary aged deposits comprised of 
Sierra-sourced (Sierra Nevada) detritus and volcanic and clastic rocks in the northern 
portion of the subbasin around the Sutter Buttes. The identified geologic formations 
that comprise the Sutter Subbasin are (from youngest to oldest): 
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• Recent Alluvial Deposits;  

• the Pleistocene aged Sutter Buttes Rampart and Victor Formation; 

• the Pliocene Laguna Formation; and 

• the informally named Sutter Formation. 

Recent Alluvial Deposits 

The Holocene aged stream channel and flood plain deposits occur along the current 
and ancestral paths of streams and rivers in Sutter County. The stream channel and 
flood plain deposits consist of unconsolidated gravel, sand, silt, and clay. Both 
thickness and grain size decrease as the distance increases from their source. Where 
present, the stream channel and flood plain deposits extend from ground surface to an 
estimated depth of 100 feet (Helley and Harwood 1985). These units are highly 
permeable and provide for large amounts of groundwater recharge within the 
subbasin. This unit is highly permeable, and yields significant quantities of water to 
wells (DWR 2000). 

Sutter Buttes Rampart 

The Sutter Buttes Rampart is Middle to Lower Pleistocene aged alluvial deposit that 
is encountered in the northern portion of the subbasin. This unit can be up to 600 feet 
thick in the subsurface (DWR 2000). In several studies (William and Curtis 1977, 
Springhorn 2008), the Sutter Buttes Rampart has been separated into two distinct 
units: The Sutter Buttes Rhyolitic Rampart and the Sutter Buttes Andesitic Rampart. 
The deposition and composition of Rhyolitic Rampart reflects the initial stages of 
volcanism and deposition around the Sutter Buttes, while the Andesitic Rampart 
reflects the later stages. These fan deposits form an apron around the Buttes and 
consist largely of gravel, sand, silt, and clay, and may extend up to 15 miles north of 
the Sutter Buttes and west beyond the Sacramento River. Certain zones within these 
units yield large quantities of water (DWR 2004). 

Victor Formation 

The Pleistocene aged Victor Formation is comprised of alluvial fan deposits 
composed of Sierra-sourced loosely consolidated gravel, sand, and silt. The Victor 
Formation has an estimated thickness of 100 feet (DWR 2004). This unit is observed 
to have an impermeable surface due to the presence of hardpan and clay pan soils 
(DWR 2003). At its base, the Victor Formation has been observed to have moderate 
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permeability and provides most of the groundwater for domestic and shallow 
irrigation wells in Sutter County (DWR 2003). Wells completed in this unit have been 
reported to have yields as high as 1,000 gpm. 

Laguna Formation 

The Laguna Formation is comprised of Sierra sourced, consolidated alluvial gravel, 
sand, and silt, which consist of granitic, metamorphic, and volcanic material. 
Estimates of the formations thickness range from 180 feet (Helley and Harwood 
1985) to 1,000 feet (Olmstead and Davis 1961). The Laguna Formation is 
characterized as being moderately consolidated and being poorly-to-moderately 
cemented, because of this, the formation generally has a low to moderate 
permeability. Wells completed in this formation have been observed to yield only 
moderate quantities of water (DWR 2003).  

Sutter Formation 

The Mio-Pliocene aged Sutter Formation is an informally named stratigraphic unit 
that underlies the area around the Sutter Buttes and the central portion of Sutter 
County. The extent of the deposits have been characterized on a local to sub-regional 
scale and have been generally classified as volcanic and epiclastic3 sediments derived 
from volcanic sources located to the east in the Sierra Nevada, western Nevada, and 
the southern Cascade Volcanic Province (Springhorn 2008). Due to the complexity of 
identifying distinguishable characteristics within these deposits, informal and formal 
stratigraphic units within this region have been grouped together. Some of the major 
regional stratigraphic units that have been included in the Sutter Formation (from 
youngest to oldest) are the Tuscan, Mehrten, and Princeton Valley fill deposits. 

4.2.4.3. North American Subbasin (Basin Number 5-21.65) 

A portion of the North American Subbasin underlies the southeastern section of 
Sutter County. The North American subbasin is bound by the Bear River to the north, 
the Feather River to the west, the Sacramento River to the south, and in the east by a 
north-south trending line that represents the approximate edge of the alluvial basin 
(DWR 2004). The North American Subbasin is dominated by late Tertiary to 
Quaternary aged deposits consisting of Sierra-sourced volcanic sediments and alluvial 
derived sediments. The identified geologic formations that comprise the North 
American Subbasin are (from youngest to oldest): 

                                                
3 Consisting of fragments of preexisting rocks 
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• Recent Alluvial Deposits; 

• Older alluvial deposits (the Pleistocene aged Modesto, Riverbank, Victor, and 
Laguna Formations); and 

• the Mio-Pliocene aged Mehrten Formation. 

Recent Alluvial Deposits 

Stream channel deposits are Holocene in age and were deposited between 11,000 
years ago and present day.  The stream channel deposits occur along the current and 
ancestral paths of streams and rivers in Sutter County. The stream channel deposits 
consist of unconsolidated gravels, sand, silt, and clay, derived from active stream 
deposition, overbank sedimentation, and the erosion and deposition of existing 
Quaternary stream terrace deposits such as the Modesto and Riverbank Formations. 
Where present, the stream channel deposits extend from ground surface to a depth of 
100 feet (Helley and Harwood 1985). This unit is highly permeable, and yields 
significant quantities of water to wells (DWR 2000). 

The flood plain deposits consist primarily of silt and clay size sediments, with 
intermittent lenses of stream channel deposits. These deposits are generally observed 
along the flanks of existing and ancestral stream and river systems. These deposits 
have an estimated thickness up to 100 feet. Being that this unit is primarily comprised 
of finer-grained material, permeability is generally poor and generally yields low 
quantities of water.  Brackish water is commonly encountered within this unit (DWR 
2000). 

Older Alluvial Deposits 

Within this subbasin, a number of geologic formations have been assigned to the 
category “older alluvium” including: the Modesto, Riverbank, Victor, and Laguna 
Formations (DWR 2004). These deposits generally underlie the Recent Alluvial 
Deposits and consist of loosely to moderately compacted gravel, sand, silt, and clay 
size sediments that were derived and deposited under alluvial conditions. The 
thickness of these units ranges from approximately 100 to 650 feet (DWR 2004). 

Mehrten Formation 

The Mehrten Formation is Mio-Pliocene in age and consists of a sequence of 
volcaniclastic and volcanic rocks. In the subsurface, the Mehrten Formation ranges in 
thickness from 200 feet to 1,000 feet along the axis of the Sacramento Valley (DWR 
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2003). The Mehrten Formation is comprised of two distinct geologic units. The first 
unit consists of sediments deposited under alluvial and fluvial conditions and are 
comprised of gravel, sand, silt, and clay size sediments. This unit is highly permeable 
and wells constructed within this unit have been observed to produce yields 
exceeding 1,000 gpm (DWR 2003). The second unit consists of dense volcanic flows 
of tuff breccias with some interbedded conglomerates and sandstones. This unit acts 
as a confining layer between sand intervals and has a thickness that ranges from 200 
to 1,200 feet in the subsurface (DWR 2003). 

4.2.5. Areas Outside a Designated Groundwater Basin 

The only part of the County that is not within a designated groundwater basin is the area 
consisting of the Sutter Buttes. Groundwater is likely found in the subsurface in fractures 
of the volcanic rock; however, historic groundwater levels and water quality were not 
reviewed in the preparation of this GMP.  There are no local entities, aside from private 
domestic water users, that utilize groundwater resources in this area. 

4.3. Groundwater Levels 

DWR does not currently consider any of the groundwater subbasins underlying the County to 
be in overdraft. Overdraft is characterized by a declining trend in groundwater levels over 
multiple years without recovery during recharge events. Historic groundwater level data were 
reviewed for each of the subbasins within the County. DWR maintains a publicly available 
on-line database, which includes groundwater level data for the County. The DWR Water 
Data Library (WDL) website can be found at http://www.wdl.water.ca.gov. Wells monitored 
by DWR and cooperating agencies are identified by the State Well Number (SWN). Data can 
be obtained for specific wells by means of a map interface, by groundwater basin, or by the 
assigned SWN.   

A 79-year period of record for water level measurements in Sutter County depicts a 
groundwater system that has experienced changing conditions over time. A number of DWR 
monitored wells were selected throughout the County to represent these changes. The 
locations of these wells, along with their associated hydrographs illustrating the historic 
groundwater levels, are shown in Figure 9. Groundwater level data from well 10N/4E-12A1, 
a 290-foot-deep well located in the southeast portion of Sutter County, and well 13N/3E-
32N1, a shallow (less than 100 feet deep) well located in the southern portion of the County 
show the groundwater levels typical of different areas of the County. Groundwater levels in 
well 10N/4E-12A1 are characteristic of areas of high groundwater use and differing water 
conditions. Water levels fluctuate, sometimes dramatically, in response to changes in 
groundwater use and hydrologic conditions. This well is located in an area where agricultural 
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demands are supplied entirely with groundwater. The Sacramento County Department of 
Water Resources website includes published groundwater elevation maps and indicates that 
this well is in close proximity to a large pumping depression in northern Sacramento County. 
Groundwater levels in well 13N/3E-32N1 are characteristic of areas with lower groundwater 
use and more stable water conditions, and as such, water levels have not exhibited significant 
fluctuations over times. This well is located in an area where agricultural demands have been 
met almost entirely with surface water and groundwater demands have consequently been 
small. 

Groundwater levels in well 10N/4E-12A1 have varied from 20 to 80 feet below ground 
surface over time. The combination of high groundwater use, the close proximity to a 
pumping depression, and changing climatic conditions has led to significant declines in 
groundwater levels from the early 1950’ through the late 1970’s. In the middle to late 1970’s, 
drought conditions increased the rate of decline of groundwater levels on an even larger 
scale. In the mid 1980’s and early 1990’s, private and municipal water agencies in a 
collaborative effort started to implement conjunctive water use programs. With the 
availability of surface water, and the decrease in groundwater pumpage, groundwater levels 
have been steadily recovering from the early 1980’s through present. Groundwater levels in 
this well are currently about 35 to 40 feet higher than they were in the late 1970’s.  

Groundwater measurements in well 13N/3E-32N1 shows very stable groundwater levels 
since measurements began in 1942. Groundwater levels have remained virtually unchanged, 
with water levels within 5 to 6 feet of ground surface and seasonal fluctuations of less than 
10 feet. 

The direction of groundwater flow during the fall season within the County has not changed 
significantly from 1912-1913 (Bryan 1923) to 2007; with the exception of the southeastern 
portion of the County. Contours of equal groundwater levels from fall 1912-1913 and fall 
2007 were compared to identify changes over the 95 year period. Figure 10 depicts changes 
in groundwater levels over the aforementioned period. In most areas within the County, 
groundwater levels were not dramatically different in 2007 than they were in 1912-1913. In 
the central portion of the County, an increase in groundwater levels is observed in the data, 
which may be likely due to applied surface water for irrigation. In the southeastern portion of 
the County, a significant decline in groundwater levels is observed, which can be related to 
the high usage of ground water for irrigation of crops, and the influence of the large pumping 
depression in the northern portion of Sacramento County.  

Fall and spring contour maps of equal groundwater elevation for 2007, 2008, 2009, and 
spring 2010 were reviewed (Figures 11 through 17) to determine groundwater gradient and 
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flow direction. The fall 2009 and spring 2009 groundwater contours generally follow the 
topography of the County and indicate that groundwater flows from the Sierra Nevada 
toward the Sacramento Valley (east to west), and north to south within the Valley. The fall 
2007 contour map of equal groundwater elevations indicates a few locations where small 
pumping depressions are present, but in general, suggests the same direction of groundwater 
flow as seen in the spring 2007 groundwater contour map. Differences in groundwater levels 
between fall and spring appear to be a result of normal fluctuations in groundwater 
conditions from seasonal pumping and from wet and dry climatic cycles. 

Data from the nested monitoring well at the extensometer site in the southern portion of the 
County indicates that, for the 14 years of available data, the spring groundwater levels in the 
monitored aquifer zones have been very similar, within a few feet of one another; except for 
the deepest completion where groundwater levels are approximately 10 feet lower than the 
shallower completions. 

4.4. Groundwater Quality 

The quality of groundwater is a product of the material through which it flows, or that flows 
into it. Local variations in the quality of the County’s groundwater can limit its use for either 
potable water supply and/or agricultural applications. Groundwater contamination is a result 
of naturally occurring, point source contamination, and/or regional contamination. Naturally 
occurring contaminants of concern include dissolved salts [as measured by the specific 
conductance or electrical conductance (EC)], boron, nitrate, manganese, arsenic, and 
mercury. Point source contamination typically involves solvent releases originating mostly 
from gas stations and dry cleaners. Regional sources of contamination include applied 
fertilizers, salts, and leaky septic systems (nitrate and salt loading). 

Historic and current water quality data (collected by the DWR, USGS, and local water 
purveyors) for wells located within the County were analyzed to characterize spatial and 
depth dependent water quality trends within the County’s groundwater subbasins. The data 
was separated by well depth into the following three categories: less than 150 feet deep, 150 
to 400 feet deep and more than 400 feet deep, as shown in Figures 18 through 23. The 
categories were chosen based on the occurrence at which certain stratigraphic units are 
observed in the subsurface in Sutter County.   

4.4.1. Specific Conductance 

Specific conductance was selected as an indicator of overall water quality. Specific 
conductance is a property of groundwater that is relatively simple to collect in the field at the 
well head and can help identify and characterize the condition of the non-marine fresh water 
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bearing aquifer system. Specific conductance is a measure of how effectively water will 
conduct electricity and is reported in micro Siemens (µS/cm) per centimeter and provides for 
the indirect measurement of the amount of dissolved solids (salts) in the groundwater. Lower 
specific conductance generally indicates better water quality (fresh water) while higher 
specific conductance generally indicates poorer water quality (brackish to saline water).  

Applied irrigation and fertilizers can add salts to the water that percolate into the 
hydrogeologic system, increasing the specific conductance of the groundwater. Increased 
specific conductance values of the groundwater can also be attributed to naturally occurring 
brackish or saline water, such as geologic formations (aquifers) which are, or have been in 
the past, directly connected to a salt water body or where geologic formations were deposited 
under marine (salt water) conditions and which have inherently high dissolved salt 
concentrations. As shown in Figures 18 and 19, specific conductance values within the 
County are generally acceptable for agricultural and domestic use east of Highway 99 and in 
the northern half of the County.  Elevated values for specific conductance are near to and/or 
exceed the recommended maximum contaminant level (MCL)4 for domestic use in the 
shallow aquifers near the Sacramento River and in the aquifers below 900 feet. The elevated 
specific conductance could potentially be problematic for agricultural use. It is unclear why 
there is elevated specific conductance in this area.   

4.4.2. Boron 

Boron is a naturally occurring element. As shown in Figure 20, boron concentrations in the 
County are generally acceptable. Some deeper wells, which likely encounter more marine 
sediments, do contain elevated boron concentrations. Boron is a necessary element for 
agriculture, but may become toxic to crops above 500 micrograms per liter (µg/L). For public 
drinking water systems, the California Department of Public Health (CDPH) has established 
a notification level of 1,000 µg/L for boron. Increased concentrations of boron are observed 
in wells greater than 400 feet as well as in the southwestern portion of the County. 

4.4.3. Nitrate 

Nitrate is a contaminant which does not naturally occur in the subsurface. Elevated 
concentrations of nitrate are widespread in the Sacramento Valley. As shown in Figure 21, 
concentrations of nitrate in the populated areas of Sutter County are near or above the MCL 
for nitrate (as NO3). The CDPH has established a primary MCL of 45 milligrams per liter 
(mg/L) for nitrate (as NO3). Near the Sutter Buttes and Yuba City, nitrate concentrations in 
several wells (less than 150 feet) exceed the MCL. Where present, elevated concentrations of 

                                                
4 Recommended CDPH MCL for Specific Conductance is 900 µS/cm; upper limit is 1,600 µS/cm; short term is 
2,200 µS/cm 
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nitrate are likely a result of overlying land uses, such as septic systems, animal enclosures, or 
applied fertilizers. 

4.4.4. Manganese 

Manganese is a naturally occurring element found in rocks and minerals. Its presence in 
groundwater is a result of the dissolution of the naturally occurring element in sediments 
containing minerals composed of manganese. As illustrated in Figure 22, manganese 
concentrations are elevated in all portions of the County, at levels that may cause aesthetic 
problems (odor or staining) for domestic and municipal uses, but generally below levels that 
could represent a health risk. There are, however, a few locations where manganese 
concentrations are near or exceed the CDPH established Notification Level of 50 µg/L, and 
may pose a health risk. 

4.4.5. Arsenic 

Arsenic is a naturally occurring element commonly found in alluvial sediments. Its presence 
in groundwater is a result of the dissolution of the element in sediments containing minerals 
containing arsenic. The CDPH has established a primary MCL of 10 µg/L for arsenic. As 
illustrated in Figures 19 and 23, arsenic concentrations are near to or above the CDPH MCL 
throughout the County in each of the aquifer zones assessed; conversely, concentrations of 
arsenic below the CDPH MCL are also present throughout the County in each of the aquifer 
zones assessed. Countywide, arsenic concentrations do not appear to be isolated to any one 
specific aquifer zone in the subsurface. However, recent data analysis suggests a possible 
correlation between elevated arsenic concentrations and the presence of volcaniclastic 
material of the Sutter Buttes Rampart formation. Concentrations of arsenic in the 
stratigraphic units that occur above and below the Rampart are generally less than 10 µg/L, 
whereas concentrations of arsenic within the Rampart material are between 10 to 370 µg/L 
(Springhorn, 2008). Concentrations of arsenic tend to be under the CDPH MCL southeast of 
Highway 99 and in the shallow aquifers. 

4.4.6. Mercury 

Historic gold mining processes and operations introduced toxic mercury into the surface 
water system throughout Northern California in the late 1800’s. Due to the proximity of these 
operations to Sutter County, the PAG requested an assessment of the concentrations of 
mercury in the groundwater. A limited number of wells have been sampled within Sutter 
County for mercury, and as such, concentrations of mercury in the groundwater within Sutter 
County can not be well characterized. The few wells that have been sampled for mercury 
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indicate that mercury concentrations were low. In most cases, the concentrations were below 
the analytical detection limit (not detectable by the laboratory method used at the time). 

4.5. Land Subsidence 

Land subsidence is the gradual or sudden lowering of the land surface due to compaction of 
the underlying sediments. Two types of land subsidence are observed within alluvial 
sediments: inelastic and elastic. Inelastic land subsidence is a result of the compression of 
geologic formations and is irreversible. Inelastic land subsidence can be caused by excessive 
extractions of groundwater, oil, or natural gas. In discussing land subsidence, it is important 
to note that elastic (reversible) land subsidence is a normal occurrence, whereas inelastic land 
subsidence has associated negative impacts. 

Although there are several causes of inelastic land subsidence, the compression of clay as a 
result of groundwater extraction is considered the most likely cause of subsidence north of 
the Sacramento-San Joaquin Delta (Page 1998). Once water is removed (mined) from 
compressible clay, the clay compresses and cannot accept water again, thus resulting in the 
permanent lowering of the overlying land surface (inelastic land subsidence). Clay 
compression has occurred in several locations in California, including the San Joaquin 
Valley. Compressible clay, such as the Corcoran Clay member of the Tulare Lake Formation, 
has been mapped over much of the western side of the San Joaquin Valley and can be over 
130 feet thick. The subsidence documented in the San Joaquin Valley extends over a very 
large area, with over 30 feet of subsidence recorded in some areas. 

North of the Sacramento-San Joaquin Delta in the Sacramento Valley, inelastic land 
subsidence, which has been directly related to clay compression as a result of groundwater 
extraction, has occurred in portions of Solano, Yolo, and Colusa Counties (Page 1998). 
Recorded land subsidence of more than two feet, and possibly as much as five feet, has 
occurred in this area. Subsidence in the Sacramento Valley appears to extend from Davis to 
Arbuckle. The area of subsidence appears to follow a local geologic feature known as the 
Zamora Syncline. A syncline is a structural fold that is formed by compressional forces 
which cause the sedimentary layers to have a concave, or a bowl-like geometry. Lakebeds are 
often associated with structural lows such as synclines. Lakebed deposits typically consist of 
fine-grained, clayey sediments, which settle out to the bottom of standing bodies of water and 
of which can include large volumes of freshwater diatoms5. Along with sediments, the 
microscopic diatoms settle and collect on the bottom of a lakebed. In Yolo County, 
diatomaceous (diatom rich) clay sediments have been identified within the geologic 
formations of Zamora Syncline. These diatomaceous clay sediments were identified to be 

                                                
5 Diatoms are unicellular aquatic algae, typically 20 to 200 microns (Prothero, 1998) 
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highly compressible (Page 1998). Although diatomaceous clay has been identified in 
numerous boreholes drilled in Sutter County, there have not been any recorded land 
subsidence issues. 

Elastic land subsidence is observed to be cyclical and does not result in permanent 
compaction of subsurface materials. One example of elastic land subsidence is seasonal 
fluctuations in ground surface elevations that coincide with fluctuations in groundwater 
levels (and associated aquifer pressure). In elastic land subsidence, the subsurface pressures 
acting on the aquifer do not decrease enough so that subsurface materials permanently 
compact. 

The DWR, in cooperation with federal, state and local agencies, installed and surveyed 
Global Positioning System (GPS) monuments to be able to measure and monitor ground 
surface elevations over time in the Sacramento Valley. The project, titled “The Sacramento 
Height-Modernization Project”, consists of 339 monuments, spaced approximately 7 
kilometers apart, in 10 counties. There are 32 monuments located in Sutter County. The GPS 
monuments will augment the existing network of extensometers which DWR currently 
monitors for land subsidence. In total, there are 13 extensometers located in Glenn, Colusa, 
Butte, Yolo, and Sutter Counties. The land subsidence monitoring network is shown in 
Figure 24. Only one of these extensometers, State Well Number 11N/4E-04, is located within 
Sutter County. It is located in the south-central part of the County along Highway 99, and 
extends to a depth of 1,003 feet, extending over a large portion of the fresh-water formations. 
The extensometer is installed in a dedicated monitoring well and is designed to measure any 
change in distance between the bottom of the well and the ground surface. DWR reports the 
accuracy of the extensometer to be ±0.001 feet. The extensometer provides for ongoing, real-
time data collection, of land surface elevation changes. The Sutter County extensometer has 
been recording data since early 1994. In the 14 years since it began recording, the 
extensometer in Sutter County has recorded seasonal (cyclic) elastic land subsidence of 
approximately 0.03 feet (approximately one-third inch). There has been no indication over 
the period of record that any inelastic subsidence has occurred. 

4.6. Groundwater-Surface Water Interaction 

Several clustered monitoring wells located throughout the county adjacent are used to 
monitor changes in surface flow or quality that directly affect the groundwater system (levels 
or quality), and/or to monitor changes in surface flow or quality that are caused by 
groundwater pumping.  These monitoring wells are adjacent to surface water bodies, and 
have a river stage gage located in the immediate vicinity.  
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Several of the network wells are located along the banks of the Sacramento, Feather, and 
Bear Rivers, as shown in Figure 25. The relationship between the volume of water flowing in 
the major rivers/streams and the influence the surface water imparts on groundwater 
elevation are being monitored with a combination of nested monitoring wells and river stage 
gages. Four stations exist in the County for observing this interaction: on the Sacramento 
River below Wilkins Slough (WLK), on the Bear River at Pleasant Grove Road (BPG), on 
the Sutter Bypass at RD 1500 pump (SBP), and along the Feather River above Star Bend 
(FSB). Sutter County also monitors a river stage gage at Boyd’s Landing (FBL). At stations 
BPG and FBL, observations of water surface/groundwater elevations trend closely during 
high flow/stage events in the rivers, suggesting a significant hydrologic connection between 
the groundwater in the shallow aquifers and the surface water.  

4.7. Groundwater Recharge 

Groundwater recharge is the process in which groundwater is replenished. The geologic 
formations that comprise the aquifer system underlying the County extend well beyond the 
County’s jurisdictional boundaries. Several processes are responsible for recharge of the 
groundwater basin. On a regional scale, surface water flowing over the surface expression of 
the geologic formations (surface outcrops) allows for direct infiltration into the 
hydrogeologic system. Figure 26 depicts contours of equal groundwater elevations, 
superimposed over the surface geology, for the Sacramento Valley Groundwater Basin. 
Groundwater flow is perpendicular and down gradient to the contour interval. On the east 
side of the Sacramento Valley Groundwater Basin, the groundwater contours become parallel 
to and follow the margin of the valley, indicating groundwater is moving through the 
subsurface from the east to the west. Locally, groundwater recharge occurs where surface 
water flows over permeable sediments (gravel and sand) in the river channels, allowing for 
the direct infiltration of surface water. Deep percolation of applied irrigation water also 
recharges the groundwater basin. Additionally, surface water deliveries have increased the 
quantity of water flowing down the river, adding available water to recharge the underlying 
aquifers helping to improve groundwater elevations.  

The amount of groundwater recharge is dependent on the available storage space within the 
aquifer(s). Depending on the degree of separation between the elevation of the bottom of the 
river or stream and that of the groundwater, streams can either “lose” water into the 
underlying aquifer(s) or “gain” water. Where groundwater levels are at or above the elevation 
of surface water, groundwater will discharge into the stream (gaining stream). Where there is 
a separation between the groundwater and surface water, water flowing downstream will 
recharge into (losing stream) the groundwater basin (although the contribution has not been 
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studied). Conversely, if groundwater levels are at land surface, there will be refusal of any 
“new” water into the subsurface. 

The State Water Resources Control Board has identified hydrogeological vulnerable areas, 
meaning vulnerable to groundwater contamination, where geologic conditions allow recharge 
to the underlying aquifers. Generally, these areas include the coarse deposits associated with 
the Feather River. 

4.8. Groundwater Infrastructure 

According to DWR records, 6,742 well completion reports have been filed for wells 
constructed in Sutter County. Well completion reports are not always filed with DWR, even 
though they are required by law, so the number of reports likely under-represent the actual 
total for the County. Of the wells for which well completion reports have been filed:  

 
• 3,344 are domestic wells • 34 are industrial wells 

• 1,167 are irrigation wells • 13 are test wells 

• 854 have unknown or other uses • Seven (7) are stock-watering wells 

• 308 are monitoring wells • 12 are fire or frost protection wells 

• 75 are municipal wells • Two (2) are cathodic protection wells  

 

Figure 27 shows the number of DWR well completion reports filed for Sutter County from 
1928 through 2007. The figure only illustrates wells that were classified as either: domestic, 
irrigation, or public supply. Domestic wells were constructed at a rate of approximately five 
per year from 1941 through 1950, but have been constructed at a rate of approximately 59 
per year since then. Irrigation wells tend to be constructed more frequently during drought 
periods, in the mid-1970’s and early 1990’s. On average, 16 irrigation wells are constructed 
per year; however, significantly more wells are constructed during droughts. Municipal well 
construction has averaged two-and-a-half per year.  Of the wells for which records exist, 
approximately 700 wells are classified as either abandoned or destroyed. 

Figure 28 shows the average depth of wells constructed from 1950 through 2005. The 
average depth of domestic wells has fluctuated since the 1930’s, but has generally been about 
100 feet deep. The average depth of irrigation wells has fluctuated significantly, but has been 
about 160 feet deeper than the average depth of domestic wells in any give year, or an 
average of about 260 feet deep. Municipal well depths are inconsistent and vary widely in 
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depth, from about 50 to 700 feet deep. Combined with the small number constructed 
annually, calculation of an average depth of new municipal wells would not be meaningful. 
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5. GROUNDWATER MANAGEMENT PLAN REQUIRED, VOLUNTARY, AND 
RECOMMENDED COMPONENTS 

California Water Code §10750 et seq., as amended by Senate Bill (SB) 1938, defines the 
required and voluntary components of a GMP and establishes procedures by which they must 
be developed. DWR recommends additional elements to include in a GMP in Bulletin 118 
Update 2003, Appendix C. The Sutter County GMP includes the components required in the 
Water Code and has been developed in accordance with the required procedures. This GMP 
also includes many of the voluntary and recommended GMP components. This GMP also 
includes components designed to address the requirements of California Water Code §10920 
et seq., which establish requirements for groundwater monitoring that affect eligibility for 
grant funding. 

5.1. California Water Code Requirements 

Section 10750 et seq. of the California Water Code, as amended by SB 1938, requires GMPs 
to include six mandatory components to be eligible for the award of funds administered by 
DWR for the construction of groundwater projects or groundwater quality projects. These 
components are listed below. 

 

Description GMP Section 

Make available to the public a written statement describing the 
manner in which interested parties would be allowed to participate 
in the development of the GMP. 

1.4 

Include Basin Management Objectives (BMOs), including 
components relating to the monitoring and management of 
groundwater levels, groundwater quality degradation, inelastic 
land subsidence, and changes in surface flow and surface water 
quality that directly affect groundwater levels or quality or are 
caused by groundwater pumping. 

6.2 

Prepare a plan that involves other agencies that enables Sutter 
County to work cooperatively with other public entities whose 
service area or boundary overlies the groundwater basin. 

7.1.5 

Prepare a map that details the area of the groundwater basins, 
Sutter County’s boundaries, and other local agencies within the 
groundwater basins. 

Figure 1 
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Description GMP Section 

Adopt monitoring protocols to detect changes in groundwater 
levels, groundwater quality, inelastic surface subsidence, and flow 
and quality of surface water that directly affects groundwater 
levels or quality or are caused by groundwater pumping. 

7.1 

For areas outside the groundwater basins, use geologic and 
hydrologic principles appropriate to those areas. 4.2.5;7.1.4 

 

5.2. DWR Bulletin 118 Recommended Components 

DWR’s Bulletin 118 recommends other components that may voluntarily be included in a 
GMP. These are listed below. 

Description GMP Section 

Establish an advisory committee of stakeholders to help guide the 
development and implementation of the plan and provide a forum for 
resolution of controversial issues. 

1.4 

Describe the area to be managed under the GMP. 1.3 

Describe how meeting each BMO will contribute to a more reliable 
long-term groundwater supply, and describe management actions to 
achieve each BMO. 

6.2 

Describe GMP monitoring program. 7.1 

Describe integrated water management planning efforts. 7.1.5 

Periodically report groundwater basin conditions and management 
activities. 7.1.6 

Evaluate GMP periodically. 7.1.6 
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5.3. California Water Code Voluntary Requirements 

California Water Code §10753.8 lists twelve issues of groundwater management which may 
voluntarily be included in a groundwater management plan. 

Description GMP Section 

Control of saline water intrusion. 6.1.3 

Identification and management of wellhead protection areas and 
recharge areas. 4.7; 6.1.3 

Regulation of the migration of contaminated groundwater. N/A 

Administration of well abandonment and well destruction program. 6.1.3 

Mitigation of conditions of overdraft. 4.3 

Replenishment of groundwater extracted by water producers. N/A 

Monitoring of groundwater levels and storage. 4.3; 5.4 

Facilitating conjunctive use operations. 6.1.3 

Identification of well construction policies. 6.1.3 

The construction and operation of groundwater contamination 
cleanup, recharge, storage, conservation, water recycling, and 
extraction projects. 

N/A 

The development of relationships with state and federal regulatory 
agencies. 7.1.5 

Review of land use plans and coordination with land use planning 
agencies to assess activities which create a reasonable risk of 
groundwater contamination.   

7.1.6 

 

5.4. California Water Code Groundwater Monitoring Components 

On November 4, 2009 the State Legislature amended the Water Code with Senate Bill 
SBx7-6, which mandates a statewide groundwater elevation monitoring program to track 
seasonal and long-term trends in groundwater elevations in California's groundwater basins. 
To achieve that goal, the amendment requires collaboration between local monitoring entities 
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and DWR to collect groundwater elevation data. Collection and evaluation of such data on a 
statewide scale is an important fundamental step toward improving management of 
California's groundwater resources. 

In accordance with this amendment to the Water Code, DWR developed the California 
Statewide Groundwater Elevation Monitoring (CASGEM) program. The intent of the 
CASGEM program is to establish a permanent, locally-managed program of regular and 
systematic monitoring in all of California's alluvial groundwater basins. The CASGEM 
program will rely and build on the many, established local long-term groundwater 
monitoring and management programs. DWR's role is to coordinate the CASGEM program, 
to work cooperatively with local entities, and to maintain the collected elevation data in a 
readily and widely available public database. DWR will also continue its current network of 
groundwater monitoring as funding allows. 

The law anticipates that the monitoring of groundwater elevations required by the enacted 
legislation will be done by local entities. The law requires local entities to notify DWR in 
writing by January 1, 2011 if the local agency or party seeks to assume groundwater 
monitoring functions in accordance with the law (Water Code §10928). 

Additionally, on or before January 1, 2012, the law requires that Monitoring Entities shall 
begin reporting seasonal groundwater elevation measurements to DWR (Water Code 
§10932). 

Local entities in Sutter County that have submitted official notifications to DWR to be 
considered for CASGEM Monitoring Entities include: 

• Sutter Extension Water District 

• Feather Water District 

• Reclamation District 1500 (including RD 1500, Pelger Mutual Water Company 
and Sutter Mutual Water Company) 

• Natomas Central Mutual Water Company  

• South Sutter Water District 

Garden Highway Mutual Water Company has shown interest in participating in CASGEM 
but has not yet completed the official notification submittal process include. 

Local entities that submit complete Monitoring Entity notifications and adequate 
groundwater monitoring plans and well networks will be officially designated by DWR to be 
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the Monitoring Entities for their respective subbasin or portion of a subbasin for the purposes 
of the CASGEM Program. However, if no local monitoring entity volunteers or is identified 
for a particular area or groundwater basin, DWR may assume the monitoring and reporting 
duties and certain entities in the basin may not be eligible for water grants or loans 
administered by the state. 

Sutter County is severely limited in its ability to take a lead in groundwater monitoring 
because of budget and staff shortages. Furthermore, the County does not own any 
groundwater monitoring wells and does not conduct any groundwater monitoring on its own.  
For this reason, Sutter County does not seek to assume groundwater monitoring functions 
under California Water Code §10920 et seq. However, the County does promote the 
coordinated collection of groundwater elevation data through its Groundwater Monitoring 
Program, discussed in Section 7.1 of this GMP. 
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6. GROUNDWATER MANAGEMENT GOALS AND BASIN MANAGEMENT 
OBJECTIVES 

6.1. Groundwater Management Goals 

Sutter County’s groundwater management goals represent the overarching intent of the 
County with regard to groundwater management. Basin Management Objectives (BMOs) 
and Management Actions must be consistent with these Groundwater Management Goals, 
and must contribute to achieving the goals. Sutter County’s goals for groundwater 
management (as developed with input from the public through PAG meetings and 
workshops) are: 

• To promote responsible groundwater use in Sutter County so groundwater is available 
to meet present and future demands. 

• To provide groundwater users with information and guidance to help them be 
responsible stewards of the groundwater resources in Sutter County. 

• To discourage activities that could reduce the long-term availability of high-quality 
groundwater in Sutter County. 

Each of the Groundwater Management Goals is discussed below. 

6.1.1. To Promote Responsible Groundwater Use in Sutter County So Groundwater is 
Available to Meet Present and Future Demands. 

One of Sutter County’s main goals for groundwater management is to ensure that a 
reliable water supply is available so that water users in the County can be confident that 
water will be available to meet domestic, irrigation, and other demands on an ongoing 
basis. 

The goal to promote responsible groundwater use in Sutter County is intended to provide 
the County with useable groundwater resources now and in the future. This is important 
because the socio-economic well being of the County could be adversely affected if the 
groundwater supply becomes less useable from a supply or quality standpoint. Ensuring 
responsible groundwater use will help protect groundwater rights and maintain local 
control because adjudication of the groundwater basin will not be warranted if long-term 
groundwater sustainability can be achieved. 
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6.1.2. To Provide Groundwater Users with Information and Guidance to Help Them Be 
Responsible Stewards of the Groundwater Resources in Sutter County. 

It is important to understand that in order to responsibly manage groundwater to ensure 
long-term groundwater sustainability, it is necessary to thoroughly understand the 
groundwater system underlying the County, along with its capabilities and limitations. 
Sutter County’s water resources should be viewed as a dynamic system with the amount 
of available surface water and groundwater varying over time with fluctuations in 
hydrologic and climatic conditions. The implementation of a surface/groundwater 
monitoring program to observe and document the County’s resources is essential to 
provide the community with the necessary information to accomplish this management 
objective. 

6.1.3. To Discourage Activities that Could Reduce Long-Term Availability of 
High-Quality Groundwater in Sutter County.  

It is important to recognize that this management objective is not intended to restrict the 
users within the community from exercising their legal rights to groundwater. 
Groundwater is a resource that should remain available for the people of the County to 
use beneficially on their property. The intent of this objective is for groundwater 
management to be accomplished in a way that minimizes activities that could potentially 
reduce the long-term availability of high-quality groundwater in Sutter County. There are 
a number of management practices that can be utilized to accomplish this goal. Two of 
the main practices that should be considered are conjunctive use programs and improving 
County well standards. 

The goal of optimizing the conjunctive use of surface water and groundwater will 
enhance the County’s water supply reliability and maximize the available water supply. 
The term “conjunctive use” basically means using surface water and groundwater 
together to meet water demands, using different proportions of each depending upon 
availability. For example, in years of reduced surface water availability, more 
groundwater would be used and groundwater levels might decline. Conversely, in years 
of full surface water availability, less groundwater would be used and groundwater levels 
would be allowed to recover. Optimizing conjunctive use generally means that, whenever 
possible, surface water is used to the fullest extent with groundwater serving as a “back-
up” supply. This maximizes the available water supply because unused surface water 
generally flows downstream and is lost, but unused groundwater remains in the ground 
and would be available for later use. 
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On the other hand, the potential may exist in some areas of the County where 
groundwater levels are (and have historically been) high, to utilize more groundwater and 
thus induce more recharge (by creating additional storage space within the aquifer) 
thereby increasing the total water supply available in the County. 

A related goal is to “even out” water availability in the County. There are cases when 
surplus water is available in some areas of the County, but other areas have inadequate 
supplies. For example, an area with high groundwater levels may have adequate or excess 
surface water, while another area may have low groundwater levels and inadequate 
surface water. In this case, groundwater could be pumped in the area with high 
groundwater levels, and their surface water could be transferred to the area with low 
groundwater levels so that area does not have to rely as much on groundwater. If 
possible, undertaking such projects will help improve the overall water supply reliability 
in the County. 

The goal for updating the County’s well standards is to add additional levels of protection 
to ensure that the design of new well structures prohibit the downward migration of 
surface/shallow contaminants or cross contamination of aquifers. The County has 
adopted standards as set forth in Chapter II of the State Department of Water Resources 
Bulletin 74-81, and as supplemented by Bulletin 74-90, entitled “Water Well Standards: 
State of California”, except as otherwise provided in Section 700, Chapter 765 “Water 
Wells” of the Sutter County Municipal Code6. Some amendments that could be made to 
the existing well standards are: (1) require the use of geophysical surveys for all new well 
projects, (2) increase the required minimum sanitary seal depths, (3) institute water 
quality sampling during cable tool well drilling, (4) institute well restriction zones where 
poor water quality is known, and (5) improve/implement well destruction programs.   

Requiring the use of geophysical surveys (spontaneous potential, 16- and 64-inch 
resistivity) in all new boreholes can help to enhance groundwater protection by 
identifying the zone(s) of poor water quality, as well as the depths of confining layers, 
which can be used to design adequate sanitary/annular seals. With this data, future wells 
can be designed to effectively seal against poor water quality while providing adequate 
measures for aquifer protection. 

Increasing the minimum sanitary seal depth required for new wells is a proactive measure 
that can effectively increase aquifer protection. Increasing the required sanitary seal to a 
minimum depth of 50 feet for all new wells can seal off shallower aquifers with poorer 
water quality from the deeper aquifers with better water quality, as well as impede the 

                                                
6 http://www.co.sutter.ca.us/doc/government/bos/ordinance  
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downward migration of surface contaminants. Currently, the standards in force require a 
minimum 50-foot sanitary seal for municipal supply wells and 20-foot sanitary seal for 
all other wells (Bulletin 74-90).  

Many wells in Sutter County have been drilled and constructed utilizing the cable tool 
drilling method. One of the main troubles with cable tool wells is that they usually are 
constructed across, and connect, multiple aquifer zones. Some of these well structures 
likely have become conduits for the downward migration and cross contamination of 
aquifer zones. Water quality sampling during the drilling of these wells (field tests for 
TDS or specific conductance) would delineate between problematic and non-problematic 
aquifer zones. If an existing well is deemed problematic (i.e. poor water quality), 
corrective measures through well modification or even well destruction could help 
mitigate the movement of poorer water quality between aquifer zones. 

Implementing well restriction zones where water quality contamination is known to exist 
in specific aquifers can aide in protecting aquifers with acceptable water quality. 
Restricting the construction of wells or requiring specific seal intervals can provide an 
additional level of aquifer protection. Certain areas within Sutter County have localities 
of poorer water quality. It may be beneficial to assess the risk of drilling and constructing 
new wells within these areas. If adequate aquifer protection can not be achieved during 
construction activities, it may be warranted to designate well exclusion zones. 

Unused, unsecured, abandoned, or improperly destroyed wells can act as a direct conduit 
for surface water infiltration or degradation of one or more aquifers, if they are connected 
by the well structure. Well destruction requirements adopted by the County currently 
require abandoned wells to be destroyed. Currently, these requirements require the 
uppermost 20 feet of the well/borehole be filled with impervious material. Special 
situations, in the case where vertical movement of poor water quality could contaminate 
an aquifer with good water quality, require impervious sealing material to be placed 
adjacent to confining layers. Increasing oversight of the permitting process during the 
planning and design of well destruction programs can ensure added protection against the 
vertical migration of poor water quality. 

6.2. Basin Management Objectives 

Basin Management Objectives (BMOs) are guidelines established to ensure that the County’s 
basin management goals are being fulfilled. BMOs create a systematic method for collecting 
and monitoring data for specific components of the groundwater system and to provide for 
the dissemination of such information to the public. The objective of the BMOs is not to 
assign a fixed value, or level, to each parameter, but to allow for the early identification of 
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potential problems with sufficient time for the County and its groundwater users to formulate 
an action plan to mitigate adverse effects to its groundwater resource. 

Sutter County’s BMOs address the following parameters: 

• Groundwater levels 

• Groundwater quality 

• Inelastic land subsidence 

• Surface water 

• Coordination 

 
6.2.1. Groundwater Levels BMO 

There are three BMOs for groundwater levels:  

• Avoid ongoing declines in groundwater levels during water year types identified 
by DWR to be “above normal” or “wet” for the Sacramento Valley. 

• Avoid problematically high groundwater levels. 

• Provide assistance with assessing problems and resolve disputes related to 
groundwater levels. 

Groundwater levels are to be managed to ensure adequate water supplies while avoiding 
adverse impacts and mitigating them if and when they do occur. Adverse impacts related 
to groundwater levels can occur from excessively high or low groundwater levels. What 
constitutes an excessively high or low groundwater level may change over time, and will 
also vary by land use and hydrologic and climatic conditions. 

Excessively high groundwater levels are problematic in some areas of the County. High 
groundwater levels in Sutter County are often naturally occurring. However, groundwater 
levels can be raised by application of water to the ground surface through irrigation, 
surface storage, or recharge projects. When groundwater levels are high, there is no 
storage capacity available in the underlying aquifer for groundwater recharge from 
precipitation, stream flow, or excess applied irrigation water. This represents a lost 
opportunity to capture recharge and increase the overall water supply for the County. 
Adverse impacts related to high groundwater levels include: 

• Damage to foundations, roads, and other infrastructure. 
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• Water-logging the root zone of certain crops. 

Groundwater levels decline when pumping exceeds recharge and rise when recharge 
exceeds pumping. It is important to note that periodic short-term declines in groundwater 
levels (during drought periods and/or increased pumping), which are then followed by 
recovery to at or near historic highs (during wet periods and/or decreased pumping), are 
normal and do not represent overdraft. Excessively low groundwater levels that are 
caused by long-term declines without recovery, thus overdraft, can be avoided by 
reducing pumpage. This can be accomplished by expanding the conjunctive use with 
surface water. Adverse impacts related to low groundwater levels include: 

• Infrastructure problems when lowered groundwater levels dewater pumps or 
wells, so groundwater cannot be extracted using existing infrastructure even 
though it is available at greater depths. 

• Depleted available groundwater supply.  

• Inelastic land subsidence. 

• Riparian and/or native vegetation destroyed. 

• Reduced surface water flow due to increases in streambed infiltration, or increases 
in the capture of groundwater that otherwise would have contributed to increasing 
the base flow of a surface water system. 

6.2.2. Groundwater Quality BMO 

The BMO for groundwater quality is to: 

• Improve the understanding of groundwater quality in Sutter County. 

• Maintain or improve groundwater quality. 

Adverse impacts to groundwater quality most commonly occur when degradation of 
groundwater renders groundwater unsuitable for intended uses. Accordingly, what 
constitutes a significant adverse impact to groundwater quality is related to the purposes 
for which groundwater is used, and may change over time as land uses and water quality 
regulations change. Groundwater quality degradation can occur when groundwater 
pumping causes poor quality water (surface water or groundwater) to migrate into areas 
with good quality groundwater. It can also occur when surface contaminants migrate into 
groundwater. As a consequence, it is important to coordinate land use planning and 
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resource management activities in order not to create opportunities for water quality 
deterioration. Adverse impacts related to groundwater quality include: 

• Degradation of groundwater quality so that yields are reduced for crops irrigated 
with groundwater. 

• Degradation of groundwater quality so that it does not comply with drinking 
water quality standards. 

• Degradation of groundwater quality so that it is no longer suitable for beneficial 
uses. 

There are some areas in Sutter County that currently have problems with groundwater 
quality (particularly arsenic and salinity) that appear to be naturally-occurring. The BMO 
of maintaining or improving groundwater quality reflects the County’s desire to improve 
the quality of naturally-occurring groundwater where possible, so that it is more useful as 
a water supply. 

6.2.3. Inelastic Land Subsidence BMO 

The BMO for inelastic land subsidence is to: 

• Avoid inelastic land subsidence that is linked to declines in groundwater levels. 

Inelastic land subsidence is the permanent compaction of the subsurface. In Sutter 
County, the activities that have the most potential to cause inelastic land subsidence are 
withdrawals of groundwater or natural gas from the subsurface. Adverse impacts related 
to inelastic land subsidence include: 

• Reduction in the volume of the subsurface that results in a permanent loss in 
aquifer storage. 

• Damage to foundations, roads, bridges, and/or other infrastructure. 

• Change in surface topography that reverses the gradients in canals and ditches, 
and/or changes floodplains. 

6.2.4. Surface Water 

There are three BMOs for surface water: 

• To improve the understanding of the relationship between surface water and 
groundwater. 
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• To avoid changes in surface water flow and surface water quality that adversely 
affect groundwater levels or are caused by groundwater pumping. 

• Avoid changes in surface water flow and water quality that adversely affect 
groundwater quality. 

Pumping from very shallow aquifer zones or poorly sealed wells has the potential to 
affect surface water or wetlands. Adverse impacts related to surface water or wetlands 
include: 

• Depletion of surface flows and/or degradation of water quality. 

• Destroying riparian and/or native vegetation and habitat. 

6.2.5.  Coordination 

This BMO for coordination is to: 

• Coordinate County groundwater management efforts with other groundwater 
management efforts within and surrounding Sutter County. 

This BMO establishes the importance of local coordination of groundwater management 
and sharing of hydrogeologic data. To make effective and relevant decisions, the County 
must rely on current data regarding the quality and quantity of the underlying 
groundwater.  
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7. PLAN IMPLEMENTATION 

Sutter County intends to implement this GMP through a Groundwater Monitoring Program and 
an Action Plan. In order to recognize and mitigate adverse impacts to the underlying 
groundwater system, a system is required to collect and disseminate information to the 
appropriate groundwater users and agencies. 

7.1. Groundwater Monitoring Program 

The role of monitoring is essential to implementing the BMOs. Monitoring is the process of 
collecting data that is used to better understand the groundwater basin underlying the County, 
evaluate groundwater conditions, facilitate groundwater management, and other related 
activities. In order for the County to promote sustainable groundwater management, as well 
as for groundwater users to make effective and relevant decisions, the data needs to be made 
publicly available.  

7.1.1. Groundwater Level Monitoring 

There is an extensive network of DWR monitored wells, both dedicated monitoring wells 
and wells with other uses, within Sutter County. Additionally, several water purveyors 
within the County monitor groundwater levels within their service areas by means of 
dedicated monitoring wells and production wells. There is an extensive inventory of 
wells with groundwater measurements within Sutter County. Historically, DWR and its 
partners have monitored 172 wells in Sutter County, including 15 dedicated monitoring 
wells. The earliest recorded DWR water level measurement in Sutter County took place 
in 1929. Wells accessible to DWR are typically agricultural or domestic wells in which 
the land owners have previous agreements with DWR to allow access for measurements. 
Overall, the County has adequate spatial distribution of its current network to obtain 
groundwater level measurements. For this GMP, DWR utilized 122 of the 172 wells to 
produce groundwater contour maps of equal elevation. 

Water level measurements are generally made two times each year, in spring and fall. 
Measurements have been made at some monitoring wells on an almost-monthly basis. 
Twice-annual (spring/fall) water level measurements are generally sufficient for the 
purpose of determining changes in overall groundwater conditions over time. However, 
these measurements should reflect the annual high (spring) and low (fall) water levels. 
More frequent (i.e. at most monthly) measurements are necessary to confirm that the 
months chosen for spring and fall measurements reflect the months with the highest and 
lowest groundwater elevations, on average. Water level data is currently available from 
DWR’s Water Data Library, at:  http://well.water.ca.gov.   
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7.1.1.1. Vertical Groundwater Gradients – Nested and/or Clustered Monitoring 
Wells 

The vertical gradients between aquifer zones are important because they give an 
indication of the direction (up or down) that groundwater will migrate if a pathway, 
such as a well that connects multiple aquifer zones, is present. To evaluate the vertical 
gradient between aquifer zones, data for the different aquifer zones at a single 
location is needed. The preferred way to obtain this data is with nested and/or 
clustered monitoring wells. Nested monitoring wells have multiple wells within a 
single borehole, with each well isolated from the others by annular seals. Clustered 
monitoring wells have a single well in each borehole, with the boreholes in close 
proximity to one another. Figure 19 shows the locations of the 15 nested and/or 
clustered monitoring wells in Sutter County. Eleven of these wells are in the DWR 
monitoring network with measurements taken twice a year, in spring and fall. The 
remaining four nested monitoring wells are pending inclusion into the network 
because they were constructed by private parties. All of these wells are dedicated 
monitoring wells. 

7.1.1.2. Groundwater Flow Direction – Contour Maps 

The direction of groundwater flow is evaluated with groundwater level contour maps. 
Groundwater contours are created which connect surfaces of equal elevation (or 
levels). Figure 17 illustrates the contours of equal groundwater elevation for 
measurements taken in the spring of 2010. 

The current water level monitoring network spacing is suitable for contouring 
groundwater elevations. Additionally, it would be beneficial to include data from 
nearby monitored wells in Butte, Yolo, Sacramento, and Yuba Counties to better 
characterize the groundwater flow direction at the County lines. 

7.1.2. Water Quality 

Water quality samples from wells within the County have, in the past, been obtained 
either by local water purveyors, the DWR, or the USGS. Currently, the County only 
samples groundwater in Robbins, its only public water supply system. Groundwater 
samples have been collected for analysis in a total of 133 wells. The DWR has sampled 
34 of these wells in Sutter County, fifteen of which are nested multiple-completion 
monitoring wells, as shown in Figure 19. The USGS has sampled 94 of these wells, and 
the remaining wells were sampled by water purveyors which have shared their data. The 
DWR expects to conduct water quality sampling of these wells every three years, or as 
funds are available. The water quality data is disseminated on the DWR WDL. 
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The results for the USGS water quality sampling are available on the National Water 
Information System (NWIS) website7. The USGS sampled these wells as part of a larger 
investigation to document the condition of the groundwater throughout the valley. It is 
not expected that the USGS will routinely sample these wells. 

The current water quality monitoring network consists of DWR owned multiple-
completion monitoring wells with a sparse distribution covering the entire County. 
Routine sampling of these wells will allow for water quality trends to be identified. As 
stated within this GMP, the County does not own any dedicated monitoring wells. In 
conjunction with DWRs efforts to collect and distribute water quality information of the 
groundwater resource, the County encourages private water purveyors to disseminate 
their water quality data to aid in documenting depth specific and County-wide water 
quality trends. 

7.1.3. Land Subsidence 

Land subsidence has not been historically reported or documented within Sutter County. 
Nevertheless, DWR installed an extensometer and began monitoring for ground surface 
displacement in 1994. Measurements are recorded on a daily basis, offering real-time and 
site specific measurements. On a more regional scale, DWR and its cooperating agencies, 
have implemented the Sacramento Valley GPS Height Modernization Project which will 
provide significant enhancements to a Sacramento Valley subsidence monitoring 
program. It is reported by DWR that the GPS monuments will be re-surveyed 
approximately every three years. The monitoring of land surface elevations will allow for 
periodic measurements of permanent land subsidence induced by groundwater pumping 
and/or natural processes. The surveys will be conducted in accordance with the National 
Geodetic Survey Standards for two centimeter accuracy. 

When used in conjunction with surface subsidence survey data (GPS), the extensometer 
data could aide in identifying whether subsidence is occurring over the total depth of the 
monitoring well. 

7.1.4. Future Groundwater Monitoring 

The County’s existing monitoring network is described above. Groundwater monitoring 
within the County is currently conducted by DWR and local water purveyors. The 
County will continue to cooperate with DWR and encourage the local water purveyors to 
continue to monitor groundwater levels. Under the voluntary guidelines of SBx7-6, 
selected local water purveyors will continue to monitor groundwater elevations for their 

                                                
7 http://waterdata.usgs.gov/nwis 
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respective service area(s), along with the DWR, under protocols established by DWR.  
The possibility exists that in the future, DWR may cease their monitoring if they lose 
funding for groundwater level measurements, and the responsibility of groundwater level 
monitoring will be entirely upon the local water purveyors. 

All new wells should be sampled for basic water chemistry (i.e. specific conductance, 
arsenic, manganese, and nitrate). Although not required, the County may, in the future, 
consider requesting copies of laboratory reports to be submitted through the permit 
process. Water quality results from wells sampled by DWR are routinely placed on the 
WDL, and are often sampled every three years, or as funding allows. 

The overall subsidence monitoring program should continue to be monitored by the 
extensometer and GPS monuments throughout the County. The Sacramento Valley GPS 
Network incorporates existing GPS networks and monuments to create a regional 
network that covers part or all of Colusa, Sutter, Glenn, Butte, Yolo, Yuba, Tehama, and 
Placer Counties. 

For the area encompassing the Sutter Buttes, which is outside of a DWR delineated 
groundwater basin, groundwater is likely contained in the fractures of the volcanic rock 
as well as in the marine sands that compromise the Sutter Buttes. The area encompassing 
the Sutter Buttes is primarily privately owned and groundwater use is unknown but is 
likely limited to domestic wells or stock watering wells. It is suggested that private well 
owners monitor groundwater levels at least twice a year (fall and spring) in order to 
realize changing conditions. It is also good practice to test the quality of the groundwater 
for health based constituents. 

7.1.5. Local and Regional Groundwater Management Coordination 

Coordinating local and regional groundwater management is important to meeting Sutter 
County’s Groundwater Management Goals because groundwater, like other resources, 
does not respect administrative/jurisdictional boundaries, and actions outside the County 
can affect groundwater in the County. Further, in order to achieve the Groundwater 
Management Goals, the County needs to be an “effective participant” in local and 
regional management efforts and work cooperatively with water managers to conduct 
effective groundwater management. To be an “effective participant”, the County needs to 
be informed of its groundwater conditions and activities underway or planned, which 
may affect the resources positively or negatively. With time and appropriate 
documentation of water management activities and monitoring, an understanding of the 
resources can be obtained so that groundwater conditions can be the result of deliberate 
water management choices. 
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Coordinating groundwater management across local and regional jurisdictions will 
contribute to ensuring a reliable water supply by working towards management of entire 
groundwater basins, not just the portions underlying the County. Involvement in regional 
activities will help ensure that activities outside of Sutter County that affect the reliability 
of the groundwater supply in the County can be addressed through regional management 
actions. This involvement will also help protect water rights because the County’s 
involvement with regional groundwater management will allow it to be part of a larger 
group that can exert more influence in preserving water rights north of the Delta. Finally, 
regional coordination will help the County maintain local control by ensuring that the 
County’s interests are represented in regional groundwater management activities. 

Sutter County recognizes the importance of regional coordination, collaboration, and 
communication and is signatory to the “Four-County Group,” which has evolved into the 
“Northern Sacramento Valley – Integrated Regional Water Management Group”, 
consisting of Butte, Glenn, Colusa, Tehama, Shasta, and Sutter Counties. 

In addition to the water management coordination addressed above, which is more at a 
technical and operational level, it is important that coordination occur at the policy level 
as well. This is especially important for effective and consistent operations within water 
purveyors whose geographic jurisdiction extends beyond Sutter County. The processes to 
addressing water transfers, in particular, are different in each of the three counties. It 
would be important, as the GMP is implemented and the institutional structure and 
management processes become solidified, that a dialogue be established with the 
neighboring counties to address the need for developing consistency in processes that 
affect the management and operation of the respective water purveyors. 

7.1.6. State of the Basin Report - Groundwater Condition and Groundwater 
Management Plan Evaluation  

In the future, Sutter County and local water purveyors may benefit from preparing an 
annual report of the conditions of its groundwater basin. However, the present County 
staffing and funding levels are unable to accommodate this work effort. Groundwater 
elevation data for the County will be available through the CASGEM program and 
continued DWR monitoring. Additionally, new and/or current water quality data is 
periodically submitted and is available through the DWR Water Data Library. The 
County encourages cooperation among all groundwater users to share data (groundwater 
level and/or quality) which is not reported or what is readily available through the Water 
Data Library. Water quality data is also accessible through the Department of Public 
Health for permitted public water systems. Through this report, the County will 
encourage its groundwater users to be responsible stewards of the County’s resources.  
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This GMP prepared by the County is not intended to be a static document. As conditions 
change, such as population, land uses, or climate, it may be warranted to revisit the 
County’s goals and BMOs to ensure that the overall goals of sustaining its groundwater 
resources to meet current and future demands for the County are being satisfied. The 
County encourages cooperation among its groundwater users to keep these goals in mind. 
It is not Sutter County’s intent of this GMP to be an enforcer with regards to groundwater 
use; however, as climatic and groundwater usage change in the future, it may be 
necessary to “check in” and adjust or expand this GMP. 

7.2. Action Plan 

7.2.1. Actions for Groundwater Levels BMO 

To avoid ongoing declines in groundwater, to avoid abnormally high groundwater levels, 
the County has taken and will take the following actions: 

Action Frequency Status 

Participation in the “Northern 
Sacramento Valley – Integrated 
Regional Water Management Group” 

As needed 2008 - Present 

Maintain relationships with state and 
federal agencies Annual 1850 - Present 

Promote conjunctive use through public 
outreach Annual 2008 - Present 

Coordination with local and regional 
jurisdictions on groundwater. Annual 2008 - Present 

Ensure compliance with adopted 
policies in 2008 General Plan (Goal  
ER 6) 

Annual 2008 - Present 

Review groundwater contour maps 
prepared by DWR Annual 2008 - Present 

Disseminate groundwater level data on 
County’s website As needed 2010 - Present 
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7.2.2. Actions for Groundwater Quality BMO 

To improve the understanding of groundwater quality, the County has taken and will take 
the following actions: 

Action Frequency Status 

Cooperate with DWR in its monitoring 
efforts Annual 2010 - Present 

Maintain relationships with neighboring 
counties Annual 1850 - Present 

Ensure compliance with adopted 
policies in 2008 General Plan (Goal 
ER 6) 

Annual 2008 - Present 

Ongoing coordination with local and 
regional jurisdictions on groundwater Annual unknown - 

Present 

 

7.2.3. Actions for Inelastic Land Subsidence BMO 

To avoid inelastic land subsidence that is linked to declines in groundwater levels, the 
County has taken and will take the following actions: 

Action Frequency Status 

Cooperate with DWRs monitoring 
efforts Annual 2010 - Present 

Participate in the “Northern Sacramento 
Valley – Integrated Regional Water 
Management Group” 

Annual 2008 - Present 

Establish and update a groundwater 
management plan website Annual 2008 - Present 

Review data from the extensometer 
installed in Sutter County 6 months 2010 - Present 

Maintain relationships with state and 
federal agencies Annual 1850 - Present 
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7.2.4. Actions for Surface Water BMO 

To improve the understanding of the relationship between surface water and 
groundwater; to avoid changes in surface water flow and surface water quality that 
directly affect groundwater levels or are caused by groundwater pumping; and to avoid 
changes in surface flow and surface water quality that directly affect groundwater quality, 
the County has taken and will take the following actions: 

Action Frequency Status 

Engage in the “Northern Sacramento 
Valley – Integrated Regional Water 
Management Group” 

Annual 2008 - Present 

Establish a groundwater management 
plan website Annual 2008 - Present 

Maintain relationships with state and 
federal agencies Annual 1850 - Present 

Ensure compliance with adopted 
policies in 2008 General Plan (Goal 
ER 5) 

Annual 2008 - Present 

 

7.2.5. Actions for Coordination BMO 

To coordinate County groundwater management efforts with other groundwater 
management efforts within and surrounding Sutter County, the County has taken and will 
take the following actions: 

Action Frequency Status 

Engage in the “Northern Sacramento 
Valley – Integrated Regional Water 
Management Group” 

Annual 2008 - Present 

Maintain relationships with state and 
federal agencies Annual 1850 - Present 

Establish and update a groundwater 
management plan website As needed 2008 - Present 
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