
825 Sonoma Avenue, Suite C  Santa Rosa, California 95404 
(707)544-0784  FAX (707)544-0866  www.ebagroup.com

February 22, 2022 

Mr. Kamal Azari 
1399 Spring Hill Road 
Petaluma, CA 94952 

RE: HYDROGEOLOGIC REPORT FOR GENERAL PLAN POLICY WR-2E 
1321 SPRING HILL ROAD, PETALUMA, CALIFORNIA 
SONOMA COUNTY APN 020-050-026 
EBA JOB No. 21-2983 

Dear Mr. Azari: 

This Report presents the results of a groundwater availability study conducted for the 
property located at 1321 Spring Hill Road in Petaluma, California, referred to herein as 
the “project site” (see Figure 1, Appendix A for site location). The groundwater availability 
study was implemented to comply with requirements set forth in Policy WR-2e of the 
Sonoma County General Plan (SCGP). Based on information provided to EBA 
Engineering (EBA), it is our understanding that a hydrogeologic study is being required 
by the County of Sonoma Permit and Resource Management Department (PRMD) for the 
project due to the property’s location in a Class 4 Groundwater Availability Zone. This 
revised hydrogeologic report is being required by PRMD to fulfill the additional information 
requested in a letter dated October 18, 2021. 

The purpose of Policy WR-2e is to determine whether there are adequate existing and 
future groundwater supplies to accommodate the proposed development demands and 
to estimate the effects of drawdown, if any, within the designated cumulative impact area 
(CIA). This report was prepared to meet these objectives.  

1.0 BACKGROUND INFORMATION 

1.1 Project Description 

The project site consists of a 16.7-acre (AC) parcel located at 1321 Spring Hill Road, in 
Petaluma, California and is further identified as Sonoma County Assessor’s Parcel 
Number (APN) 020-050-026. A site plan illustrating the general project site features is 
presented as Figure 2 (Appendix A). Currently, there are no existing structures on the 
project site. Additional features on-site include two 5,000-gallon water storage tanks 
located within the northwest portion of the existing parcel. The remainder of the property 
consists of undeveloped grasslands, vineyard, and minor stands of oak and pine trees. 
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Ground elevations across the project site range from approximately 320 to 440 feet above 
mean sea level (MSL).  
 
One water supply well currently exists at the project site and is herein identified as WELL-
1321. WELL-1321 is located in the northern portion of the project site, and reportedly 
yields 18 gallons per minute (GPM) (Appendix E). According to information received from 
the client, WELL-1321 will be utilized for water supply for the proposed development for 
the project site. At the time of the site visit on May 26, 2021, EBA personnel measured 
the depth to water (DTW) from top of casing (TOC) of WELL-1321 to be approximately 
34.20 feet. A well log available for WELL-1321 states the well was completed to a depth 
of 400 feet. Please refer to Figure 2 (Appendix A) for the location of this well.  
 
The proposed site improvements include the construction of a 2,809 square foot tasting 
room building and a 302 square foot restroom building that will be used for wine tasting 
and special events. The remainder of the proposed site improvements include 
patio/walkway areas, patio/terrace areas, access driveways, and parking lot areas.  
 
1.2 Local Hydrogeology 
 
The project site is located in a Class/Zone 4 groundwater availability area as defined in 
the SCGP. A Class 4 area corresponds to “areas with low or highly variable water yield”. 
The regional groundwater flow surrounding the project site likely mirrors regional 
topography, which generally flows towards an unnamed intermittent drainage to the 
southeast. The unnamed intermittent drainage runs through the project site from the west 
to east and has a small streamside conservation area, per the Sonoma County Riparian 
Corridor Combining Zone, along the eastern property line. Water was not observed in the 
drainage at the time of the May 2021 site visit.  
 
Geologic mapping of the Petaluma Quadrangle by the California Geological Survey 
(CGS) (Bezore et al., 2002) provides detail of the units underlying the project site. These 
units from youngest to oldest include Miocene Wilson Grove Formation (Twg), Miocene 
Sonoma Volcanics (Tv), and Jurassic to Cretaceous age Franciscan bedrock (KJfm). The 
geology observed during EBA’s site visit, as well as the well logs reviewed as part of the 
preparation of this Report, was generally consistent with the CGS map findings.  
 
A geologic map and cross section of the site vicinity is presented as Figure 3 and 4 
(Appendix A), respectively. According to the CGS map, WELL-1321 is completed in Twg. 
However, the corresponding WWDR indicates that WELL-1321 is also completed in Tv. 
According to the WWDR, the upper 45 feet of WELL-1321 is completed in Twg, while the 
portion of the well from 45 to 400 feet below ground surface (BGS) is completed in Tv. 
These units are evident in the WWDR by the descriptions indicating the presence of clay, 
and “blue volcanics”. According to Bulletin 118-4 (CDWR, 2003), yields of groundwater 
to wells in Tv deposits can range from slight to moderate with specific yields ranging from 
zero to 15 percent. It should be noted that the geology in the immediate vicinity of the 
project site is highly variable, and the cross section (Figure 4, Appendix A) was based 
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upon interpretation of WWDRs and large-scale geologic mapping. As such, it should be 
considered a generalized interpretation of geologic structure. 
 
1.3 Local Climate 
 
According to the Sonoma County Water Agency’s County Wide Rainfall Map (SCWA, 
2005), rainfall at the project site is approximately 32 inches per year. As an update to the 
September 28, 2021 hydrogeologic report, EBA re-evaluated the mean annual potential 
evapotranspiration (ETo) in the vicinity of the project site to be approximately 44.19 inches 
per year based on reference ETo Tables provided in the California Irrigation Management 
Information System (CIMIS) Reference Evapotranspiration Website (CIMIS, 2022).   
 
 
2.0 RESEARCH 
 
The following subsections provide a summary of the scope of research performed and 
the corresponding findings used to implement the groundwater availability study. The 
scope of the research was developed to comply with the Policy WR-2e guidelines. 
 
2.1 Site Reconnaissance 
 
EBA conducted a site reconnaissance of the property on May 20, 2021 and a follow up 
DTW measurement for the project site well (WELL-1321) on May 26, 2021. The purpose 
of the site reconnaissance was to observe existing site features, site topography, local 
geology, etc. At the time of the site reconnaissance, the existing on-site features were 
generally consistent with those described in Subsection 1.1 (Project Description) of this 
report.  
 
Nearby developments and property use were also observed during the site 
reconnaissance. Additionally, no active spring activity was observed in the areas 
explored. In regard to water supply wells, six off-site water supply wells were visually 
identified in proximity of the project site. Please be advised that due to the limited public 
access, visual observations were confined to what could be seen from the property and 
public access roads.  
 
Included in the six off-site water supply wells visually identified above, three water supply 
wells were located on the property adjacent to the project site at 1399 Spring Hill Road, 
Petaluma, California. During the site reconnaissance EBA personnel was able to measure 
DTW on two of the three wells at the property located at 1399 Spring Hill Road. The well 
(North Well) on the northern portion of the property measured a DTW of 47.1 feet. The 
well (South Well) on the southern portion of the property measured a DTW of 60.2 feet. 
Please refer to Figure 2, Appendix A for location of these wells.   
 
The site reconnaissance was supplemented with review of Google Earth Pro aerial 
imagery for the area. EBA also utilized the web service ParcelQuest and County of 
Sonoma GIS services to assess the use of all parcels located in the CIA (discussed below 
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WWDR: Water Well Drillers Report 
BGS: Below Ground Surface 
GPM: Gallons per Minute 
GPM/ft: Gallons per Minute per Foot of Drawdown 

(1): WELL-1321 Well log is available for this well. 

(2): WELL-1321 as measured during the May 20, 2021 site reconnaissance. 

in Section 3.0). Findings from this research were generally consistent with the above 
descriptions. These sources also provided information that was used for the CIA water 
usage and water balance calculations.  

2.2 Water Well Drillers Reports (WWDRs) 

WWDRs maintained by the California Department of Water Resources (CDWR) were 
reviewed to obtain pertinent information for the area regarding water supply use, well 
completion depths, yields, etc. The scope of the CDWR research encompassed available 
records for wells located within Section 1 of Township 4 North (T4N), Range 8 West 
(R8W) and Section 6 of Township 4 North (T4N), Range 7 West (R7W), Mount Diablo 
Baseline and Meridian. The off-site search boundary was designed to approximately 
mirror the shape of the CIA in order to obtain available information representative of the 
local hydrogeologic conditions. The results of this research identified 10 WWDRs for 
water supply wells (see Figure 2, Appendix A). Please note that locations were 
determined based on information provided in the WWDR, which, for the majority of the 
WWDRs, was incomplete or missing. In the case of incomplete or missing well location 
information, an assumed location was derived based on air photos and observations as 
to the locations of the well. It should be noted that while the project site well (WELL-1321) 
is completed in Sonoma Volcanics, most of the wells in the vicinity of the project site are 
completed in the Wilson Grove Formation. Due to the project site well being completed in 
a different geologic formation than the wells in the vicinity of the project site, an evaluation 
based on their successful completion in a water-bearing zone which is geologically 
consistent was unable to be completed. The breakdown on the following page provides 
a summary of the well/borehole and water supply characteristics as described in the 
pertinent WWDRs:   

Description On-Site Off-Site 

Number of Water Supply Wells 1(1) 9 

Drilling Depths (feet BGS) 400 150 to 319  

Static Groundwater Levels (feet TOC) 34.20 (2) 20 to 80 

Reported Yields (GPM) 18(3) 5 to 20 

Specific Capacity (GPM/ft) 0.1463(3) 0.0446 to 0.625(4) 

TABLE 1 
RESULTS FROM WWDR RESEARCH 



 5 
  
 

(3): As reported by WELL-1321 well yield test performed on October 3, 2019.  
 
(4): Calculation includes a 20 percent correction factor for drawdown to account for inherent 

inefficiencies associated with air lift testing methods. 
 
Please note that the breakdowns provided in Table 1 should be considered estimates 
based on interpretation of the WWDR information.  
 
2.3 CASGEM Data 
  
The California Statewide Groundwater Elevation Monitoring (CASGEM) Program 
database was researched to identify historical groundwater elevation data that might be 
available in the area. Findings from this research found the closest CASGEM monitoring 
well with historical, and current, data (Well ID: 382277N1226740W001) to be located 
approximately 3,960 feet to the northeast from WELL-1321. Historical groundwater 
elevation data from this well has been recorded since 1989 and exhibits relatively stable 
levels 
(http://www.water.ca.gov/waterdatalibrary/groundwater/hydrographs/brr_hydro.cfm?CF
GRIDKEY=28237). Although this CASGEM well (Wilson Grove Formation) is completed 
in different lithology than the project site well (Sonoma Volcanics), this data appears to 
indicate that groundwater recharge in the area is occurring at a similar rate to usage. 
Please refer to Appendix D for the hydrograph, provided by CASGEM, which includes the 
historical groundwater elevation data in the respective well. 
 
2.4 Assessor’s Parcel Maps 
 
County of Sonoma assessor’s parcel maps for the area were reviewed to assist in 
identifying neighboring property boundaries and addresses. This information, in turn, was 
used to establish the number of properties within the designated CIA area (discussed in 
Section 3.0 [Cumulative Impact Area]) for this study. As an update to the September 28, 
2021 hydrogeologic report, EBA re-evaluated the CIA and reduced its size from 155 acres 
to 60 acres. Findings from this exercise identified 10 properties (including the project site) 
ranging in size from approximately 1.03 to 16.72 AC. It should be noted that two parcels 
within the CIA were not included in this analysis due to their limited area of impact. Of 
these 10 properties, well/borehole information was identified for four properties (including 
the project site) within the CIA as determined from the WWDRs. 
 
2.5 Zoning Information  
 
Zoning designation records maintained by PRMD were reviewed for neighboring 
properties within the designated CIA to evaluate potential future uses and implications of 
the proposed project on future groundwater use in these areas. Findings from this 
research revealed that the project site is zoned as Land Extensive Agriculture District 
(LEA). The site is zoned as LEA B6 100, RC 50/50 per the County of Sonoma Zoning 
Code Regulations. The following is intended to define zoning codes identified at the 
project site and surrounding properties within the CIA. 
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“Land Extensive Agriculture District (LEA) is intended to enhance and protect 
lands best suited for permanent agricultural use and capable of relatively low 
production per acre of land; and to implement the provisions of the Land 
Extensive Agriculture land use category of the General Plan and the policies of 
the Agricultural Resources Element. (Ord. No. 4643, 1993.)” 

 
“The Riparian Corridor (RC) is intended to protect biotic resource communities, 
including critical habitat areas within and along riparian corridors, for their habitat 
and environmental value, and to implement the provisions of the General Plan 
Open Space and Resource Conservation and Water Resources Elements.”  
 
“Valley Oak Habitat Combining District (VOH) is intended to protect and enhance 
valley oaks and valley oak woodlands and to implement the provisions of Section 
5.1 of the general plan resource conservation element.”  

 
All the properties adjacent to the project site and within the CIA are also located in a LEA 
zone.  
 
With regard to zoning density, combining districts for the County specifying residential 
density and/or minimum parcel or lot size for the parcels, lots and/or the area includes 
B6. The B6 district designation specifies the maximum permitted density (i.e., minimum 
acreage for a single dwelling unit) for individual parcels. In the CIA, the B6 district 
designations include densities of 60 to 100 AC. 
 
2.6 Well Yield Certification Tests 
  
A water yield test was performed October 3, 2019 on WELL-1321 by Les Peterson Drilling 
and Pump, Inc. The water yield test was conducted by pumping water from WELL-1321 
for approximately 8 hours with a total measurement time of 16 hours for water level 
recovery. The water level in the well at the start of the test was 37 feet (initial static water 
level) from TOC and ended with a post-test water level at 42 feet from TOC, for a percent 
recovery of 95.93%. Discharge and drawdown were calculated to be 18 GPM and 123 
feet, respectively. Specific capacity was calculated to be 0.1463. Please find a copy of 
the water yield test in Appendix E.  
 
2.7 Documentation of Expended Effort 
 
Approximately 50 hours have been expended in identifying existing wells within the area 
of interest, as well as other pertinent information with respect to the local hydrogeologic 
conditions, property uses, and determination of aquifer characteristics. This estimate 
reflects the cumulative time expended by EBA in researching the information (i.e., site 
reconnaissance, literature searches, interviews, and telephone calls) and performance of 
various calculations. 
 
In an effort to compare present groundwater levels to historical groundwater levels in 
water wells in the vicinity of the project site, EBA personnel attempted to contact property 
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owners adjacent to the project site with the intention of measuring groundwater levels in 
their wells. EBA sent out letters in the mail requesting access to neighboring wells. All 
attempts made by EBA to contact owners of neighboring wells failed. However, the owner 
of the project site is the owner of the adjacent property to the west of the project site, 
which contains two water wells. This property is located at 1399 Spring Hill Road, 
Petaluma and contains two water wells with recorded historical groundwater levels. The 
historical groundwater levels used for comparison for the wells in the vicinity of the project 
site were taken from their respective Department of Water Resources (DWR) driller logs 
and were reported by Boudreau in his Geology & Groundwater Potential (2005) report in 
2005.  
 
On May 20, 2021 EBA personnel were able to measure the groundwater levels in two of 
the existing wells from the Boudreau report located at 1399 Spring Hill Road, Petaluma. 
Recent groundwater levels were found to have mildly decreased in both wells from the 
historical groundwater levels in the Boudreau report. The well in the northern portion 
(North Well) of the property located at 1399 Spring Hill Road decreased from 27 feet to 
47.1 feet below TOC. The well in the southern portion (South Well) of the property 
decreased from 38 feet to 60.2 feet below TOC. EBA remobilized to the site on June 2, 
2021 to measure DTW in WELL-1321. DTW was measured at 35 feet BGS at that time. 
 
It should be noted that during the time of the site visit by EBA to measure groundwater 
levels in water wells in the vicinity of the project site, Sonoma County was experiencing 
a drought. This prolonged dry period may have lowered the groundwater levels in these 
wells below their average values. As such, it is reasonable to assume that groundwater 
levels will increase under a normal year or average precipitation. Please refer to Figure 
2, Appendix A for the location of these wells.   
 
 
3.0 CUMULATIVE IMPACT AREA 
 
The definition of “cumulative impact area” corresponds to the change in a specific area 
resulting from the incremental impact of the project when added to other closely related 
past, present, and reasonably foreseeable future projects. Based on this criterion, existing 
and future site development characteristics and zoning designations for surrounding 
properties were considered, coupled with the site hydrogeology and the nature of the 
proposed development, to estimate the CIA for the project. 
 
After a discussion with PRMD personnel (Robert Pennington), the boundary of the CIA to 
the north, south, east and west of the project site well were updated based upon a 
combination of factors including topography and hydrogeology.  
 
Please refer to Figure 2 (Appendix A) for an illustration of the updated CIA boundary as 
defined above. The overall size of the CIA is approximately 60 AC and encompasses 10 
properties (including the project site).  
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4.0 SUMMARY OF EXISTING / PROJECTED GROUNDWATER USE 
 
At the time of this report, there was no water usage reported by the client from WELL-
1321 at the project site. As previously mentioned, the project site will reportedly be utilized 
as a tasting room facility. With this proposed project, the existing water required for 
domestic and irrigation water use for the tasting room will come from the on-site well 
(WELL-1321). As an update to the September 28, 2021 hydrogeologic report, EBA re-
evaluated the projected annual groundwater use (domestic and irrigation) for the 
proposed project. BC Engineering Group’s projected annual irrigation water use estimate 
of 238,336 gallons per year (GPY) was reduced to 9,360 GPY by water conservation 
measures estimated by Louise Leff (landscape architect). An 80 percent septic return flow 
offset was applied to BC Engineering Group’s projected annual domestic water use 
estimate (294,640 GPY), creating a reduction in overall projected groundwater usage 
(Santa Rosa Plain Groundwater Sustainability Agency, 2021). The reduced projected 
annual groundwater use for the project site is as follows: 
 
Annual: 
 
BC Engineering Original Group’s Projected Annual Groundwater Use Estimate: 
 
•       Domestic = 294,640 gallons per year (GPY)  
 
•       Irrigation = 238,336 GPY 
 
TOTAL = Approximately 532,976 GPY 
 
DAILY FLOW = Approximately 1,460 GPD = 1.64 Acre Feet / Year (AF/yr) 
 
 
BC Engineering Revised Projected Annual Groundwater Use Estimate: 
 
•       Domestic = (294,640 GPY) – (235,712 GPY, [80% septic return flow]) = 58,928 GPY 
 
•       Irrigation = 9,360 GPY  
 
TOTAL = Approximately 304,000 GPY (68,288 GPY after offsets for septic return flow) 
 
DAILY FLOW = Approximately 830 GPD = 0.93 AF/yr. (Approximately 187 GPD = 0.21 
AF/yr after offsets for septic return flow.) 
 
 
The breakdown on Table 2 provides a general synopsis of both the existing and projected 
groundwater uses associated with the proposed development, as well as estimates of the 
off-site groundwater use on adjoining and nearby properties located within the CIA. The 
existing and future groundwater use information for the project site was provided by the 
property owner. The off-site groundwater use information, in turn, was estimated by EBA 
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using industry standard values for domestic/incidental use. As part of EBA’s analysis, the 
website ParcelQuest was utilized to determine the number of bedrooms associated with 
existing dwellings. In regard to future development, 3-bedroom dwellings were assumed 
for those properties in which an existing dwelling was not identified by ParcelQuest or 
parcels that could be subdivided in the future. The ensuing groundwater use estimations 
conservatively assume that the water supply well for each of these parcels is located 
within the CIA, which may or may not be the case.  
 
As an update to the June 28, 2021 hydrogeologic report, EBA re-evaluated the water use 
estimates for the existing vineyards within the project site and within the CIA. While there 
is approximately six AC of existing vineyard within the project site, the irrigation for this 
vineyard is provided from the neighboring well located on the property at 1399 Spring Hill 
Road. Because the project site vineyard is not irrigated from the project site well, water 
use for the project site vineyard was included in the estimate of the existing off-site 
groundwater use. Water from the well located at 1399 Spring Hill Road is also used to 
irrigate approximately 8.5 AC of vineyard located at 1399 Spring Hill Road. A water use 
estimate for the existing vineyard on the project site and the existing vineyard on the 
property located at 1399 Spring Hill Road was provided by the client. As an update to the 
September 28, 2021 hydrogeologic report, EBA re-evaluated the water use estimate for 
the remaining approximately 2.5 AC of existing off-site vineyards within the CIA. Due to 
the reduction in the CIA area for the current report (discussed above in Section 3.0), the 
approximately 2.5 AC of existing off-site vineyards within the previous CIA, are no longer 
within the updated CIA.  
 
In addition to re-evaluating water use estimates for the existing vineyards within CIA, 
future foreseeable water use estimates were re-evaluated for potential off-site vineyards 
within the updated CIA. As an update to the September 28, 2021 hydrogeologic report, 
EBA calculated that 20 AC of grassland were available for future potential off-site vineyard 
within the updated CIA. The 6 AC of grassland that were located on a property being used 
by a dairy facility are no longer located within the updated CIA due to the reduction of the 
CIA. As discussed with Robert Pennington of PRMD, 50% of grasslands in the CIA can 
be assumed as future potential vineyards. EBA estimated a total of 10 AC (50% of 20 AC) 
of grassland assumed as future potential vineyards within the CIA. The re-evaluated 
water use estimates are reflected in Table 2 on the following page.  
 
Water use associated with the 6,000-case winery located at 1399 Spring Hill Road (APN 
020-050-009) was estimated as part of the existing off-site groundwater use. According 
to Appendix A of the Sonoma County General Plan, Water Resource Element, the volume 
of process water for a winery in Sonoma County is 2.15 acre-feet per 100,000 gallons of 
wine produced. Taking into consideration the number of gallons in 6,000 cases of wine 
and the process water value provided by the County, EBA estimated the water use for a 
6,000-case winery to be approximately 0.31 acre-feet.  
 
A groundwater offset associated with the removal of existing irrigated landscaping (lawn) 
located at 1399 Spring Hill Road was estimated as part of the existing off-site groundwater 
use. According to Appendix A of the Sonoma County General Plan, Water Resource 
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Element, the volume of water for a landscaped lawn in Sonoma County is 3.6 AF/yr per 
acre of landscaped lawn. Taking into consideration the number of acres (0.115 AC) of 
lawn being irrigated and the water value provided by the County, EBA estimated the 
groundwater offset for a 0.115 AC lawn to be approximately 0.41 AF. 

Description Existing 
(AF/yr) 

Future 
Additional 

(AF/yr) 

Future 
Combined 

(AF/yr) 

Project Site Groundwater Use 

Domestic and Irrigation Use(1) 0 0.93 0.93 

Septic Return Flow Offset (2) 0 - 0.72 - 0.72

Project Site Totals 0 0.21 0.21 

Off-Site Groundwater Use 

Single Family Dwellings – Domestic Use(3) 6.00 0.75 6.75 

Single Family Dwellings – Incidental Use(4) 2.00 0.25 2.25 

Vineyard Irrigation(5) (7) 1.20 6.00 7.20 

Winery(6) 0.31 0 0.31 

Landscape Offset (Lawn) (8) - 0.41 0 - 0.41

Off-Site Totals 9.10 7.00 16.10 

Combined Groundwater Use 

Combined Totals 9.10 7.21 16.31 

AF/yr: Acre-Feet per Year 

(1) Based on revised domestic water use estimate from BC Engineering Group and a reduced irrigation
water use estimate from Louise Leff (landscape architect).

(2) Based on an 80% septic return flow applied to the projected annual domestic water use.

(3) Based on 24 existing bedrooms and three future additional bedrooms at an incremental water use
of 0.25 AF/yr per bedroom.

(4) Based on 8 existing dwellings and one future additional dwelling at an incremental water use of
0.25 AF/yr per dwelling.

(5) Based on a water use estimate provided by the client for 14.5 acres of existing vineyard.

(6) Based on a 6,000-case winery located at 1399 Spring Hill Road, Petaluma.

TABLE 2 
SUMMARY OF EXISTING / PROJECTED GROUNDWATER USE 
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(7) Off-site future additional is based on hypothetical development of vineyards within the CIA. This 
estimate should be considered extremely conservative since it assumes that water supply for any 
future off-site vineyards would be from a well located within the CIA and within the same formation 
as the project site well (Sonoma Volcanics).   

 
(8) Based on a 0.115 AC lawn located at 1399 Spring Hill Road, Petaluma. 

 
 
5.0 GROUNDWATER AVAILABILITY ANALYSIS 
 
As outlined in the introduction of this report, the primary objectives of the groundwater 
availability analysis were to evaluate whether there are adequate existing and future 
groundwater supplies to accommodate the proposed project and to estimate the effects 
of drawdown within the designated CIA. The following subsections address each of these 
issues. 
 
5.1 Water Supply Capabilities 
 
Groundwater in Storage 
 
Due to the fact that the project site contains three different geologic formations mapped 
on its surface, an estimated volume of water in storage within the entire CIA was not 
calculated. However, the estimated volume of water in storage within the geologic 
formation (Sonoma Volcanics) in which the project site well (WELL-1321) is completed in 
was calculated. As an update to the September 28, 2021 hydrogeologic report, EBA re-
evaluated the portion (8.25 AC) of the reduced 60 AC CIA mapped as Sonoma Volcanics. 
The estimated volume of water in storage within the Sonoma Volcanics was calculated 
by multiplying the volume of the aquifer by its specific yield. The saturated aquifer 
thickness of the Sonoma Volcanics was based on the static groundwater level measured 
during EBA’s site reconnaissance on May 26, 2021 and the completion depth recorded 
in the WWDR of the project site well (WELL-1321). Finally, the aquifer’s specific yield or 
secondary porosity volume was based on literature values (Bulletin 118-4 [CDWR, 2003]). 
Using this information, the storage capacity for the aquifer (Sonoma Volcanics) was 
estimated by multiplying the respective variables.  
 
The following provides a breakdown of the calculations: 
 
Formation 1: Sonoma Volcanics 

• Aquifer Area:     8.25 AC 
• Average Static Groundwater Level: 34.2 feet BGS 
• Aquifer Depth:              400 feet BGS 
• Aquifer Thickness:    366 feet 
• Effective Porosity:    7.5 percent (literature value) 
• Calculated Storage Capacity:  226 acre-feet (AF) 

 
Based on the above calculations, the storage capacity for the Sonoma Volcanics within 
the CIA equates to 226 AF. It should be noted that although 226 AF of groundwater is 
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potentially in storage beneath the Sonoma Volcanics within the CIA, this does not 
necessarily represent the amount of groundwater available for use. Due to the nature of 
the interaction between groundwater and subsurface geology in the vicinity of the project 
site, it is not likely that the entire amount of groundwater in storage is able to be efficiently 
extracted. 
 
Water Budget 
  
A water budget analysis was performed by comparing groundwater recharge 
characteristics to the projected on-site groundwater use over a given calendar year. In 
this regard, the groundwater recharge estimate for the CIA was calculated by assuming 
that precipitation represents the primary source of potential inflow into the underlying 
aquifer, and run-off, evapotranspiration, canopy interception and springs represent the 
primary outflow variables. Whereas other secondary sources of inflow (i.e., groundwater 
inflow from upgradient boundaries, recharge from irrigation, etc.) and outflow (i.e., 
groundwater outflow along downgradient boundaries, etc.) contribute to the overall 
groundwater recharge characteristics, these secondary sources were assumed to be 
relatively equal, resulting in no net gain or loss. Based on this approach, the following 
equation was used to calculate potential groundwater recharge: 
 
   Groundwater Recharge = P – (R + ETa + ECI + S) 
 
where “P” is equal to precipitation (in AF/yr), “R” is equal to run-off (in AF/yr), “ETa” is 
equal to actual evapotranspiration (in AF/yr), “ECI” is equal to evaporative losses related 
to canopy interception (in AF/yr), and “S” is equal to spring flow (in AF/yr). Details 
regarding the calculation of each of these variables are presented below. 
 
Precipitation (P) 
 
The total volume of precipitation that falls within the CIA was calculated by multiplying the 
average annual precipitation rate (32 inches per year) by the size of the CIA (60 AC).  
 
Run-off (R) 
 
The percentage of the total precipitation that results as outflow (i.e., run-off) was 
estimated by comparing the ground slopes within the CIA to run-off coefficients (RCs) for 
various types of developed and natural settings (ODOT, 2014). In general, slope surfaces 
were separated by areas identified as “flat” (less than 2 percent), “rolling” (2 to 10 percent) 
and “hilly” (greater than 10 percent). In this regard, the relative percentages of slopes 
within the CIA that align with these categories are approximately 0, 50 and 50 percent, 
respectively. These areas, in turn, were further separated by the types of settings. The 
following provides a breakdown of the setting types and range of RCs used in the 
analysis: 
 

• Woodland / Forest:     7.5 AC (RC = 0.15 - 0.20) 
• Meadows / Pastureland    51 AC (RC = 0.30 - 0.35) 
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• Light Residential     1.5 AC (RC = 0.40 - 0.45) 
 
Using the aforementioned variables, the annual run-off volume for each area was 
calculated by multiplying the respective areas by the annual precipitation volume, 
followed by multiplying the corresponding products by the applicable RC. The summation 
of all the area run-off volumes equates to the total annual run-off volume for the entire 
CIA. 
 
Actual Evapotranspiration (ETa) 
 
As previously noted in Subsection 1.3 (Local Climate), the mean annual potential 
evapotranspiration (ETo) for the area is estimated to be 44.19 inches per year. The ETa, 
in turn, was calculated by multiplying the annual ETo by a coefficient of 0.33. This 
coefficient, determined in Geohydrology and Water Chemistry of the Alexander Valley, 
Sonoma County, California (USGS) (Metzger et al, 2006), represents the ratio between 
the soil moisture deficit and the ETo observed during the months of May through 
September. 
 
Canopy Interception (ECI) 
 
Canopy interception corresponds to the fraction of rainfall that is intercepted by the 
canopy of trees and shrubs (assumed to be negligible for grassland areas) and 
subsequently lost to evaporation. This fraction was estimated using equations developed 
by Helvey and Patric (1965) that utilize gross rainfall, throughput (i.e., rainfall that reaches 
the ground through spaces in the vegetative canopy and as drip from leaves, twigs and 
stems), and stemflow (i.e., rainfall that is caught on the canopy and reaches the ground 
by running down stems) variables. The calculation excluded grassland and vineyard 
areas as the fraction of canopy interception for these areas is assumed to be negligible. 
With that being said, all other areas within the CIA were assumed to be subject to canopy 
interception losses. 
 
Spring Activity (S) 
 
Although spring flow was not observed at the time of the site visit, spring flow was 
assumed to have occurred within the CIA due to the known occurrence of spring flow in 
the area. Given that the entire CIA drains to one point on the project site, EBA assigned 
spring activity 10% of the total calculated runoff within the CIA. 
 
The results of the water balance calculations using the aforementioned parameters are 
presented in Table 3 on the following page.  
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TABLE 3 

SUMMARY OF WATER BALANCE CALCULATIONS 
 

Description 
 

 
Average (AF/yr) 

Precipitation (inflow) +160 

Run-Off (outflow) - 49 

Actual Evapotranspiration (outflow) - 73 

Canopy Interception (outflow) - 1 

Springs (outflow) - 5 

Total +32 
 
AF/yr: Acre-Feet per Year  
 
As presented in Table 3, the estimated volume of water potentially available for 
groundwater recharge is approximately 32 AF/yr. In regard to the total estimated future 
groundwater supply requirement (existing plus future development) within the CIA (16.31 
AF/yr), this volume equates to approximately 50 percent of the water potentially available 
for recharge. Conversely, the total estimated future groundwater supply requirement 
(existing plus future development) for the project site (0.21 AF/yr) equates to less than 
one percent of the water potentially available for recharge. 
 
5.2 Drought Conditions 
 
The water budget calculations were also performed simulating drought conditions. To 
accomplish this, EBA assumed 60 percent of the average annual rainfall (19.2 inches per 
year). The precipitation, run-off, canopy interception, actual evapotranspiration, and 
spring flow variables in the potential groundwater recharge equation presented in the 
previous subsection were adjusted accordingly. The results of this exercise indicated that 
despite the assumed drought conditions, a positive water balance exists during 60 
percent of average annual rainfall. Recharge during drought conditions would be 
approximately 19 AF/yr prior to any groundwater extraction within the CIA. The future 
combined water use at the project site (0.21 AF/yr) equates to approximately one percent 
of the water potentially available for recharge during drought years. The total (existing 
plus future) water use within the CIA (16.31 AF/yr) equates to approximately 86 percent 
of the water potentially available for recharge during drought years.  
 
It is important to note that while the assumed drought scenario calculations do provide 
some context to evaluate recharge under periods of extremely limited rainfall, years 
exhibiting above average rainfall would provide an excess of water being available for 
recharge. In essence, the historical rainfall amounts used herein account for drought 
scenarios.   
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5.3 Drawdown Characteristics 
 
Projected drawdown characteristics associated with the proposed project was estimated 
through the performance of a preliminary analysis using the projected site-specific usage 
rates, data from the limited pumping test conducted for WELL-2890 on October 16, 2018, 
and an analytical computer model. The following subsections provide a summary of the 
various parameters considered in the analysis and the corresponding results. 
 
Daily Water Demand 
 
As an update to the September 28, 2021 hydrogeologic report, EBA re-evaluated the 
projected total annual groundwater use for the proposed project (0.93 AF/yr), as 
presented in Table 2, which is equivalent to an annual water demand of approximately 
303,041 gallons. Therefore, the projected total annual groundwater use for the proposed 
project of 0.93 AF/yr is equivalent to a maximum daily water demand of approximately 
830 gallons per day (GPD). 
 
Pumping Rate and Duration 
 
As presented above, the daily water demand is approximately 830 GPD. Whereas the 
demand would likely occur intermittently throughout the day, the total volume was 
assumed to be pumped at one time as a conservative measure. Based on the reported 
pumping rate of WELL-1321 of approximately 18 GPM (Appendix E), the pumping 
duration required to meet the maximum daily water demand is approximately 46 minutes. 
Based on known drawdown and recharge characteristics of WELL-1321 it is likely that 
this well will be solely capable of providing water supply for the proposed project.  
 
Aquifer Transmissivity 
 
Determination of aquifer transmissivity was accomplished using available data from the 
recent pumping test for WELL-1321. The average yield (18 GPM) and drawdown (123 
feet) data from the pumping test were used in an empirical transmissivity equation 
published in Groundwater and Wells (Driscoll, 1986). This equation presented is as 
follows: 

𝑄𝑄
𝑠𝑠

=
𝑇𝑇

1500
 

 
for a confined aquifer, where “Q” is discharge rate (GPM), “s” is feet of drawdown in the 
well, and “T” is transmissivity (gallons per day per foot [GPD/ft]).  For the purpose of this 
analysis, the aquifer is assumed to be partially confined based on the description given 
by the well driller at the time of well installation. The corresponding results from the 
calculation indicated a transmissivity value of 220 GPD/ft. 
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Well Interference Characteristics 
 
Due to the project site well (WELL-1321) being completed in a different geologic formation 
than the rest of the off-site wells within the CIA, an evaluation of well interference was not 
conducted for the off-site wells. Given that the Wilson Grove overlays the Sonoma 
Volcanics, the likelihood of negative impacts to wells within the Wilson Grove would 
appear low. With that being said, assuming a similar well was completed in the same 
formation as WELL-1321 (i.e., Sonoma Volcanics), EBA calculated an estimated 
drawdown of approximately five feet at a distance of 50 feet from the well. 
 
 
6.0 SURFACE WATER / AQUATIC HABITAT 
 
Policy WR-2e requires that the scope of the groundwater assessment encompass 
potential impacts to surface waters and aquatic habitats. As previously mentioned, the 
most prominent surface water feature in proximity of the project site is an unnamed 
intermittent drainage. This drainage runs through the project site from the west to east 
and has a small streamside conservation area, per the Sonoma County Riparian Corridor 
Combining Zone, along the eastern property line. There is a 50-foot riparian corridor 
setback from top of bank for this drainage in the streamside conservation area. The 
proposed tasting room and associated improvements are located over 200 feet from the 
drainage at its nearest point and are approximately 750 feet from the streamside 
conservation area. WELL-1321 is located approximately 625 feet at its nearest point from 
the streamside conservation area and 50-foot riparian corridor setback. Given the 
distance from WELL-1321 to the streamside conservation area (approximately 625 feet), 
as well as the relatively limited pumping rate associated with WELL-1321 (18 GPM), it is 
unlikely that pumping would influence surface water flow or aquatic habitat in this location.  
 
 
7.0 CONCLUSIONS 
 
Based on the proposed water use and the estimates presented herein, it appears that the 
proposed project will not have a significant impact on current and future groundwater 
availability at the project site, nor within the CIA under existing or foreseeable future use 
conditions. This conclusion is based on the following: 

 
• The projected estimated annual water supply requirement for the hypothetical  

future development and existing uses (16.31 AF/yr) for the entire CIA equates to 
approximately seven percent of the groundwater in storage within the Sonoma 
Volcanics (8.25 AC) within the CIA and approximately 50 percent of the amount of 
potential annual groundwater recharge (32 AF/yr). It is important to note that off-
site future additional usage is based on hypothetical development of vineyards 
within the CIA. This estimate should be considered extremely conservative since 
it assumes that water supply for any future off-site vineyards would be from a well 
located within the CIA and within the same formation as the project site well 
(Sonoma Volcanics).  
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• A water yield test was performed October 3, 2019 on WELL-1321 demonstrating 

a discharge, drawdown, and specific capacity of 18 GPM, 123 feet, and 0.1463, 
respectively. The yield characteristics of WELL-1321 appear to be sufficient to 
accommodate the proposed project site water demand.  

 
 
• Based on the analysis presented herein, it does not appear that pumping in WELL-

1321 will be able to substantially influence any existing neighboring wells or 
surface water habitats. The potential for influence on surface water habitats near 
the streamside conservation area (approximately 625 feet) from pumping in WELL-
1321, is unlikely. 
 

• In regard to drought considerations, the total water use for the project site (0.21 
AF/yr) equates to approximately one percent of the annual groundwater recharge 
during drought conditions. While the assumed drought scenario calculations do 
provide some context to evaluate recharge under periods of extremely limited 
rainfall, years exhibiting above average rainfall would provide an excess of water 
being available for recharge.  
 

• A comparison of groundwater levels in water wells in the vicinity of the project site 
was conducted. EBA compared historical groundwater level values recorded in 
wells from the Geology & Groundwater Potential (Boudreau, 2005) report to the 
groundwater levels measured during EBA’s recent site visit in May 2021. All 
attempts made by EBA to contact owners of neighboring wells failed. However, 
EBA personnel were able to measure two of the existing wells from the Boudreau 
report. The two wells measured were located at 1399 Spring Hill Road in Petaluma. 
Current groundwater levels were found to have mildly decreased in both wells from 
the historical groundwater levels in the Boudreau report. It should be noted that 
during the time of the site visit by EBA to measure groundwater levels in water 
wells in the vicinity of the project site, Sonoma County was experiencing a drought. 
This prolonged dry period may have lowered the groundwater levels in these wells 
below their average values. As such, it is reasonable to assume that groundwater 
levels will increase under a normal year or average precipitation.  
 

It is important to note that some influences in the groundwater elevation immediately 
adjacent to WELL-1321 should be expected, although such influences may be temporal 
in nature. The amount of influence can be minimized through the employment of water 
management practices. 
 
 
8.0 LIMITATIONS 
 
This report was prepared in accordance with generally accepted standards of 
professional hydrogeologic consulting principles and practices at the place and time this 
study was performed. This warranty is in lieu of all other warranties, either expressed or 
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implied. The conclusions presented herein are based solely on information made 
available to us by others, and includes professional interpretations based on limited 
research and data. Based on these circumstances, the decision to conduct additional 
investigative work to substantiate the findings and conclusions presented herein is the 
sole responsibility of the client. This report has been prepared solely for the client and 
any reliance on this report by third parties shall be at such party's sole risk.

9.0 CLOSING

EBA appreciates the opportunity to be of service to you on this project. If you should have 
any questions regarding the information contained herein, please do not hesitate to 
contact our office at (707) 544-0784.

Sincerely,
EBA ENGINEERING

________________________________
Ian Penn    
Staff Geologist

________________________________
Matthew J. Earnshaw, P.G., C.E.G., C.Hg., QSD    
Senior Geologist

Appendices: Appendix A: Figures
Appendix B: WELL-1321- Water Well Drillers Report 
Appendix C: Nearby Wells - Water Well Drillers Report
Appendix D: CASGEM Hydrograph
Appendix E: Well Yield Certification Test
Appendix F: BC Engineering Group Water Use Estimate
Appendix G: Landscape Architect Use Estimate



19

10.0 REFERENCES

Bezore, S., Randolph-Loar, C.E., Witter, R.C., Geologic Map of the Petaluma 7.5’ 
Quadrangle, Sonoma and Marin Counties, California: a Digital Database, 2002. 

Boudreau, E.H., Geology & Groundwater Potential: Azari Property, November 16, 2005. 
1399 Spring Hill Road, Petaluma, CA.

California Irrigation Management Information System (CIMIS), Reference 
Evapotranspiration. Retrieved from https://cimis.water.ca.gov/ on February 2, 2022.

California Department of Water Resources, October 2003, California’s Groundwater: 
Bulletin 118-update 2003 Groundwater Basin Descriptions. Retrieved from 
http://wdl.water.ca.gov/groundwater/bulletin118/gwbasins2003.cfm. 

Driscoll, F.G., 1986, Groundwater and Wells, Johnson Division, St. Paul, Minnesota.

Helvey, J.D. and Patric, J.H., 1965, Canopy and Litter Interception of Rainfall by 
Hardwoods of Eastern United States; Water Resources Research, Volume 1, Number 2, 
Second Quarter, p. 193-205. 

Metzger et al, 2006, Geohydrology and Water Chemistry of the Alexander Valley, 
Sonoma County, California, United States Geological Survey. Scientific Investigations 
Report 2006-5115.

Oregon Department of Transportation (ODOT), Highway Division, April 2014, Hydraulics 
Design Manual, Appendix F; Prepared by Engineering and Asset Management Unit, Geo-
Environmental Section.

Santa Rosa Plain Groundwater Sustainability Agency, December 2021, Groundwater 
Sustainability Plan Santa Rosa Plain Groundwater Basin, Prepared by Sonoma Water. 

Sonoma County Water Agency, County Wide Rainfall, Sonoma County, California, 
January 10, 2005.

State of California, September 10, 2009, California Code of Regulations, Title 23, Division 
2, Chapter 2.7 – Model Water Efficient Landscape Ordinance, Appendix A – Reference 
Evapotranspiration (ETo) Table. 

Theis, C.V., 1935, The Relation between the Lowering of the Piezometric Surface and 
the Rate and Duration of Discharge of a Well Using Ground Water Storage: transactions,
Am. Geophysical Union, Washington, D.C. p. 518-524.

























































www.bcengineeringgroup.com  SANTA ROSA OFFICE  UKIAH OFFICE .
Phone: 707-542-4321  418 B Street, Third Floor 603 S. State Street 

 Santa Rosa, CA 95401 Ukiah, CA 95442 .



www.bcengineeringgroup.com  SANTA ROSA OFFICE  UKIAH OFFICE .
Phone: 707-542-4321  418 B Street, Third Floor 603 S. State Street 

 Santa Rosa, CA 95401 Ukiah, CA 95442 .

o
o



 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX G 
 

LANDSCAPE ARCHITECT   
WATER USE ESTIMATE 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 




	Layout1
	Fig 11x17
	Fig 11x17
	Fig 11x17
	Minimal tree plantings October 29 2021.pdf
	Sheets and Views
	Preliminary Planting





