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SSSSMALL MALL MALL MALL WWWWATER ATER ATER ATER SSSSUPPLYUPPLYUPPLYUPPLY    SSSSYSTEMSYSTEMSYSTEMSYSTEMS    

    

Mutual Water CoMutual Water CoMutual Water CoMutual Water Companiesmpaniesmpaniesmpanies        ConnectionsConnectionsConnectionsConnections        LocationLocationLocationLocation    

 

Mission Highlands MWC     68   Sonoma 

Diamond A MWC   180   Sonoma 

Bart’s MWC      52   Sonoma 

George Ranch MWC     27   Sonoma 

Sobre Vista MWC       25   Sonoma 

Rancho de Sonoma WC  99   Sonoma 

De Anza Moon Valley WC  199   Sonoma  

Lawndale MWC   79   Kenwood 

Bennett Ridge MWC   115   Kenwood 

Kinnybrook MWC      Kenwood 

Kenwood Village WC      Kenwood 

McFarren WC    22   Kenwood 

 

Apartments and Mobile Home ParksApartments and Mobile Home ParksApartments and Mobile Home ParksApartments and Mobile Home Parks    

 

Acacia Grove Mobile Home Park   65   Sonoma 

Sonoma Mission Gardens     41   Sonoma 

 

Medical and Health Care FacilitiesMedical and Health Care FacilitiesMedical and Health Care FacilitiesMedical and Health Care Facilities    

    

Sonoma Development Center     Eldridge 

 

Wineries and VineyardsWineries and VineyardsWineries and VineyardsWineries and Vineyards    

 

Sebastiani Vineyards      Sonoma  

Roche Winery       Sonoma  

Cohn Winery       Sonoma   

Bartholomew Foundation     Sonoma   

Gloria Ferrer Caves      Sonoma   

Gunlach Bundschu Winery     Sonoma   

Ravenswood Quarry Winery     Sonoma  

Buena Vista Carneros Production    Sonoma  

Jacuzzi Winery      Sonoma  

Cline Cellars       Sonoma   

Nicholson Ranch Winery     Sonoma  

Schug Cellars       Sonoma  

Viansa Winery       Sonoma  

Imagery Estate Winery     Glen Ellen 
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Arrowood Vineyards & Winery    Glen Ellen 

Deerfield Ranch Winery     Glen Ellen 

Benziger Family Winery     Glen Ellen 

Kenwood Vineyards and Winery    Kenwood 

Blackstone Winery      Kenwood 

Chateau St, Jean       Kenwood 

Landmark Vineyards, Ltd.     Kenwood 

St. Francis Winery      Kenwood 

Wild Oaks Vineyard      Kenwood 

Kunde Estate Winery      Kenwood 

 

       

Hotels, Restaurants, and Tasting RoomHotels, Restaurants, and Tasting RoomHotels, Restaurants, and Tasting RoomHotels, Restaurants, and Tasting Roomssss    

 

Sonoma Lodge Hotel      Sonoma 

Vineyards Inn       Sonoma 

Vineburg Grocery & Deli     Sonoma 

Babe’s Burgers & Franks     Sonoma 

Schellville Grill       Sonoma 

Carneros Deli       Glen Ellen 

Kenwood Restaurant & Bar     Kenwood 

The Wine Room      Kenwood 

 

Schools, Churches, Camps, & Fraternal LodgesSchools, Churches, Camps, & Fraternal LodgesSchools, Churches, Camps, & Fraternal LodgesSchools, Churches, Camps, & Fraternal Lodges    

    

Presentation School      Sonoma 

Sonoma 7
th
 Day Adventist Church    Sonoma 

Sonoma Valley Moose Lodge 2048    Sonoma 

Camp Via 

Valley of the Moon Camp 

Sonoma Mountain Zen Center 

 

Parks and Recreational FacilitieParks and Recreational FacilitieParks and Recreational FacilitieParks and Recreational Facilitiessss    

    

Infineon Raceway      Hwy 37 

Los Arroyos Golf Course     Sonoma 

Sonoma National Golf Club     Sonoma 

Jack London State Park     Glen Ellen 

Fairfield Osborne Preserve 

 

Warehouses and FactoriesWarehouses and FactoriesWarehouses and FactoriesWarehouses and Factories    

 

Dowling Magnets      Sonoma 
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Carneros Warehousing     Sonoma 

S&W Warehousing, LLC     Sonoma 

Sonoma Warehousing      Sonoma 

Groskopf Warehouse, Inc.     Sonoma 

 

Other BusinessesOther BusinessesOther BusinessesOther Businesses    

    

Cornerstone Gardens      Sonoma 

Westerbeke Ranch Conference Center   Sonoma 
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1 Introduction 

As part of its development of a Sonoma Valley Groundwater Management Plan for the Sonoma County 
Water Agency (Agency), Schlumberger Water Services (SWS) has performed a water management scenario 
analysis using a groundwater flow model developed by the United States Geological Survey (USGS) for the 
Sonoma Valley.  The Sonoma Valley study area is shown in Figure 1-1.  This report describes the work 
performed for this task along with the results of the analysis. 

The objective of the scenario analysis was to assess the potential benefit of various water management 
projects under different water availability scenarios in the Sonoma Valley basin over a 30-year horizon.  
Additionally, the results of the analysis could help the Basin Advisory Panel (Panel) prioritize the 
Groundwater Management Plan recommendations.  This task was accomplished using the existing Sonoma 
Valley basin groundwater flow model developed by the USGS (2006), along with technical input from the 
Agency and the Technical Work Group (TWG) of the Panel.  The following sub-tasks were accomplished: 

1. Meetings and discussions with the Agency and USGS throughout the course of the task to 
discuss the approach and results of the hydrologic and scenario analysis. 

2. Review and import of USGS MODFLOW datasets into the visual pre-/post-processor Visual 
MODFLOW 

3. Simulation of twelve water management scenarios 
4. Assessment of the sensitivity of the model solution to key model parameters. 

 
This report documents the modeling work performed, including a description of the alternative pumping 
demand, water supply and recharge scenarios considered; a qualitative comparison of the modeled 
scenarios; and a description of uncertainties and limitations of the simulations. 

The remainder of this document is organized into five sections.  Section 2 describes the existing USGS 
MODFLOW model and its import into the Visual MODFLOW pre-/post-processing software.  The setup and 
input parameters of the existing model are presented here.  Section 3 presents the components of the 
different model scenarios and their assumptions, as well as the implementation of these components into 
the model scenarios.  The results of the scenario analysis are presented in Section 4.  Section 5 describes 
the sensitivity analysis performed on this scenario analysis, as well as the overall sensitivity of the model 
to key parameters as identified by the USGS.  Section 6 concludes the report by presenting 
recommendations for further data collection and improvements that could be made to the model to make 
the model an even better tool for the management of groundwater resources in the Sonoma Valley. 
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Figure 1-1 Study Area – Sonoma Creek Watershed, Sonoma Valley, Sonoma County, California. 
 Map from USGS, 2006. 
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2 Description of Groundwater Flow Model 

The numerical flow model of the Sonoma Valley study area that formed the basis for this scenario analysis 
was developed by the USGS as part of a groundwater study of the basin (USGS, 2006).  The model was 
developed using the USGS MODFLOW-2000 simulation code (USGS, 2000), which uses a set of input files 
to calculate groundwater heads and fluxes.  All inputs and output results are saved as ASCII or binary files 
with non user-friendly formats that are time consuming to handle and analyze.   

The existing USGS MODFLOW model was imported into the Visual MODFLOW (Waterloo Hydrogeologic, 
Inc., 2006) in order to assist in data input and output visualization, and to facilitate participation from 
stakeholders represented by the TWG.  Visual MODFLOW is a pre- and post-processing software for files 
required and generated by USGS MODFLOW and other numerical codes, allowing for more efficient data 
manipulation as well as visualization and graphic manipulation of both input parameters and output results 
for the simulations.  This section describes the setup of the existing USGS model that formed the basis for 
the scenario runs. 

2.1 Simulation Period 
The USGS model was calibrated over a period from pre-1975 through 2000.  The pre-1975 conditions were 
assumed to be near steady-state, and were simulated as such in the model.  The period from 1975 through 
2000 was simulated as a transient calibration period using the steady-state results as initial condition.  The 
model thus consisted of a total of 1 steady-state and 26 transient annual stress periods, with six time steps 
approximately 60 days long in each stress period.   

2.2 Model Domain and Boundary Conditions 
The Sonoma Valley area model covers a 13 x 33-mile area encompassing the Sonoma Valley basin from 
Kenwood south to San Pablo Bay (see Figure 1-1).  The Sonoma Valley basin refers to the valley area from 
Kenwood to San Pablo Bay, which is primarily drained by Sonoma Creek outflowing to San Pablo Bay.  The 
Sonoma and Mayacamas Mountains form the groundwater no-flow boundaries to the east and west of the 
model.  Model grid cells outside of the no-flow boundaries are inactive cells and do not contribute to flow 
during the simulations.  The surface water that flows from the mountains into the valley via tributaries and 
seasonal creeks and percolates into the aquifer can be accounted for in the other boundary conditions of 
the model.  The ground surface ranges from an altitude of 400 feet near Kenwood down to sea level at San 
Pablo Bay.  The model extends vertically to the basement rocks, which can reach depths of nearly 10,000 
feet below ground surface in some areas of the basin. 

The model domain consists of a grid of 133 rows and 52 columns of cells oriented in the direction of 
groundwater flow, which is generally from northwest to southeast toward San Pablo Bay (Figure 2-1).  The 
grid cells each cover an area of 1,320 feet by 1,320 feet (approximately 400 meters by 400 meters).  The 
subsurface is represented by eight model layers.  Model layers 1 through 7 have a mean thickness of 
approximately 125 feet, while layer 8 is approximately 4,000 feet thick on average. 

A general head boundary covers layer 1 of the southern part of the model underlying San Pablo Bay (Figure 
2-2), which allows water to enter and leave the model at a rate proportional to the hydraulic-head 
differences between the source and model cells.  It is assigned a head elevation of 10.25 feet with varying 
values for hydraulic conductance.   
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Figure 2-1 Model Grid Showing Boundary Conditions Used In the Ground-Water Flow Model. 
 The figure has been rotated to show the alignment of the grid with the groundwater flow gradient 

(USGS, 2006) 
 

Marsh-like conditions are represented by a drain boundary in layer 1 in the area of the Bay Mud deposits 
just north of San Pablo Bay.  A drain boundary can remove water from the aquifer at a rate proportional to 
the difference between the head in the aquifer and some fixed head as long as the head in the aquifer is 
above that fixed head.  
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All other boundaries to the model are no-flow boundaries.  Within the model, a horizontal flow barrier 
boundary, characterized by a thin, vertical low-permeability feature impeding the horizontal flow of 
groundwater, represents the Eastside Fault in layers 2 through 8 (see Figure 2-2).  Sonoma Creek is 
represented by a stream boundary condition (see Section 2.4 - Inflows and Outflows). 

 

Boundary Conditions 
 General Head Boundary 

 Drain Boundary 
Inactive Cells 

Figure 2-2 Model Boundaries. 
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2.3 Subsurface Properties 
The subsurface properties of the calibrated model – horizontal and vertical hydraulic conductivity, specific 
storage, and specific yield – were imported into Visual MODFLOW.  The hydraulic conductivity values in the 
model are parameterized into homogeneous zones and horizontally-to-vertically anisotropic in model layers 
1 through 6, as shown in Figure 2-3.  The USGS had initially interpolated point-hydraulic conductivity values 
to generate a hydraulic conductivity value for each active model cell, but then parameterized the values into 
homogeneous zones to reduce the number of model parameters to a manageable number for the purposes 
of calibration and sensitivity analysis.  Model layers 7 and 8 are homogeneous with a horizontal hydraulic 
conductivity of 0.8 feet per day and a horizontal to vertical anisotropy ratio of 10:1.  These lower layers can 
be seen in the 3-dimensional view of the model in Figure 2-4. 

 

 Layer 1 Layer 2 Layers 3-6 

Figure 2-3 Model Hydraulic Conductivity by Model Layer. 
 See Figure 2-4 for legend. 
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Hydraulic Conductivity (feet per day) 
 Horizontal Vertical 

50 5  
25 0.1  
10 0.1  
7 0.07  
5 0.05  
5 0.02  
5 0.01  
3 0.03  
1 0.01  

 0.8 0.08 
 Inactive Cells 

5:1 vertical exaggeration

Figure 2-4 3-Dimensional View of Model Hydraulic Conductivity. 
 
Storage parameters are homogeneous for each layer.  Figure 2-5 presents the values for specific storage by 
layer.  The specific storage of a saturated aquifer is defined as the volume of water that a unit volume of 
aquifer releases from storage under a unit decline in hydraulic head due to compaction of the aquifer and 
the expansion of water (Freeze & Cherry, 1979).  This definition as a volume per volume per unit decline in 
head (length) results in the unit 1/feet used in the model.  Layer 1 is assigned a specific yield of 10%.  This 
parameter is defined as the volume of water that an unconfined aquifer releases from storage per unit 
surface area of aquifer per unit decline in the water table.   

2.4 Inflows and Outflows 
Sources of basin inflows include recharge from precipitation, San Pablo Bay, and Sonoma Creek, while 
outflows include pumping wells, evapotranspiration, marsh conditions in the area of the Bay Mud deposits, 
as well as San Pablo Bay and Sonoma Creek.  The model applies recharge from precipitation in the middle 
and northern parts of the model, shown in Figure 2-6, with recharge rates varying on an annual basis.  A 
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stream boundary condition represents Sonoma Creek, with stream inflow also varying annually.  The 
approximately 2000 wells in the Sonoma Valley basin are represented in the model in a simplified manner.  
In total, 908 agricultural, urban supply, and private domestic wells pumping at rates varying annually were 
assigned to the model.  Because each model grid cell represents an area of 40 acres, each model well may 
represent several actual wells.  Evapotranspiration was not modeled explicitly in the model, but was rather 
incorporated into the formulation of the stream and drain boundary conditions representing the areas where 
evapotranspiration was assumed to be occurring (USGS, 2006).   

 

S N

Specific Storage (1/feet) 
 1.5x10-4

 1.5x10-6

 1x10-6

Inactive Cells 

 

igure 2-5 Cross-Sectional View of Model along Sonoma Creek Showing Specific Storage Values. 

2.5 Limitations and Data Gaps 
Rev f long with subsequent conversations with the USGS, provided 

hydrogeological 

Column 36 
l exaggeration 10:1 vertica

F

iew o  the model and model report, a
information on the limitations and data gaps of the model for the purposes of this task.  Some of these 
limitations that may have affected the results presented in this document are listed below: 

• Lack of reliable hydrostratigraphic data for building a representative conceptual 
model – As stated in the USGS report, the model layers were defined somewhat arbitrarily based 
on specific capacity values, and have little resemblance with geologic layers.  
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Stream boundary condition

Steady-State (1974) Recharge 
(inches per year) 

 39 
 5.5 
 2.2 
 1.1 

Inactive Cells 

Figure 2-6 Recharge Zones and Stream Boundary in Layer 1 of the Model Domain. 
Zones are shown over a map from USGS, 2006.  No recharge is applied in the model to the southern 
half of the model domain. 
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• Coarse grid discretization – While the current model cell size of 1,320 feet by 1,320 feet 
(approximately 400 by 400 meters) is suitable for a regional evaluation and an overall mass 
balance, any local-scale evaluation would require more refined discretization.  The current size of 
the grid blocks require that hydrogeologic properties be averaged over a large distance.  
Furthermore, the model hydrogeologic properties were estimated based on lithology data from 
drillers’ logs, which do not directly provide information on hydrogeologic properties. 

• Estimation of stream inflow and conductance based on data from a single stream gauge – The only 
stream gauge in the basin is located in the middle of the basin near Agua Caliente, which is 
insufficient for fully evaluating the stream-groundwater interaction. 

• Simplified distribution and rates of recharge – Recharge distribution and rates in the model were 
estimated based on average annual rainfall instead of areas of recharge to the aquifer and actual 
recharge rates to the aquifer 

• Estimated production rates for agricultural and domestic production maps – No actual production 
data (well locations, pumping rates) are available for applying agricultural and domestic production 
to the model and needed to be estimated based on land use maps and population, respectively.  
Because agricultural production represents over 70% of groundwater use in the basin in year 2000 
of the calibrated model, uncertainty in this parameter can have a direct impact on model calibration 
and predictive accuracy. 

• Coarse temporal discretization – The model simulates annual stress periods, which do not consider 
seasonal variations in recharge, stream flow, and pumping. 

• Model layer types defined as confined for all layers except model layer 1 – A model layer with 
layer type “confined” has a transmissivity based on the layer thickness regardless of whether that 
layer becomes dewatered.  The result may be an underestimation of the drawdown in the model.  
Additionally, actual drawdown at a well compared to its simulated drawdown may be significantly 
greater due to well losses and the grid discretization. 

• Fully saturated groundwater flow model – The MODFLOW-2000 simulation code assumes that all 
groundwater flow is in fully saturated conditions; recharge applied to the model, including natural 
recharge and storm water recharge ponds, therefore reaches the aquifer immediately without 
considering travel through the unsaturated zone. 

• Freshwater conditions – The MODFLOW-2000 simulation code does not consider brackish/saline 
conditions, and therefore does not model any density effects due to saltwater intrusion from San 
Pablo Bay. 

Some additional data gathering efforts could be directed toward refining the temporal distribution and rates 
of natural recharge, the conductance of the Sonoma Creek riverbed, and the hydraulic properties of the 
upper layers of the model.  Recommendations for data collection efforts for reducing the uncertainties and 
data gaps in the model are discussed later in Section 6. 
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3 Scenarios Components and Assumptions 

There are a myriad of potential cases that could be evaluated for this scenario analysis.  Two water 
availability scenarios were considered for additional imported water beyond existing water rights, each 
under 30-year normal and dry weather conditions.  Under these water availability scenarios, different 
combinations of four proposed water management options (cases) were simulated.  Twelve cases 
representing a range of conditions were simulated using the USGS MODFLOW model.  These cases were 
evaluated to illustrate the best to worst case scenarios to explore the various combinations of water 
availability scenarios and implementation of water management options over a 30-year period.  These 
scenarios were discussed and refined in conjunction with the TWG in the meetings of April 26 and July 5, 
2007.  This section describes the water availability scenarios, projected future demands, water 
management options, and model run configurations.   

3.1 Water Availability Scenarios 
Water availability scenarios consider two factors: (1) the amount of imported water; and (2) climatic 
conditions.   

3.1.1 Imported Water 

No Additional Imported Water beyond Existing Water Rights 
The scenario assuming no additional imported water beyond existing water rights assumes that future 
supplies to Sonoma Valley from imported surface water are limited due to infrastructure or water supply 
constraints, and that the Agency does not obtain water rights from the Russian River beyond its current 
water rights limits of 75,000 acre-feet per year.  Diversions from the Russian River in 2006 were 61,382 
acre-feet, not including deliveries from the three groundwater wells in the Santa Rosa Plain.  This scenario 
assumes that these diversions will increase over time until the Agency’s limit of 75,000 acre-feet per year 
is reached.  Water demand in the Sonoma Valley continues to increase according to population growth and 
water demand projections in the 2005 Urban Water Management Plan (UWMP) Sonoma County Water 
Agency (Brown & Caldwell, 2006).  The local groundwater withdrawal increases accordingly as the Russian 
River water supply projections are held constant from 2016 onward.  Figure 3-1a and c plot the projected 
water demand through 2030 and the water supply components meeting that demand for the City of Sonoma 
(the City) and Valley of the Moon Water District (VOMWD), respectively, under this scenario.  The imported 
water from the Agency shown in the plots consists of Agency groundwater (from outside of the basin) and 
imported surface water from the Russian River.  While imported surface water supply is assumed to stay 
constant from 2016 onward, the projected Agency groundwater supply continues to vary as projected. 

Additional Imported Surface Water 
The scenario with additional imported surface water assumes that the Agency obtains additional water 
rights from the Russian River beginning in 2016, as described in the Agency 2005 UWMP (Brown & 
Caldwell, 2006).  Imported water provided by the Agency is the primary source of water to meet demands 
by the City and VOMWD.  Water demand in the Sonoma Valley continues to increase according to 
population growth and water demand projections in the VOMWD UWMP (Brown & Caldwell, 2007a) and in 
the City Draft UWMP (Brown & Caldwell, 2007b).   

The VOMWD and City demands are met by the additional imported surface water beginning in year 2016. 
Between 2000 and 2016, the additional water demand would be tapped from local groundwater resources. 
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With the additional imported water coming in by 2016, the Agency projections of the local groundwater 
supply in both the City and VOMWD therefore begin to decrease in 2016 (Brown & Caldwell, 2007a & 
2007b; see Figure 3-1).  Figure 3-1b and d plot the projected water demand through 2030 and the water 
supply components meeting that demand for the City and VOMWD, respectively, under this scenario. 

 
 

 

2459 2393 2386 2381 2388

451 588 595 602 84730 75 107 137
162

0

500

1000

1500

2000

2500

3000

3500

4000

4500

2010 2015 2020 2025 2030

2459 2393 2491 2586
3000

451 588 490 396
235

30 75 107 137
162

0

500

1000

1500

2000

2500

3000

3500

4000

4500

2010 2015 2020 2025 2030
 

No Additional Imported Water beyond 
Existing Water Rights  Additional Imported Water

2939 3056 3088 3119 3397 2939 3056 3088 3119 3397

City of Sonoma 
(a)      (b) 

 

Ra
w

 G
ro

ss
 D

em
an

d 
(a

cr
e-

fe
et

 p
er

 y
ea

r)
 

 

3312 3185 3179 3173 3171

588 786 863 888 915
53 104 154 198 236

0

500

1000

1500

2000

2500

3000

3500

4000

4500

2010 2015 2020 2025 2030

3312 3185 3360 3488 3729

588 786 682 573 35653 104 154 198 236

0

500

1000

1500

2000

2500

3000

3500

4000

4500

2010 2015 2020 2025 2030
 

3953 4075 4196 4259 43223953 4075 4196 4259 4322

Valley of the Moon Water District 
(c)      (d) 

 
Year

 Other supplies – includes recycled water and plumbing code savings 
 Local groundwater supply without conservation beyond plumbing code savings 
 Imported water from Sonoma County Water Agency 

Source: Demand and supply estimates from the City of Sonoma draft UWMP (Brown & Caldwell, 2007b) and 
the Valley of the Moon Water District UWMP (Brown & Caldwell, 2007a) 

 

Figure 3-1 Projected Urban Water Demand and Supply 2010-2030 for City of Sonoma and Valley of the Moon 
Water District With and Without Additional Imported Water Beyond Existing Water Rights. 

3.1.2 Climatic Conditions 
Climate conditions affect the rate and distribution of recharge and the flow rates of Sonoma Creek.  
Recharge and stream inflow rates were varied in the model to represent “normal” and “dry” weather 
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scenarios.  These scenarios did not consider any changes in recharge area due to changes in land use 
associated with population growth. 

30-Year Normal Weather Scenario 
Rainfall, recharge and stream flow conditions for the normal weather scenario for the simulation period 
from 2001 through 2030 are assumed to be represented by historical data used in the USGS model for the 
simulation period of years 1974 through 2000.  The USGS estimated the steady-state recharge for year 
1974 to be the residual of subtracting total runoff and evapotranspiration from total precipitation and 
distributed the values to the five recharge zones (Figure 2-6) based on 23 contributing sub-basins within the 
Sonoma Valley study area.  These steady-state recharge values were modified during calibration.  Variable 
recharge for the transient calibration period was estimated by multiplying the annual average flux rate by 
the fraction of average annual precipitation normalized to 1974 conditions.  For example, the total 
precipitation in 1975 was 101 percent of the precipitation in 1974.  The average annual flux rate applied to 
the model was the 1974 flux rate multiplied by 1.01.  During model calibration, the USGS applied an upper 
bound of 1.30 to the applied flux to prevent areas of the model from flooding.  The resulting calibrated 
recharge values for the assumed normal year weather scenario for the northern recharge zone from the 
USGS model are plotted in Figure 3-2.  This same schedule of variable recharge was used for the future 
scenarios.   
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Figure 3-2 Recharge Applied To Northern Recharge Zone for the 30-Year Normal and Dry Weather Scenarios. 

30-Year Dry Weather Scenario 
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For the dry weather scenario, data were gathered on the historically driest years experienced in California 
on record.  To construct a realistic multiple dry-year schedule for the 30-year simulation period, the worst 
recorded multiple dry-year period was identified from the Southwestern States Flood and Drought 
Summaries – Major Floods and Droughts in California provided on the USGS website (2004b).  According to 
this summary, the driest 30-year period in California occurred from 1928 through 1957, with 14 drought 
years occurring in the years 1928-34, 1943-45, 1947, and 1949-51.  To simulate this 30-year period, the 

r the three multiple-dry year intervals.  The calibrated 1976 values 
were applied to the single driest year.  The resulting schedule for multiple dry year recharge in the northern 
rech  z

r 2000 pumping rates.  In year 
2000, 75 ping a combined total of approximately 8,435 acre-feet 
per year.  This total groundwater prod

year demand.  The locations of these wells are shown in 

more groundwater than vineyards due to higher evapotranspiration rates.  Additionally, this 
rojection does not consider any variations in groundwater production due to variations in rainfall from year 

pattern and number of drought years from 1928 through 1957 were inserted into the 2001-2030 dry weather 
simulation schedule, as shown in Figure 3-2.  

The flux rates during dry years from the transient USGS simulations were assumed to be representative for 
the dry years in the dry weather scenario.  In the USGS simulations, the driest consecutive years occurred 
from 1988-1991, and the single driest year occurred in 1976.  Therefore in developing the variable recharge 
schedule for this dry weather scenario, the calibrated 1988-1991 recharge and stream flow values were 
applied and repeated as necessary fo

arge one is plotted in Figure 3-2. 

3.2 Simulation of Future Baseline Production 
Annual groundwater production in the Sonoma Valley, as represented in the calibrated USGS groundwater 
model, grew from approximately 6,200 acre-feet in 1974 to 8,400 acre-feet per year in year 2000.  For this 
analysis, the future groundwater production was projected from these yea

3 out of the 908 wells in the model are pum
uction consists of three components: 

1. Agricultural supply wells for irrigation 

2. Private domestic wells 

3. Urban supply wells 

In year 2000, VOMWD urban supply wells were pumping while City urban supply wells were not pumping.  
To incorporate the City urban supply wells into the projected demand schedules, the six City urban supply 
wells and their pumping rates were taken from stress period 1999 and added to the schedule, making a 
total of 759 wells from which to project the 30-
Figure 3-3.  The pumping rates in the wells were ramped by factors according to the category of the well: 
agricultural, private domestic, and urban supply. 

Sonoma County Permit and Resource Management Department (PRMD) staff estimate agricultural 
production to increase by 1,500 acres of vineyards from years 2000 through 2020, replacing natural 
vegetation or non-irrigated agriculture (PRMD, 2007).  A linear extrapolation from 2020 to 2030 predicts an 
increase in 2,250 acres of vineyards from 2000 through 2030.  Assuming the applied water rate for 
vineyards of 0.6 feet per year (USGS, 2006), the increase in groundwater use would be 1,350 acre-feet per 
year from 2000 through 2030.  The total production from agricultural wells of 6,117 acre-feet per year in 
year 2000 was interpolated to arrive at a final production of 7,467 acre-feet per year in 2030.  However, no 
consideration was made for the offsetting factors of removing natural vegetation, which may actually 
remove 
p
to year. 



 DRAFT 
 

10/27/2007  15 

 

0 1 2 3 4 5miles

1:150000  
 
 
 
 
 

Model Agricultural Wells
Model Private Domestic Wells  
Mod
Mod

Note: Locations shown are approximate. 

el Urban Supply Wells (City of Sonoma) 
el Urban Supply Wells (Valley of the Moon Water District) 

 Model wells are shown at the center of the grid cell to which they are assigned.  Some grid cells contain 
multiple wells 

Reference: Map from USGS, 2006.  
Figure 3-3 Location of Pumping Wells in Model. 
 
Private domestic well production was estimated using a similar method as used by the USGS for their 
calibrated model.  This method based private domestic production on projected population of the 
unincorporated county portion of the Sonoma Valley area, which excludes areas supplied by the City or 
VOMWD, the majority of which rely solely on groundwater for supply.  The current draft Sonoma County 
General Plan (PRMD, 2005) estimates the population in the unincorporated areas outside of the Sonoma 
Urban Service Area from 2000 to 2020 to grow from 30,125 to 34,400.  The projected population for the 
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VOMWD provided in 5-year increments from 2005 through 2030 in the UWMP (Brown & Caldwell, 2006) 
was subtracted from this total.  The resulting population was multiplied by the factor of 0.19 acre-feet per 
year per person to arrive at a total production rate for private domestic wells (USGS, 2006).  All population 

resented in Figure 3-4.  Further details on the future demand calculations are included in 
Attachment 1.   

estimates were interpolated linearly to arrive at a schedule of annual estimates. 

Production for the City and VOMWD urban supply wells are the estimates of the local groundwater supply 
projections for each service area provided by the Agency for 2010 through 2030 with no savings beyond 
plumbing code (Agency, 2007).  All values were projected linearly through this time period.  The resulting 
schedule of projected and historical demand broken down by agricultural, private domestic, and urban 
supply wells is p
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Figure 3  Historical and Projected Groundwater Production 1974-2030. 

options.  It is 
anticipated that as more information becomes available, refined projects will be evaluated.  

-4

3.3 Water Management Options 
Four proposed water management options were considered for this scenario analysis: Storm water 
recharge, groundwater banking, recycled water use, and conservation measures beyond the Plumbing Code.  
The following describes a preliminary conceptual project for each of these management 

3.3.1 Option A – Stormwater Recharge 
Option A is the implementation of storm water recharge in the Sonoma Valley, assuming that a fraction of 
the wet season flood waters runoff in Sonoma Valley is diverted to storm water recharge basins along 
Sonoma Creek.  Approximately 101,000 acre-feet per year of runoff is captured in Sonoma Creek and 
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released to San Pablo Bay (USGS, 2006).  This scenario assumes that 80 acres (2 model cells) near the 
largest groundwater depression near the City on the eastern banks of Sonoma Creek are converted to storm 
water recharge basins in year 2015 (see Figure 3-5).  Assuming that there is a 0.1 feet per day loading for 
120 days out of the year, a total loading of 960 acre-feet per year was applied to the model as a recharge 
boundary averaged over the year.  This additional recharge was applied from 2015 through 2030, producing 
a total loading of 15,360 acre-feet of additi

 
Figure 3-5 Location of Option A Stormwater Recharge Basins Represented In Model. 

onal water during the simulation period.   

Storm water 
recharge basin 

cells 

3.3.2 Option B – Groundwater Banking with Seasonally Available Imported Water 
For option B, wet year and seasonally wet available water would be available for purchase and recharge 
into the ground.  The wells are modeled as being located in the groundwater depression in Central Sonoma 
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Valley near the existing City urban supply wells.  The groundwater banking project would recharge 1,500 
acre-feet per year of water, which was assumed to later be extracted.   

 

Groundwater 
Banking Wells 

Figure 3-6 Location of Groundwater Banking Wells Represented In Model. 
 
Option B was represented in the model by two wells each recharging approximately 1 cubic feet per second 
(465 gallons per minute) beginning in year 2015 and continuing through the end of the simulation period.  
The wells are located in two adjacent grid cells, 1,320 feet apart, and screened across model layer 4, which 
is the interval from 450 to 600 feet below ground surface (see Figure 3-6).  Although the model runs on 
annual stress periods and therefore simulates these wells recharging at a constant rate throughout the 
year, actual wellfield design would consider that wet season water will only be available 3-6 months out of 
the year for wells.  Actual well recharge rates would therefore be higher.  Any variation in the recharge 
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rates due to variations in precipitation was not considered.  The total water recharged to the aquifer from 
2015 through 2030 is estimated to be 24,000 acre-feet. 

3.3.3 Option C – Increased Recycled Water Use 
Currently, approximately 1,000 to 1,200 acre-feet per year of recycled water is used for agricultural 
purposes in the Sonoma Valley.  Option C considers increased recycled water use using the southwestern 
portion of Alignment 1 presented in the Sonoma Valley Recycled Water Final Environmental Impact Report, 
(ESA, 2006).  It was assumed that Alignment 1 would be implemented in phases, and that this portion of 
the alignment would be operational beginning 2010 (see Figure 3-7).  With average wastewater inflow 
estimated at 4,500 acre-feet per year increasing to 5,500 acre-feet per year at build-out, Option C consists 
of providing an additional 1,100 acre-feet per year of recycled water to agricultural users in the area served 
by this alignment.  The net result of this additional water is a reduced demand in groundwater pumping, 

even model agricultural wells in the area 
serviced by the southwestern portion of Alignment 1 beginning in year 2010 (see Figure 3-7).  The combined 
tota c alibrated model was 1,100 

ater 

 years from 2010 through 2030.  Conservation in 

tic conservation was assumed to be similar to conservation practiced by urban supply.  The average 
percent savings due to conservation over the raw gross demand for 2010 through 2030 for the City and 
VOMWD are 8.3 and 9.1 percent, respectively.  Domestic conservation was assumed to be the lower of the 

producing a total reduced demand of 23,100 acre-feet from 2010 through 2030.  Other alignments evaluated 
in the draft feasibility study (Agency, December 2005) and the environmental impact report (ESA, 2006) 
could also be implemented.  Recharge was assumed to be unchanged with the implementation of this 
option. 

This option was applied to the model by reducing pumping from s

l produ tion from these wells in the final stress period (year 2000) of the c
acre-feet.  This amount was then subtracted from their projected pumping rates beginning in year 2010 in 
order to produce the net decrease in total agricultural production. 

3.3.4 Option D –Conservation due to Best Management Practices 
Option D considers the reduction in groundwater demand by the implementation of conservation measures 
beyond Plumbing Code with the use of Best Management Practices (BMPs).  The following describes a 
preliminary conceptual project for each of these management options.  It is anticipated that as more 
information becomes available, refined projects will be evaluated.  These BMPs may include system w
audits, leak detection and repair, public information programs, school education programs, graywater use, 
and pricing to encourage conservation.  For this option, urban, agricultural, and domestic all practice 
conservation, which translates as a reduction in well pumping rates.  The net result of this additional water 
is a reduced demand in groundwater pumping, producing a total reduced demand of 21,000 acre-feet.   

Urban conservation rates were estimated in the City draft UWMP (Brown & Caldwell, 2007b) and the 
VOMWD UWMP (Brown & Caldwell, 2007a) for every five
urban areas includes conservation from Tier 1 Future, 50% of Tier 2, New Housing Development, and 
Plumbing Code.  Option D assumes that from 2001 through 2009, conservation in urban production includes 
Tier 1 to-date in addition to Tier 1 Future conservation.  Beginning in 2010 through 2030, urban production 
is practicing all conservation measures mentioned above. 

Conservation in agricultural production was assumed to produce 5% less due to conservation beginning in 
2015 through 2030.  The agricultural production reaches this rate after a linear ramp-up period from 2005 
through 2014. 

Domes
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two values, 8.3 percent, beginning 2015 through 2030, with a linear ramp-up period from 2005 through 
2014. 
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Sout  Alignme t 1

Model Agricultural Wells Serviced By the Southwestern Portion of Proposed Alignment 1 
Note:

hwestern Portion of Proposed

re 3-7 Location of Wells Serviced by the Southwestern Portion of Alig
Water Project. 

3.4 Summary of Simulation Cases and their Formulation 
From the numerous combinations of water management options that could be evaluated against the four 
water availability scenarios (increased and limited imported water each under normal and dry year 
conditions), twelve of the more likely scenarios, ranging from the worst (least available water, no additional 

n
Model Agricultural Wells 

 Locations shown are approximate. 
Reference: Sonoma Valley Recycled Water Draft Feasibility Study (Agency, December 2005) 
 Map from USGS, 2006. 
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action) to best cases (most available water, implementation of all water management options) were 
selected for simulation.  Table 3-1 summarizes the formulation of the model simulations.  These model runs 

rio were evaluated, where no water management options are implemented under 
 The incremental benefit of each water 

management option for a scenario with no increase of additional imported water was evaluated in Cases 
N-4a t

Ta List  Cas Inp

lation C agemen  A  

are not intended to be an exhaustive analysis of all potential options, but rather to illustrate the range of 
outcomes that could result in the future.  Table 3-2 summarizes key assumptions for each scenario 
component. 

For the best case scenarios, all water management options were implemented against 30-year normal year 
climate conditions for both no additional imported water beyond existing water rights, and additional 
imported water scenarios (identified as Cases N-5 and N-6, respectively).  Minimal water management 
option implementation was explored in the scenario of additional imported water supply in Cases N-1 and 
D-2.  Worst case scenarios (no additional action above current activities and programs) under the limited 
imported water scena
both normal (N-0) and dry year weather conditions (D-0). 

hrough N-4d.   

ble 3-1 

Simu

of Simulation

ase 

es and Their ut Components. 

Water Man t Option ssumption
  A B C D  

30-Year 
N l 

W r 
Sce io 

30-Year Dry 
W r 
Sc io 

Stormwater 
Recharge 

Groundwater 
Banking 

Recycled 
Wa r 

Conservation Addit onal 
Imp ed 

W r 
orma
eathe

nar

eathe
enar

te
i

ort
ate

N-0 D-0      
N-1 -  --     X 
--- D-2   X X X 

N-3 --- X  X X X 
N-4a  X     
N-4b   X    
N-4c    X   
N-4d     X  
N-5 --- X X X X  
N-6 D-6 X X X X X 
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Table 3-2 Summary of The Assumptions For Each Scenario Component 

 Component Assumptions 
 Additional 

Imported Water 
• Imported surface water from the Agency increases under existing water rights through 2016 and 

then continues to increase beyond 2016 as additional water rights from the Russian River are 
obtained and transmission system projects are built. 

• Scenario translates to reduced groundwater pumping for urban supply. 
 No Additional 

Imported Water 
Beyond Existing 

Water Rights 

• Future supplies to Sonoma Valley from imported surface water are limited due to infrastructure 
or water supply constraints. 

• The Agency does not obtain water rights from the Russian River beyond its current water rights 
limits.  Imported water increases in the short-term until the Agency’s water rights limits are 
reached (estimated to be 2016) and then remains flat through the duration of the simulation. 

• Demand continues as projected without additional imported water. 
 30-Year Normal 

Weather Scenario 
• Recharge due to precipitation and stream flow continue at average rates provided from 

calibrated USGS model (1974-2000). 
 30-Year Dry 

Weather Scenario 
• Recharge and stream flow schedule match the period from 1928 to 1958, which includes the 

State’s most severe extended drought on record; wet/dry years defined by calibrated values. 
A Stormwater 

Recharge 
• Wet season flood waters are diverted into recharge ponds and/or wetlands along Sonoma Creek 

covering a total area of 80 acres 
• Schedule:  2015 through 2030 
• Annual Loading: 960 acre-feet per year (0.1 feet per day for 120 days per year) 
• Total Loading  15,360 acre-feet over 16 years 

B Groundwater 
Banking 

• Wet year/season surface supply is available for recharge through wells in the City. 
• Schedule:  2015 through 2030 
• Annual Loading: 1,500 acre-feet per year 
• Total Loading:  24,000 acre-feet over 16 years 

C Recycled Water • The southwestern portion of Alignment 1 from the Sonoma Valley Recycled Water Draft 
Feasibility Study (Agency, December 2005) would be implemented, translating to reduced 
groundwater pumping in agricultural areas. 

• Schedule:   2010 through 2030 
• Annual Reduced Demand: 1,100 acre-feet per year 
• Total Reduced Demand:  23,100 acre-feet over 21 years 

D Conservation • Conservation measures consist of system water audits, leak detection and repair, public 
information programs, school education programs, graywater use, outreach to areas outside the 
City and VOMWD services areas, and pricing to encourage conservation – option translates to 
reduction in groundwater pumping in all wells.   

• Urban: 
 2001 through 2009 – Only Tier 1 To-Date and Plumbing Code conservation 
 2010 through 2030 – All measures (Tier 1 future, 50% Tier 2, New Housing Development, 

and Plumbing Code) 
• Agriculture: 
 2005 through 2014 – ramp up 0.5% conservation per year 
 2015 through 2030 – 5% conservation 
• Domestic (estimated based on urban conservation rates) 
 2005 through 2014 – ramp up 0.83% per year 
 2015 through 2030 – 8.3% conservation 

 Future Demand • Urban demand increases per City draft UWMP (Brown & Caldwell, 2007b) and VOMWD UWMP 
(Brown & Caldwell, 2007a) projections  

• Agricultural demand increases by 2,250 acres of vineyards (0.6 feet per year) over 30 years. 
• Domestic demand increases according to population, multiplied by factor of 0.19 acre-feet per 

year per person. 
 Initial Conditions • Simulated heads from end of calibrated model run (end of year 2000). 
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4 Scenarios Results 

The model results provide information on the heads, drawdowns, and basin groundwater budget for the 30-
year simulation period.  This section compares the different cases in terms of the simulated change in 
storage and simulated drawdown.  The model results also provide information on the relative benefit of 
each water management option, discussed at the end of this section. 

4.1 Change in Storage 
The model predicts storage for the Sonoma Valley basin over the simulation period to decrease under all 
cases except for those where all four water management options are implemented.  Despite the significant 
uncertainty (plus or minus a factor of 2) in the estimated change in storage for the cases, the results 
nevertheless indicate the necessity for active water management over the next decades (see Figure 4-1).  In 
the most optimistic case (Case N-6) with a normal weather scenario and additional imported water beyond 
existing water rights, implementing all four water management options results in a net storage increase of 
10,600 acre-feet over the 30 years.  However, under a worst case scenario with multiple dry year 
conditions, no additional imported supply, and no implementation of any water management options (Case 
D-0), groundwater storage could decrease by 22,000 acre-feet.  Even under the most optimistic water 
availability scenario, implementing no water management options (Case N-1) would still produce a 
decrease in storage of 16,000 acre-feet.  The simulation results therefore suggest that all water 
management options should be implemented in order to improve water supply reliability for future 
generations.  The simulation results are also summarized in Table 4-1. 
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Figure 4-1 Simulated Change in Storage in the Sonoma Valley Basin for the Simulation Cases. 
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Table 4-1 Summary of the Simulated Change in Storage in the Sonoma Valley Basin for the Simulation Cases 
Listed with their Assumptions. 

Simulation Case Water Management Option Assumption 
(Change in storage 2001 
through 2030, acre-feet) 

A B C D  

30-Year 
Normal 

Weather 
Scenario 

30-Year Dry 
Weather 
Scenario 

Stormwater 
Recharge 

Groundwater 
Banking 

Recycled 
Water 

Conservation Additional 
Imported 

Water 

N-0 
(-18,900) 

D-0 
(-22,000) 

     

N-1 
(-16,000) 

---     X 

--- D-2 
(-10,900) 

  X X X 

N-3 
(-5,700) 

--- X  X X X 

N-4a 
(-16,400) 

--- X     

N-4b 
(-1,600) 

---  X    

N-4c 
(-15,700) 

---   X   

N-4d 
(-13,900) 

---    X  

N-5 
(+8,400) 

--- X X X X  

N-6 
(+11,100) 

D-6 
(+8,400) 

X X X X X 

4.2 Drawdown 
The largest drawdown over the simulation period is seen in the areas of the existing City urban supply 
wells, as can be seen in the worst case scenario that had the largest decrease in storage, Case D-0.  This 
observation also correlates with recent 2003 water measurements (USGS, 2006). 

Figure 4-2 shows the drawdown for Case D-0 simulated from 2001 through 2030.  This area is bounded to 
the west by a low-conductivity barrier, limiting flow from the creek and the remainder of the basin.  This 
depression disappears with the implementation of water management options in that area, such as in Case 
N-5 (Figure 4-8) and Case N-6 (Figure 4-10).  These maps show a negative drawdown (indicated by clear 
shading), meaning that water levels rose over the 30-year simulation period.  Maps of drawdown at the end 
of the simulation period for the nine cases are included as Figures 4-2 through 4-10.  Figure 4-11 shows the 
simulated heads over time at representative observation wells throughout the model domain. 

The magnitude of the drawdown in this groundwater depression area is apparent in observation well 
05N05W17C01, whose simulated head is plotted in Figure 4-11.  The recharge of the aquifer is apparent 
beginning in year 2018 in the cases implementing Option B – groundwater banking, Cases N-4b, N-5, N-6, 
and D-6. 
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Figure 4-2 Simulated drawdown from 2001-2030 for Case D-0. 
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Figure 4-3 Simulated drawdown from 2001-2030 for Case N-0. 
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Figure 4-4 Simulated drawdown from 2001-2030 for Case N-1. 
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Figure 4-5 Simulated drawdown from 2001-2030 for Case D-2. 
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Figure 4-6 Simulated drawdown from 2001-2030 for Case N-3. 
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Figure 4-7 Simulated drawdown from 2001-2030 for Case N-4b. 
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Figure 4-8 Simulated drawdown from 2001-2030 for Case N-5. 
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Figure 4-9 Simulated drawdown from 2001-2030 for Case D-6. 
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Figure 4-10 Simulated drawdown from 2001-2030 for Case N-6.
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   Sea Level 
Figure 4-11 Simulated Water Levels in Selected Monitoring Wells for All Simulation Cases. 
 (Base map from USGS, 2006; locations of indicated monitoring wells approximate)
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4.3 Evaluation of Water Management Options 
The model results show that all the water management options considered in this analysis contribute to 
and are necessary for the long-term sustainability of groundwater resources in the basin.  Of the four water 
management options considered, the model indicates that Option B - groundwater banking results in the 
most benefit to the basin, providing over five times more storage over the 30 years than any other of the 
options considered.  In Figure 4-11, the simulated heads at the observation 05N05W17C01 near the 
depression southeast of Sonoma demonstrates that the addition of groundwater banking in Cases N-4b, N-
5, N-6, and D-6 provides a significant increase in the water levels in that area (Table 4-2).  The scenario of 
additional imported water beyond existing water rights increases storage by 2,900 over the 30 years. 

Table 4-2 Incremental Increase in Storage (2001-2030) For Each Water Management Option 

Water Management Option Incremental Increase in Storage (2001-2030) 
(acre-feet) 

Option B – Groundwater Banking 17,300 
Option D – Conservation 5,000 
Option C – Recycled Water 3,200 
Option A – Stormwater Recharge 2,500 
Total increase in storage due to the implementation of 
all water management options 

27,3001

Increase in storage due to additional imported water 
beyond existing water rights 

2,900 

1Based on comparison of Cases N-0 and N-5; total differs slightly from the sum of the contribution from each water management 
option. 
 
The large difference in the contribution to storage of Option B – groundwater banking and the other options 
is because the majority of the water recharged to the aquifer for those options discharges to the stream 
boundary condition.  This effect is because there is a wall boundary condition representing the Eastside 
Fault located between the Option B recharge wells and the stream, effectively containing the recharged 
water.  The loss of so much of the recharged water for the other three options to the stream boundary can 
be attributed to their proximity to the stream and to the low vertical to horizontal hydraulic conductivity 
ratio, which will cause the flow of groundwater be primarily horizontal.  The extent to which these factors 
represent the actual conditions in the basin must be verified and explored through the implementation of 
pilot studies.   

10/27/2007 35 



 

5 Sensitivity Analysis 

A sensitivity analysis was performed in order to evaluate the uncertainty of the model results and the 
sensitivity of the model solution to key model parameters that might have affected the results of this 
scenario analysis.  This work was built on the sensitivity analysis already performed by the USGS on the 
calibrated groundwater flow model (USGS, 2006). 

5.1 Parameters Evaluated 
The USGS analysis evaluated a total of 39 model parameters consisting of hydraulic conductivity varied by 
aquifer and zone, storage (specific storage and specific yield), drain conductance, general-head 
conductance, recharge, and streambed conductance.  Composite-scaled sensitivities were calculated for 
each parameter (Figure 5-1).  The analysis revealed that simulated hydraulic heads were most sensitive to 
recharge, the streambed conductance of Sonoma Creek, and horizontal hydraulic conductivity in the 
northern part of the basin.   

 
Figure 5-1 Composite-Scaled Sensitivities for the Calibrated Groundwater Flow Model 
 (USGS, 2006). 
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Sensitivity runs were performed on the worst case, Case D-0, for the most sensitive parameters previously 
identified by the USGS.  Storage parameters were increased and decreased, as well as streambed 
conductance.  No sensitivity runs were performed on the hydraulic conductivity because any adjustment 
would have necessitated a recalibration of the model to produce a new initial condition.  The sensitivity of 
the model to recharge was considered to have been encompassed by the wet and dry year alternatives 
already modeled.  The parameters that were adjusted for the sensitivity runs are summarized in Table 5-1.   

Table 5-1 Summary of Sensitivity Analysis Parameters. 

Parameter Base Case ID Sensitivity Run 
  1a Decrease Sy by 2, decrease Ss by half an order of 

magnitude: 
Aquifer Sy = 0.1  Sy = 0.05 
Storage Ss (Layers 1-2) = 1.5 x 10-4  Ss (Layers 3-6) = 3.0 x 10-5 

Properties Ss (Layers 3-6) = 1.5 x 10-6  Ss (Layers 3-6) = 3.0 x 10-7 

 Ss (Layers 7-8) = 1.0 x 10-6  Ss (Layers 1-2) = 2.0 x 10-7 

  1b Increase Sy by 2, increase Ss by half an order of 
magnitude: 

   Sy = 0.05 
   Ss (Layers 3-6) = 3.0 x 10-5 

   Ss (Layers 3-6) = 3.0 x 10-7 

   Ss (Layers 1-2) = 2.0 x 10-7 

Streambed 
Conductance 

Values ranging from 
0.0121527 to 4.455146 feet2 
per day 

2a Decrease streambed conductance by half an order of 
magnitude 

  2b Increase streambed conductance by half an order of 
magnitude 

 

5.2 Analysis Results 
Varying the storage parameters in the model has a linear effect on the simulated change in storage from 
years 2001 through 2030.  The reduction in the storage parameters by 50 percent resulted in an increase in 
the simulated change in storage (a smaller decrease in storage) by 46 percent.  Likewise, doubling the 
storage parameters resulted in a 97 percent decrease in simulated change in storage.  These results are 
shown in Figure 5-2. 

Varying the streambed conductance by half an order of magnitude caused the model to fail to converge. 
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Figure 5-2 Sensitivity of Case D-0 to Storage Parameters. 
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6 Recommended Improvements to the Model and Further Action 

The results shown in this document reflect the best available data at the time based on a preliminary 
groundwater budget-based model, which has limitations previously discussed and identified in the USGS 
report (2006) and in our own analysis (Section 2.5).  As more data become available, the model and 
understanding of the Sonoma Valley study area can be refined and improved.  Additionally, several 
inconsistencies were identified between the reported values and model files for the calibrated groundwater 
flow model, which have been partially addressed in communications with the USGS.  A more detailed 
evaluation of the model is recommended before the model should be used for detailed assessments of 
future water management actions.  Despite the model limitations, which have been addressed in Section 
2.5, the model is the best available tool for predicting future groundwater conditions and has demonstrated 
the need for multiple water management options in order to yield groundwater sustainability in the Sonoma 
Valley. 

The groundwater model should therefore be improved and refined as more information becomes available 
so that it can continue to be a useful groundwater basin management tool for the long-term.  Improvements 
to the existing groundwater model can be made by collecting additional data in the basin and refining the 
grid and temporal discretization as needed to incorporate the additional data.  The following data collection 
activities and analyses would help fill the data gaps that have been identified in the model: 

• Collect additional groundwater level and quality monitoring data 

• Collect additional groundwater production data (from public supply systems) 

• Install additional stream gauges and collect additional stream flow data 

• Better characterize the amount and spatial distribution of groundwater recharge 

• Collect additional geologic, hydrogeologic, and borehole geophysical data and conduct 
additional analysis to provide a more detailed understanding of the hydrogeologic factors 
that control groundwater flow and storage 

• Update the land use survey to the current time to better estimate the current groundwater 
production by agriculture 

• Collect data on chloride distribution and sources to characterize the extent of seawater 
intrusion from San Pablo Bay. 
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Attachment 1 – Calculation of Input Parameters for Scenarios 

Urban Water Supply 
Projected urban water demand was provided by the Agency (Agency, 2007): 

  2010 2015 2020 2025 2030 
City of Sonoma 
Raw Gross Demands 2939 3056 3088 3119 3397 
 Local Groundwater  
 (with/without additional supply in 2016) 

324 404 285/390 187/392 21/633 

 Imported Water  
 (with/without additional supply in 2016) 

2459 2393 2491/2386 2587/2381 3000/2388 

Conservation Savings 156 239 282 306 326 
Recycled Water 0 20 30 40 50

Valley of the Moon 
Raw Gross Demands 3953 4075 4196 4259 4322 
 Local Groundwater  
 (with/without additional supply in 2016) 

436 566 428/608 309/624 83/642 

 Imported Water  
 (with/without additional supply in 2016) 

3312 3185 3360/3179 3488/3173 3729/3171 

Conservation Savings 205 324 409 462 504 
Recycled Water 0 0 0 0 5 

All values shown in acre-feet per year 
 

A breakdown of the projected conservation savings was also provided by the Agency (Agency, 
2007): 

  2005 2010 2015 2020 2025 2030 
City of Sonoma 
Tier 1 To-Date 89 78 73 70 67 65 
Tier 1 Future 33 86 116 120 120 119 
Tier 2 0 12 46 73 78 78 
New Development 0 34 45 48 51 56 
Plumbing Code Savings  5 30 55 77 97 112 

Valley of the Moon 
Tier 1 To-Date 125 107 101 95 91 88 
Tier 1 Future 45 130 161 166 165 164 
Tier 2 0 19 52 69 70 69 
New Development 0 13 33 54 64 75 
Plumbing Code Savings  8 53 104 154 198 231 

All values shown in acre-feet per year 
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The urban demand was then calculated as: 

Urban demand = Local groundwater + Conservation Savings – Plumbing Code Savings 

The resulting projected urban values are shown below: 

  2010 2015 2020 2025 2030 
City of Sonoma 
 Urban Demand without 

conservation beyond plumbing code 
 (with/without additional supply in 2016) 

451 588 490/595 396/602 235/847 

Valley of the Moon 
 Urban Demand without 

conservation beyond plumbing code 
 (with/without additional supply in 2016) 

588 786 682/863 573/888 356/915 

All values shown in acre-feet per year 
 

The projected urban water demand was then interpolated from the USGS model year 2000 values 
to produce a schedule for 2001 through 2030: 

City of Sonoma  Valley of the Moon  Total Urban Supply  

Year With 
Additional 

Supply 

Without 
Additional 

Supply 

With 
Additional 

Supply 

Without 
Additional 

Supply 

With 
Additional 

Supply 

Without 
Additional 

Supply 

20001 0 0 710 710 710 710 
2001 45 45 698 698 743 743 
2002 90 90 686 686 776 776 
2003 135 135 674 674 809 809 
2004 180 180 661 661 842 842 
2005 226 226 649 649 875 875 
2006 271 271 637 637 908 908 
2007 316 316 625 625 941 941 
2008 361 361 613 613 974 974 
2009 406 406 601 601 1007 1007 
20102 451 451 588 588 1040 1040 
2011 479 479 628 628 1106 1106 
2012 506 506 667 667 1173 1173 
2013 533 533 707 707 1240 1240 
2014 561 561 746 746 1307 1307 
20152 588 588 786 786 1374 1374 
2016 569 590 765 801 1334 1391 
2017 549 591 744 817 1293 1408 
2018 529 592 724 832 1253 1424 
2019 509 594 703 847 1212 1441 
20202 490 595 682 863 1172 1458 
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City of Sonoma  Valley of the Moon  Total Urban Supply  

Year With 
Additional 

Supply 

Without 
Additional 

Supply 

With 
Additional 

Supply 

Without 
Additional 

Supply 

With 
Additional 

Supply 

Without 
Additional 

Supply 

2021 471 596 661 868 1131 1464 
2022 452 598 639 873 1091 1471 
2023 434 599 617 878 1051 1477 
2024 415 601 595 883 1010 1484 
20252 396 602 573 888 970 1490 
2026 364 651 530 894 894 1544 
2027 332 700 486 899 818 1599 
2028 300 749 443 904 743 1653 
2029 268 798 399 909 667 1707 
20302 235 847 356 915 591 1761 

All values shown in acre-feet per year 
Sources: 1USGS, 2006 
 2Agency, 2007 

Domestic Water Supply 
The table below lists the population data that was used for estimating Domestic Water Supply. 

(a) (b) (c) = (a)-(b) (d) (e) (f) = (c) 
interpolated 

(g) = (f) – (d) (h) = (g) * 
0.19 

Year 
Sonoma 
Valley1

Sonoma 
Valley 
Urban 

Service 
Area 

(USA)1

Unincorpo
rated 
Areas 

outside 
Sonoma 

USA 

Valley of 
the Moon2

City of 
Sonoma 

Unincorpor
ated Areas 

outside 
Sonoma 

USA 

Population 
on 

Domestic 
Water 
Supply 

Domestic 
Water 
Supply 

2000 39879 9754 30125 216604 -- 30125 8465 16083

2005 --- --- --- 22665 10733 31193.75 8529 1620 
2010 --- --- --- 23359 12348 32262.5 8904 1692 
2015 --- --- --- 24055 12642 33331.25 9276 1762 
2020 48990 14590 34400 24753 12740 34400 9647 1833 
2025 --- --- --- 25109 12838 35468.75 10360 1968 
2030 --- --- --- 25466 12984 36537.5 11072 2104 
All values shown in acre-feet per year 
Sources: 1PRMD, 2005. 

2Brown & Caldwell, December 2006. 
3USGS, 2006. 
4VOMWD year 2000 population extrapolated in order to obtain year 2000 production using the production 
rate factor of 0.19 acre-ft per person per year provided in USGS (2006). 

10/27/2007 A-3 



 DRAFT 
The projected private domestic water demand was then interpolated from year 2000 through 2030: 

Year 
Total Production for 

Domestic Water Supply 
2000 1608 
2001 1611 
2002 1613 
2003 1616 
2004 1618 
2005 1620 
2006 1635 
2007 1649 
2008 1663 
2009 1677 
2010 1692 
2011 1706 
2012 1720 
2013 1734 
2014 1748 
2015 1762 
2016 1777 
2017 1791 
2018 1805 
2019 1819 
2020 1833 
2021 1860 
2022 1887 
2023 1914 
2024 1941 
2025 1968 
2026 1995 
2027 2022 
2028 2049 
2029 2077 
2030 2104 

All values shown in acre-feet per year 

Agricultural Water Supply 
(a) Increase in Agricultural Land from 2000-2020: 1500 acres 

(b) Increase in Agricultural Land from 2000-2030 calculated by extrapolating (a) 2250 acres 

(c) Applied Water (USGS, 2006): 0.6 feet per year 

(d) Additional groundwater production due to agriculture in 2030      = (b) * (c) 
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 = 2250 acres * 0.6 feet per year = 1350 acre-feet per year 

(e) Total year 2000 production for agricultural supply (USGS) 6117 acre-feet per year 

The projected agricultural water demand was then interpolated from the USGS model year 2000 
values (e) through 2030 (d): 

Year 

Total Production for 
Agricultural Supply 
(acre-feet per year) 

2000 6117 
2001 6162 
2002 6207 
2003 6252 
2004 6297 
2005 6342 
2006 6387 
2007 6432 
2008 6477 
2009 6522 
2010 6567 
2011 6612 
2012 6657 
2013 6702 
2014 6747 
2015 6792 
2016 6837 
2017 6882 
2018 6927 
2019 6972 
2020 7017 
2021 7062 
2022 7107 
2023 7152 
2024 7197 
2025 7242 
2026 7287 
2027 7332 
2028 7377 
2029 7422 
2030 7467 

All values shown in acre-feet per year 
 

Option B – Groundwater Banking 
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Target Recharge Rate: 1500 acre-feet per year (178891 cubic feet per day) 

Number of Wells: 2 

Injection rate per well = Target Recharge Rate / Number of Wells 

  = (178891 cubic feet per day) / 2 = 89446 cubic feet per day  

  (1 cubic feet per second, 465 gallons per minute) 

Screened Interval: Model Layer 4 

Well spacing in model: 1320 feet (1 grid cell) 

Start Year: 2015 

Option C – Recycled Water Use 
Amount of recycled water provided by the first implementation phase of Alignment 1, which is the 
southwestern portion (Agency, 2005): 1100 acre-feet per year 

Start Year: 2010 

The following wells in the model lie in the vicinity of this portion of Alignment 1, and were 
assumed to have their groundwater demand offset by recycled water.  The pumping rate shown 
in the table below is the rate at which they are pumping in year 2000 in the calibrated model 
(USGS, 2006):   

Model Well 
ID 

Pumping Rate 
(cubic feet per day) 

828 8304 
894b 17871 
902a 15572 
902a 18956 
782 6702 
782 3288 
782 7881 

2220 984 
2220 3410 
2220 3410 
2220 3410 
2220 3410 
2220 2341 
1487 11682 
1487 23399 
883a 1034 
883a 832 

TOTAL 132486 cubic feet per day 
 1111 acre-feet per year 
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These year 2000 rates were subtracted from the projected production rate for these wells 
beginning in 2010 through 2030. 

Option D – Increased Conservation 
For the urban demand, the additional conservation savings were subtracted from the demand 
calculated for the future demand.  The table below summarizes the adjusted demand schedule for 
urban supply wells due to increased conservation: 

City of Sonoma 
Demand with Increased 

Conservation 

Valley of the Moon 
Demand with Increased 

Conservation 

 

Year 
With 

Additional 
Supply 

Without 
Additional 

Supply 

With 
Additional 

Supply 

Without 
Additional 

Supply 

 

2000 0 0 710 710  

2001 39 39 688 688 
Begin Tier 1 to-date and 
plumbing code savings 

2002 63 63 647 647  

2003 88 88 606 606  

2004 112 112 565 565  

2005 137 137 524 524  

2006 184 184 516 516  

2007 231 231 507 507  

2008 279 279 499 499  

2009 326 326 490 490  

2010 324 324 436 436 
Begin implementation of all 

conservation measures 
2011 340 340 462 462  
2012 356 356 488 488  
2013 372 372 514 514  
2014 388 388 540 540  
2015 404 404 566 566  
2016 380 401 538 574  
2017 356 399 510 583  
2018 332 396 483 591  
2019 309 393 455 600  
2020 285 390 428 608  
2021 265 391 404 611  
2022 245 391 380 615  
2023 226 391 357 618  
2024 206 392 333 621  
2025 187 392 309 624  
2026 154 440 264 628  
2027 120 488 219 631  
2028 87 536 174 635  
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City of Sonoma 

Demand with Increased 
Conservation 

Valley of the Moon 
Demand with Increased 

Conservation 

 

Year 
With 

Additional 
Supply 

Without 
Additional 

Supply 

With 
Additional 

Supply 

Without 
Additional 

Supply 

 

2029 54 584 128 638  
2030 21 632 83 642  

All values shown in acre-feet per year 
 

Domestic demand was calculated by subtracting the percent conservation from the future 
domestic demand.  The percent savings of 8.3 percent applied is the average projected 
conservation savings for the City of Sonoma.  The table below lists the resulting domestic demand 
with increased conservation. 

Year 

Domestic 
Demand with 

Increased 
Conservation 

Percent Conservation 

 

2000 1608 0  
2001 1611 0  
2002 1613 0  
2003 1616 0  
2004 1618 0  

2005 1607 0.83 Begin ramping up 0.83 percent 
conservation per year 

2006 1607 1.67  
2007 1608 2.50  
2008 1608 3.34  
2009 1607 4.17  
2010 1607 5.00  
2011 1606 5.84  
2012 1605 6.67  
2013 1604 7.51  
2014 1603 8.34  
2015 1615 8.34 Maintain 8.3 percent conservation 
2016 1628 8.34  
2017 1641 8.34  
2018 1654 8.34  
2019 1667 8.34  
2020 1680 8.34  
2021 1705 8.34  
2022 1730 8.34  
2023 1755 8.34  
2024 1779 8.34  
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Year 

Domestic 
Demand with 

Increased 
Conservation 

Percent Conservation 

 

2025 1804 8.34  
2026 1829 8.34  
2027 1854 8.34  
2028 1879 8.34  
2029 1903 8.34  
2030 1928 8.34  

All values shown in acre-feet per year 
 

Agricultural demand with conservation was calculated by subtracting the percent conservation 
from the future demand.  The table below lists the resulting agricultural demand with 
conservation. 

Year 

Agricultural 
Demand with 

Increased 
Conservation 

Percent Conservation 

 

2000 6117 0  
2001 6162 0  
2002 6207 0  
2003 6252 0  
2004 6297 0  

2005 6310 0.5 Begin ramping up 0.5 percent 
conservation per year 

2006 6323 1.0  
2007 6336 1.5  
2008 6347 2.0  
2009 6359 2.5  
2010 6370 3.0  
2011 6381 3.5  
2012 6391 4.0  
2013 6400 4.5  
2014 6410 5.0  
2015 6452 5.0 Maintain 5% conservation 
2016 6495 5.0  
2017 6538 5.0  
2018 6581 5.0  
2019 6623 5.0  
2020 6666 5.0  
2021 6709 5.0  
2022 6752 5.0  
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Year 

Agricultural 
Demand with 

Increased 
Conservation 

Percent Conservation 

 

2023 6794 5.0  
2024 6837 5.0  
2025 6880 5.0  
2026 6923 5.0  
2027 6965 5.0  
2028 7008 5.0  
2029 7051 5.0  
2030 7094 5.0  

All values shown in acre-feet per year 
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SOP for Water Level Measurements 

1.0 SCOPE AND APPLICATION 
The purpose of this Standard Operating Procedure (SOP) is to set guidelines for the 

determination of the depth to water and separate phase chemical product (i.e., gasoline or 

oil) in a water supply well, monitoring well, or piezometer. These standard operating 

procedures may be varied or changed as required, dependent on site conditions , and 

equipment limitations. In all instances, the actual procedures employed will be 

documented and described on the field form. Mention of trade names or commercial 

products does not constitute endorsement or recommendation for use. 

Generally, water-level measurements taken in piezometers, or wells are used to construct 

water table or potentiometric surface maps and to determine flow direction as well as 

other aquifer characteristic. Therefore, all water level measurements in a given district 

should preferably be collected within a 24 hour period and SGA’s area within one week. 

However, certain situations may produce rapidly changing groundwater levels that 

necessitate taking measurements as close in time as possible. Large changes in water 

levels among wells may be indicative of such a condition . Rapid groundwater level 

changes may occur due to: 

� Atmospheric pressure changes 

� Changes in river stage, impoundments levels, or flow in unlined ditches 

� Pumping of nearby wells 

� Precipitation 

� Tidal influences 

2.0 METHOD SUMMARY 

A survey mark should be placed on the top of the riser pipe or casing as a reference point 

for groundwater level measurements. If the lip of the riser pipe is not flat, the reference 

point may be located on the grout apron or the top of the outer protective casing (if 

present). The measurement reference point should be documented on the groundwater 

level data form. All field personnel must be made aware of the measurement reference 

point being used in order to ensure the collection of comparable data. Before 

measurements are made, water levels in piezometers and monitor wells should be 

allowed to stabilize for a minimum of 24 hours after well construction and development. 

Measurements in water supply wells need to be noted as questionable if pumping has or 

is occurring. In low yield situations, recovery of water levels to equilibrium may take 

longer. All measurements should be made as accurately as possible, with a minimum 

accuracy of 0.1 feet. Future measurements may have to be more accurate (measurements 

to the nearest 0.01 foot may be needed for conjunctive use projects, ect.). Ideally, the 

minimum measurement accuracy is 0.1 feet and the recommended accuracy is 0.01 feet.  

If there is reason to suspect groundwater contamination, water level measuring equipment 

must be decontaminated and, in general, measurements should proceed from the least to 

the most contaminated wells. This SOP assumes an absence of contamination and no 

need for air monitoring or decontamination.  

Open the well and monitor the headspace with the appropriate air monitoring instrument 

if the presence of volatile organic compounds is suspected. For electrical sounders lower 
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the device into the well until the water surface is reached as indicated by a tone or meter 

deflection. Record the distance from the water surface to the reference point. 

Measurement with a chalked tape will necessitate lowering the tape below the water level 

and holding a convenient foot marker at the reference point. Record both the water level 

as indicated on the chalked tape section and the depth mark held at the reference point. 

The depth to water is the difference between the two readings. Remove measuring 

device, replace riser pipe cap, and decontaminate equipment as necessary. Note that if a 

separate phase is present, an oil/water indicator probe is required for measurement of 

product thickness and water level. 

3.0 POTENTIAL PROBLEMS 
1) Cascading water, particularly in open-hole or rock wells, may interfere with the 

measurement. 

2) Some older types of electric sounders are only marked at five-foot intervals. A 

surveyor’s tape is necessary to extrapolate between the 5-foot marks. 

3) Oil or other product floating on the water column can insulate the contacts of the 

probe on an electric sounder and give false readings. For accurate level 

measurements in wells containing floating product, a special oil/water level 

indicator is required, and the corrected water level must be calculated. 

4) Tapes (electrical or surveyor’s) may have damaged or missing sections, or may be 

spliced inaccurately. 

5) An airline may be the only available means to make measurements in sealed 

production wells but the method is generally accurate only to approximately 0.2 

foot. 

6) When using a steel tape, it is necessary to lower the tape below the water level in 

order to make a measurement. This assumes knowledge of the approximate 

groundwater level. 

4.0 EQUIPMENT 
The electric water level indicator and the chalked steel tape are the devices commonly 

used to measure water levels. Both have an accuracy of 0.01 feet. Other field equipment 

may include: 

� Air monitoring instrumentation 

� Well depth measurement device (sounder) 

� Chalk 

� Ruler 

� Site logbook 

� Paper towels and trash bags 

� Decontamination supplies (assumed unnecessary) 

� Groundwater level data forms 

5.0 PROCEDURES 
5.1 Preparation 
1) Determine the number of measurements needed, the methods to be employed, and 

the equipment and supplies needed. 

2) Decontaminate or pre-clean equipment, and ensure that it is in working order.
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3) Coordinate schedule with staff and regulatory agency, if appropriate. 

4) If this is an initial visit, perform a general site survey prior to site entry in 

accordance with a current approved site specific Health and Safety Plan (if 

applicable). 

5) Identify measurement locations. 

5.2 Procedures 
Procedures for determining water levels are as follows: 

1) If possible, and when applicable, start at those wells that are least contaminated 

and proceed to those wells that are most contaminated. 

2) Rinse all the equipment entering the well. 

3) Remove locking well cap, note well ID, time of day, and date on the groundwater 

level data form. 

4) Remove well cap. 

5) If required by site-specific condition, monitor headspace of well with a 

photoionization detector (PID) or flame ionization detector (FID) to determine 

presence of volatile organic compounds, and record results in logbook. 

6) Lower water-level measuring device into the well. Electrical tapes are lowered to 

the water surface whereas chalked steel tapes are lowered generally a foot or more 

below the water surface. Steel tapes are generally chalked so that a 1-to 5-foot 

long section will fall below the expected water level. 

7) For electrical tapes record the distance from the water surface, as determined by 

the audio signal or meter, to the reference measuring point and record. For 

chalked tapes, an even foot mark is held at the reference point, once the chalked 

section of the tape is below the water level. Both the water level on the tape and 

the foot mark held at the reference point is recorded. The depth to the water is 

then the difference between the two readings. In addition, note the reference point 

used (top of the outer casing, top of the riser pipe, ground surface, or some other 

reproducible position on the well head). Repeat the measurement. 

8) Remove all downhole equipment, and replace well cap and locking steel caps. 

9) Rinse all downhole equipment and store for transport to the next well.  

10) Note any physical changes, such as erosion or cracks in protective concrete pad or 

variation in total depth of well on groundwater level data form. 

6.0 CALCULATIONS 
To determine groundwater elevation above mean sea level, use the following equation, 

where: 

Ew = E – D 

Ew = Elevation of water above mean sea level (feet) or local datum 

E = Elevation above sea level or local datum at point of measurement (feet)

D = Depth to water (feet) 

7.0 QUALITY ASSURANCE/QUALITY CONTROL 
The following general quality assurance/quality control (QA/QC) procedures apply: 

1) All data must be documented on the groundwater level data forms. 
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2) All instrumentation must be operated in accordance with operating instructions as 

supplied by the manufacturer, unless otherwise specified. 

3) Each well should be tested at least twice in order to compare results. If results do 

not agree to within 0.02 feet, a third measurement should be taken and the 

readings averaged. Consistent failure of consecutive readings to agree suggests 

that levels are changing because of one or more conditions as indicated in Section 

1, and should be noted on the field form. 

4) Results should be compared to historical measurements while in the field and 

significant discrepancies noted and resolved if possible. 

5) Wells for which no or questionable measurements are obtained need to have the 

codes entered on the field form as follows: 

No Measurement Questionable Measurement 

0 Discontinued 0  

1 Pumping 1 Pumping

2 Pumphouse locked 2 Nearby pump operating

3 Tape hung up 3 Casing leaking or wet

4 Can’t get tape in casing 4 Pumped recently

5 Unable to locate well 5 Air or pressure gauge 

measurement 

6 Well destroyed 6 Other 

7 Special 7 Recharge operation at 

nearby well 

8 Casing leaking or wet 8 Oil in casing

9 Temporarily inaccessible   

D Dry well   

F Flowing well   

6) The surveyor(s) must complete all fields on the field form and initial. Upon return 

from the field, appropriate corrective actions need to be communicated and 

completed prior to the next survey event. 

7) All data entered into electronic spreadsheet or database should be double-keyed or 

hard copy printed and proofed by a second person. 

8) Questionable wells or measurements noted during data compilation need to result 

in corrective actions if applicable. 

8.0 HEALTH AND SAFETY 
This SOP assumes that only uncontaminated wells are being measured. If not, a current 

approved site Health and Safety Plan should be consulted.. 
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4.1 Stakeholder Involvement  
4.1.1 Involving the Public 

1) Circulate copies and publish the adopted Plan and subsequent annual reports on 
web site. 

√ √ √       

2) Develop an insert to accompany City and VOMWD water bills, and even potentially 
with water bills that are sent out by some of the mutual water companies. 

√ √ √       

3) Develop and Execute Public Outreach Plan: Develop and execute a Public 
Outreach Plan for Plan implementation to maximize outreach on implementation 
activities.  

√ √ √       

4) Conduct public forums to encourage public participation.  √ √ √       
5) Maintain email and postal mail list to announce meetings and keep interested parties 
informed about Plan implementation. 

√ √ √       

6) Invite interested parties to participate in PANEL meetings. √ √ √       
7) Meet with representatives from interested organizations as appropriate. √ √ √       
8) Coordinate meetings with stakeholders within the basin to inform them of the 
management responsibilities and activities relative to this Plan. 

Staff 
Support 

√ √ √       

4.1.2 Advisory Groups 
1) Following Plan adoption, the current PANEL will discuss and recommend the future 
composition of a new Panel and a potential ad-hoc Technical Advisory Committee to 
provide stakeholder input to Plan implementation.  

√ √ √       

2) Structure Plan implementation according to the recommendations of the Panel and 
approval of the Sonoma County Water Agency Board of Directors. 

√ √ √       

3) Maintain a high level of stakeholder involvement in Plan implementation by 
continuing to inform various stakeholder groups through briefings by Panel members. 

√ √ √       

4) Hold quarterly meetings with the Panel to inform and seek guidance on 
implementation. 

Staff 
Support 

√ √ √       

4.1.3 Informing Public Agencies & Stakeholders 



     Key Panel 
Priorities 

   
PLANNED ACTIONS 
 

Cost 
M

a CuFun

3-year Plan 
Sch

O
ppo
A

vailabl

D
em

an
Reductio

Increases 
Recharge 

Protects 
G

round

Im
prov

Unde

Enha
Inte

Geo

Green - Ready to go and funded 
Blue - Ready to go and unfunded 
Red - Not Ready to go 

– Order of 
gnitude 

rrently 
ded 

edule 

rtunity 
e 

d n 

w
ater 

es basin 
rstanding 

nces 
gration 

graphic 
Issue 

 

Appendix F DRAFT Page F-2 DRAFT 10/27/2007 

1) Continue to maintain and further develop relationships with local, state and federal 
agencies and organizations to benefit Plan implementation. 

√ √ √       

2) Meet with representatives from agencies as appropriate. 

Staff 
Support √ √ √       

3) Conduct annual briefings with the elected officials who have adopted the Plan in 
conjunction with annual report. 

 √ √ √       

4.1.4 Partnerships 
1) Continue to promote partnerships that achieve both local supply reliability and 
broader regional and statewide benefits, including proactively addressing potential 
water conflicts, implementing total maximum daily loads (TMDLs), following through on 
California Floodplain Management Task Force recommendations. 

√ √ √       

2) Coordinate implementation activities and work to the extent practicable with 
watershed groups, local stewardship groups, water interest groups, and state and 
federal regulatory agencies that have jurisdiction in areas related to Plan activities. 

√ √ √       

3) Seek grant funding for Plan actions and coordinate grant funding efforts in the Plan 
area. 

Staff 
Support 

√ √ √ √ √ √    

4.2 Monitoring Program 
4.2.2 Groundwater Elevation Monitoring 

1) Assess groundwater elevations on annual basis including trends, conditions and 
adequacy of the groundwater level monitoring network. 

√ √ √    √   

2) Develop an outreach program to obtain groundwater level data from private 
pumpers and private well owners in the Sonoma Valley. 

√ √ √       

3) Coordinate with local, state and federal agencies to investigate opportunities to 
develop better information on groundwater level monitoring. 

√ √ √    √   

4) Project - Conduct Groundwater Elevation Monitoring: Establish and fund a basin-
wide, standardized, long-term well monitoring network. Select an appropriate group of 
wells (both public supply and volunteer private wells) to monitor through cooperative 
and volunteer efforts in spring 2008 for groundwater elevations. 

Staff 
Support 

√ √ √    √   
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5) Project - Install New Multi-Depth Groundwater Monitoring Wells: Obtain funding 
and install three new multi-depth monitoring wells in the central-southern Sonoma 
Valley area for long-term monitoring of groundwater levels and groundwater quality. 

$$$  √ √   √ √   

4.2.3 Groundwater Quality Monitoring 
1) Assess water quality on annual basis including trends, conditions and adequacy of 
the groundwater quality monitoring network. 

√ √ √    √   

2) Identify opportunities to capture and integrate existing water quality data, including 
Department of Public Health data, from small water distribution system operators 
(wineries, restaurants, schools and parks), mutual water companies (non-urban 
residential subdivisions), and other entities when current data is insufficient. 

√ √ √    √   

3) Project - Conduct Groundwater Quality Monitoring: Select an appropriate group 
of wells (both public supply and volunteer private wells) to monitor in spring 2008 for 
groundwater quality and solicit agency in-kind support for sampling and analysis. 

Staff 
Support 

√ √ √    √   

4) Study - Groundwater Ambient Monitoring and Assessment (GAMA) - Review 
Report and Conduct Additional Sampling Study: Review the Groundwater Ambient 
Monitoring and Assessment (GAMA) interpretive report for the Sonoma Valley when it 
becomes available and evaluate whether additional water quality monitoring is 
needed. Collect and analyze additional surface and groundwater samples in the 
Sonoma Valley to improve GAMA assessment of ambient groundwater quality, 
including evaluating areas of recycled water application. 

$$$   √   √ √   

4.2.4 Land Subsidence Monitoring (Related to Groundwater Extraction) 
1) Study - Establish a long-term, periodic monitoring program for groundwater 
extraction related land subsidence in the Sonoma Valley:  Coordinate with VOMWD 
and City to determine if there are other suitable benchmark locations in the Sonoma 
Valley to aid in the analysis of potential land subsidence. 

Staff 
Support 

√ √ √   √ √   
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2) Project - Interferometric Synthetic Aperture Radar (InSAR) for Subsidence 
Monitoring: Continue to coordinate with USGS to ascertain the suitability of the use of 
Interferometric Synthetic Aperture Radar (InSAR) images of the Sonoma Valley for 
assessing potential changes in ground elevation over the last one to two decades. If 
the technology appears suitable, the cost will be estimated and potential cost-sharing 
partners will be identified to further consider this technology. 

$$      √ √   

4.2.5 Surface Water-Ground Water Interaction Monitoring 
1) Continue to compile available stream gauge data and information on tributary flows 
and diversions from the Sonoma Creek area.  

√ √ √    √ √ √ 

2) Collect and analyze stream gauge data to evaluate stormwater capture potential. 

Staff 
Support 

√ √ √       
3) Study - Tracer Test and Modeling to Understand Surface Water-Groundwater 
Flow: Perform a tracer test (possibly using Xenon gas isotopes) along Sonoma Creek 
(or another tributary) and use computer simulation with calibration to tracer, 
groundwater level, temperature, isotope, or water quality data to verify conceptual 
models of the surface-groundwater interaction. 

$$$  √    √ √ √  

4) Study - Stable Isotope Analysis to Understand Surface Water-Groundwater 
Flow: Analyze surface water and groundwater samples for isotopes and other natural 
or anthropogenic tracers to evaluate surface water and groundwater interactions. 

$$  √    √ √ √  

5) Project - Install and Maintain New Stream Gauge on Sonoma Creek in 
Kenwood:  Install and maintain one additional stream gauge on Sonoma Creek in the 
Kenwood area of Sonoma Valley. Once the additional stream gauge is installed, 
quantify net surface water-groundwater exchange between gauges, and assess the 
long-term need for additional stream gauges in the Sonoma Valley. 

$$ √ √ √    √ √ √ 

6) Project - Conduct Seepage Runs And Install New Wells Along Sonoma Creek:  
Conduct seepage runs and install new wells on Sonoma Creek to further assess 
surface water and groundwater interactions. Correlate groundwater level data from 
wells in the vicinity of stream gauges to further establish connectivity of the creek and 
groundwater. 

$$$  √ √   √ √ √ √ 
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4.2.6 Monitoring Protocols 
1) Develop a schedule and coordinate the time of sampling and the sampling interval 
(time between samples) to ensure data collection frequency. 

√ √ √    √   

2) Coordinate to ensure uniform, standard protocols are made available for water 
quality data collection. 

√ √ √       

3) Use a Standard Operating Procedure (SOP) for the collection of water level data for 
wells (Appendix D). 

√ √ √    √   

4) Provide guidelines on the collection of water quality data developed by the California 
Department of Public Health for the collection, pretreatment, storage, and 
transportation of water samples (Appendix D). 

√ √ √    √   

5) Develop field and office quality assurance practices for the program. Review project 
specific quality assurance/quality control procedures for groundwater quality sample 
collection for individual studies to be conducted in the future in the Sonoma Valley. 

√ √ √    √   

6) Provide training on water level sampling to volunteer well owners as needed. 

Staff 
Support 

√ √ √    √   
4.2.7 GIS Data Management System 

1) The Agency will be responsible for maintaining and updating the central GIS data 
management system including GIS layers and other data formats related to 
groundwater, hydrology, geology, land use, and relevant imagery.  

√ √ √    √   

2) Maintain confidentiality of well data per requirement of California Water Code, 
Division 7, Chapter 10, Article 3, Section 13752. 

√ √ √    √   

3) Obtain commitments from governmental agencies including DWR, VOMWD, the City, 
the Agency, Sonoma County Permit & Resource Management Department (PRMD), and 
any other non-governmental entity to provide data to update the database. 

√ √ √    √ √  

4) Adopt standard data formats for collection, data transfer protocols, data reporting, 
and quality assurance-quality control checks to facilitate regularly scheduled data 
updates. 

Staff 
Support 

√ √ √    √ √  
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5) Use the GIS data management system to assist in the annual evaluation of data and 
to prepare the annual Plan report to summarize groundwater conditions within the 
basin and document groundwater management activities conducted in the previous 
year. 

 

√ √ √    √ √  

6) Study - GIS Mapping of Sonoma Valley Drainage Network: Create a complete 
Sonoma Valley drainage network GIS layer that maps culverts and ditches. 

$$  √ √    √ √  

7) Study - Additional GIS Layers and Analysis: Develop and coordinate related data 
including GIS layers and other data formats on topics including low flow conditions, 
recharge and discharge areas, impervious areas, land cover, drainage networks, 
historical hydrology and land cover, and wetlands distribution. 

$$  √ √   √ √ √  

8) Pilot Project - WEBH2O web-based data management system:  The Agency is 
currently working with the company H2O2U to implement a pilot WEBH2O web-based 
project to make data available to load and access on a website at the end of 2007 or 
beginning of 2008. If successful, this pilot project could become the Plan central data 
management system. 

$$ √ √ √   √ √ √  

4.3 Groundwater Resources Protection 
4.3.1 Well Construction, Abandonment, and Destruction 

1) Develop improved well permit application requirements to improve hydrogeologic 
information through working with drillers, well owners, and other parties familiar with 
groundwater conditions in the Sonoma Valley. 

√ √ √   √ √   

2) Improve well construction practices by ensuring that all licensed well drillers and 
well service providers operating in the Sonoma Valley area are provided a copy of the 
county well ordinance, understand the proper well construction procedures, are 
familiar with PRMD well-related policies and procedures, regulations, best practices, 
educational opportunities and value of obtaining detailed geologic data. 

√ √ √   √ √   

3) Provide guidance as appropriate on well construction and destruction to well 
owners, operators, and licensed well drillers and service providers 

Staff 
Support 

√ √ √   √ √   
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4) Review the USGS report on the Sonoma Valley (USGS Scientific Investigations 
Report 2006-5092, 2006) and update Sonoma County information and maps on 
groundwater conditions. 

√ √ √       

5) Study - Obtain Better Information During Well Installations: Develop approach to 
obtain better hydrogeologic information on well completions through a combination of 
voluntary-no-cost participation by well owner, and funding through soliciting in-kind 
services from agencies and/or applying for grants. 

 

 √ √   √ √   

6) Study - Conduct Well/Abandoned Well Survey: Conduct an inventory and survey 
of active and inactive wells in the Sonoma Valley area, to identify potential abandoned 
wells, and develop an approach for possible grant funding to provide incentives to 
properly destroy abandoned wells. 

$$  √    √ √   

7) Project - Develop Guide for Well Owners: Prepare and distribute a “Guide for Well 
Owners” that includes consumer information about the Plan, the County’s well 
construction, abandonment and destruction requirements, well head protection 
information, and tips for ensuring that wells are properly maintained, and monitoring.   

$ 
  √ √   √    

4.3.2 Wellhead Protection 
1) Incorporate available potentially contaminating activity (PCA) and capture zone 
information from Drinking Water Source Assessment and Protection (DWSAP) plans 
into the Sonoma Valley GIS data management system. 

√ √ √   √ √   

2) Request VOMWD and the City to provide available vulnerability summaries from the 
DWSAP to be used for informational purposes and planning. 

√ √ √   √ √   

3) Contact groundwater basin managers in other areas of the state for technical 
advice, effective management practices, and “lessons learned,” regarding establishing 
wellhead protection areas. 

Staff 
Support 

√ √ √   √ √   

4.3.3 Controlling Migration and Remediation of Contaminated Groundwater 
1) Provide well owners with Sonoma County Department of Health Services guide, 
What You Need to Know About Water Quality in Your Well. 

Staff 
Support 

√ √ √   √    
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2) Incorporate information on any known high risk PCA in the Sonoma Valley GIS data 
management system 

√ √ √   √    

3) Incorporate GIS layers on Leaking Underground Storage Tank (LUST) sites from the 
Regional Water Quality Control Board (RWQCB) and Sonoma County Environmental 
Health Department into the GIS data management system.   

√ √ √   √    

4) Distribute information to Sonoma Valley licensed water system operators on mapped 
contaminant plumes and LUST sites and make available to all well owners. 

√ √ √   √ √   

5) Contact the RWQCB and Sonoma County Environmental Health Department 
regarding any new occurrences of LUSTs, particularly when contamination is believed 
to be a threat to groundwater. 

 

√ √ √   √    

4.3.4 Control of Saline Water Intrusion 
1) Track saline water movement from the San Pablo Bay. This will include additional 
monitoring per the groundwater monitoring program for chloride, total dissolved solids 
and water levels. See Component 2 (Section 4.2). Summarize in Annual Report. (see 
Section 5.3). 

√ √ √   √ √  √ 

2) Examine total dissolved solids, chloride and sulfate concentrations in public supply 
wells of Sonoma Valley licensed water distribution systems that are routinely sampled 
under the DPH (formerly DHS) Title 22 Program to identify any trends. These data will 
be readily available in the Sonoma Valley GIS data management system and are 
already an on-going task for the annual review of basin conditions. Summarize in 
Annual Report  

Staff 
Support 

 
√ √ √   √ √  √ 

3) Study - Salinity Sources and Distribution: Evaluate the source and distribution of 
salinity with additional water quality sampling including chloride, bromide, iodide, 
barium, and boron in the mid- and southern-portion of the Sonoma Valley. 

$$$  √ √   √ √  √ 

4) Study – Seawater Intrusion: Conduct feasibility study(s) to identify alternatives to 
mitigate seawater intrusion in South Sonoma Valley and saline thermal water along 
East Sonoma Valley. 

$$$  √    √ √  √ 
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5) Project – Seawater Intrusion: Develop projects to mitigate seawater intrusion, 
including potential recharge projects using stormwater capture and possibly recycled 
water. 

$$$$     √ √ √  √ 

4.4 Groundwater Sustainability 
4.4.1 Stormwater Recharge 

1) Study - Groundwater Recharge Area Mapping and Analysis: Develop and 
implement a study to further understand and map groundwater recharge areas, digitize 
current data on recharge areas, and map impervious areas and historic wetlands. 
Recommend protection alternatives for recharge areas in the Sonoma Valley. 

$$  √ √  √ √ √ √  

2) Study - Recharge Area Alternatives. Recommend alternatives for preserving 
recharge areas in the Sonoma Valley.  Analysis would include natural environment, 
economic, business, and groundwater sustainability issues, pros and cons. 
Alternatives could include posting areas for the public and providing maps for local 
planning agencies. 
 

$$  √ √  √ √ √ √  

3) Project - Public Outreach Program for Source Protection and Groundwater 
Recharge: Develop information for public outreach on household hazardous materials 
and wastes and PPCPs, the importance of groundwater and surface water protection 
and proper methods for handling and disposing of these substances, and the 
importance of protecting and maintaining groundwater recharge areas. 

$  √ √  √ √    

4) Study - Recapture Unused Groundwater:  Assess potential to use groundwater 
extracted and currently disposed in the City of Sonoma surface culverts and ditches by 
evaluating quantity, timing and potential reuse for irrigation or other purposes. 

$$  √  √   √   

5) Study/Pilot - Feasibility Analysis and Pilot Stormwater Capture and 
Groundwater Recharge: Conduct feasibility level analysis and pilot scale testing of 
stormwater capture and groundwater recharge to assess volumes, timing, best 
locations, estimate costs and potential benefits of implementation.   

$$$  √   √ √ √   
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6) Project - Stormwater Capture and Groundwater Recharge: Develop and 
implement pilot-scale and subsequent large-scale projects to recharge groundwater 
with stormwater runoff capture and rainfall harvesting in the Sonoma Valley. Examples 
include: 

a) Off-stream spreading basins and percolation ponds 
b) Temporary wet season flooding of public lands such as parks or open space 
c) Rainfall harvesting and stormwater runoff recharge with dispersed, low 
impact development infiltration trenches and dry wells, with possible 
incentives for retaining water on-site 
d) Capturing and using stormwater runoff in the Sonoma Valley for irrigation; 
also using any remaining captured stormwater that does not infiltrate into the 
ground for irrigation 

$$$$     √ √ √   

7) Project - Stormwater Capture and Late-Year Release - Make controlled releases 
of captured stormwater to streams during late summer and early fall when Sonoma 
Creek is typically dry in order to maximize the aquifer recharge, and improve fish 
habitat conditions. 

$$$$     √ √ √   

4.4.2 Groundwater Banking 
1) Study - Conduct Conjunctive Use Assessment: Conduct a study of conjunctive use 
opportunities within the Sonoma Valley groundwater basin area.  This will include 
assessing methods to optimize the use of surface water and groundwater, by using wet 
year and wet season water for irrigation and to recharge the aquifer with groundwater 
recharge wells and/or recharge basins, siting recharge facilities, and potentially 
shifting the timing of groundwater withdrawals.  

$$$  √  √ √ √ √ √  

2) Study/Pilot - Feasibility Analysis and Pilot Groundwater Banking: Conduct 
feasibility level analysis and pilot scale testing of groundwater banking to assess 
volumes, timing, best locations, estimate costs and potential benefits of 
implementation. 
 

$$$$  √  √ √ √ √ √  
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3) Project: Develop Groundwater Storage Projects: Develop and implement full-
scale projects that use wet season and wet year water for groundwater banking. 

$$$$$     √ √ √   

4.4.3 Recycled Water 
1) Evaluate Graywater: Evaluate graywater (any water that has been used in the 
home, except water from toilets) as a viable demand reduction alternative in the 
Sonoma Valley. If warranted, develop recommendations for model ordinance or code 
and guidance for greywater utilization for residential landscape irrigation. 

√ √  √   √   

2) Project - Recycled Water for Irrigation: Increase recycled water use for irrigation 
through implementation of the Sonoma Valley County Sanitation District's Sonoma 
Valley Recycled Water Project. 

Staff 
Support 

 
 √ √ √      

3) Study - Evaluate Recycled Water Groundwater Recharge Feasibility: 
Groundwater recharge through a spreading basin may be a suitable use of the SVCSD 
recycled water supply, as recycled water is used for groundwater recharge in many 
other areas of the state. This study would take information from the previous SVCSD 
studies and look at possible spreading basin opportunities considering other Sonoma 
Valley issues and challenges that need to be addressed. 

 
 
 

$$$  √   √     

4.4.4 Conservation & Demand Reduction 
1) Continue Implementing BMPs and Report Annually: Continue implementing, 
maintaining and updating CUWCC BMPs, as appropriate, for urban areas. Annually 
report estimated savings for ongoing water conservation programs. 

√ √ √ √      

2) Water Conservation BMPs for Non-Viticulture Agriculture: Encouragement of 
development of water conservation BMPs for voluntary non-viticulture agricultural and 
agricultural-residential water users. 

Staff 
Support 

 

√ √  √      
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3) Encourage Additional Conservation and Best Practices to Address Soil Erosion 
and Surface Water Runoff for Viticulture:  Encourage viticulture agriculture water 
users to increase conservation by 5 percent and to use the Code of Sustainable 
Winegrowing Practices Workbook (Wine Institute and California Association of 
Winegrape Growers, 2002) and Vineyard Manual (Southern Sonoma County Resource 
Conservation District, 1999)) to address soil erosion and surface water runoff. 

√ √  √      

4) Project - Voluntary Water Conservation BMPs for Unincorporated Areas: 
Develop program and seek grant funding for voluntary implementation of CUWCC 
water conservation BMPs in the unincorporated County areas not served by VOMWD 
or the City. 

 

 √  √      

5) Project - Landscape Irrigation Efficiency: Increase efficiency of water use and 
demand reduction by shifting landscape irrigation to evenings to reduce 
evapotranspiration. Include development of educational materials and public outreach 
component. 

Staff 
Support 

 
 √  √      

6) Project - Stormwater Capture and Reuse for Irrigation: Develop and implement 
full-scale projects to capture and use stormwater runoff in the Sonoma Valley for 
irrigation. 

$$$$ 
 √  √      

4.4.5 Groundwater Modeling 
1) Study - Update Land Cover and Water Use Estimates:  Develop land cover 
mapping for post-2000 land use changes for inclusion in the GIS data management 
system, and to update water use estimates for incorporation into the groundwater flow 
model. 

$$  √ √    √ √  

2) Study - Recharge and Infiltration Modeling: Develop a preliminary screening 
watershed model based on existing data using the Preliminary Net Infiltration (INFIL) 
model, and perform some limited field mapping and compilation of existing recharge 
maps to gain a better understanding of recharge processes and for incorporation into 
the groundwater flow model. 

$$  √ √   √ √ √  
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3) Project - Improve Groundwater Flow Model: Enhance and improve the 
groundwater flow model, addressing limitations in recharge, discharge, and 
conceptual hydrogeology, including identifying data collection and analysis activities, 
and developing plans and resources to obtain and analyze the additional data. 

$$ √ √ √    √ √  

4.5 Planning Integration: Urban Water Management Planning (UWMP), Drinking Water Source Assessment and Protection (DWSAP), 
Land Use Planning, Groundwater Modeling, and Integrated Water Resources Management 

1) Monitor and track UWMPs, for consideration in Plan implementation. √ √ √     √  
2) Incorporate pertinent data from DWSAPs into the GIS data management system, and 
periodically update and review DWSAP analysis and submittals. 

√ √ √     √  

3) Make recommendations to the City and County regarding potential land use policies 
to protect the Sonoma Valley groundwater basin.  

Staff 
Support 

√ √ √   √  √  

4) Project - Develop Multi-Beneficial Projects to Address Resources and Flood 
Hazards: Develop multi-beneficial projects addressing stormwater runoff, flood 
management, habitat enhancement, water quality improvement, and groundwater 
recharge. 

$$$$  √ √ √ √ √ √ √ √ 

IMPLEMENTATION PRIORITIZATION AND FINANCING 
Develop prioritization list and schedule for capital projects, studies monitoring, 
outreach, coordination, and partnerships. √ √ √       

Identify resources needed, including local cooperative funding and state and federal 
grants. 

Staff 
Support 

√ √ √       

ANNUAL PLAN IMPLEMENTATION REPORT 
Report on groundwater management activities and progress made in implementing 
Plan. 

√ √ √     √  

Summarize groundwater conditions, and monitoring results and trends of groundwater 
levels and quality. 

√ √ √    √   

Provide information on improved characterization of basin through continued data 
collection and analysis. 

Staff 
Support 

($$) 

√ √ √    √   
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Discuss whether management actions are meeting BMOs. √ √ √       

Summarize any changes in plan components, or any BMO modifications. √ √ √       

Outline future Sonoma Valley management actions. 

 

√ √ √       

FUTURE REVIEW OF PLAN 
The Plan is a living document, updates will be identified in annual reports, and the Plan 
will be re-evaluated within three years and every five years thereafter. 

Staff  
Support 

√ √ √    √ √  
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