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Introduction 

Schramsberg Vineyards is planning to convert forest and grassland to develop 11 gross acres  of 
vineyard on the subject property. The subject property is located at 1400 Schramsberg Road and 
consists of six contiguous parcels (Napa County APN’s 020-390-007, 020-390-008, 020-390-011 
020-390-014, 020-390-015, and 020-390-017) approximately 2.5 miles southeast of Calistoga 
(Figure 1). The subject property comprising a total of 225 acres contains approximately 44.9 acres 
of existing vineyards, three residences and the Schramsberg Vineyards Winery. Several wells 
provide water for the various existing water uses; the location of the water supply wells (Wells 1 
through 4) are shown in Figure 2. Water for the proposed vineyard areas will be supplied by all 
four wells.   

This Water Availability Analysis (WAA) was developed based on the guidance provided in the 
Napa County Department of Planning, Building, & Environmental Services' Water Availability 
Analysis Guidance Document formally adopted by the Napa County Board of Supervisors in May 
2015.  The WAA includes the following elements: estimates of existing and proposed water uses 
within the project recharge area, compilation of drillers' logs from the area and characterization 
of local hydrogeologic conditions, analyses to estimate groundwater recharge relative to 
proposed uses (Tier 1), an analysis of the potential for well interference at neighboring wells 
located within 500-ft of project Well 1 (Tier 2), and an analysis of the potential for well 
interference at surface water bodies within 1500 feet of the project wells (Tier 3).    

Limitations 
Groundwater systems of Napa County and the Coast Range are typically complex, and available 
data rarely allows for more than general assessment of groundwater conditions and delineation 
of aquifers.  Hydrogeologic interpretations are based on the drillers' reports made available to us 
through the California Department of Water Resources and Napa County, available geologic maps 
and hydrogeologic studies, and professional judgment.  This analysis is based on limited available 
data and relies significantly on interpretation of data from disparate sources of disparate quality.  
Existing and proposed future water use on and near the project site is estimated based on 
information received from the applicant and on regionally appropriate water duties for the 
observed and expected uses.  The recharge estimates presented below are based on established 
soil water balance modeling techniques for calculating infiltration recharge and they do not 
explicitly simulate surface water/groundwater interaction in perennial streams or bedrock 
geology in controlling percolation of infiltrating water to aquifers.     
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Figure 1: Project location map 
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Hydrogeologic Conditions 

The contiguous block of project parcels are located approximately 2.5 miles southeast of 
Calistoga at the foot of Diamond Mountain in the northwestern portion of the Napa Valley 
sharing a portion of its southern and eastern boundaries with the Bothe-Napa Valley State Park 
(Figure 1). Bedrock geology mapped in the area of the project parcels is typical of the mountains 
and hills located near Calistoga in the northern Napa Valley. The main geologic unit mapped at 
the project site and primarily intersected by the wells on the project parcels (Wells 1-5) is the 
Rhyolite of Calistoga of the Tertiary-aged Sonoma Volcanics (Map unit Tsrc, see Figure 2). This 
portion of the Tsrc unit is part of an approximately 2 square-mile block bound to the south, west 
and east by a fault contact with the Tuff of the Petrified Forest (map unit Tstp), a similarly aged 
unit of the Sonoma Volcanics and to the north by younger Quaternary-aged stream terrace (unit 
Qt), alluvial fan (unit Qhf) and fluvial and lacustrine deposits (QTg). The Tsrc unit forms dome-
shaped hills that dot the landscape in and around Calistoga and is described as highly variable 
assemblages of massive or flow banded rhyolite; intercalated crystal and lithic tuff, and lithoidal 
welded tuff grading to vitrophyre, locally perlitic; and agglomerate with glassy bombs (Delattre 
and Gutierrez, 2013).   
 
The Tuff of the Petrified Forest (unit Tstp) is mapped in fault contact with the Tsrc to the south 
of the project parcels.  This unit is coeval with the Tsrc unit and is described as a thick section of 
silicic tuff, tuff breccia, and agglomerate with several intercalated andesitic to dacitic lava flows 
(Delattre and Gutierrez, 2013).  
 
Several thin outcrops of younger Unnamed fluvial and lacustrine deposits (unit QTg) 
unconformably overlie the Tsrc unit in and around the project parcels (Figure 2).  This unit 
consists of weakly consolidated gravel, tuffaceous sand, silt and clay.  This unit is not considered 
to be part of the project aquifer. 
 
A landslide (Qls) is mapped on the northeastern project parcel.  The location of this landslide was 
not investigated as a part of this study. Field observations and an evaluation of the potential 
impacts to the proposed project will be summarized if necessary, in a separate Landslide Hazard 
Evaluation by O’Connor Environmental Inc. 
 
In general, wells drilled in the Sonoma Volcanics tend to have low to moderate yield. Typical 
yields range from 16 to 50 gallons per minute (gpm) with reported yields as high as several 
hundred gpm (LSCE 2013).  Unwelded sections of tuff are considered good water producers (DWR 
1982). Denser bedrock units such as the Rhyolite of Calistoga typically have low primary porosity 
and are only water-yielding where fractured (DWR 1982).  
  
Several west-to-east trending faults are mapped traversing the project parcels (Figure 2).  
Mapping by CGS indicates the northern two of these are approximately located normal faults 
with the downthrown blocks located on the north (downhill) side of the faults.  The southern two 
are inferred with the northern fault mapped as a normal fault with the downthrown block to the 
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north. Faults can act as conduits or barriers to the flow of groundwater. These faults are not 
mapped as active in any State database. Although we have recognized their mapped locations, 
we do not have any additional information that would help us interpret their potential impacts 
upon the local hydrogeology. As such, for the purposes of this hydrogeologic analysis we will be 
ignoring any potential effects the mapped faults may have. 
 
Well Data 
Our search of the Department of Water Resources and County of Napa records found a total of 
22 Well Completion Reports for wells completed in similar geology and located within 
approximately one mile of the project parcels. Well locations on the project parcels (Wells 1-5) 
were identified by Schramsberg Vineyards personnel; the remaining wells on surrounding parcels 
were located using the locations marked on the well logs as guidance and then confirmed using 
aerial photos of the area.  Well locations are shown in Figure 2.  Relevant well information was 
compiled and summarized (see Table 1 and Appendix A).   
 
Table 1:  Well completion details for the wells on the project parcels (Wells 1 - 5) and nearby wells. 

 
 

 
 
All wells identified were productive. Well bores range from 202 to 690 feet deep, with an average 
depth of about 476 feet. Geologic materials encountered in all wells are described by drillers as 
various volcanic rock of varying colors interbedded with ash and some clays of varying color. 
These descriptions are consistent with what we would expect in an area mapped as rhyolitic lavas 
within a larger geologic formation made up of various volcanic rocks.  All logs indicate that drillers 
did not encounter the bottom of the Sonoma Volcanics. Reported static water level for most wells 
and levels ranged between 0 and 420 feet below ground surface with an average depth of 128 
feet.  Well yields reported on Well Completion Reports ranged from 10 to 180 gallons per minute, 
with an average of 55 gallons per minute. Typically, operational well yields are about half or less 
compared to yields reported on Well Completion Reports. There are four operational project 
wells (Wells 1-4) that serve various needs on the project parcels. 
 

Well Number 1 2 3 4 5 6 7 8 9 10 11

Year Completed 2008 1974 1987 2005 1978 1988 2004 2012 2013 2003 2000

Depth (ft) 490 202 245 620 420 405 560 455 500 470 495

Estimated Yield (gpm) 40 30 40 180 10 75 70 30 12 75 30

Static Water Level (ft) 200 10 45 120 200 210 147 160 60 230 200

Top of Screen (ft) 246 100 145 210 260 200 120 135 115 80 235

Bottom of Screen (ft) 486 202 245 610 420 405 560? 455 475 450 435

Geologic Unit Qls/Trsc Tsrc Tsrc Tsrc Qls/Tsrc Tsrc/QTg Tsrc/adf Tsrc Tsrc Tsrc Tsrc

Well Number 12 13 14 15 16 17 18 19 20 21 22

Year Completed 2013 2001 1981 2017 2012 2014 2014 1991 1999 1991 2014

Depth (ft) 690 484 440 400 320 500 490 335 595 430 500

Estimated Yield (gpm) 40 60 12 30 20 150 80 50 45 30 97

Static Water Level (ft) 420 60 150 103 130 20 0 50 90 120 0

Top of Screen (ft) 180 310 220 290 120 100 77 215 160 110 100

Bottom of Screen (ft) 660 465 440 390 320 500 490 335 588 430 500

Geologic Unit Tsrc Tsrc Tstp QTg? QTg?/Qhf Tsrc/QTg? QTg? QTg? Tsrc/QTg? Tsrc Tsrc
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Figure 2: Surficial geology and locations of wells on and near the project parcel.  Surficial geology based on data 
from the Preliminary Geologic Map of the Calistoga 7.5” Quadrangle, Napa and Sonoma Counties, California 

(Delattre and Gutierrez, 2013). 
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Well 1, is also known as the  Claes Well and is located on parcel number 020-390-017.  This parcel 
has a residence and the 4.4-acre Claes Vineyard.  Water for this residence and vineyard is supplied 
by Well 1 which was drilled in 2008 to a depth of 490 ft and completed to a depth of 486 ft.  The 
geologic log describes a sequence of brown ash, clay and gray rock for the first 75 ft, brown clay 
and red ash and gray rock were encountered between 75 ft and 140 ft, and a sequence of ash 
strata of various colors and thicknesses makes up the remaining 350 ft down to a depth of 490 
ft.  The sequence of rocks described in this log is consistent with more tuffaceous portions of the 
Rhyolite of Calistoga and similar tuffaceous units within the Sonoma Volcanics in general.  Well 1 
is screened between 286 ft and 486 ft.  The Well 1 well log reports depth to first water as 230 ft 
and a static water level of 200 ft after development in May 2008.  At the time of development, 
the well was pumped using airlift methods at an estimated rate of 40 gpm for 4 hours; drawdown 
was not reported.   
 
Well 2 is also located on the project parcel southwest of Well 1 (APN 020-030-015) and is known 
as the McEachran Well. This well serves the Schramsberg Winery, the McEachran Vineyards and 
all residences on the project parcels outside of the Claes Vineyard residence. The McEachran Well 
was completed in 1974 to a depth of 202 feet.  The well is completed in materials consistent with 
what would be expected in the Sonoma Volcanics and includes “soft rock” (presumed to be ash 
strata) of varying colors interlayered with harder “stringers” and rock strata. The screened 
interval begins at a depth of 100 ft and extends to the bottom of the well at 202 ft.  Water was 
first encountered at 24 feet within a 94-foot-thick layer of “Soft brown Rock w/Hard Stringers”.  
After development of the well the reported static water level was 10 feet below ground surface.  
After six hours of pumping the well driller reported an estimated yield of 30 gallons per minute 
with a drawdown of 40 ft. 
 
Well 3 is known as the Mt. Diamond Well and is located on the westernmost project parcel (APN 
020-390-007). The well log reports that the well was drilled in 1987 to a depth of 245 feet.  
Materials encountered during drilling include interlayered strata of clay-rich ash and hard 
volcanic rock, consistent with the mapped geology.  At the time of development, the static water 
level was 45 feet and after 3 hours of pumping at an estimated discharge of 40 gpm a drawdown 
of 55 feet was reported.  In August 2019 a static water level was measured at 88.4 ft below 
ground surface; it is unknown how recently the well had been pumped prior to this 
measurement, but we believe that the well was generally in service at that time.  Well 3 serves 
as one of the primary water sources for the vineyards and as a secondary well for the 
Schramsberg Winery, the McEachran Vineyards and all residences on the project parcels. 
 
Well 4 is known as the Tractor Shed Well and is located on the north-central parcel (APN 020-
390-008).  Well 4 was drilled in September 2005 to a depth of 620 ft and completed to a depth 
of 610 ft.  The depth to first water is reported to be 150 ft with static water at 120 ft after 
development.  An airlift pump test was performed at the time of development pumping at an 
estimated rate of 180 gpm for 5 hours. Drawdown was not reported. The well log reports 
materials consistent with the mapped geology of the Sonoma Volcanics including brown ash, gray 
volcanic rock followed by gray clays and ash and then various colors of ash and fractured rock. 
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Well 4 supplies water to various vineyard areas, the winery, and residences across the project 
parcels.   

Well 5 is located at the top of the hill directly south of Well 1 on project parcel APN 020-030-015. 
This well was drilled in 1978 to a depth of 420 feet. Materials reported in the well log are 
consistent with rocks of the Sonoma Volcanics.  Although this well was productive at the time of 
drilling with an estimated yield of 10 gpm it has since become less productive and is not presently 
used for irrigation, nor are there plans to use Well 5 for irrigation in the future.  

Well 6 is located on the neighboring parcel APN 020-271-007 just east of the Claes Vineyard 
parcel (Figure 2) and is the water source for the Tucker Acres Mutual Water Company.  According 
to California Department of Water Resources (Appendix B) the Tucker Acres Mutual Water 
Company serves 200 people through 23 service connections. It is assumed that these connections 
are to the residential parcels east of the project property.  Well 6 was drilled in 1986 to a depth 
of 405 feet and penetrates strata of brown and black ash and rock in the upper 220 feet of the 
boring. Gray rock with brown ash is reported from 220 feet to 320 feet where gray rock and green 
ash begin and extend to the bottom of the well.  Depth to first water was reported as 245 feet 
while the static water level was at 210 feet after well completion.  At the time of development, 
a 4-hour pumping test was performed. After pumping at a rate of 75 gpm, drawdown of 190 feet 
was recorded yielding specific capacity of 0.39 gpm/ft.   

Geologic Cross Sections 

Two geologic cross sections are shown in Figure 3 (see Figure 2 for locations).  Cross Section A-A’ 
is oriented west to east and shows the locations of Well 2 (the McEachran Well) and Well 5 along 
with the neighboring Well 6 (Tucker Acres Mutual Water Company Well).  Water surface 
elevations shown are those reported at the time of well development. The upper limit of the 
conceptualized recharge area for the project aquifer extends to the western-most fault contact 
at approximately Station 500 ft (Figure 3). 
 
Cross section B-B’ is oriented south to north and shows the locations of Well 5, Well 1 (Claes 
Well) along with the neighboring Well 6 (Tucker Acres Mutual Water Company Well).  All three 
wells reported similar depths to water and are screened at similar depths with Well 1 penetrating 
approximately 130 feet deeper than Well 6. Faults shown are inferred (southern-most fault) and 
approximately located.  Impacts of these faults upon groundwater flow are unknown. Faults can 
act both as groundwater flow conduits and barriers however no conclusions regarding their 
influence have been made for this analysis.  Potential impacts from proposed increases in 
pumping of Well 1 upon Well 6 are discussed in a separate section of this report; faults are 
presumed to have no effect on groundwater.   
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Contacts:  Contact, Approximately Located, Queried where uncertain  
   Fault / Fault Contact Inferred, Queried where uncertain 
   Fault Approximately Located, Queried where uncertain 
Well   

Ground surface 
 

              Groundwater Elevation 
 
              Screened Section of Well 

 
Figure 3: Hydrogeologic cross section A -A’ and B–B’ through the vicinity of the project parcel (see Figure 2 for 
locations). Note different scales for each cross section.   
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Project Aquifer 
The extent of the project recharge/project impact area is defined in part by surface water 
drainage patterns and in part the extent of local geologic units along with potential impact areas 
associated with the five wells on the project parcels.  The southern boundary of the project 
recharge area is defined by the fault contact between the Tsrc and the Tstp units while the 
northern boundary is defined topographically at the base of the hills along State Highway 128.  
The northwestern and eastern boundaries of the project aquifer are defined by surface 
drainages. To the northwest the flow line of Nash Creek is used as a boundary while to the east 
the boundary is drawn along the flow line of convergent topography draining to the north which 
is considered a the reasonable extent of potential impact of Wells 1 and 5.    

The total area of the project aquifer is 348 acres.  The recharge area is underlain by the Tsrc unit 
of the Sonoma Volcanics.  The  wells  on the project parcels (Wells 1-5) are all screened within 
the Sonoma Volcanics.  Given that the majority of depths to groundwater are relatively great and 
that impermeable layers of material including clays are reported in local drillers logs and are 
known to be present within the Sonoma Volcanics, the project aquifer is likely confined or semi-
confined. 

Water Demand 
Within the project recharge area, water demand was estimated for both the existing and 
proposed conditions.  Water use by the vineyards, wineries and residences located on the project 
parcels owned by Schramsberg Vineyards was determined using site details provided by 
Schramsberg Vineyards.  The project recharge area also includes portions of 62 neighboring 
parcels.  Use on these parcels was estimated based on Napa County assessor’s parcel, agricultural 
and winery GIS database information along with satellite imagery.   Uses within the recharge area 
include winery use, residential use and irrigation for vineyards and gardens. 

Existing Use 

In the existing condition, the project parcels (APN’s 020-390-007, 020-390-008, 020-390-011 020-
390-014, 020-390-015, and 020-390-017) contain three residences, 44.9 acres of vineyard, a small 
garden and a winery. The demand of the moderately sized single-family residences was reported 
by the applicant as 0.5 acre-ft annually each; this rate is in the low range provided from the 
County of Napa’s Water Availability Analysis Guidance Document dated May 12, 2015 for single 
family dwellings.  

The existing 44.9 acres of vineyard are located on portions of five of the six project parcels. 
Schramsberg Vineyards reports annual water demand for vineyards to be 0.20 acre-ft/acre 
resulting in a demand of 9.0 acre-ft/yr.  

Currently the Schramsberg Vineyards winery is permitted to for annual production of 180,000 
gallons with a total of 39 full time employees. Based on Napa County water use guidelines, 
demand for winery processing water is 2.15 acre-ft per 100,000 gallons of wine while winery 
domestic and landscaping demand is an additional 0.5 acre-ft per.  Annual production of 180,000 
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gallons corresponds to winery demand of approximately 4.8 acre-ft.  Employee daily use is 
estimated to be 15 gallons per employee per Napa County. Assuming the 39 employees work five 
days a week all year (260 days) the total demand equals 0.47 acre-ft annually in addition to the 
4.8 acre-ft required by the winery (Table 2). 

Daily tours and tastings at the Schramsberg Vineyards winery are approved to host a maximum 
of 34,944 tasting visitors annually.  We have assumed that business office visitors are included in 
this total.  For marketing events that include on-site catering Schramsberg is approved for several 
events with varying numbers of guests with an annual maximum of 1,730 guests.  Napa County 
guidance assumes daily water use of 3 gallons per tasting/office visitor and 15 gallons per visitor 
for marketing events.  Based on these rates the existing maximum annual demand for all 36,674 
visitors to the winery is 0.4 acre-ft (aggregated average of 3.55 gallons per visitor).   

Schramsberg Vineyards also maintains 4 acres of garden and orchard areas irrigated with 
groundwater.  The applicant reports water demand of 4 acre-ft per acre (from Napa County 
Guidance (2015)) which results in a total demand of 16 acre-ft annually (Table 5) for the garden 
and orchard areas.  

Considering the uses above, the existing water use on the Schramsberg Vineyards parcels totals  
32.1 acre-ft/yr (Table 2). 

Table 2: Existing and proposed groundwater uses associated with the Schramsberg Vineyards Parcels. 

 

In addition to uses on the Schramsberg Vineyards parcels, use on the surrounding parcels within 
and intersecting the project recharge area includes 39 residences and associated landscaping, 
vineyard, and the Castello De Amorosa winery.  The Castello De Amorosa winery is located on a 
parcel along the northern edge of the project recharge area and only the southern portion of the 
parcel is intersected by the project recharge area.  Figure 2 shows the Castello De Amorosa well 
(Well 7) outside of the recharge area however, the exact location of Well 7 is unknown so to be 
conservative the estimated water use associated with the winery is included in the total use 
calculations for the project recharge area.  Four residences are large and are assumed to have a 
demand of 0.75 acre-ft per year, the upper limit suggested by Napa County guidance for 
residential use (Table 4).  The  other 35 residences are located on parcels east of the project area 
and appear to be of modest size;  consequently, a demand of 0.5 acre-ft per year (similar to that 
of the Project parcel residences) is applied.  Lawn and landscaping areas above the first 1,000 ft2 
on these parcels total to 1,400 ft2 (Table 4).  

A total of 33.4 acres of vineyard is located on or connected to non-project parcels with wells 
within the project recharge area.  Assuming annual vineyard irrigation demand of 0.5 acre-ft per 

Schramsberg 

Vineyards Parcels

Residential Use

(acre-ft/yr)

Irrigation Use

(acre-ft/yr)

Winery Use

(acre-ft/yr)

Employee Use

(acre-ft/yr)

Event Use

(acre-ft/yr)

Total Use

(acre-ft/yr)

Existing Use 1.5 25.0 4.8 0.47 0.40 32.1

Proposed Use 1.5 27.2 4.8 0.47 0.40 34.3
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acre per year per Napa County Guidance, the 33.4 acres of vines would require 16.7 acre-ft 
annually.  

Water use for the Castello Di Amorosa winery was estimated using information reported in the 
Napa County Winery GIS shapefile. The current information associated with the permit for 
Castello Di Amorosa shows an annual production of 250,000 gallons with 6 employees which 
amounts to a total winery demand of 6.7 acre-ft. Tastings are public and a maximum of 31,200 
visitors are allowed annually.  No marketing event visitors are listed.  Assuming usage of 3 gallons 
per visitor for tastings the maximum visitor use for Castello Di Amorosa is 93,600 gallons (0.29 
acre-ft) annually. 

Based on these uses, the existing water demand within the project recharge area is estimated to 
be  76.5 acre-ft/yr (Table 3).  Residential water demand is estimated to be 22.7 acre-ft/yr (Table 
4), irrigation demand is estimated to be 41.7acre-ft/yr (Table 5), winery use is estimated to be 
11.4 acre-ft/yr (Table 6) winery guest use is estimated to be 0.69 acre-ft/yr (Table 7), and winery 
employee use is estimated to be 0.54 acre-ft/yr (Table 8).  

Table 3: Existing and proposed groundwater uses within the project recharge area. 

 

 

Table 4: Estimated existing and proposed residential groundwater use within the project recharge area. 

 

 

  

Residential 

use

(acre-ft/yr)

Irrigation Use

(acre-ft/yr)

Winery Use

(acre-ft/yr)

Event Use

(acre-ft/yr)

Employee 

Use

(acre-ft/yr)

Total Use

(acre-

ft/yr)

Existing Use 22.7 41.7 11.4 0.69 0.54 76.5

Proposed Use 22.7 43.9 11.4 0.69 0.54 78.7

Use Category

Oversized Main Residence 4 0.75 3.00

Main Residence 38 0.50 19.0

Pools 6 0.10 0.60

Lawn 1.4 0.10 0.14

TOTAL 22.7

Annual Water 

Use (ac-ft/yr)
Use per Unit (ac-ft/yr)# of Units

Use per 1,000 

square feet 

above first 

1,000 (ac-ft/yr)
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Table 5: Estimated existing and proposed vineyard and garden irrigation use within the project recharge area. 

 

 

Table 6: Estimated existing and proposed winery use within the project recharge area. 

 

Table 7: Estimated existing and proposed winery guest use within the project recharge area. 

 

Table 8: Estimated existing and proposed employee use within the project recharge area. 

 
 

Use Category

Existing Project Vineyard Irrigation 44.9 0.2 9.0

Existing Non-Project Vineyard Irrigation 33.4 0.5 16.7

Existing Garden/Orchard Irrigation 4.00 4 16.0

TOTAL 41.7

Proposed Project Parcel Vineyard Irrigation 55.9 0.2 11.2

Proposed Non-Project Vineyard Irrigation 33.4 0.5 16.7

Proposed Garden/Orchard Irrigation 4.00 4.0 16.0

TOTAL 43.9

Number of 

Acres

Use per Acre 

(ac-ft/yr)

Annual Water 

Use (ac-ft/yr)

Use Category

Winery Process Use 430,000 2.15 9.25

Winery Domestic Use 430,000 0.50 2.15

TOTAL 11.4

Annual 

Production 

Use per 

100,000 gal of 

Annual Water 

Use (ac-ft/yr)

Visitor Category

Tours, Tastings and Office      66,144 3 0.61

Marketing w/ Onsite Catering 1,730      15 0.08

TOTAL 0.69

# of          

Vistors

Use per Visitor 

(gal/day)

Annual Water Use 

(ac-ft/yr)

Full-time 45 260 15 0.54

TOTAL 0.54

Work Category

# of          

Employee

s

# Work Days              

per Year

Use per 

Employee 

(gal/day)

Annual Water 

Use (ac-ft/yr)
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Proposed Use 

In the proposed condition, six  new vineyard blocks (Figure 2) will be planted increasing vineyard 
acreage on the Project parcels by  11 acres to a total area of 55.9 acres. In this condition the 
estimated water use will increase by  2.2 acre-ft/yr to  34.3 acre-ft /yr for the project parcel (Table 
2) and to  78.7 acre-ft/yr within the project recharge area (Table 3).  All increases in groundwater 
use are from increased vineyard irrigation (Table 5).  Tentatively, vineyard Block 1 will be irrigated 
using Well 4, Blocks 2 and 3 will be irrigated using Well 1, Block 4 will be irrigated from Well 2 
and water for Block 5 will come from Well 3 (Figure 2). 

Groundwater Recharge Analysis 
Groundwater recharge within the project recharge area was estimated using a Soil Water Balance 
(SWB) of Napa County developed by OEI.   This model implements the U.S. Geologic Survey’s SWB 
modeling software and produces a spatially distributed estimate of annual recharge.  This model 
operates on a daily timestep and calculates runoff based on the Natural Resources Conservation 
Service (NRCS) curve number approach and Actual Evapotranspiration (AET) and recharge based 
on a modified Thornthwaite-Mather soil-water-balance approach (Westenbroek et al., 2010).  
Details of this model are included in Appendix C. 

Groundwater recharge for this project area was previously simulated for Water Year 2010 which 
was selected because annual precipitation in that year was nearest to the 30 year average for 
the period 1981-2010.  OEI’s SWB modeling also estimated recharge for Water Year 2014 to 
represent drought year conditions.  In late-November 2022, County of Napa instituted a new 
policy prescribing that for purposes of estimating groundwater recharge, the mean annual 
precipitation to be used is that mean for Water Years 2012-2021 derived from the newest PRISM 
data.  County of Napa has provided gridded GIS data of the mean precipitation for this period for 
use by WAA practitioners.    

OEI’s use of the SWB model is believed to provide more accurate estimates of potential 
groundwater recharge because it is a physically based distributed model that incorporates 
information characterizing the water balance in the soil column.  Calculation of 
evapotranspiration using local climate data along with soil moisture storage and precipitation is 
believed to provide a more accurate representation of local conditions; evapotranspiration is the 
largest component of the water balance. Unfortunately, the SWB model structure does not allow 
for a groundwater recharge calculation based on a mathematical average because the model is 
driven by daily climate data.  Consequently, OEI has adapted the SWB model estimates for the 
prior “average year” (WY 2010) and the “drought year” (WY 2014) to provide an estimate for the 
average annual rainfall for the period 2012-2021 developed by County of Napa.  

OEI has utilized SWB models for WY 2010 and WY 2014 for dozens of project sites in the County 
of Napa.  We have observed that potential recharge for WY 2010 is consistently much greater 
than for WY 2014 across a wide variety of terrain, vegetation, soils and climate.  This is most 
easily characterized by the percentage of annual precipitation available for recharge that we 
calculate for each project site. Our approach for adapting the SWB model outputs to estimate 
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groundwater recharge for the specified annual average precipitation is to assume that the 
percentage of annual rainfall available for groundwater recharge is a linear function of annual 
rainfall and interpolating between the recharge percentage for WY 2010 and WY 2014.  The linear 
interpolation procedure is unique for each project site; the application for this project site is 
graphically displayed in Figure 5.  The water balance data from the SWB model years is tabulated 
in Table 9.   

Results 

Water Years 2012 to 2021 average precipitation averaged 33.4 inches across the project recharge 
area. For the simulated Water Year 2010 (average water year) precipitation averaged 43.2 inches 
across the project recharge area and simulated actual evapotranspiration (AET) averaged 22.4 
inches. Simulated groundwater recharge across the recharge area has a spatial average of 10.2 
inches. Components of the water balance were also calculated for the project parcel and are very 
similar to those calculated for the project recharge area (Table 6). In simulated Water Year 2014 
(dry water year), precipitation averaged 20.3 inches across the project recharge area and 
simulated AET averaged 12.1 inches.  Simulated groundwater recharge across the recharge area 
has a spatial average of 3.1 inches (Table 9). Assuming a linear relationship between the 
precipitation of the selected average and dry year result of simulated recharge percent (Figure 
4), Water Years 2012 to 2021 had an average of 6.8 inches recharge (Table 9). 

Groundwater recharge estimates can also be expressed as a total volume by multiplying the 
estimated recharge rate by a representative area.  For the 348-acre project recharge area, these 
calculations yield an estimated total recharge of 91.1 acre-ft/yr during the drought conditions of 
water year 2014 and of 294.6 acre-ft/yr for the average water year of 2010 (Table 10).  For the 
combined 225.05 acres of project parcels, these calculations yield an estimated total recharge of 
190.4 acre-ft/yr of recharge for Water Year 2010 and 58.9 acre-ft/yr in Water Year 2014. For the 
impact area the averaged 2012-2021 WYs the recharge is estimated to be 196.4 acre-ft/yr. For 
the project parcel the estimated recharge is 126.9 acre-ft/yr (Table 10). 

LSCE (2013) estimated recharge based on water balance modeling in several watersheds in the 
county underlain primarily by Sonoma Volcanics (Milliken Creek, Tulucay Creek, Conn Creek and 
Napa River above Calistoga).  The recharge estimates in these watersheds ranged from 5 to 21% 
of annual precipitation.  The recharge estimates produced from this study (24% of average water 
year precipitation) using SWB are just above the range of the LSCE estimates for larger watershed 
areas underlain by Sonoma Volcanics and appear to be reasonable.  
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Table 9: Summary of recharge results from the SWB model within the Project Impact area and calculated recharge 
from the average of 2012-2021 WYs. 

 

 

 

Figure 4: Relationship between precipitation and percent of precipitation as recharge 

 

  

Precipitation 43.2  - 20.3  - 33.4  - 

AET 22.4 52% 12.1 59%  -  - 

Runoff 11.4 26% 8.9 44%  -  - 

Change in Soil Moisture -0.8 -2% -3.8 -19%  -  - 

Recharge 10.2 24% 3.1 15% 6.8 20%
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Comparison of Water Demand and Groundwater Recharge 

The total proposed groundwater use combined for all parcels intersecting the recharge area is 
estimated to be 78.7 acre-ft/yr (Table 10). Using the calculated recharge from the 2012-2021 WY 
average the use is equivalent to 40% of the 196.4 acre-ft/yr recharge during a 10-year averaged 
period  A similar comparison can be drawn for the Schramsberg Vineyards parcels where the 
estimated use of  34.3 acre-ft/yr is equivalent to 27% of the calculated recharge from the 2012-
2021 WY average(Table 10). 

These comparisons indicate that there is a surplus of groundwater resources in terms of 
estimated average annual groundwater recharge to the project recharge area.  Given the surplus, 
the 2.2 acre-ft/yr increase in water use associated with the proposed increase in vineyard acreage 
is highly unlikely to result in reductions in groundwater levels or depletion of groundwater 
resources over time.  
  
Table 10: Comparison of proposed water use to average annual groundwater recharge for the project recharge 
area and for the contiguous project parcels. 
   

 
 
 
 

  

Project Recharge Area 78.7 294.6 215.9 27%

Project Parcel Area 34.3 190.4 156.1 18%

Project Recharge Area 78.7 91.1 12.4 86%

Project Parcel Area 34.3 58.9 24.6 58%

Project Recharge Area 78.7 196.4 117.7 40%

Project Parcel Area 34.3 126.9 92.6 27%

Total Proposed 

Demand                 

(ac-ft/yr)

Recharge             

(ac-ft/yr)

Recharge 

Surplus             

(ac-ft/yr) 

Average of 2012-2021 Water Years

Demand as % 

of Recharge

Dry Water Year (2014)

Total Proposed 

Demand                 

(ac-ft/yr)

Recharge             

(ac-ft/yr)

Recharge 

Surplus             

(ac-ft/yr) 

Demand as % 

of Recharge

Total Proposed 

Demand                 

(ac-ft/yr)

Recharge 

Surplus           

(ac-ft/yr)

Demand as % 

of Recharge

 Recharge              

(ac-ft/yr)

Average Water Year (2010)
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Well Interference Analysis 

The Napa County WAA guidance document indicates that a well interference analysis (Tier 2 
WAA) is required if neighboring wells lie within 500-feet of a project well. Well 1, which serves 
existing vines associated with the Claes Vineyard and a residence on parcel APN 020-390-010, is 
the only project well that is near enough to the parcel boundary to potentially meet this 
definition.  The project proposes to add 0.18 acres of vineyard to the Claes Vineyard (Block 2 in 
Figure 5) along with 0.65 acres in Block 3, which would increase demand on Well 1 by 0.17 acre-
ft annually.  When added to the current demand from the residence and 4.4 acres of existing 
vineyard, the total proposed use at Well 1 is 1.6 acre-ft/yr. The only neighboring well identified 
within 500 feet of Well 1 is Well 6, which is located approximately 350 feet to the southeast on 
the adjacent parcel APN 021-271-007 (Figure 5).  It should be noted Well 5 in not currently in use 
for irrigation and will not be used for irrigation in the future and is therefore not considered in 
this interference analysis. 

Driller's reports were obtained from the DWR for both the project well and the neighboring well 
(Appendix A) and are summarized in the Hydrogeologic conditions section.  Both wells are 
completed in similar materials reported as interbedded ash and gray rock and are assumed to 
penetrate the same aquifer.  The screened intervals of Well 1 and Well 6 overlap vertically for 
approximately 100 ft as shown in cross-section B-B’ (Figure 2 and Figure 3).  Coupled with the 
fact that the two wells are completed within similar geology, this overlap strongly suggests that 
pumping in either well will likely have some impact upon water level in the other.  An 
approximately located fault is mapped between Well 1 and Well 6 (Figure 2 and Figure 3); the 
character of this fault and its impacts upon groundwater flow are unknown and we therefore 
assume it does not affect local hydrogeology for purposes of this analysis. 
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Figure 5. Locations of Well 1 and Well 6 with existing and proposed vineyard areas irrigated using water from 
Well 1. Note: Well 5 is not in use for irrigation currently and will not be used for irrigation in the future. 
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Approach 

 
The Napa WAA guidance recommends applying the Theis equation to wells located within 500 ft 
of the project well to estimate drawdown.  The Theis equation (from Driscoll, 1986) is as follows: 
 

s’ = (Q/4πT) W(u) 
 
with W(u) being the well function where 
 

u = (r2S/4Tt) 
 

and the well function integral expanded as a series as:  
 

W(u)= -0.5772 - ln(u) + u – (u2/2·2!) + (u3/3·3!) - (u4/4·4!)… 

where: 

  s’ = drawdown (units in ft) 

  r = radial distance (units in ft) 

  S = storativity (dimensionless) 

  T = transmissivity (units in ft2/day) 

  Q = discharge at the well (in gpm) 

  t = time (days) 

Several assumptions are made when using the Theis equation: 

1. The aquifer is homogeneous, isotropic, uniformly thick and of infinite areal  
  extent. 

2. Prior to pumping, the piezometric surface is horizontal 
3. The fully penetrating well is pumped at a constant rate. 
4. Flow is horizontal within the aquifer. 
5. Storage within the well can be neglected. 
6. Water removed from storage responds instantaneously with a declining head. 

The 2015 Napa County guidance document pertaining to WAA’s allows for 10 to 15 feet of water 
level drawdown attributable to well interference.  For wells with casing diameter of six inches or 
less, drawdown of 10 feet is recommended as a threshold of concern; for wells with casing 
diameter greater than six inches, drawdown of 15 feet is recommended as a threshold of 
concern.  To estimate the potential drawdown (s) at Well 6 350 feet from Well 1, estimates of 
the parameters T, t and S defined above are required.  
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Estimated Aquifer Parameters 

Typically, a time-drawdown pumping test would be performed on the project well to determine 
aquifer parameters to be used in a well interference analysis; however, no detailed pumping test 
data is available for the project well or nearest neighboring well. The Well Completion Report for 
Well 1 describes an airlift test at the time of well development in 2008 when the well was pumped 
at an estimated rate of 40 gpm for 4 hours but the drawdown associated with this pumping is 
unknown.   
 
The Well Completion Report for Well 6 describes a four-hour pump test that was performed at 
the time of well development in 1986.  At that time the well was pumped at an estimated rate of 
75 gpm which resulted in 190 feet of drawdown.  Given the relatively close proximity (350 ft) of 
Well 6 to the project well (Well 1) and the fact that the two are located in the same geologic unit, 
this data has been used to estimate aquifer properties used in the well interference analysis.  
Potential drawdown of groundwater caused by the operation of the project well under proposed 
demand and irrigation conditions is evaluated based on data from the pump test performed on 
Well 6 along with a range of hydraulic aquifer properties from the literature and the Napa WAA 
document. 
 
Transmissivity 
 
Transmissivity (T) of the aquifer at the well can be estimated by two methods.  First, T can be 
roughly approximated using single well pump test data and well theory, limited by a set of 
assumptions (Driscoll 1986, p. 1021).   In this method, an empirical equation for confined and 
unconfined aquifers relates specific capacity (Sc, gallons per minute per foot of drawdown 
determined from a pump test) to transmissivity as: 
 

2,000 Sc = T (confined aquifers); 1,500 Sc = T (unconfined aquifers)  
 
where Sc is in units of gallons per minute per foot (gpm/ft) and T is in units of gallons per day per 
foot (gpd/ft). This approximation of T should not be relied upon if time-drawdown pumping data 
are available.  Such data are not available for either the project well (Well 1) or the neighboring 
well (Well 6); hence, we use this approximation as described below.  
 
Confined aquifer conditions are suggested by the extent and depth of clay-rich/bedrock strata 
overlying the water-bearing strata observed in Well Completion Reports.  Consequently, one 
estimate of T is given by 2,000 Sc.  The four-hour pump test of Well 6 in 1986 (Appendix A) gave 
Sc = 0.39 gpm/ft; estimated T from this method is 790 gpd/ft, equivalent to about 106 ft2/day. 
This value is in reasonable agreement with, but below, a value for T calculated by Faye (1973) 
from an average Sc value representative of the Sonoma Volcanics of 0.6 gpm/ft, equivalent to T 
of 1,200 gpd/ft (160 ft2 /day). 
 
T can also be estimated using reference hydraulic conductivity (K) values for aquifer materials 
and multiplying by the saturated aquifer thickness (b) based on the definition T = K b.  Napa 
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County Guidance suggests a range of K values between 10-2 to 102 for Fractured Basalt (e.g. 
Sonoma Volcanics; Appendix G Table F3 in Napa 2015). A saturated aquifer thickness can be 
estimated by assuming conservatively that it only includes the static water level in the well down 
to the bottom of the screened interval of the well (saturated thickness is likely greater).  Well 1 
is screened to a depth of 486 ft and the well completion report for Well 1 reports the static water 
level to be at 200 ft therefore the estimated saturated aquifer thickness at the project site would 
be 286 ft.  Applying this to the range of K values gives a broad range of T values from 2.86 gpd/ft 
to 28,600 gpd/ft (0.38 to 3,820 ft2/day).  The broad range of this estimate has limited utility for 
purposes of this analysis; however, the estimated T above of about 790 gpd/ft does fall in the 
center of this broad range. 
 
For additional perspective on the validity of the foregoing estimate of T, we also consider 
estimated T from aquifer test data developed for another WAA on the Napa Valley floor 
southeast of Calistoga (APN 020-150-017) two miles northeast of the project site (OEI 2015).  That 
analysis used aquifer test data and AQTESOLV software to estimate T of 548 gpd/ft (73.2 ft2/day).  
Since these estimates were derived from a pumping test of wells penetrating the tuff of the 
Sonoma Volcanics (unit Tst) generally similar to tuffs identified in well logs across the 
Schramsberg project site, these estimates of T may be considered a reasonable reference 
estimate for the Schramsberg project aquifer.  The off-site estimate of 548 gpd/ft is lower than 
but comparable to T of 790 gpd/ft determined from the reported Specific Capacity of Well 6.  The 
T derived from aquifer test data in Calistoga along with the larger magnitude T of 1,200 gpd/ft 
derived from Faye (1973) provide estimated upper and lower bounds for the estimate of T 
derived from Specific Capacity data for Well 6.   
 
Storativity 
 
Storativity (S) can be determined by an analytical pump test utilizing a pumping well and at least 
one observation well.  Such pump test data are not available for this site.  Consequently, S must 
be estimated for purposes of evaluating likely values of ro (the radius of influence of the well of 
interest) and estimating potential drawdown at Well 6.  In an unconfined aquifer, S ranges from 
0.01 to 0.3; in confined aquifers S ranges from about 0.001 to 0.00001 (Lohman 1972).  A range 
of values of S for the confined aquifer are considered in the following analysis to estimate the 
radius of influence of the well and the drawdown of water elevation that might be experienced 
in neighboring wells.   
 
S can also be calculated using known Specific Storage (Ss) values for certain aquifer materials and 
multiplying by the saturated aquifer thickness.  Napa County Guidance suggests a range of 
specific storage values between 10-6 to 2.1-5 for Rock, fissured (Appendix G Table F3 in Napa 
2015).  For confined aquifers Storativity (S) is equal to specific storage (Ss) times saturated 
thickness of the aquifer.  Applying the estimated saturated thickness of 286 ft to the range of Ss 
values gives a range of S from 0.0029 to 0.0060.  This estimate of S is at the high end of the range 
of storativity (0.001 to 0.00001) from Lohman (1972).  
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Pumping Regime 
 
Time since pumping began (t) was determined based on annual irrigation demand for the Claes 
Well (Well 1) applied over a typical irrigation season to estimate daily demand.  Assuming a 6-
month (180 day) irrigation season, the proposed irrigation demand of 1.23 acre-ft for the 4.8 
acres of the Claes Vineyard (existing 4.4 acres plus proposed 0.4 acres) and the additional 1.3 
acres of Block 3  is equivalent to weekly daily demand of 15,560 gallons.  Irrigation practices are 
typically limited by well pumping capacity and storage tank capacity. The project well pumps to 
a 10,500-gallon storage tank and the vines are typically irrigated once a week. 
 
Assuming that the project well pumps at a rate of 20 gpm (about half of the stated rate of 40 gpm 
reported in the air lift test performed at the time of development in 2008), approximately 13 
hours of pumping would meet the average weekly irrigation demand of 15,560 gallons. In 
addition to the vineyard, Well 1 serves the residence on the parcel.  Assuming an annual water 
use of 0.5 acre-ft for all water use including landscaping generates daily demand of 446 gallons 
for residential use.   
 
Since irrigation occurs once a week during the growing season, we use the weekly irrigation 
demand plus one day of residential demand to simulate a single day maximum pumping episode.  
Based on the proposed acreage, weekly irrigation demand totals to 15,560 gallons. Adding the 
estimated daily residential demand of 446 gallons gives a potential maximum pumping demand 
of 16,006 gallons.  If we ignore the 10,500 gallons of storage available (which will reduce pumping 
time required) and assume weekly irrigation is met by direct pumping, it would take 13.3 hours 
pumping at 20 gpm to pump 16,006 gallons. Based on the time calculated, the value of t used for 
this analysis is 0.56 days (13.3 hours/24 hours per day). 
 

Estimated Drawdown 
 
The Theis equation (Theis, 1935) (Eq. 1) is commonly solved using the Cooper-Jacob 
approximation to simplify the well function (Eq. 2, Cooper and Jacob, 1946).  However, this 
approximation is only valid when u is below a defined value.  Driscoll (1986) places this value at 
0.05; Kruseman and de Ridder (1994) place it at 0.01.  For the combinations of parameters 
evaluated in this study, u exceeds these values.  Instead of using the Cooper-Jacob 
approximation, the well function was solved more generally as an upper incomplete gamma 
function (Eq. 3).  The well function is a special case of the upper incomplete gamma function 
where a is equal to zero which may be solved using Wolfram Alpha1, an advanced online 
mathematics engine (Eq. 4).  Resulting values of the well function were substituted into the Theis 
equation: 
  

 
1 https://www.wolframalpha.com/input/?i=Gamma%5B0%2C+0%5D 
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𝑠 =  
𝑄

4𝜋𝑇
𝑤(𝑢), where 𝑢 =  

𝑟2𝑆

4𝑇𝑡
, 𝑎𝑛𝑑 𝑤(𝑢) =  ∫

𝑒−𝑥

𝑥
𝑑𝑥

∞

𝑢
            (1) 

Where s = drawdown (m), Q = pumping rate (m3/day), T = transmissivity (m2/day), r = distance from pumped well 
(m), S = storativity (dimensionless), and t = time since pumping began (days). 

𝑤(𝑢) ≅ −0.572 − ln (𝑢)                 (2) 

𝛤(𝑎, 𝑥) ≡ ∫ 𝑡𝑎−1𝑒−𝑡𝑑𝑡
∞

𝑥
                              (3) 

𝛤(0, 𝑢) = ∫ 𝑡−1𝑒−𝑡𝑑𝑡
∞

𝑢
= 𝑤(𝑢)                (4) 

Because specific pump test data were not available for the project well (Well 1), aquifer 
properties were estimated from well production data reported for Well 6 (located 350 ft to the 
north) at the time of well development.  The estimated T value used is 790 gpd/ft from the 
specific capacity derived from the well development production data as described above.  This 
value falls within the range of transmissivities used in previous OEI analyses and reported in the 
literature (Faye, 1973) within the Sonoma Volcanics.  Storativity values ranging from 0.00001 to 
0.001 were evaluated based on the previously stated range for confined aquifers with pumping 
for 13.3 hours at 20 gpm.  Applying these parameters, estimated drawdown at Well 6 ranges 
from 1.6 ft to 13.6 ft (Table 11). 
 
Table 11. Estimated drawdown at Well 6 after pumping 13.3 hours at 20 gpm for T value of 790 gpd/ft across 
varied S values. 
 

After 13.3 hrs 
Pumping at 20gpm 

S 
Drawdown 

s (ft) 

0.001 1.6 

0.0001 7.1 

0.00001 13.6 

 

 
The WAA Tier 2 guidelines suggest a threshold of concern for drawdown of 15 ft for wells with a 
casing diameter greater than six inches. Well 6 is constructed with a casing diameter of eight 
inches.  Consequently, even with the lowest reported value of storativity (S) operation of the 
project well (Well 1) to meet projected peak weekly demand does not cause significant 
drawdown in the nearest neighboring well. If we consider the range of storativity values 0.0029 
to 0.0060 calculated from the specific storages for Rock, fissured given by Napa County Guidance, 
it suggests that storativity is likely closer to the upper end of the range which is associated with 
the lower end of the drawdown estimates.  
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Well Interference Analysis Conclusion 
This analysis indicates that pumping at the Claes parcel well (Well 1) is unlikely to result in 
significant drawdown at neighboring wells including Well 6.  The maximum drawdown estimate 
of 13.6 feet is less than the 15 ft threshold of concern suggested by Napa County.  In order to 
perform a more robust analysis of well interference potential, a pump test would need to be 
performed on the project irrigation well with one or more nearby wells serving as monitoring 
wells.  Such a pump test would be expected to provide more directly applicable estimates of the 
aquifer parameters T and S used to estimate the lateral extent of drawdown caused by operation 
of the project irrigation well and the depth of drawdown of the water surface in any neighboring 
wells.  That being said, the amount of estimated increase in pumping required is 38% of the 
existing peak weekly demand which, to date, has not caused any issues with the water supply of 
Well 6. 

Groundwater-Surface Water Interactions 
Napa County Tier 3 WAA guidance for assessment of groundwater-surface water interactions was 
modified by the emergency policy adopted in June 2022.  PBES guidance now identifies streams 
of concern for groundwater-surface water interaction; Nash Creek lies to the north of the project 
site and Ritchey Creek lies to the south. Figures 6 displays the location of project irrigation wells 
to document whether they lie within the 1,500 ft well setback used for Tier 3 analyses.  As shown 
in Figure 6, Well 3 lies 1,299 ft from Nash Creek and consequently requires analysis per Tier 3 
criteria.  Well 2 lies 1,566 ft from Ritchey Creek, Well 4 lies 1,593 ft from Nash Creek and Well 1 
lies 2,215 ft from Ritchey Creek.  Well 2 lies at a distance very near the 1,500 ft buffer and, in an 
abundance of caution, is also evaluated per Tier 3 criteria.  

Tier 3 WAA Guidance 

The Tier 3 WAA guidance provides well set-back standards and construction assumptions that "if 
applicable would be expected to preclude any significant adverse effects on surface waters”. 
Specifically, the “Tier 3 Groundwater Surface Water Interaction Criteria” section (pp. 10-13 of the 
Napa County guidance document dated May 12, 2015) states:  

The groundwater/surface water criteria are presumptively met if the distance standards and 
project well construction assumptions are met (see Tables 3, 4, and 5). (p. 10) 

These standards consider the planned pumping rate of the project well along with the well depth, 
screened interval, and seal depth along with aquifer hydraulic conductivity values and present 
acceptable distances based on specific combinations of all parameters.  Tables 3, 4 and 5 in the 
Napa WAA guidance document present these distance standards and assumptions for wells 
constructed in unconsolidated (e.g. alluvium) aquifer materials and unconfined aquifers; these 
assumptions are intended primarily for wells in the Napa Valley Groundwater Basin.  The project 
wells are not in alluvium and lie outside the boundary of the NVGB. 

The Tier 3 WAA guidance for wells drilled in bedrock in the “hillside zone” (All Other Areas 
excluding the MST aquifer in southeast Napa) is as follows:    
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All Other Areas, will be subject to other distance standards based on site-specific aquifer 
conditions. Distance standards for project wells completed in consolidated formations will 
generally be no more restrictive than those shown in Tables 3, 4, and 5 for hydraulic conductivity 
values of 0.5 ft/day. (p. 11) 
  

In other words, standards described in Tables 3, 4 and 5 for wells in bedrock aquifers are to be 
considered as wells with hydraulic conductivity values of 0.5 ft/day.  Schramsberg Vineyards (per 
Samantha Rubanowitz email Nov. 9, 2022) reports that Well 3 pumps at an average rate of 30 
gpm and Well 2 pumps at 30 to 35 gpm. To conform with the “acceptable distance” criteria of 
Table 4, Well 3 will be operated at a maximum rate of 29.9 gpm.   

 

As indicated in the table above, wells pumping at rates < 30 gpm are not considered to have 
adverse effects on streamflow if located > 1,000 ft from stream channels of concern.  Well 3 is 
more than 1,000 ft from Nash Creek, has a well seal extending 51 ft below ground surface (bgs), 
and the uppermost well perforations begin 145 ft bgs.  Well 3 is screened entirely within Sonoma 
Volcanics.  As noted above Well 3 has the capacity to pump between 30 and 35 gpm; provided 
that Well 3 is pumped at a maximum rate of 29.9 gpm, it conforms with Table 4 criteria and is 
stipulated to have insignificant potential effect on streamflow in Nash Creek.   

Well 2 is about 1,566 feet from Ritchey Creek (Figure 6).  The uppermost perforations are 100 
feet bgs, and the well is screened entirely within Sonoma Volcanics, a bedrock aquifer with low 
transmissivity.   As such, based on Napa Tier 3 WAA guidance the aquifer hydraulic conductivity 
may be assumed to be is 0.5 ft/day per Napa Guidance Table 4 above.  Well 2 operates at 
pumping rates of 30 to 35 gpm and has a surface seal extending to 24 ft bgs.  Although Well 2 is 
not subject to Tier 3 WAA criteria, it is evident that it is compliant or very nearly compliant with 
the Tier 3 WAA criteria.  This discussion of Well 2 in the context of Tier 3 criteria has been 
provided to demonstrate that Well 2 does not represent a significant concern with respect to 
potential streamflow depletion given that is lies just 66 ft beyond the 1,500 ft setback distance.     
 

 

Table 4. Well Distance Standards and Construotion Assu rnptions; Low ,capaoity pu~ ping rates 
(i_e. , between 10 •gpm and 30 gprn}, construoted in unconsolidated deposits in ffie upper part of 
ffie• aquife system (unconfined aquifer conditions),_ 

A•quirfer Acceptable Distance from Surface Mli11 imum Surfa ce Depth of Uppermost 
Hydraulic Water Channe ll Sea ll Dep1ll"I (feet) Pertoraron,s (feetl 

Conduotiiviity 
500feet 1000 feet 1500 feet 

(Wday), 

80 ✓ 50 1150 

50 ✓ 50 1150 

30 ✓ 50 1100 

0-5 ✓ 50 1100 

C•I WI 
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Figure 6. Project Well locations with respect to Napa County Significant Streams Nash and Ritchey Creeks with 
1,500 ft buffer. Well 3 is within 1,500 ft of Nash Creek. 
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Summary and Conclusions 
The applicant proposes to convert forest and grassland to develop 11 gross acres of vineyard on 
the project parcels. As a result of this project, water demand on the project parcel is estimated 
to increase from 32.1 to 34.3 acre-ft/yr. The total proposed water use for the project aquifer 
recharge area is estimated to be 78.7 acre-ft/yr. Analysis of the averaged 10-year period of 
precipitation for Water Years 2012 to 2021 resulted in recharge of 6.8 inches/yr or 196.4 acre-
ft/yr across the impact area.   The proposed use represents about 40% of the WY2012-2021 
average annual recharge indicating that the project is unlikely to result in declines in groundwater 
elevations or depletion of groundwater resources over time and conforms with Tier 1 WAA 
criteria.   

The nearest neighboring well to project Well 1 is Well 6 which is located 350 feet to the east.  An 
evaluation of potential well interference (Tier 2 WAA) revealed that the proposed increase in 
pumping required at Well 1 is unlikely to result in significant drawdown at Well 6.  

Project irrigation well (Well 3) lies is 1,299 feet from the nearest stream of concern (Nash Creek)  
identified by County of Napa. An evaluation of potential stream depletion (Tier 3 WAA) 
associated with operation of project wells indicated that project irrigation wells, including Well 3 
(when pumped at a rate of 29.9 gpm or less), conform with Napa County criteria indicating that 
the wells will not have significant impact on streamflow in streams of concern.   
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Well #1 Claes Wellr 

' 

ORIGINAL 
File with DWR 
Page __ of __ 

STATE OF CALIFORNIA 

WELL COMPLETION REPORT 
R1ifer to Instruction Pnmplilet 

DWA U¥ ONLY DO NOT FILL IN 

I01i1/\!IQ1lo(,JIG1J I I 1 
STATE WELL NO.IS ATIQN NO ~----~ 

Owner's Well No. __________ _ No. 1073631 
LATITUDE LONGITUDE 

Date Work Began 0S/26~

8
;~ , Ended 05/30/2008 

Local Permit AgencEO .--~;M,l!;l.._..,c.,n.,,tciJDLl.Ltqyc_ ________ ~-~-------
8 03/31/2008 APNfTRS/OTHER 

Permit No. - Permit Date _ __;=-=:,__;;=.:c.::...._.......e;.,_ <\ 
GEOLOGIC LOG _________ _;_T ____ r-._,--"\-"""',A"----.-- \W~LL OWNER 

ORIENTATION ( ::t:..) ,XX_ VERTJCAL __ HORIZONTAL __ ANGLE __ (SPECIF 

Da,cuNG Rotary A1' r METHOD _____ .,_ ____ FLUID ____ _ 

DESCRIPTION ,, 
to Ft. I Describe material, grain size. color, 1t_g.>\_ ~ 

DEPTH FROM 
SURFACE 

Ft 

~ 

. -

--
--
~ 

... 

. . -

--- • 
u 

- .. 

·-· 
u 

' 7 ,--

' • 

' 
u 

I - - -
~ 

' 
' 
' 
' 
' 
' 
' 
' 
' 
' 

' . 

' 
•J' 

' 
' 
' 
' 
' 
' 
' 
' 
' 
' 
' 

SOUTH---------< 
Illustrate or Describe Distance of Well from Roads, Builditigs, 
Fences, Rii.:cn, etc. and attach a 11U1JJ. 'Use additional paper if 
necessanJ, PLEASE BE ACCURATE~ COMPLETE. 

WATER LEVEL & YIELD OF COMPLETED WELL 

DEPTH TO FIRST WATER ~ (Ft.) BELOW SURFACE 

-

' ' DEPTH OF STA~I £_- °2(7-/IJD 
WATER LEVEL (Ft.) & DATE MEASURED ___ ,;/,_~~!4J:-~---
ESTIMATED YIELD • (GPM) & TEST TYPE = ltff ' ' 

TOTAL DEPTH OF BOHINC I-# Lf (,I -i,";'~ .I' TEST LENGTH _lJ__ (Hrs.) TOTAL DAAWDOWN U,K (Ft.GPM at 
,. Mny not he representative of n we/1'.f /ong-tet7ll yieday oftest TOTAL DEPTH OF COMPLETED WELL (Feet) 

DEPTH BORE· FROM SURFACE HOLE TYPE ("') 

CASING (S) 

DIA. ~ 

iii!~~!!: (ll"lches) 

~ 
w z ~ 

Ft. to Ft. ~ ~ 
MATERIAL/ INTERNAL 

GRADE DIAMETER 
(ll"lches) 

n '/;~ ...... 1 ... .• , .C/ I, . 
' 

~ ,-,_',I~ .v .=l. Ii, "• ,,. 
' 

., 
7"7 ,"'Ti'1:lli V...J<' I • -· .... 

• 

GAUGE SLOT SIZE 
CA WALL IF ANY 

THICKNESS (Inches) 

,. ··~" 
•• 
... - i"J 7 ~ 

DEPTH 
FROM SURFACE 

Ft. to Ft. 

II ' ., 1 

' _,. .. ; J..,l!J,, 

' 

' 

CE· 
MENT 

I 'l 
J 

ANNULAR MATERIAL 

BEN· 
TONITE 
,., ) 

TYPE 

FILL 

(') 

-,,.,_ 

FILTER PACK 
(TYPE/SIZE) 

' ' 
=====-•ATTTTA"C°'Hi;-~;;,;;ENNT:;;s<T1,c:77)-::::::::::::=-===========~rc;;E;;RT:;;IiiF;;IC~A.\:TI;;O"N'"ST:;;A.:T;:;E;;~:;;IE;;;N.,;;'T;:"-=::::::=:::======::::: 

I, the undersigned, certify that this report is complete and accurat8 to the best of my knowledge and belief. 
_ Geologic Log 

_ Well Construction Diagram NAME Pl,, 1 i am We] J Exnl arati OD 
(PERSON, FIRM, OR CORPORATION) (TYPE01iiR PRINTED) 

_ Geophysical Log(s) 

_ Soll/Water Chemical Analyses 

_Other _________ _ 

ATTACH ADDITIONAL INFORMATION, IF IT EXISTS. 

1""11/\ n• • 1'"l0 

ADO RESS 

Sign 
'-I £?.~ ~~.,; 
• Ul'J'NSEO ~L'" CONTRACTOR 

CITY STATE ZIP 

(g ;:{11-{JJ 8P§ll~~NUM8ER 

DWR lfl8 REV. 05-0J IF ADDITIONAL SPACE IS NEEDED, USE NEXT CONSECUTIVELY NUMBERED FOAM e OSP OJ 78838 



Well #2 McEachran Well
CONflDENTiA!.. LOG 
Water Code Secc 1375-2 STATE OF CALIFORNIA Do Not Fill In 

ORIGINAi. 
THE RESOURCES AGENCY 

DEPARTMENT OF WATER RESOURCES 94406 
file with DWR 

WATER WELL DRILLERS REPORT 
02..0 300 0/~ 

State Well N~---~-~ 

O,h« Wdl -,.roQBl/(J{,tiJ//,{;. 

11\ OWNFR, 

(2) LOCATION OF WELL: 
eo"m' Na a 

0) TYPE OF WORK (check): 
Ne"il,'" Well IX Deepening O Reconditioning D 
Ij de.;truction, describe material and procedure itz Item 11. 

Destroying D 

(II) WELL LOG: 

Toul depth 202' ft. D:prh of cor.,pl«cd ..,cl] 202' "· 
Fo,rnHion: D~st:•iM by rnfor, r;-~r;uter, siu of m;1tni4/, ~n,! ,trr:rtr:.,, 

fr. to "-
Soil 
Boulders & Cla 
Soft Brown Rock w Hard 
Strin ers 
Soft Black Volcanic Rock 
G ular Pink & "White 

Granular 
(4) PROPOSED USE (check): ( 5) EQUIPMENT: r--=--cc=-------c,..,-,,---~Wcc'-=c-=±c~=-="=''-=-''--c~~ 

:KJ H & White Domestic ~ Industrial D Municipal D 
Irrigation D Test Well D Other D 

(6) CASING INSTALLED: 

Rotary 
Cable 
Other 

STEEL: OTHER: If gravel packed 

SINGLE .K] DOUBLE 0 

Gage Diameter 
From o, of From 

fr. Wall Bo« fr. 

12 

one Siu of ~r:i,·cl: 

Weld 
(7) PERFORATIONS OR SCREEN: 
Typ~ of p,:rfor~1io,i or"'""" of ,c,ccn :Machine 

Perf. Rows 
From To pe, per Size 
fr fr. row fr. in. X in. 

100' 202' 20 3 1 

(8) CONSTRUCTION: 
Wa.s ~ suriace s.a:iit.Hy ~e:,J pro..-idcd? Ye., XI :-lo 0 To whH depth 

□ Fractured c 
□ 16 Hard Lavender White & 

Rock 
1 Soft Hard 

Strin 
1 

To Lavender Rock 
fr. 1 2 202 Soft Blue w Harlli 

Blue Strin ers 

n 

"· 
If yes, r.otc depth oi n,~ca 

From i:. to it. 

""hod of =Ii,, Neat Cement 
(9) WATER LEVELS: 
Oep:.I, at wh.ich wa:er wa.s ii.rs: found, if k11ow:1 45' 
S:ei:1ding lcvd before p,:,forHing, if k:109-n Q f !e. 

St-.nl:ing level afu:r PCTfora<in;; ar.d dcYdo;,ing 10 f ft. 

(IO) WELL TESTS: Tested by Bailing. 
Yes D No D If ye.s, by ...-ho:n? Drillers 

hes. 

Was a chec:,ic.11 u1alysis m~dc? Yes D 

W'ucl...:tric logmadcof.,,,ell? Yes D No 0 If y~. attach copy 

WELL DRILLER'S STATEMEKT: 
This well waJ drJ!ed under my jurisdiclion and this report is true to the best 

of m) knowledge a11J belief. 

NA:\1E 
Doshier And Gregson Drilling, Inc. 

[SIGNED] 

74 
19 __ 

SKETCH LOCATION OF WELL ON REVERSE SIDE 

DWR 188 {REV. 9-681 



Well #3

ORIGINAL 
File with DWR 

STATE OF CALIFORNIA Do not f,11 in 

•

of Intent Xo __ 

ermit No. or Date 1§894 

THE RESOURCES AGENCY 

DEPARTMENT OF WATER RESOURCES 

\-VATER WELL DRTT.T.ERS REPORT 
No. 210175 

( 12) WELL LOG: Total o•ptb 2451t. Depth of rompleted well 245 It. 

C 

( 2) LOCATION OF WELL ( See instructions), 

County Napa Owner's Well Xwnber-~2==--="=-=4----1J.L ___ --1c±... __ BLJ.!4!,\)J..;....Lill~----------

\Vell address if different from above,_,S,;am-e,e_ _____________ +--"':,_-------=-=---~~!c!!.~"<.----';cµc!!...J;Si.Jt;_;r12e~ak;g,:O~f_;b~r~o,,_1~;.!!11!..._ 
To~nship• _______ Jtang.~----------'ectio,n.__ ______ +------;;-,;---------;;-,;---r"-,;;=:!=.L_.;,.;;,c.-,--,-s------;---cc-,--------
Distance from cities, roads, railroads, fences, etc 22 with boulders 

30 clayee ash with embedded 
nic ash 

(3) TYPE OF WORK, 

New Well a Deepening O i-"T,---,,--"sc"";;,;----ii"::2'.~-::-=,-=c=:.::,--:=-:--r:-------
Reconstruction O l-~:n---+,~--,<1:,.;~6 sc,'::;-;=:,:,-----;:-;:-:::,-;----,-,:-r.;-:,-:,,.r::,=C\ 

Reconditioning □ fs:'-sc>,?!,.--------,--,,:,::-=~.;,,i--~~~c:c~:--::-=-~:--::;.:~-=.;:~~o::,=::s::..:s 
Horizontal Well O 1-'~~~,--=-:..:.--'scc"~:,s;~---,,~~ID~:..._::..:_=:::..._::.::_=::___:::_::._::.::_ 

==~ 
:~u 

'----------------?-'<--! 
~;:~ 

Vi-'ELL LOCATION SKETCH 

( 5) EQUIPMENT: 

Rotary @ 

Cable C 

Other 0 

Steel 0 

From 
ft. 

0 

(9) WELL SEAL: 

Reverse 

Ai, 

Was surface sanitary seal pro1,-ided? Yes Kl No D If yes, to depth 5] ft. 

Were strata sealed against pollution? Yes O No C Inten-a!_ ____ _tt. 

:Method of se Grout on ack 
(10) WATER LEVELS: 
Depth of 6rst v.-ater, if kno•wn~-------,----c---------" 
Standing level after well completio 

( 11) WELL TESTS: 
Was well test made? Yes ,-
Type of test Pump~ 

If yes, by whom?'---,-le.£>~,£...---1 
Bailer ft Air lift 0 

Xo 0 

Depth to v.-ater at start of testL~S<-'3+--ft· At end of tes,LI ----l+H+-

arge 40 gel/min after __ 3~-bours Water temperature,_C.CIO.l.j 

cal analysis made? Yes D Xo xJ If yes., by wbom?e _______ ~ 

lectric log made? Ye.-; 0 Xo lC If yes, attach copy to this report 

sh with embedded 

y with streaks of 

colored clay with ash 
rd volcanic rock 

Work 19 __ 

WELL DRILLER'S STATEMENT, 

KAM,..,,_ __ ~~------------~-----
( Person, firm, or corporation) { Typed or printed) 

Adrl~• P O Box l 76 
City Se bas to pol, CA 
Lire= Xo C57-l 77681 Date of this report 

Zip 95472 
4(15(87 

DWR 188 (R!c:V. 7,761 IF ADDITIONAL SPACE IS NEEDED. USE NEXT CONSECUTIVELY NUMBERED FORM 



Well #4 Tractor Shed Well
ORIGINAL STATE OF CALIFORNIA 

FIie wtth DWR WELL COMPLETION REPORT 
Page __ of__ Refer to ~:"'1c"o°" 7Pa';l;h5/et2 4 
Owner's Well No.__________ ~ 
Date Work Begw 7/10/2005 , Ended 7/25/2005 

D~!:!: Y§:§ QNL Y 00 NOT FILL IN ~ 

IO1q,\/'J01t11t/J01~l I I I I I 
STATE WELL NO./STATION NO. 

I I I I I I I I I I I I I I I 
LATITUDE LONGITUDE 

• 
Local Permit Agency --DNi!iapqll:"'l.-l.0£.0ll1llfllltCJYf----------------' 

PermitNo. 06/14/2005 PermitDate FIJS-0427 Pe:nnit,No 
I I I I I I I I I I I I I I I 

APN/TRS/OTHER 

• 

• 

GEOLOGIC LOG 

ORIENTATION (,C.) 

DEPTH FROM 
SURFACE 

Fl ,. F1. I 
BriUE - ZIP" --

. 
I ' ' " ' " ' - ' - ' 
' ' 

R 
' 
' .LU.'.J ; 
. 
I 

190 I 

' I 
,,,,~ 

' . 
' h.?O ; 

' 
/.!;(\ i . 

' 
,,,....;;, USES("'-) 

~ '"-\\.,:\\ \..' ~ J ~ WATEASUPPLY 

. _,, -_.. ..._- :;. _,, - 0 j ~==:.., ' Mh O r~h I T . 
' . 
' 
---..;.....------------1i St.hrg,m3\,el"'I ~ 'l'1 ':-':= 

-· I ' CATHODIC PROTECTION -

. 
' 

' ' 
' 

I . 
' 

I 
. . 
' ' . ' 
' ' 

. . 
' . 

' 

--i----------------JI-------SOUTH -~1..___,__---1 ' 
' 

HEAT EXCHANGE _ 

DIRECT PUSH _ 

INJECl10N -
VAPOR EXTRACTION _ 

SPARGJNG _ 

REMEDIATION -

OTHER (8PEClFY) -. 
' 

w=:-i:;.,,. ~m,dm:t.::: /J:' ~~ 
"""""'11· PLEASE BE ACCllll&TE I, COMPLETE.. ' 

' ' . 
' . 
' 

' 
' 

WATER LE;1soYIELD OF COMPLETED WELL 
DEPTH TO AAST WATER (Fl) BELOW SURFACE 

' . 

' 
' 
' 

TarAL DEPTII OF BORING &;. ? fl 'Feet) 

TafAL DEPTII OF COMPLIITED WELL GLD (Feet) 

DEPTH OF STATIC 1( ~ ?f; (if 
WATER LEVEL 'f (Ft.) & DATE MEA8URE['1 5 :-
ESTIMATED YIELD • :.ta (GPM) & TEST TYPE F 
TEST LENGTH I (Hl&,l mTAI. oAAwro,nJJ..J{.._ (Fl.) 
• ~ '1ll}t be representatioe uf a 10ell's ltmg-term yie/df"'n;,J-;:.;..:___ _ .e _,_ __ L. 

DEPTH BORE-
CASING (S) 

FROM SURFACE HOLE TYPE (" l 
DEPTH ANNULAR MATERIAL 

FROM SURFACE TYPE 
DIA. 

! !~!~ MATERIAL/ INTERNAL GAUGE SLOT SIZE 
(lnohoa) GRADE DIAMETER OR WALL ''""' F1. to F1. (lnahes) 11iICKNESS (b>oheo) 

CE- BEN-
MENT TDNlTE Fll.L ALTER PACK 

F1. to F1. 
.(.,) (.,) 

(TYPE/SIZE) 
(.,) 

r.1 '~LL ju. r r'IA .. 7r'6 .r J.00 I' J i .§i" v . . -
' ' 

...... "tU. , &.In Ill l"r,. ,J..-
• . 

' 
' ~.-, 

... w. •-- .077 
' 
' I 

:===~AaTTTAAICDiHMiiii'EiiiNTmsi:,,;.,~,:--:::::::::::::::;--;::==========-,cciE~Ri'iTirrFIFKCA:iTinooiiiN"isi'iTiATETEIMEiiiiNT~--::::::=::::=:::====::::: 
I, the undersigned, certify that this report Is complete and accurate to the best of my knowledge and belief. 

- GaoJogio Log 

- Well Construotlon Diagram NAJF pn] Ji am Well Exoloration 
(PERSON. FIRM, OR CORPORATION) ~ OR PRINlED) 

_ Geophysloal Log(s) 

_ SoUNiater Chemlcal Analyses 

- Other ________ _ 

ATTACH ADDIDONAL INFOFlMATION, IF IT EXISTS. 

5110 Highway 128 Napa CA 94558 
AODR!SS 

-C- R • 

CITY STATE ZIP 7..--:r 1-os 808-508 
:rE SIGNED C-57 UCENSE NUMBER 

DWR 188 REV. ffl.03 IF ADDmONAL SPACE IS NEEDED, USE NEXT CONSECUTIVE. Y NUMBERED FORM e 08P .. 78836 



Well #5

ORIGINAL 
File with DWR 

STATE OF CALIFORNIA Do not fill in 

• 

of Intent Xo 

THE RESOURCES AGENCY 

DEPARTMENT OF WATER RESOURCES 

,vATER WELL DRILLERS REPORT 
No. 103191 

Permit Xo. or Date,, _______ _ 

( 12) \o\7El.L LOG: Total deptt/1 ?Q ft. DePth of completed weII 42Qft:. 
from ft. to color, character, 

rock 
( 2) LOCATION OF WELL ( See instructions), 

County .Napa Owner's Well Numbe2"-',,Oc:-:...!..2!"-.Ce,;,''4--__:_,l;l.---<'..l..li.il_.::,I:Ulil__c~~C...:!l!e....£Qc><fl~-----~--

WeU addre5s if different from above Peterson Dr. ers brwn 
TowDship CalistogaRang:e, _______ Sect:io,n_ ______ +--::-::-::-----==:--,::---,"'s,:--~U~:X:a'°-.!,_!~~--------
Distance from cities., roads., railroads, fences, etc 

( 5) EQL"IP'-IEi'."T: 

Rotary D 

Cable C 

Other D 

Air 

(7) CASING :P.\'STALLED: 

Steel 0 

(9) WELL SEAL, 

Recorutrnction 

Reconditioning 

Horizontal Well 

No C If yes., to depth 23 " \\'¥ surface sanitary seal pro'"ided? YesXJ 

\\'ere strata se,;tled against pollution? Yes 0 
1-fethod of sealin 

No [X Interva'-----~ 

(10) WATER LEVELS, 
300 Depth of first ·water, if kno¥•"•------;c,r,;,...-----------" 

Standing level after well complet:io 2QQ 
(11) WELL TESTS, 
Was well test made? Yes X 
Type of test Pump = No D If yes, by wbom?'..J.1.r;:;l,.J,.le~i;,..._--; 

Bailer 0 
Depth to water at start of tf""t 2QQ ft. At end 

~e 10 g,tl/min afte''-----'wurs Water tempera 

··~ analysis made? Yes = Xo ~ If yes, by whom?, _______ -; 

\Vas electric log made? Yes O Xo ~ If yes, attach copy to this report 

Complet 9 
WELL DRILLER'S STATE:VIEKT, 
This tc-ell u.,as drilled under m-y jurisdiction and this repnrt is tn1e to the best of my 
knot.dedge and be!'n ,, . 

SrGXED O&/~zv 
d/ {Well Driller) 

KA'-<EDoshier-Gregson Dril 7 ing, Inc. 
e ( Person, firm, or corporation) ( Typed or printed) 

Ada,=5365 Napa-Vallejo Hwy 
City Vallejo 
Li= ,So 294001 Date of this report 

Zip 94590 

6/13/78 

DWR 188 (REV. 7•76; IF ADDITIONAL SPACE IS NEEDED. USE NEXT CONSECUTIVELY NUMBERED FORM 



Well #6
ORIGINAL 

File with DWR 

STATE OF CALIFORNIA Do not fill in 

Xntice of Intent No. 13 3 / / 
Local Permit No. °' Dato Jo f ~:+/ 1l b 

THE RESOURCES AGENCY 

DEPARTMENT OF WATER RESOURCES 

\VATER \VELL DRILLERS REPORT 
No. 36282 

, 

( 2) LOCJ?ON OF WELL 
County '6 

5 

1 
)I 

"WELL LOCATI0:,,;' S 

( 5) EQCIP~IEi\;"'T: 

Rotary ✓ 
Cable 0 

Otbe£ D 

(7) CASING 

Steel 0 

Reverse 

Air 

(3) TYPE o/ WORK, 
Xew \\'ell pt" Deepening: C: 

Rttonstrnction O 

Re<.-.onditiuning 

Hnrizuntal \\'ell 

Domes-ti(; 

lrrigatin~ 
Industrial 

Well 

( 9) \VELL SEAL 
Was surface sanitary seal provided? Yes ~ Ko O If yes, to depth\ :5 .._, / ft. 

i :'.\o Jr(_ Interva<L----~~ 

1fethad of 5ealin~ 

(10) WATER LEVELS,.-,_:--,.-
Depth of £int water, if known>......_~~"--~~~~-3~-=-~=--------" 

Stand.in:! level after well completion 2 / CJ ft. 

r~) w~:r;!:; m!!~TS: Yes ✓,o C If yes, by 
Type of test Pump = Bailer C 

Depth to water ~ start of test ::Z / 0 ft_ 

Dischar)!e 7 $ gal/min after ~ h•mrs 

At end 

\\-ater temperature, ___ _ 

made? Ye-s U Xo}i! If ye;;_ by whom?c ________ _ 

tric log made? Yes 0 Xo If ye:;. attach eopy to thi.;; report 

( 12_) \\7ELL LOG: Total deptbi/0 &. Depth o! completed we~t. 
from ft. 

Complet 

This u;eU ic-= drz1led 1mder my ;11 • • • 
k11ou.:ledge a11d beli • ,.-

report i8 tme tu the best of my 

SIGXED•--,-..~~i::,:;::'.":-::"'....L;.,~~~~~""""-----------

Addre;;ss,:;;,...,L~_Jc_~f::.=-LJ~'4-J.:...C..YL,e.L_J. _ _,,c:J.,.,!-,~,.::,..-,-rr­

Cit),·_ -.µ,L~'J.,L.J:~~_--,,---------,2 

IF ADDITIONAL SPACE IS NEEDED. USE NEXT CONSECUTIVELY NUMBERED FORM .:se:s..g~c 7-76 sc>1 Qu.-.o(D-rosp 



Well #7
ORIGINAL STATE OF CALIFORNIA - DWR UBE "&LtiJ t. NOi FILL 

IOiriAIIQ1 I o, I I 
IN 

I I Fllewlth DWR WELL COMPLETION REPORT I 
Page_of_ liefer to ~":."'oct'°s•oP•':)fh/ets 4 7 
Owner's Well No.__________ U 
Date Work Began 5/10/04 , Ended 5-h 

STATE WEll NOJBTATION NO. 

I I I I I I I I I I I I I I I 
LATITUDE LONGITUDE 

I I I I I I I I I I I I I I I • ~ Permit Agency 
'W' PermltNo. 96,..17ffi' Permit Date _ _,,5._/1,..,,0...,/04=----..,...;,·,_ 

/_/_,, 

APN/TRS/OTHER 

~-------- GEOLOGIC LOG -------

ORIENTATION (-".) -XvamCAL _HORIZONTAL _ANGLE _(SPE 

>--===-~ ~~~i;' nu:i FLUID l:eb:nfu 
~~M DESCBIPTION 

70 I 90 
'90 1110 
110 ,130 
130 ,19J 
150 i170 
170 •190 
190 1210 
210 , 230 
230 ,250 
250 •ZlO 
ZlO ,290 
290 1 310 
310 ,33() 

Describe material. grain size. color. e {,\ ...., -. .­

I l:JrDn nxk 

.,.., ,:\\/0'\ \,./ -

(-.:')~> 
'-':-:::) 

MODIFICATION/REPAIR 
_ Deepen 
_ Other (Specify) 

·- DESTROY (Describe 
i Procedures and Materlaf8 

Under "GEOLOGIC LOG/ 

USES("-) 
ATER SUPPLY 

O\.cl----~<1----...µL- _ PublS 
_ JmgaJ!on -. Industrial 

MONITORING _ 

TESTWEl.L_ 

CAlHODIC PAOTECTION _ 
HEAT EXCHANGE _ 

DIRECT PUSH -

INJECTION_ 

VAPOR EXTRAC110IJ -

1--':~---i-'~'--...;..,"":~....,~":"'~~'-::;::--------,----j~=:::'.'.''.':°:':":~:!: SPARGING -SOUlH REMEDIATION _ 

=--~and°=t::1#:'~~ OTHER(SPECJFV)_ 
1-~':-~~-~~"'?~""-'..,.""';~""'";-----------i """"""!I· PLEASE BEACCVBATE If COMPUTE.. . 

TOTAL DEP111 OF BORING 560 (F,et) 

TCITAL DEI'rll OF COMPLETED WEIL 1 560 {Feet) 

DEPlH 
FROM SURFACE BORE· 

HOLE 
DIA. 

(Jnche$) 

CASING (S) 

MATER!AL/ INTERNAL 
GRADE DIAMETER 

(Jnche$) 

GAUGE 
OR WAil. 

THICKNESS 

WATER LEVEL & YIELD OF COMPLETED WELL 

DEPTH TO ARST WATER ___ (Ft) BELOW SURFACE 

DEPTH OF STATIC 1,..., 51,·-,• 104 
WATER LEVEL ___ ~ .. ~'(R.) & DATE MEASURED~=-~=----· J 

ESTIMATED Y1ELD • 70. (GPM) & TEST TVPEJOB.Liri;_ _______ I 

TEST LENGTH ~) TOTAL ORA~ (A.) 

• Mil)' not b, ,ep,.,.ntative of a we/l's ltmg-tmn yield. 

DEPlH 
FROM SURFACE 

ANNULAR MATERIAL 

SI.OT SIZE 
IF ANY 
(Jnche$) A. to A. 

TYPE 
CE- BEN-

MENT TONITE Fill 
(-".) (-".) ("-) 

STATE 

Al.TEA PACK 
[JYPEISIZE) 

21P 

396352 
C.57 LICENSE NUMBER 

DWR 188 REV. 05--03 IF ADDmONAL SPACE IS NEEDED, U NEXT CONSECUTIVE. Y NUMBERED FORM iSJ OSP 03 78836 



Well #8
STATE OF CALIFORNIA 

I I 
APN/TRS/OTHER 

ORIENTATION ( :t:..) 

' PN Book __ _ 

~---.:------$1l.-.l!IL'.~_J:~L!J~~~'J=,;_~~~~'_j~~...::..,,...:~c.::j}'~\~!;~~;,;:-'-'-) __ _ 
,l:;at_,~--"-~'--~--~----N Long ____ ~--~----w r--tt--H'T-t--f-'-a;:-(::::,.....,::::=;:.,..,t-,~rj"-7i""""";--FJ;""-"-17'.,..-',,.---tl',;--";---:;-'-f----t, ___ , __ \ \/ DEG. 
<'--'Y 

MIN. SEC. DEG. MIN. SEC. 

1-----,------.,--------------------------l>-
cn w t-----,------.,--------------------------1:;: 

el------.--.-----------1 

LOCATION SKETCH -: jCTIVITY ( :t:..) 
-A_ NEW WELL 

MODIFICATION/REPAIR 
_ Deepen 

_ Other (Specify) 

_ DESTROY (Describe 
Procedures and Materials 
Under "GEOLOGIC LOG") 

USES (:t:..) 
WATER SUPPLY 

Public 

Industrial 

r------,----,------------------------t,_ ________ SOUTH ---------+< 
Illustrate or Describe Distance of \\Tell from Roads, Buildings, 
Fences, Rivers, etc. and attach a map. tlse additional paper if 
necessanJ, PLEASE BE ACCURATE & COMPLETE. 

MONITORING _ 

TEST WELL_ 

CATHODIC PROTECTION _ 

HEAT EXCHANGE _ 

DIRECT PUSH _ 

INJECTION_ 

VAPOR EXTRACTION_ 

SPARGING _ 

REMEDIATION _ 

OTHER (SPECIFY) _ 

TOTAL DEPTH OF BOHINC 

DEPTH 
FROM SURFACE 

BORE-
TYPE (:t:..) HOLE 

DIA. 
" 

z 
w 

(Inches) z w 
:5 a: Ft. to Ft. u ID 

<fJ 

" I 67 IJ'' )( 
.57 I /jJ'\ /t)V .k' 
/f,r-, ~~ /~,r I- ';fc 

I 

I 

I 

ATTACHMENTS ( :t:..) 

_ Geologic Log 

_ Well Construction Diagram 

_ Geophysical Log(s) 

a: 
:z~ 
Oo 
O:=, 

Cl 

.,... 

_ Soil/Water Chemical Analyses 

w 
a. a: 
::l 
u: 

I. 

CASING (S) 

MATERIAL/ INTERNAL 
GRADE DIAMETER 

(Inches) 

r'/ A<17J,(" ~,,, 
rt ~( 

✓.,~--- ff /'1 

GAUGE 
OR WALL 

THICKNESS 

2.00 
I' I 

r/ 

WATER LEVEL & YIELD OF COMPLETED WELL 

DEPTH TO FIRST WATER /6{) (Ft.) BELOW SURFACE 

DEPTH OF STATIC /. ,/ ~ I? 
WATER LEVEL ~ (Ft.) & DATE MEASURED , o-~ <.. 
ESTIMATED YIELD • ~a (GPM) & TEST TYPE A I 'n. 1-., ti',:: r 
TEST LENGTH _JI__ (Hrs.) TOTAL DRAWDOWN Yu ~Ft.) 

• May not be representative of a we/l's long-term yield. 

DEPTH -ANNULAR MATERIAL 
FROM SURFACE TYPE 

SLOT SIZE CE- BEN-
FILTER PACK IF ANY MENT TONITE FILL 

(Inches) Ft. to Ft. (TYPE/SIZE) 
(:t:..) (:t:..) (:t:..) 

~ ,f'7 k 
~ -- - -- tvJ ~LL. ~ ~tr-:U-6 - I..,..,, ._5 

3--'f"? I 

\.. 
I 

I 

I 

t of my knowledge and belief. 

_ Other __________ _ 

~~ ATTACH ADDITIONAL INFORMATION, IF IT EXISTS. Signed ~ 
C-57 LICENSED WATER WELL CONTRACTOR 

DWH 188 HEV. 0.5-03 IF ADDITIONAL SPACE IS NEEDED, USE NEXT CONSECUTIVELY NUMBERED FORM -' ~ OSP 03 78836 



Well #9
*The free Adobe Reader may be used to view and complete this form. However, software must be purchased to complete, save, and reuse a saved form. 

File Original with DWR State of California 

Page ___ _ Well Completion Report 
Refer to /nstrudion Pamphlet of 

Owner's Well Number J No. e0178229 

• 

Work Began Qf'itrr:-f'.-~t>-1·3 Date Work Ended _.5 ..... /2...,5.._/.._20,._1...,3.__ __ _ 
I Permit Agency ..,_N""a.,.p..,a"-"C""o ... u,.,_n,.._ty.__ ____________________ _ 

Permit Number E13-00054 Permit Date 2/14/13 
I I I I I I I L I 

APN/TRS/Other 

Geologic Log 

~ 
Well Owner I 

Orientation ®Vertical OHorizontal 0Angle Specify 
Drilling Method Direct Rotary Drilling Fluid air/ mud 

Depth from Surface Description 
Feet to Feet Describe material, arain size, color, etc C1 

0 20 White & Grav Ash & Grav Rock Well Location 
20 60 Yellow Clay Yellow Rock Address 4331 Azalea Springs Way_ 
60 100 White Rock Rusty colored City Calistoga County Naea 
100 140 Gray Green Rock Latitude N Longitude ______ __yv ---------
140 300 Gray Clay & Gray Green Rock Deo. Min. Sec. Deo. Min. Sec. 

300 400 Gray green Rock with Gray Clay Datum Decimal Lat. Decimal Long. 

400 430 Gray, Green, Red & White Rock APN Book 020 Page 390 Parcel 015-000 

430 460 White, Green & Black Rock Rust Townshio Ranae Section 

460 480 Yellow Clay Location Sketch Activitv 

480 500 Yellow Clay, Gray Roick 
(Sketch must be drawn bv hand after 10011 is orinted. l ® NewWell 

North 0 Modification/Repair 
' 0 Deepen 

Perforation Layout 

iY 
OOther 

P = Perforation 0 Destroy 
Describe procedures and materials 

B = Blank J under •GEOLOGIC LOG" 

Planned Uses 
V 

0 to 115 ft Blank 

I c/. ,tJi~ ® Water Supply 
If I n-r D Domestic D Public p B 'J I 

1-;;; IZI Irrigation D Industrial ., 
B p w 

0 Cathodic Protection 
P 175 ft p ~~ N 0 Dewatering 
B B 

'~b I \1 
0 Heat Exchange 

p P 475 ft 
~ 

0 Injection 

B 0 Monitoring 

p ~--l/1(1'/~ -~ 0 Remediation 

B 275 ft 0 Sparging 

p South I 0 Test Well 

B Illustrate or describe distance of well fr~~oads, buildings, fences, 
0 Vapor Extraction 

rivers, etc. and attach a map. Use additional paper if necessary. 0 Other 
p Please be accurate and comDlete. 

B Water Level and Yield of Completed Well 

P 375 ft 
Depth to first water 120 (Feet below surface) 
Depth to Static 
Water Level 60 (Feet) Date Measured 05/25/2013 

·-· 
Total Depth of Boring 500 Feet Estimated Yield * 12 (GPM) Test Type Air Lift 

Total Depth of Completed Well 475 Feet 
Test Length 8 0 (Hours) Total Drawdown.iQQ__(Feet) 
*Mav not be reoresentative of a well's Iona term vield. 

Casings Annular Material 
Depth from Borehole Type Material Wall Outside Screen Slot Size Depth from 

Surface Diameter Thickness Diameter Type if Any Surface Fill Description 
Feet to Feet (Inches) !Inches) !Inches) !Inches) Feet to Feet 

0 55 12 Blank PVC Sch. 40 R21 6 0 55 Cement Cement I Val Clay 

55 115 9.5 Blank PVC Sch.40 R21 6 55 475 Filter Pack #6 well pack 

115 475 9.5 Screen PVC Sch. 40 R21 6 Milled Slots 0.032 

Attachments Certification Statement 
D Geologic Log I, the undersigned, certify that this report is complete and accurate to the best of my knowledge and belief 

~
□ Well Construction Diagram Name Pulliam Well Exploration Inc 

D Geophysical Log(s) 
Person, Finn or C7?Jration 

4371 Cantelow Roa Vacaville CA 95688 
D Soil/Water Chemical Analyses ~~~ City State Zip 

D Other Signed 06/04/2013 808-505 
ch additional infomiation if it exists. C-57 Liglllsed Water Well Contractor Date Signed C-57 License Number 

DWR 188 REV. 1/2006 IF ADDITIONAL SPACE IS NEEDED, USE NEXT CONSECUTIVELY NUMBERED FORM 



Well #10
ORICJ!.NAL STATE OF CALIFORNIA 

File with DWR .WELL COMPLETION REPORT 
DWR USE ONLY DO NOT FILL IN 

I a fiM(}t, w10R1 
Page __ of__ Refe-:• to Instru

0
cti

9
on 

0
Pomoph

8
le,

71 Owner's Well No,_______ No. 
Date Work Began ___ _,1.,,0,_,/9,,/..si03,.,__, Ended __ 1,__0,,_/,.23,,,/..si0,,_3 __ 

STATE WELL NO./STATlON NO. 

I ~---11 
--~,~o~N~G~1r~u~o~E~~~ LATITUDE 

Local Permit Agency 
Permit No. ----~96=1='2579=~---Permit Date __ 1~0=/~7~/~0=3-----~-

APN/TRS/OTHER 

GEOLOGIC LOG .• . WELL OWNER 

ORIENTATION ( :f:...) _x_ VERTICAL __ HORIZONTAL __ ANGLE __ (SPECIFY) 
DRILLING mrl FLUID l:Eb::nite 

DEPTH FROM 
METHOD 

SURFACE DESCRIPTION 
A. " Fl Describe material, grain size, color, etc. -·:. , , \ \ \ \ 

..,,,.., ... ,.,,-

0 ' 40 ' 1xo,ii,.1,.., \ '\ \ , 4325 ~'mNWiv .. . Ad<lre;;s 
40 !lO ' hn-Ln & rn=, ,.1,.., I. ', 

Qtl i $1 I \fl • ' City• , , 

00 ' 110 ' =,,.l=, . 
Coullty' 

·1'1,r,g .. • 

110 ' 110 ' ~7 hl...,.t,. rol"3'1.T , APN B90.k O?O' Page 1<lO Parcel m? 
110 ' 170 ' -·~'-· ToWilship/ : Range Section 
17n ' 1an 1 rn-'::n7 hl~ r-1:::nr' •. 

, 
Lat ' ' N Long ' ' w . I 

1an -nn ___ ,-~_:, ,• , ', ',•·,, DEG. MIN. SEC. DEG. MIN. SEC. 

' ' ' 
.. 

' wte .....,.., fi:as:I::. ' .. LOCATION SKETCH ACTIVITY (:f:...) -
230 ' 250 ' ' 

. : x_ NEW WELL 

wm=ITT'K\ 
-

·······l'.5 
'<et'-:, -e \ MODIFICATION/REPAIR 250 ' ZlO ' , . I 

ZlO 290 wtenr.0v' ~ ,_: :o:x:k' s"AIIIGS ll'I 
' ' ; .~ 

_ Deepen 

290 ' 330 ' wte l::ilad! J:m.xi rox. . _ Other (Specify) 

330 ' 350 ' -;:..,.,;J:m.xi x\hifu ......,;.; .. ·· .• , ·'· i!s 1- ~!~J:u~:s 1Zi8:c,J:,:,ials 350 370• b::cw'l-~lbla:k .•• , ,· 0 
' ' .. 

Under "GEOLOGIC LOG") 

370 ' 41~ " J:mn = x\hite 3 ))SES ( .-: ) 
410 ' 430 . , . ..tiite ~· •. blax ~r-- . 

' 
~ATER SUPPLY --- -- ,- Domestic _ Public 

430 ' 470 ' wte CJl'1CA1 s::ft . -. ------·- - -- - -J-- -- --- - i....... Irrigation _ Industrial . >-
' ' 00 

" MONITORING _ . w 
' ' TEST WELL_ . 

ATHODIC PROTECTION_ 
' ' ,. V ; 

~. ' ' ( JtY ' HEAT EXCHANGE _ 

. 

\ 

DIRECT PUSH _ 

' ' 
\ ),J. 8 

. INJECTION_ 

' ' VAPOR EXTRACTION _ . 
' ' ' .. SPARGING _ 

' ' 
SOUTH REMEDIATION _ 

lllustmte or Describe Distance of \Vellllrom Roads, Buildings, 

' ' Fences, Rivers, etc. and attach a mt.I~ se additionalEaper if OTHER (SPECIFY) _ 

. uecessnry. PLEASE BE ACCUBA i;, COMPLET . 

' ' . WATER LEVEL & YIELD OF COMPLETED WELL 
' ' 
' ' 

DEPTH TO FIRST WATER ___ (Ft.) BELOW SURFACE 

' ' 
DEPTH OF STATIC 230 10/23/03 WATER LEVEL (Ft.) & DATE MEASURED 

' ' ESTIMATED YIELD • 75. (GPM) & TEST TY1J:r{;jjajr 

TOTAL DEPTH OF BORING 470 (Peet) TEST LENGTH ___4__ (Hrs.) TOTAL DRAWDOWN (Ft.) 

TOTAL DEPTH OF COMPLETED WELL .@Feet) ,. May not be representative of a welt's long-term yield. 

DEPTH CASING (SI DEPTH ANNULAR MATERIAL 
FROM SURFACE 

BORE· 
TYPE( ✓) FROM SURFACE HOLE TYPE 

DIA. z ~ & MATERIAL/ INTERNAL GAUGE SLOT SIZE CE· BEN· ~ w •O 
(Inches) z il' zgt, GRADE DIAMETER OR WALL IF ANY MENT TONITE Fill FILTER PACK 

Ft Jo Ft :l cJ (Inches) THICKNESS (Inches) Ft to Ft (TYPE/SIZE) m ~ 5 " (:f:...) (:f:...) (:f:...) 

0 ' h7 1.A" .,, J;''1A') P." ?m n ' ~ V 

h7 ' M 1? ,IA ,, ""'"" 8" 200 hi ' Q{\ 
___ , 

An ' 110 1? '>.IA X = R" ?m - . M ' A"ll ""',_..o 

110 ' 1Cl0 1? '>.IA ,, t>AQf\ R" 'JM ' . 
1an ' ,en 1? ,IA y 1:'AQf\ R" .,,..,, ·- ' . 
<"11 ' <70 1? ,IA ,, J;''1A') R" ?m ' 

c--= ATTACHMENTS (.-C) CERTIFICATION STATEMENT 

_ Geologic Log 
I, the undersigned, certify that this report is complete and accurate to the best of my knowledge and belief. 

_ Well Construction Diagram NAME M:iean & Williars. :roc. 
{PERSON, FIRM, OR CORPORATION) (TYPED OR PRINTED) 

_ Geophysical Log(s) 

_ Soil/WaA Chemical Analyses 878 El Cmtro ~-, N31::a. m 94558 
X Qthe, 11.",} r1€J-- ADDRESS~ 

~-\ 
CllY STATE ZIP 

.,. \ ~ I - ' 1/23/04 396352 Signed ATTACH ADDITIONAL INFORMATION, IF IT EXISTS. C 57 LICENSED WAT ELL CONTRACTOR DATE SIGNEO C 57 LICENSE NUMBER 

DWR 188 REV 05-03 IF ADDITIONAL SPACE IS NEEDED, uSE NEXT CONSECUTIVELY NUMBERED FORM a OSP 03 78836 



w;rr. Cim.EI'HN RERRr N>. 0900371 

A.P .#020-390---002 

4325 AzalEa El,rirgs W'ly 

Casir.g list ant.irurl: 

370 - 410 12 3/4 
410 - 430 12 3/4 
430 - 450 12 3/4 

Rrl F400 
Blank F400 
Rrl F400 

8" 
8" 
8" 

200 fu::tnry 
200 
200 fu::tnry 



Well #11
ORIGINAL 
File with DWR 

STATE OF CALIFORNIA 

WELL COMPLETION REPORT 
- OWA USE 0Nl0 DQ NOT FILL fN 

I01<i!'1N.I01<a111l/l01K I I I I I 
Page __ of __ 
Owncr,s \iVell No. ___________ _ 

Refer to Instrnction Pamphlet 

819555 Date Work Began 1 2-1-00 , Ended _ _.]-'2=7=0'-'Q'"-----

No. 

STATE WELL NO./STATION NO 

======11 J ~I ~===-'~I I J 
LATITUDE LONGITUDE 

~ Local Penn;t Agency ~N=A~P~A~C~O~U~N~T~Y~-----------------
Perrn;t No. --"9-"6'----~l"l'-'2"8"6~ _____ Perm;t Date -~8=2~7=29~9~-----

APN/TRS/OTHER 

GEOLOGIC LOG YW>Y"'Y Y .... Yw,,., .... ..,. 

ORIENTATION (::::.,) __ VERTICAL __ HORIZONTAL __ ANGLE __ (SPECIFY; 

DRILLING 

DEPTH FROM 
METHOD FLUID 

SURFACE DESCRIPTIOX 
H lo F< Describe material, grain si::;e, color, etc 

WELL LOCATION 
/) ' 1 I 111"'1 I """ 'A'l'Tf"\M Address "451 SI IIELEWA Ml-A',' 
1 :?,QI) , LIUT'J'R rnNQf"\T TnS'l'l<'n vm ('AMT(' Oty CALISTOGA 

?RO ;,i;n • ~'l' A TNRn IJHT'l'1" -- - IT f"\T (' HI Tl County NAPA " 
l,An ,/,Cl'i ' 

. 
I II Tn>\'T'li'n '1f\T1·.11n11 APN Book 2Q Page t.QQ Parcel lQ 

, 
' Township Range Section 

' ' Latitude , 
' NORTH Longitude ' ' 

WEST 

' ' 
DEG. MIN. SEC. DEG. MIN. SEC. 

LOCATION SKETCH ACTIVITY {.::::)-

' ' NORTH 

C};J, ::,-/c-r,:;,._. 
--X-- NEW WELL 

, 
' • MOOIFICA TION/REPAIR 

' 
, _ Deepen . _ Other (Specify) 

' ' . 
' ' _ DESTROY (Describe . Procedures and Materials 
' ' Under "GEOLOGIC LOG") 

' ' PLANNED USES I-"' I . 
' ' WATER SUPPLY . 

~ ~ :x:: Domestic _ Public 

' ' Irrigation _ Industrial . ~ .... w , 
' w w 

;, - ., MONITORING _ 

• ..,,.el 
w , 

' )-. TEST WELL_ 

, , 

d 
CATHODIC PROTECTION_ . 

~~ 
HEAT EXCHANGE _ 

' 
, . DIRECT PUSH _ 

' ' I rv"' INJECTION_ 

' ' VAPOR EXTRACTION _ . 
' ' SPARGtNG _ . SOUTH REMEDIA TJON _ ' ' lllustmte or Describe Dista11ce of \\'ellt·om Roads, 811i/din[!.s . . 

F1'11ces, Ricers, etc. and attach a mi- se additio11al!aper if OTHER (SPECIFY) _ 

' ' . m·ce1>Smlj- PLEASE BE ACCURA 'E & COMPLET . 

' ' . WATER LEVEL & YIELD OF COMPLETED WELL , 
' DEPTH TO FIRST WATER ~ (Ft.) BELOW SURFACE . 

' ' 
' , DEPTH OF STATIC 

WATER LEVEL :WO (Fl.) & DATE MEASURED 

' ' ESTIMATED YIELD • 30 (GPM) & TEST TYPE UR LIEI 
TOTAL DEIYJ.'H OF BORING Ml5 (Feet) TEST LENGTH -----6.._ (Hrs.) TOTAL DRAWDOW"' (Ft.) 

TOTAL DEPTH OF COMPLETED WELL 435 (Feet) ,. May not be representative of a welt's long-term yield. 

DEPTH CASING (S) DEPTH ANNULAR MATERIAL 
BORE-

FROM SURFACE HOLE TYPE(.::::) FROM SURFACE TYPE 

DIA. ~ z ~ w MATERIAL/ INTERNAL GAUGE SLOT SIZE CE- BEN-w ;.o ~ FILTER PACK (Inches) z w " GRADE DIAMETER OR WALL IF ANY MENT TONITE Fill 
Ft to Ft. :'I ~ 8g ~ (Inches) THICKNESS (Inches) Ft. to Ft. (TYPE/SIZE) m ii 0 " (.::::) (.::::) (.::::) . 
/) , ?q, A y nu,- s ?f"\f"\ " ' AA V 

00,c; , /, qc; Q y nHf' s AAA AA0 AA 1, .-..c: -- ··-· 
, 

' . 
' ' . 
' ' . 
' ' 

ATTACHMENTS ( v) CERTIFICATION STATEMENT 

_ Geologic Log 
l, the undersigned, certify that this report is complete and accurate to the best of my knowledge and belief. 

- Well Construction Diagram NAME A & K DR II.Lit,[G INC 
(PERSON, flRM, OR CORPORATION) (TVprn OR PRINTED) 

- Geophysical Log(s) 

p ,-' ,~~,v.,,, / PETATJTM• r, A ---
- Soil/Water Chemical Analyses 

ADDRESS -0 )J/, ~ 
CITY STATE ZIP 

- Other 
Signed d-' ,Q. O O '_JJ 

ATTACH ADDITIONAL INFORMATION, IF IT EXIST$, DAT/, s1iilE~ 
Ql 7i!s9~N~E NUMBER WELL DRILLER/AUTHO~ IZED REPRES TIVE 

IF ADDITIONAL SPACE IS NEEDED, USE NEXT CONSECUTIVELY NUMBERED FORM 



Well #12
·The free Adobe Reader may be used to view and complete this form. However, software must be purchased to complete, save, and reuse a saved form. 
File Original with DWR State of California DWR Use Onl - Do Not Fill In 

Page ___ _ of 
Well Completion Report I O G I tJ I QC, l,1/ 1 / f Refer to Instruction Pamphlet 

3 2 !) ~tceell Numo~:lr~3 Jn Owner's Well Number ___________ No. e0195080 I I I 1 _ ~ I N I 11____J~ __ I_ . _ I w I [)~te Work Began 11/04/2013 Date Work Ended 11/18/2013 
, Permit Agency -'N-"a.._p.,_a.....,C""o"'u"'nc.etv,..._ ______________________ _ 

~tude 3 ~ Loqg~e 

APNfTRS/Other Permit Number E13-00555 Permit Date 9/3/13 

Geologic Log ~ 
Orientation ®Vertical O Horizontal OAngle Specify____ Nl 

1,-D:.r:.;.il:.lin;.::g:..:.M:.e:..:th:.o:..:d:.=D=1=·re=c=t=R=ota==i\ry=========-D .... n:.;.·1.,..1in...::g:...F_lu .... id----'=A=ir=/=m=u=d===-I M, 
Depth from Surface Description 

l---'-F-=-ee"-'t-~to_-'F'--'ee'-=t-~------'Dc...ceccs.:ccr.:ccibe'-=-'m'-"a=te=rc.ciac.cl,-"'-'a1ra"'in-'s=iz=e~,_co_l_or~,~et~c ____ -t Ci 

Well Owner 

=I 
0 120 Yellow Clay & White Ash 
120 180 Black Ash 
180 300 Yellow & White Ash 
300 410 Black Ash 

410 440 Yellow Ash 

440 560 Black & White Ash 

560 605 Black Ash with Purple Rock 
605 650 Purple Rock 
650 690 Brown Clay 

Perforation Layout 

P = Perforation 

B = Blank 

O to 180 Blank p 
p 200 ft B 

B p 

B B 

B P 500 ft 
B B 
B 300 ft p 

B B 

B p 

Well Location 
Address 4331 Azalea Springs Way 
City Calistoga County _N_a~p_a ______ _ 

Latitude ---------Dea. Min. Sec. 

Datum ____ Dec. Lat. __ 

APN Book 020 Page 396 

Township Ranae 

Location Sketch 

N Longitude _________ w 
Dea. Min. Sec. 

Dec. Long. __ _ 

Parcel 0.14-000 , 

Section 

Activity 
(Sketch must be drawn by hand after form is printed.) 0 NewWell 

North 

I 

' ;lY 
...., 

\\.. ..... 
•.\J 

~ ,, 
l 

·• i/ 
I 

0 Modification/Repair 
0 Deepen 
0 Other ____ _ 

0 Destroy 
Describe procedures and materials 
under "GEOLOGIC LOG~ 

Planned Uses 
0 Water Supply 

D Domestic D Public 
fil i 0 Irrigation O Industrial s ~ w . ~ } f O Cathodic Protection '::::;::/ V.,. 0 Dewatering 

-.:, 0 Heat Exchange 
~"~ '·'- Olnjection 

,~ 1 
h ' "-j_. ;-7 --~- ( 0 Monitoring 

,::S O Remediation 
-,- 0 Sparging 
,'+ 0 Test Well B P 600 ft 

p B 

South l 
----------------t 1-,-11u-,tr-.1-. o-,-d.-sc-cib_e_dis-ta-nc_e_of-w-ell_rr_om-,-oa-ds-. b-u,-ldi-ng-,.-te-nl""es-. -+-ti O Vapor Extraction 

rivers, etc. and attach a map_ Use additional paper if necessary. Q Other ______ _ 
B 400 ft p Please be accurate and complete. 

P 660 ft Water Level and Yield of Completed Well 
Depth to first water 450 (Feet below surface) 
Depth to Static 
Water Level 420 (Feet) Date Measured 11/18/2013 

Total Depth of Boring 690 Feet Estimated Yield* 40 (GPM) Test Type -'A"'"'i"""r""'L"'"ift'----------------
Total Depth of Completed Well 660 ----------- Feet 

Test Length 20.0 (Hours) Total Drawdown2illL_(Feet) 
*Mav not be representative of a well's Iona term yield. 

Depth from Borehole 
Type Surface Diameter 

Feet to Feet finches) 
0 

60 

180 
200 

360 

60 12 Blank 

180 9 Blank 

200 9 Screen 

360 9 Blank 

660 9 Screen 

Attachments 
D Geologic Log 
D Well Construction Diagram 
J Geophysical Log(s) 

0 Soil/Water Chemical Analyses 

Casings Annular Material 
Material Wall Outside Screen Slot Size Depth from 

Thickness Diameter Type if Any Surface Fill Description (Inches) {Inches) (Inches) Feet to Feet 
PVC Sch. 40 R21 6 0 56 Cement Cement I Val Clay 
PVC Sch. 40 R21 6 56 660 Filter Pack #6 Well Pack 
PVC Sch. 40 R21 6 Milled Slots 0.032 
PVC Sch. 40 R21 6 
PVC Sch. 40 R21 6 Milled Slots 0.032 

Certification Statement 
I, the undersigned, certify that this report is complete and accurate to the best of my knowledge and belief 
Name Pulliam Well Exploration Inc 

Person, Firm or Corporation 
4371 Cantelow Road Vacaville CA ~9~5~6=88~-----

City State Zip D Other ___________ _ 12/17/2013 ...;;;8....;;.0..:;..8-....;;.5.;;;..08:;...._ ____ _ 
Attach additional information If it exists. Date Sianed C-57 License Number 
DWR 188 REV 112006 IF ADDITIONAL SPACE IS NEEOEO, USE NEXT CONSECUTIVELY NUMBERED FORM 



Well #13
ORIGINAL STATE OF CALIFOR~IA DWR USE ONLY "Ro NOT Fill IN 

File with DWR WELL COMPLETION REPORT 
Page_/__ oLL _._.I. 
Owner's Well No. __;fCl.L.-..____L_/____ No. 7 3 7 0 12 

Refer to fostnictioo Pamphlet STATE WELL NO.ISTATION NO 

~,--, I J ~I ~~1L..,L__JI I.J 
LATITUDE LONGITUDE Date Work Began~lf.,_-~3,2_1,OL_-_,0,2_(~, Ended P 9-/0-cJI 

Local Permit Agency Co <' .,C Al~a,._ Otl<fJ&"•~£f &;?"-
Permit No. '16 .//9f) 3 Permit Date 8- 3/ - f2( 

APN/TRS/OTHER 

ORIENTATION ( :::::_) 

DEPTH FROM 
SURFACE 

GEOLOGIC LOG 

__£.RTlCAL __ HORIZONTAL __ ANGLE __ (SPECIFY) 

DRILLING R. ,J,, ' 
METH00,;2:P"&( ~ /J,:w/c.L111/4 

DIIBCRIPTION 
Ft 10 Ft. De:;cribe 11wterial, grain si;;e. color, etc. 

' ' ' ' 
' ' ~q.,-: 'JI"< I 1 I 

' 
' /,J_ / 
' ' 

' ' ' ' ' ' ' ' ' 
' ' 
' 
' ' 
' ' 

MOOlFlCA TION/AEPAIR 
_ Deepen 

_ Other (Specify) 

_ DESTROY (Describe 
Procedures and Materials 
Under "GEOLOGIC LOG·· 

' ' ' ' -'-------------------';( 

t9,,.,..( 

~ '":,<,tT fol PLANNED USES(.:::'..) 
~UPPLY 
_ Domestic _ Public 

' ' ' i;; 
_ Irrigation _ Industrial 

' ' _ _;,_ _____________________ ----J\\! 

\ 
~ 
w 

MONITORING _ 

' ' TEST WELL_ 

' 
' ' ' -, 
' ' ' • 
' ' • 
' ' ' • 

! 5r~nL., 
' 

' ' 
' • 
' 

#q17«- "tr-/ ---;---------------------L _ __!__'j~_:, __ SOUTH _______ ___, 

CATHODIC PROTECTION _ 

HEAT EXCHANGE _ 

DIRECT PUSH _ 

INJECTION_ 

VAPOR EXTRACTION _ 

SPARGING _ 

REMEDIATION_ 

OTHER (SPECIFY} _ ' 
' ' 
' ' 
' ' 

' ' ' ' ' ' 
' ' 

TOTAL DEPTH OF BORINC 

TOTAL DEPTH OF COMPLETED WELL 

~r,__,_r_'f,___(Feet) 

'/20 ,(Feet) 

Iff11strate or De1-cribe Distance of \Vell (mm Road.1·, B11i/diug~, 
Fence.~. Rii;ers, etc. mu! auad1 a ump. Use additioual paper if 
nccessanJ. PLEASE BE ACCURATE & COMPLETE. 

WATER LEVEL & YIELD OF COMPLETED WELL 

DEPTH TO FIRST WATER -3...2tl (Ft.) BELOW SURFACE 

DEPTH OF STATIC I a 
WATER LEVEL '0 (Ft) & DATE MEASURED 7 - 0 I 
ESTIMATED YIELD· k!:O (GPM) & TEST TYPE Air L,/1-

TEST LENGTH ~~Hrs.) TOTAL ORAWDOWN /VA: (Ft.) 

,. May not be representative of a welt's long term yiel.d. 

DEPTH 
FROM SURF ACE 

CASING (S) DEPTH 
FROM SURFACE 

ANNULAR MATERIAL 

Ft to Ft 

BORE· 
HOLE 
DIA, 

(Inches) 

TYPE( ✓) 

~ "~l ~ 
z wZ ac 
'.l § a =' m cc 

r ,, 
I) 

MATERIAL/ 
GRADE 

IHC>- 'Fo 
l,<:>tt;,c c;Fo 
1/-?.v r ",f'O 

INTERNAL GAUGE 
DIAMETER OR WALL 

(Inches) THICKNESS 

"i ,..,()n 

5" .., l!)O 

s ,,, "'() 

SLOT SIZE 
tF ANY 
(Inches) 

,.,., < ) 

Ft. to Ft 

I".) , 02 

' 
' 
' 

TYPE 
CE- BEN-

MENT TONITE FILL 

( .:::'..) { ✓} ( .::::.) 

FILTER PACK 
(TYPE/SIZE) 

' ' 
~1===:----A:;:T"T"A"C~Hii~u1.:E-;;Nc;T;:-S-';(:,<,~):--::::::::::::;-;============--rciEiR'iT'i'1rii'IiicjA_:,Tj,IO'>iN\l'<S'iT:.A'iT'iiEiMriE;;N"Tr'--============ 

I, the undersigned, certify that this report is complete and accurate to the best of my knowledge and belief. 
- Geologic Log D. Bess Pump & Well 

,,-- . _ Well Cons!ruction Diagram NAME -,: M P -"'" 
(PrnsoN. FIRM. oR coRPORAnom nvPrn oR PRINTED) lllJ 7. veorge xve. 

_ Geophysical Log(s) Napa, CA 94558 
_ Soil/Water Chemical Analyses 

::CcttewZi= 
Will ORllL[R/AUTHORIZED REPRESENTATIVE 

_Other _________ _ 

ATTACH ADDITIONAL INFORMATION, IF IT E:XISTS 

C!T\' STAI£ ZIP 

DATE slGNrn 
t,"r20-6' 

C-7ufENSE NUM[R 

DWll \.<;<; HE\" l l-!:J7 lf ADDITIONAL SPACE IS NEEDED, USE NEXT CONSECUTIVELY NUMBERED FORM 



Well #14

ORIGINAL STATE OF CALIFORNIA 

THE RESOURCES AGENCY 

DEPARTMENT OF WATER RESOURCES 

\-VATER ,VELL DRILLERS REPORT 
az.o soo 0/9 

Do not fill in 

No. 080077 
State Well No •• _c-cc--c-=-c--~-c-=-
Otbe, Well ,Co. 0 8 ll Ob Gu / b f<.. 

-----------------=-
( 12) WELL LOG: Total rl,ptb.J./.t/6,,. Depth of mmp!eted w,11.WA. 

\VELL LOCATION 

( 5) EQt,'1'.P:MENT: 

Rotary ~ 
Cable L 

(9) WELL SEAL, 

Reverse 

Air 

Domestic 

:::::~ 
T Well ~ 

Was surface sanitary seal provided? Y~ Xo = If ye.s, to dep,uth~~=-ft. 

\Vere strata sealed against pollution? No~ Interva"-----~ 
Method of sealin,,. 

(10) WATER LEVELS, 

by 

Complet - 19 

Depth of first ,,,ater, if know•·o ~--~~~-----------~ This u;eU was drilled under my ju ··diction and this report is tme to the best of my 
Standing level after well completio ft. knowle e • ~ 

WELL DRILLER'S STATE~IEKT, 

(11) WELL TESTS, 
Was well test made? Yes X Xo C If yes, by whom? 

Pump C Bailer),E,t 

at start of te;:t /' £0 ft. 
c~--~gal/min after ? hours 

At end 

\Vater tempera,nu"----~ 

Yes 0 

Yes 0 
l\o~ If yes, by whom?·---------! 

No f yes, attach copy to this repnrt 

IF ADDITIONAL SPACE IS NEEDED. USE NEXT CONSECUTIVELY NUMBERED FORM 



Well #15

File Original with DWR State of California 

Page 1 of___ Well Completion Report 

DWR Use Only - Do Not Fill In 

!Qi~, N:b iG_W~ Q£-=:- l 
State Well Number/Site Number 

7 

Owner's Well Number """W..;..e""'l;...;I #.;..;:2=--------- No. e0337568 

Date Work Began 02/24/2017 Date Work Ended _3-/6.,_/2=0~1~7 ___ _ :.i·o-5,?ul40 1
N: 1 t,;l:J._:>~f33'.w; 

[at, ude Lonnirude --r - -=-1 
Local Permit Agency Napa County Environmental Health __l ' ~ L ~ ,____j 

Permit Number OE 17-00014 Permit Date 2/3/17 APNfTRS/Other 

GeoloQic LoQ 
Orientation ® Vertical 

Drilling Method Direct Rotary 
0 Horizontal 0Angle Specify ____ 

1 
Drilling Fluid Polymer mud 

Depth from Surface Description 
Feet to Feet Describe material, grain size, color, etc 

0 2 Loam/ roots Well Location 
2 10 Orange sandy silt, tufa Address 4109 Heitz Way 

10 16 

16 20 

20 40 

Tan ash tufa City Calistoga county _N_a~p_a _____ _ 

Fractured tufa, tan orange Latitude 38 33 40 N Longitude m_ E_ ]Ly., 

Tan yellow sandy ash ~ ~ ~ Dea Min Sec 

40 50 Fractured tan orange gray tufa Datum ____ Decimal Lat. _____ Decimal Long. ___ _ 

50 65 Orange clayey sand APN Book 020 Page 220 Parcel ...,O"'Oc.:..7 ____ _ 

65 90 Reddish brown volcanic sand, soft Township 8N Ranae 6W Section 8 

90 190 Multi-colored volcanic sand conglomerate, soft Location Sketch Activity 

190 200 
/Sketch must be drawn bv hand after form is orinted. l r.:-, 

Fractured volcanic tufa, ash \!I New Well 

200 300 
---t------+------------'-------------1 1--------N .. o_rt_h ______ -tl O Modification/Repair 

Volcanic conglomerate, soft, multi-colored sand o Deepen 

gravels in greenish sandy, silty, ash matrix O Other ____ _ 

300 400 Same, very soft becomes sandier O Destroy 
Descnbe procedures and materials 
under •GEOLOGIC LOG" 

1ii 
"' w 

Planned Uses 

@ Water Supply 
[ZJ Domestic D Public 
0 Irrigation O Industrial 

0 Cathodic Protection 
0 Dewatering 
0 Heat Exchange 
0 Injection 
0 Monitoring 
0 Remediation 
0 Sparging 
0 Test Well 

South 
t-----t-----+----------------------1 ----------------11 0 Vapor Extraction 

lltustrate or descnbe distance of well trom roads. buildings. fences, 
rivers. etc, and attach a map. Use additional paper if necessary. Q Other 

Total Depth of Boring 

Total Depth of Completed Well 

Depth from Borehole Type 
Surface Diameter 

Feet to Feet (Inches) 
0 
50 

0 
290 
390 

50 11 

400 9 7/8 

290 Blank 

390 Screen 

400 Blank 

Attachments 
D Geologic Log 
D Well Construction Diagram 
D Geophysical Log(s) 
D Soil/Water Chemical Analyses 
0 Other Site Map 

Attach add1t10nal 1nformat1on rf 1t exists 

DWR 188 REV 1/2006 

Please be accurate and comp~. 

Water Level and Yield of Completed Well 

Depth to first water _________ (Feet below surface) 
Depth to Static 
Water Level 103 (Feet) Date Measured 03/03/2017 

400 Feet Estimated Yield * 30 (GPM) Test Type ... A ....... ir""'L""ift-'------

400 Feet 
Test Length 4 0 (Hours) Total Drawdownl§Q_(Feet) 

*May not be representative of a well's Iona term yield. 

CasinQs Annular Material 

Material Wall Outside 
Thickness Diameter 

Screen Slot Size Depth from 
Type if Any Surface Fill Description 

(Inches) (Inches) (lnches1 Feet to Feet 
0 55 Cement 

55 220 Filter Pack #6 Sand 

PVC Sch. 40 SDR21 5 220 400 Filter Pack 8x16 Sand 

PVC Sch. 40 SDR21 5 Milled Slots 0.032 

PVC Sch. 40 SDR21 5 

Certification Statement 
I, the undersigned, certify that this report is complete and accurate to the best of my knowledge and belief 
Name Weeks Drilling & Pump Company 

Person, Firm or Corporation 
P.O. Box 176 .li'<-".s,e,.,,b""a""st.,.o=oiol,..__ __ _ 

' ' :,~r~ssD \ n .. City 
Signed .1\.INn JJ/hr,l&.Y.a._~• 3/10/17 

CA 
State 

95473 
Zip 

177681 
, ~icensed Water WelrContractor/ ) - Date Siqned C-57 License Number 



i ,~ 
3 ~~ 

I 
, . ~ .. , -I ~ ,4 • 

,' f ' I 
I /j 4 

I '1~ ' ' ,' h I 

I 
' I 

,__ 
I ..., ,, 



Fence 

Point 
A 

Fence 
Point 

B 

Old Road to 
Bottom of 
Hlll 

To Leach Field 

V 
Driveway 

Proposed 
New well 

Rl>erfor 
Fire Tank 

Electrtcfor • • 
Old Well• -'# 

11'6" 

I ~ ~ 101'6" toSep<lc f.[ " 
,... I( 35' : 61 

-· I I "''6" !'!.•;;v_!',.!'.11 . ~, Septic 
Tank 

., 
30'~ 

Fence 
Point 
C 

001611 septic to Fence 

105' Fence Point C 
to Driveway 

House 

~ 'l 

• ~ 

• 
Pumphou,e ?-

I 110'4" i Exlstlng:•11~ w,terM.:,in.;,o,!'-~ 
Vhter ¥,II . n I lU fj 

(\) 

C) 
~ 
LN 
-.J 

Main 

Avg Distance 
House to Ori ve 

4109 Heitz Way 

Calistoga, Ca. 

APN #020-220-007 

Fire Hydrant 

Driveway to 
4109 

~ 
Cf) 

~ 

~ 
~ :::::­
✓ 

Weeks Drilling & Pump Company 

P.O. Box 176 

Sebastopol, Ca. 95473 



Well #16
STATE OF CALIFOHNIA 

WELL COMPLETION REPORT 
ORIGINAL 
File with DWR 

DWR USE?~ - DO NOT FILL IN 

1(218/\/201~ t!M1 I I I I I 
p g f Refer to Instructw11 Pa,~hlet 

o:::er's ;ell No.________ No. Q 9 4 ( 9 7 2 
STATE WELL NO./STATION NO. 

,....,,,.....,131g-133-,......+r~-gl I ~7'J~l?rr-
Oat, Wo,k Began:•ed~-~ 

• w;~,!:.~~~~i= ;c;:=~-=~-Ja. LATITUDE ~~UDE 

I I 
APN/TRS/OTHER 

GEOLOGIC LOG 

ORIENTATION ( ~) ~RTICAL 
DRILLING 
METHOD 

_,, DEG. 
Long ____ ---'---"-----w 

MIN. SEC. DEG. MIN. SEC. 
N 

LOCATION SKETCH -----r--ACTIVITY (~) 
1----:.----:;..,t-c~Y:~:::::::'.-,,,,;::-~,-'.._,~~~-___:~:.___---',-:p~~;i--l-------- NORTH ---------, ~ NEW WELL 

t;; 

MODIFICATION/REPAIR 
_ Deepen 

_ Other (Specify) 

_ DESTROY (Describe 
Procedures and Materials 
Under "GEOLOGIC LOG") 

USES(~) 
WATER SUPPLY 
_ Domestic _ Public 

~ Irrigation _ Industrial 

w 1-------------------------------------l,;: MONITORING _ 

TEST WELL_ 

CATHODIC PROTECTION _ 

HEAT EXCHANGE _ 

DIRECT PUSH _ 

INJECTION_ 

VAPOR EXTRACTION_ 

SPARGING _ 

REMEDIATION _ 

OTHER (SPECIFY) _ 

TOTAL DEPTH OF BORING 

DEPTH 
FROM SURFACE 

BORE-
HOLE TYPE(~) 

Ft. to Ft. 

DIA. "' 
z 
w 

(Inches) z w ::s CI: 
CD <..) 

u, 

_ Geologic Log 

_ Well Construction Diagram 

Geophysical Log(s) 

CI: ·o z,-
Ou 
<..)::, 

Cl 

Soil/Water Chemical Analyses 

w 
a. 
1i: 
:::J 
;;: 

_ Other __________ _ 

ATTACH ADDITIONAL INFORMATION, IF IT EXISTS. 

,_ ________ SOUTH . 

(Feet)-· 

CASING (S) 

MATERIAL/ 
GRADE 

INTERNAL GAUGE 
DIAMETER OR WALL 

(Inches) THICKNESS 

Illustrate or Describe Distance of Well from Roads, Buildings, 
Fences, Rivers, etc. and attach a map. Use additional paper if 
necessan1- PLEASE BE ACCURATE & COMPLETE. 

WATER LEVEL & YIELD OF COMPLETED WELL 

DEPTH TO FIRST WATER ~ (Ft.) BELOW SURFACE 

DEPTHOFSTATIC ,,d ~ ?.JC J..1-1 
wATER LEVEL /J tJ <Ft) & DATE MEASURED IJ)- .. ro --.. 
ESTIMATED YIELD. ~" (GPM) & TEST TYPF.Atil Le;;i--: 
TEST LENGTH 1- (Hrs.) TOTAL DRAWDOWN,?da (Ft.) 

* May not be representative of a we/l's long-term yield. 

SLOT SIZE 
IF ANY 
(Inches) 

DEPTH 
FROM SURFACE 

Ft. to Ft. 

ANNULAR MATERIAL 
TYPE 

FILL 

(~) 

FILTER PACK 
(TYPE/SIZE) 

heJbest of my knowledge and belief. 

( 

ADDRESS 

Signed &)p ~a::, 
C-57 LICENSED WATER WELL CONTRACTOR 

DWR 188 HEV. 0.5-03 IF ADDITIONAL SPACE IS NEEDED, USE NEXT CONSECUTIVELY NUMBERED FORM 03 78836 



Well #17
ORIGINAL 
File with DWR 

ORIENTATION (:::.) 

e_· q_/ /7 / IL/ 
DWR USE ONLY DO NOT FILL IN 

STATE WELL NO STATION NO 

I r-3-,'6-13_[:)_l--f-,b--,N I I ,c2,Jl31J/~1/) 
LATITUDE LONGITUDE 

APN1TRS,OTHER 

MODI FICATION1 REPAIR 
_ Deepen 

_ Other 1Spec,fy) 

_ DESTROY (Descnbe 
Procedures dnd Matenats 
Under GEOLOGIC LOG', 

l SE'i ( .:'.'..) 
WATER SUPPLY 

Domestic _ Pub,ic 

Irrigation _ lndustrtdl 

-1----------,~--------I 

MONITORING _ 

TEST WELL_ 

CATHODIC PROTECTION_ 

HEAT EXCHANGE _ 

DIRECT PUSH _ 

INJECTION_ 

VAPOR EXTRACTION _ 

SPARGING _ 

REMEDIATION 

OTHER (SPECIFY) _ 

TOHL D~PTH llF llORl\t, 

TOTAL DEI.Yfll OF <:O\tll'LETED \\ ELL 

DEPTH 
FROM SURFACE BORE-

TYPE ( :::.J HOLE 

Ft. 

DIA. 
"' (Inches) z 

to Fl '."i 
<Il 

ATTACHME'\TS l:::.) 

_ Geologic Log 

z w 
w 
a: 
u 
</) 

_ Well Construction Diagram 

_ Geophysical Log(s) 

a: ii' 
z.- 0:: Ou ~ U::, -" 

0 u: 

_ Soil/Water Chemical Analyses 

_ Other __________ _ 

ATTACH ADDITIONAL INFORMATION, IF IT EXISTS 

CASl"i(, ('i) 

MATERIAL INTERNAL GAUGE 

GRADE DIAMETER OR WALL 
(Inches) THICKNESS 

WHER LEYEL & YIELD OF C0\1PLFTED WELL 

DEPTH TO FIRST WATER ~ (Ft.) BELOW SURFACE 

DEPTH OF STATIC ") 1 0 /;) /L/ 
WATER LEVEL ~(} (Ft) & DATE MEASURED ~ -1-J- L 
ESTIMATED YIELD • 1ra (GPM) & TEST TYPE 41i/ l £,t::/ 

TEST LENGTH~ (Hrs.) TOTAL DRAWDOWN ,:t(:()(Ft.) 

• .Hay aut be ,eprnmt11tire of 11 ::.·,/l's long-term yield. 

DEPTH A'l:"'il'LAR \1HERIAL 
FROM SURFACE TYPE 

SLOT SIZE CE· BEN-
IF ANY MENT TONITE FILL FILTER PACK 

(Inches) Ft to Ft (TYPE/SIZE) 
(.:'.'..) (:::.) (.:'.'..) 

ADDRESS / ~ ; 

Signed ~~ ~/4!'--1 
C-57LCENSEA ER~ELL CONTRACTOR 

IF ADDITIONAL SPACE IS NEEDED, USE NEXT CONSECUTIVELY NUMBERED FORM OSP 03 78836 



Well #18

DEG 

DWA USE~

0

NL';-/ 11t 11 FILL IN 

STATE WELL NO. STATION NO. 

l:r-)-f6---,l.3-, s-, LJ-,b~N I 1 , J-J.Jl3 ,J ll.!1 1 Jw 
LATITUDE LONGITUDE 

I I 
APN1TRS1OTHER 

____ Rangt· ___ Sn·tion __________ _ 

N [ ,ong ____ _._ __ -'---------'--'-w 
DEG MIN. SEC. 

~TIVITY (::c_) 

ANEW WELL 

MODIFICATION1AEPAIR 
_ Deepen 

_ Other 1Spec1ty, 

_ DESTROY (Oescnbe 
Procedures and Matenals 
Under GEOLOGIC LOG', 

l:'iFS(::c_J 
WATER SUPPLY 

Domestic _ Public 

X..1rrigat1on _ lndustnal 
f-
(/) 
..,: MONITORING _ 
w 

t----=----~--=----;..:w,f--'~~..L-,_L~7~~:..____,~ ________ 7 ________ SOUTH ------.--~--1 

TEST WELL 

CATHODIC PROTECTION _ 

HEAT EXCHANGE _ 

DIRECT PUSH 

INJECTION_ 

VAPOR EXTRACTION 

SPARGING _ 

REMEDIATION 

OTHER (SPECIFY) _ 

TOHL mTTJI OF HIJH!\(, 

TOHL DElYfl[ OF t:OMPLFTED V. ELL 

DEPTH 
CA~ll\G (S) 

FROM SURFACE BORE-
TYPE (::c_J HOLE 

DIA. z er: w MATERIAL 1 INTERNAL 
"' w ·o Cl. 

(Inches/ z w z,- a: GRADE DIAMETER 
'.5 a: Ou 

Ft. to Ft. <D u U:::, :::! (Inches) 
<n 0 u: . 

GAUGE 
OR WALL 

THICKNESS 

lllmtrntt 1•r Ih \( ribl- Di.\lt11u, u( \,,\,t llfruni R(lotl, /3 ·[di,,:.:,, 

Fir,,,\ Rll r, 1 t< awl aft(J{ ha 11uJJ.1. u lldditi1,1ml apt r ,j 

"'" """I· PLEASE BE ACCl RATE & COMPLET .. 

W.\TER LEVEL & YIELD OF COMPLETED WELL 

DEPTH TO FIRST WATER ~~Ft.) BELOW SURFACE 

DEPTH OF STATIC A ,, I/ -
WATER LEVEL_~U~---(Ft.) & DATE MEASURED .,...-5:~--o/~_-__ -,,~---

ESTIMATED YIELD. t?c2 (GPM) & TEST TYPf-1r'tl A,(3Er 

TEST LENGTH _...2.,_ (Hrs.) TOTAL DRAWDOWN .:f{J0 (Ft./ 

• :Hay not be representative of a welt's Jong-term yield. 

DEPTH .\...,-..,lL\R MATERIAL 
FROM SURFACE TYPE 

SLOT SIZE CE- BEN-
FILTER PACK IF ANY MENT TONITE FILL 

(Inches) Ft. to Ft. (TYPE/SIZE) 
(::c_) (::c_J (::c_) 

" 1 ,77 ,//-N X PAA<;'/il S-'' ~0,1 Q ,.,, IX 
S7, '77 y;r ~ 

"77 I //'lo '1/1 J, ,u ,,-
I 

I 

I 

ATTACHMEI\TS (::c_J 

_ Geologic Log 

_ Well Construction Diagram 

_ Geophysical Log(s/ 

_ Soil/Water Chemical Analyses 

I ~~ 'J;' 

_ Other __________ _ 

ATTACH ADDITIONAL INFORMATION, IF IT EXISTS. 

' ' - II 
,, .5'7 I S/J:J7 J 

ff t I f, <f/2.J I 

-... 
I 

I 

I 

• STATEMEI\/T 

ADDRESS " J _ • 

Signed ~~~ ~~~ 
C-57 UC ATEWEL O ACTOR 

IF ADDITIONAL SPACE IS NEEDED, USE NEXT CONSECUTIVELY NUMBERED FORM 

J,;•M / I- ic~ -~t -

e-,, ~ OSP 03 78836 



Well #19

STATE OF CALIPORNIA 

ORIGINAL 
. FIie with DWR 

Do 1IOt ftll i1I 

•. Notice of Intent No. --...-:;;;.-..,,-,.,r 
~ Permit No. or Date ,,!l Cf, 0 I q 

THB RESOURCES AGENCY 

DEPARTMENT OF WATER RESOURCES 

WATER WELL DBILLERS REPORT No. 384.918 
State Well No. ~ lJ t>l,,v' 0£ 
Other Well No. 

• 

(1 
A,. 

Cl 

,. - . 
(12) WELL LOG: Total dep>• 33 s;._ Completed ~"1>1&1,5;: 
from ft to ft Foandon (Describe by C</U>f, •"-N•ter, size or • • 

L'l _ , , • "'.JT't'\fl/V7 ,,,_,,,A... VYJrJL •• 

(2) LOCATION OF WELL (See Instructions): 
County --~ • n. -•~ Well Nmftber-:-;:;i;-•::-1 .. ':::-,!,1 ~---=-,""';)c:!11 1d.>"--:lC":-l!"'~i!!!lo'-4,i'"""___._;,_-.---;;---
Well addre,stf different fromabove 1 ''"11'1L,o;;;.,i,,. U.,.J ...,,,.., ~,-~ • • - I I t ~ I • I L 
Township ,;;l,'C::o Range """ I r, Section :--<11,,.c:;·~\~-4~.;;)";;l'-,;,l,,...:-::.,y....._·::., r·,-1..:.&!!e~~L'.Y.Jfi'N..J'~n==s:-'=·-"f-a;...:!l:::''u..!.y~.Y..lll11.c:·'11.".t."c:,-

Dlstll"f":f'rmp'<!ltles, roads. ·nu!roads. encl etc. "~=n::..1~_,·tJ.i~'!'''"'-"""~"'.!....!.'-+----=--.-:-;-: ·=--==-:a-fli"'"~~_;_--____ _ 
~ .l 'i, I .... ,I I I \l>ri. • r ,,,. " "'V1 f I ~ rri r "'.). A 

• • ' ''°\'\" ffi ·1 ,\. O n . I 

..... ,, 

From ~~l ~ Gage or ~ '- 'td'.?'\I t' .,&. 
ft ~ iii.\ Wall '\'It--> ....tY\. '\. v'size . -

(9) WELL SEAL: 
Wassmw>e-""'1P""'fdod? Yes,llil No O IIY"' IOdeplh J i' ft. 
Werestrat,.soaledapJnstp>IlutkmP Yes D No.R Jntmw-.• ____ ft. 1---------.-----------.--.. --
Me:thod of sealing - A - Work .. ,-,, 19~ ·eom • • ~, -
(10) WATER LEVELS: WELL DRILLER'S STATEMENT: 
Depth of £mt-. If !mown It 
............. __ well---'- ro It 'fl!!!o1""'.' fl ~~ ',under~- jarl8dlctlmi and tlds n,pott·w -. "' Ike 
:........,.:=:!:::.::::_:::-:!'..--:'.'.'.:'..=::::::'.'.::========::::::;::,:::,.J"""'_ ~-..,,,,-,;!,''l'f' • 
(11) WELL TESTS: _ . _ • ' • ...,,,_, · ,, • -,;;-,, - ,,,__,, ' • • 
WaswelltestamdeP Yes @t No O lfY"'bywhom> de ,,//M ......- .. 
Typeoftest Pomp □ . -□ AIFllftJij' NAME--1--r l\,' .,-;,.' , .1 Ir',\\,'.,;,,, 
llepthlOwalOrat-oftest •r...,, It Atenc1o1 .... ,« 0 - a ,,L_ ..!l!. 1n , .... .. . .,,. , ue -< r 
D!sol,arg,, S-C:, so]/-afl0,....,2,_1,o,m W-----<""""'"' I 
Chomk,alamlys!smadeP Yes d No..l!(' 11,.,. bywhomP City II. K- ZIP • ·r ~ ,L J 

Waselee!ri<!oamade Yes O No.lliir 11- -.h~k>th!sreport License No. _"'\ _LJ'X. ,_ 7 / l>aleofthisreport " - U -• • 

DWR 188 (REV. 12-88) IP ADDlTIONAL SPACE IS NEEDED. USS NEXT CONSECUTIVELY NUMBERaD FORM ....... 



Well #20
ORIGINAL STATE OF CALIFORNIA - DWA USE ~L~ P.g NQi FILL IN 

FllewlthDWR WELL COMPLETION REPORT I O<j;'lf1/IO,f,i,li;i1f>ds1 I I I I 
Page ...L.. of~ Refer to lm;lnictlon Pamphlet STATE WELL NOJSTATION NO. 

Owner's Well No. # J · No. 8223QQ I I I i I I !I]! I I I I I II] 
Date Work Began IIJ: 2-3 - 'J'9 , EJld!'<l II- t: - 99 LATITUDE LONGITUoe 

la. Local Permit Agency Co t?f- A/¥& e-,~·r.../41447"- I APN/TRiOTHER 

- Permit No ,, - Ill 8 'I Permit Date _ _.-z::'---=~"-7L--•-~L.J'----

'"' 

- _.J,EOLOGIC LOG un;or r rt.UT1UP1:t ---------

ORIENTATION (~) _/4_VERTIRTICAL _HORtZONTAL _ANGLE _(SPEC!Fi 

DRILLING ~ >---=---- METHOD ---------C.FLUI ~----
O~~ DESCRIPTIO ~ 

Ft. 1o Fl I Describe material. graln :d::e. color, etc . 

. 
I ,_ 

' 
. 

I I 

' I I 
. ·-.;._--I 

1----J-J_'r 

' ' I I 

' I I . 1-----_,;...._.___.;---------li 
I I 

' I I 

I I 
. . 
I I 

' ' I I 

I . I --i--------------:---1-------SCUTH------1 
'l::::'~~mu1V:'!;::IJ::t«18J':t:: • .S".:...nirt 

TESTW!ll.1.­
CA.THOOIC PROIECIION _ 

HEAT EXCHANGE! = 

DIRECT PUSH = 

INJl!CTION = 

VAPOfl EXTAAQTl0N = 

SPARGING­
RalEOIATION _ 

I I 

I I . 
I I 

' I I 

I I . 
I I 

' . 
I I 

TOl'AL DEP'fl! OF BORING .£ 9tfi,,<etJ 

OTHER (SPECIFY) = 

•"""""I· PLEASE BE ACCIJl!A.TE It COMPUTE. • 

WATER LEVEL & YIELD OF COMPLETED WELL 

DEPTH TO FIRST WATER _!Lf2_ ~) BELOW StJRFACE = ~ATIC &j(} f (Ft.)&DATEMEASUReD #-/- 9 9 
ESTIMATED VIEU)• "/6-f- (Gl'M) & TEST TYPE ,/Jw: /4:,£",'­
TEST LENGTH _£_ (Hn,.) TOTAL ORA~ (Ft.) 

TOl'AL DEP'fl! OF COMPLETED WELL .S:B B (J'-.t) • MAJ not be of a "111ell's /,mo-tmn :,iekl. 

DEPTH BORE-
CASING (S) DEPTH ANNULAR MATERIAL 

FROM SURFACE HOLE lYPE{.:!.) FROM SURFACE TYPE 
DIA. 

I~!~ MA'Tl!RIAL/ INTERNAL GAUGE SI.OT SIZE ca- BEN• _, ! GRADE DIAMETER OR WALL IF AN'f MENT T0NITI! FR.L FU.TER PACK 

FL .. FL (""""') TH<CKNESS _, FL .. FL (., ) {., ) (., ) 
(TYl'E/Sl2E) 

0 I • .. ,., (£, I[ £. ?An - 'J ; 15" v LQcr:u,:; 1:, ;J (:,. ~ V ~ '9()() 1€ I 1,/{;,J._ t/ ~- L~ 
' ILA I Ii -•r .. " ~ ..... & _...,_ n3> I 

. 
I I 

. 
I I 

I I 

:==::::AATITT!AlCCiHiiMiiEiiNT'i':si"T,( .,zl;--:::::::=::::;-;:::::=====::::==='cc~ErnR:TTlllF~ICciATfiloONNSSTTA:AiTErniMiiE"'NTri""-=::::=::::::::::====~ 
I, the und~ certify that this ,epoll Is complete and accu- to the best of my knowledge and belief. 

_ wen Conslludlcn Diagram 

= ~ l.ag{e) 

- Soll/W- Chemical Analyses 
- Olher ________ _ 

ATTACH ADDmONAL INFORMA'TlON. IF IT EXBTS. 

NAME ~ Be.s s PuA'f4' L Md/ 
(PERSON. FIRM. OR CORPORA1IONI llYPEO OR Piioom1 • 

-1//ti.:~,k_ ~~.,~ lIP 

W!U. AIJIHOR!ZEO R£PRESiNTAIIYE c-f f:: ~ 
DWR 1191 RE\', I 1-1r, IF ADDmONAL SPACE IS NEEDED. use NEXT CONSECUTIVELY NUMBERED FORM 



Well #21

ORIGINAL 
File with DWR 

STATS OP CAUPORNIA 

THS RESOURCSS AGENCY 

DEPARTMENT OF WATER RESOURCES 

WATER WELL D:RTT.T.ERS REPORT 

Slll'lE,lffl{AN 

Do not fill m 

No. 384870 
• No11ceof1n1en,No._____ State well No. oSAI Oki,,/ of{ 

locaOC<lll~P'eiermit'1lit~No.~or~Da~te':..======-.,_--------~---------~Other~~W~ell~N~o.~======= 

(12) WELL LOG: Total depth 1l3Q...... ft Completed depth 431)_ ft 

from ft to ft Formation (Describe by oolor, chanwter, si.... or material) 

n -
(2) LOCATION OF WELL (See instructions): ? - ?II Dw.:n l'hv_-r.-=-

County Napa Owner's Well Numbor8--ell: ··-n,i--!j •1!l:::'.nµJnL_j"~•-=-~ml!)__J.:11 +t.._JUR.""lill'.l..t,~~o...lrl!l.n-1~!00-'l{.·.::;o: e,_c,.tr..:-:----

Well address If different from above J.lll30:"111L_A'-za] '.ea. --..S-pci"lcgs...Boi ~-311....1 __ I-_J•1Q-n.=_.11l:1mL_.Rfl n...11.J.,__llmlll'·-a_Gn,.._~··.l!'·lbiJ"''",_ ~AJR.lBl;A1 ickRc·x:·~of 
Township ______ 11ange _____ Section '1/ll - 1AJ:: 'Dttl - ~ R. i:11;,,1, n.-1, ,._ ............ 
Distance from cllles, roads, rsilrosds, fences. etc. • •r- ~ «:n , • .,l+n T= _ .e, ,,_,_, 0,,,.1, ~_.,._ 

1ffl - 17" 1-ln!v. l_.,<+n ~ • • "--·- t't~u 
pc 101l C..,,, 1•n1, ~ /.ln:>,:,ri n.-1, ,-_...,_ .,._... 

'1tv'I - ~ 

""" - 7111, (3) TYPE OF WORK, 

New Well ljil Deepening O """ _- ~ 
Jleconslrncllon Of---,=--=~'~-~~~~R.~~......_?!dlnJr~1iJ¥-~"--:--:--,:-:---
llecondltionlng Q 'l'ln -' 2QI o, .)Cl; ~ ....... __ £ r,,,..., 0,.,,,. 

Horizontal Well O -- '\. '- • ~~ 
n.. . .C • • -

Destruction O (Descrlbo - A">fl 'V •=u WL 

destruction materials and pr<>- .'lo. <-. 'y ~ J -

r1a,y 

• 

- cedures in,_ 12) . '\. ,......_,, '\.'\.11 A \Y L 

(4) PROPOSED US)ilt..;. V- ,-., A\~ v 
Domestic \.'" / ~ - ~ ,, l l ~ \\ <..~.J 

Irrigation "' -· / -.,;;:: '\.'\. ,_ Ul ...,_ \:> . 
-'- Test Well ,'\J O <-,.--.:;:-,..,:,. - ~ '-lnd-..1 ~ D ,r:-. -'-'v'> ""'\ ~ J 

\ 

• Munl~ 0 '-'-'-'- v_ .A,\--A~ 
~ •• I '·. I~ 1',;;i$t)~~,~--»-J.::_=-_?"';, V~>'-~'J~L--.--~--------

WEU. LOCATION SKETCH , w . be) - 'f;\.({" \._::::::...-3_\:ft-~~~,/~~------'--------

(7) CASJNGINSTALLED. •, \ \)., (8) f - '\) .0 ~ '- . 
Steel Iii Plastic D ~ T)'P!l.of"" onfzeof.,; ~~, , 

From 
ft. 
n ,, ?m 

1i:;n 17n n ?nn 

1Q1 ?1n A ?m 
(9) WELL SEAL: 
Was"""""'sanllmy...Jprovlded? y., Kl No O Uy,. todepdt _ _..2_,_1 __ fl -1----------~~-----'----
w ... - ...Jed against polluHon P Yes D No IXI lnl-o<-1 --~-It. 
Mel:bodof. seaUng n,.., 1 .,,...a...,.. 2 1 1-w_or_k____ _....,... ,-, . .,..,,",-,,'"',---1-9'=...--eom--,-,--,-.,-..,...-L--.._~.-,--1.,-.,...... ~1 

(10) WATER LEVELS: ,.,,, WELL DRILLER'S STATEMENT: 
Depthoflmt- lfknown ___ ~L---------,--lt. 

• 1?n This well.,.. drilled~'!'."'!/ lZ~' 18 true to the SbmdlEglewlalmtwdJcompletlon fl bestof~mul/Jellej. 
(11) WELL TESTS: , , Signed. u' 
Waswdlle!tmadeP Yes IO No O 11,,..,bywhomP Driller ~ • ~ 
Typeofle!t Pnmp_CJ_ &tJe, 0 - Alrl!lt Ill! NAMEJJ_U.:,CI.LCll::J:jl!C,l:CU4,.Ull!..~-----~---"'---
Depthtowa1Brat....,al""' ...12IL fl Ateud.d..J'rlq:l]el;e _.I)., (f~lirn5...~)(Typedorprlokd) 
DlscJwge ..ll..._ gal/min al .... JL_ bows w---~_. •. · · ' xddrc-0365 ..... uM!.!lai:ia--::iv!.OaLLlJ.ll,l"-"i,1{0,.,_1jli.,_,,.1,11!lf.A!IQ..ll!!,llll--~-------
Chemioalanoly,lsmadeP Yes lO No D 11,,..,bywhomP ,.-.,,._ City .. Vallejo ZIP 911589 
was-.Jogmade Yes O . No 00 11,,..,.-&copytothlsreport License No. 25ffi26 Dateofthtsreport 11:-01-91 
DWR 188 (REV. 12-86) 

IP ADDmoNAL SPA.CS JS NEEDED. USE NEXT CONSECUTIVELY NUMBERSD FORM ........ 

• 



Well #22
"The free Adobe Reader may be used to view and comple1e this form However, software must be purchased to complete, save. and reuse a saved form. £ • IJ_,/ /7 (! L / 
File Original with DWR State of California DWR Use Only - Do Not Fill In 
Page of Well Completion Report 

Refer to Instruction Pamphlet State Well Number/SieNumber Owner's Well Number___________ No. e0241006 :,...,,S.,_..,,'3~1 ;$~1...,.3;.c,I g,.;;c1..;;~,..;..c: N'--'-i) [ I I J1 Jl 313 ! / 1 Q wj Date Work Began 06/13/2014 Date Work Ended _.7,_/1.,_/2""0._1__.4 ___ _ Latitude Longitude 
Local Permit Agency Naoa County Plannjna Bujldjna & Enyjronmeo1aI Servjces L I I ,:=r=:;:: I I :;7 
Permit Number E14-00337 Permit Date 5/2/14 APN/TRS/Olher 

Geologic LOR 
Orientation ®Vertical O Horizontal OAngle Specify ___ , 

Drilling Method Direct Rotary Drilling Fluid Bentonite mud 
Depth from Surface Description 

Feet to Feet Describe material, grain size, color etc 
0 20 Sandstone, brown clav Well Location 
20 100 Multicolor rock, brown clay. Address Aurora Vineyards 
100 140 Multicolor rock brown clay. City 4325 Azalea Springs Road County -'N""a;;,<p""a'--------140 180 Multicolor rock brown clay. Latitude N Longitude ____ _;J-v 
180 220 Multicolor hard rock. DeQ Min Sec 

220 280 Multicolor rock brown clay. Datum ____ Dec. Lat. ____ _ Dec. Long. _____ _ 

280 480 Multicolor rock brown clay. APN Book 020- Page ..,.2..._1.,._0-__ _ Parcel 023-000 
480 500 Multicolor rock. Township Range Section 

Location Sketch Activity 
1-(:.,_Sk_e_tch_m_ust_be_d_rawn_,b-Yha,,...nd_an_er_1oon __ 1s~p-n11ted_.~l11 @ New Well 

1-----+-----+---------------------1 North O Modification/Repair 
0 Deepen 
0 Other ____ _ 

0 Destroy 
Descrbe proced!Ses and materiaJs 
oodet "GEOLOGIC l()(;• 

*****************CASING******************** Planned Uses 
240 260 10. Blank F480 PVC .316 
260 300 10. Screen F480 PVC .316 
300 320 10. Blank F480 PVC .316 
320 360 10. Screen F480 PVC .316 
360 380 10. Blank F480 PVC .316 
380 420 10. Screen F480 PVC .316 
420 440 10. Blank F480 PVC .316 
440 460 10. Screen F480 PVC .316 
460 480 10. Blank F480 PVC .316 
480 500 10. Screen F480 PVC .316 

6.625 

6.625 0.032 

6.625 

6.625 0.032 

6.625 

6.625 0.032 

6.625 

6.625 0.032 
6.625 

6.625 0.032 

;;; .; 

~ 
., 
w .. 

0 Water Supply 
0 Domestic D Public 
D Irrigation D Industrial 

0 Cathodic Protection 
0 Dewatering 
0 Heat Exchange 
0 Injection 
0 Monitoring 
0 Remediation 
0 Sparging 

South 
IWustratll or d6at,e d.tstance afwcll from roads, butldings, fences, 

0 Test Well 
--------'----'-------.a O Vapor Extraction 

rivers, etc and attach • map Use additiooal paper if neceuary. 
Plus■ be accurata and comaletia 

0 Other 

Water Level and Yield of Completed Well 
Depth to first water _________ (Feet below surface) 
Depth to Static 
Water Level O (Feet) Date Measured 07/01/2014 

Total Depth of Boring _5_0_0 _________ Feet Estimated Yield • 97 (GPM) Test Type _,Ac..:.:..ir-=L .. ift _______ _ 

Total Depth of Completed Well _5_0'""0'----------- Feet 
Test Length 12 0 (Hours) Total Drawdown 1§Q__ (Feet) 
•Mav not be representative of a well's lonq term vield. 

Depth from Borehole Type Surface Diameter 
Feet to Feet !Inches) 

0 
100 
120 
140 
180 

200 

100 12.75 Blank 
120 10. Screen 
140 10. Blank 
180 10. Screen 
200 10. Blank 

240 10. Screen 

Attachments 
D Geologic Log 
D Well Construction Diagram 
0 Geophysical Log(s) 
0 Soil/Waler Chemical Analyses 

Casings Annular Material 
Material Wall Outside Screen Slot Size Depth from 

Thickness Diameter Type If Any Surface Fill Description 

F480 PVC 
F480 PVC 

F480 PVC 
F480 PVC 
F480 PVC 
F480 PVC 

(Inches) (Inches) (lnehes) Feet to Feet 
.316 6.625 0 61 Cement 
.316 6.625 Milled Slots 0.032 61 500 Filter Pack #6 sand pack 
.316 6.625 
.316 6.625 Milled Slots 0.032 
.316 6.625 
.316 6.625 Milled Slots 0.032 

Certification Statement 
I, the undersigned, certify that this report is complete and accurate to the best of my knowledge and belief 
Name Mclean & Williams Inc. 

Person, Fmn or Corporation 
878 El Centro Ave. Napa CA ..,.94.....,..55,,.8"-,=:-----

. Adqress City State Zip D Other __________ _ Signed --:J,-____ ~ '-'"- 11/11/2014 ..;:;3.;;.9,a;.;63;;.;;5""2'--------I 
C-57L~ Wa'-er Well Contractor Date Sianed C-57 License Number Attach additional inlOITTiation ~ ,t exists 

DWR 188 REV 112006 IF ADDITIONAL SPACE"1s NEEDED, uSE NEXT CONSECUTIVELY NUMBERED FORM 



Schramsberg Vineyards WAA   

 

 
 

APPENDIX B 

Water System Details of Tucker Acres Mutual Water Co. 

CA Drinking Water Watch 
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Water System Details 

Links 

Water System Details 

Water System Facilities 

Monitoring Schedules 

Monitoring Results 

Monitoring Results By 
Analyte 

Lead And Copper 
Sampling 

• Summaries 
• Next Sampling Due 

Dates 
• All Lead Sampling 

Results 
• All Copper 

Sampling Results 

Violations/Enforcement 

~ 

Site Visits 

Consumer Confidence 
Reports 

Return Links 

Water System Search 

County Map 

Glossary 

Contact Info 

h11ps://sdwis.wa1crboards.ca.gov/PD\V\V/JSP/Wa1crSyslc1nDelail .jsp'llinwsys_ is_numbe ... 

Water System No. : 

Water System Name : 

CA Drinking Water Watch 
Water System Details 

CA2800516 
TUCKER ACRES MUTUAL 
WATER CO. 

Federal Type : 

State Type: 

Principal County Served : NAPA Primary Source : 
Status : 
Distribution System 
Classification : 

Type 

IAdministra tiv( 
Contact 

A 

DI 

Activity Date : 
Max Treatment Plant 
Classification : 

Water System Contacts 

Address Phone 

PO BOX 645 Business 1707-942-12 10 
CALI STOGA CA 94515 

Physical CA28005 I 6-TUCKER ACRES 
Location 
Contact 

MUTUAL WATER CO. 

C 

C 

GW 
09-04-2015 

Email-Web 
Address 

Division of Drinking Water District/ County Health Dept. Info 

Name Phone Email Address 

LPA58 - NAPA COUNTY 707-253-4471 t a--• • L--.:n 111\flr'{t)-- ••ntunfn;-ina_, --
1195 Third Street, Ste. 210 NAPA CA 

94559 

Annual Operating Periods & Population Served Service Connections 

Start Start 
Month Da 

End End 
Month Da 

12 31 

Population 
T e 

R 

Population 
Served 

200 
Type 

C B 

!count 

23 

Sources of Water Service Areas 

Name Type 
Code 

Status Code Name 

Meter 
Meter 
Size Type 

Measure 
UN 0 

BACKUP WELL WL A NT INDUSTRIAL/AGRIC ULTURAL 

WELL #2 WL 

Seller 
Water Water System Name 

S stem No-

A 

Water Purchases 

Seller 
Facility 

T e 

Seller State Asgn 
ID No. 

Buyer 
Facility Buye r State Asgn 

ID No. 



Schramsberg Vineyards WAA   
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Napa County SWB Groundwater Recharge Analysis 

O’Connor Environmental 
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DRAFT  October 3, 2019 

O’Connor Environmental, Inc.    www.oe-i.com  (707) 431-2810     
Hydrology & Hydraulics ▪ Hydrogeology ▪ Geomorphology  
P.O. Box 794, Healdsburg, CA 95448   
    

 

Napa County Groundwater Recharge Analysis 
 

Introduction 
Developing accurate estimates of the spatial and temporal distribution of groundwater recharge 
is a key component of sustainable groundwater management.  Efforts to quantify recharge are 
inherently difficult owing to the wide variability of factors controlling hydrologic processes, the 
wide range of available tools/methods for estimating recharge, and the difficulty in assessing the 
accuracy of estimates because direct measurement of recharge rates is, for the most part, 
infeasible (Healy 2010, Seiler and Gat 2007).  

Numerical modeling is a common approach for developing recharge estimates.  Soil-water- 
balance modeling is one category of numerical models particularly well-suited for estimating 
recharge across large areas with modest data requirements.  This study describes an application 
of the U.S. Geological Survey’s (USGS) Soil Water Balance Model (SWB) (Westenbroek et al. 2010) 
to develop spatial and temporal distributions of groundwater recharge across Napa County.  This 
model operates on a daily timestep and calculates surface runoff based on the Natural Resources 
Conservation Service (NRCS) curve number method and potential evapotranspiration based on 
the Hargreaves-Samani methods (Hargreaves and Samani 1985).  Actual evapotranspiration (AET) 
and recharge are calculated using a modified Thornthwaite-Mather soil-water-balance approach 
(Westenbroek et al. 2010). 

It is important to note that the SWB model focuses on surface and soil-zone processes and does 
not simulate the groundwater system or track groundwater storage over time.  The model also 
does not simulate surface water/groundwater interaction or baseflow; thus, the runoff estimates 
represent only the surface runoff component of streamflow resulting from rainstorms and the 
recharge estimates represent only the infiltration recharge component (also referred to as 
diffuse recharge) of total recharge (stream-channel recharge is not simulated). 
 
This modeling work and summary report has been prepared by O’Connor Environmental, Inc., 
for it’s private use in relation to Water Availability Analyses (WAA) prepared on behalf of 
private clients for projects using groundwater in “hillside” areas of Napa County as required by 
Napa Planning, Building & Environmental Services.  The modeling to-date is complete in its 
current form but remains subject to revision; it is considered a working draft with information 
suitable for use to support WAA projects. Parties interested in obtaining more information 
regarding the modeling or who may wish to offer comments should contact O’Connor 
Environmental, Inc.   
 

 

http://www.oe-i.com/
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Model Development 
The model was developed using a 30-meter (98.4 ft) resolution rectangular grid.  Water budget 
calculations were made on a daily time step.  Key spatial inputs included a flow direction map 
developed from the USGS 1 arc-second resolution Digital Elevation Model (DEM), a land cover 
map derived from the U.S. Forest Service (USFS) CALVEG dataset that was supplemented by a 
database of agricultural areas maintained by the County of Napa (Figure 1), a distribution of 
Hydrologic Soil Groups (A through D classification from lowest to highest runoff potential;        
Figure 2), and a distribution of Available Water Capacity (AWC) developed from the NRCS Soil 
Survey Geographic Database (SSURGO) (Figure 3).   
 
A series of model parameters were assigned for each land cover type/soil group combination 
including an infiltration rate, a curve number, dormant and growing season interception storage 
values, and a rooting depth (Table 1).  

Infiltration rates for hydrologic soil groups A through D were applied based on Cronshey et al. 
(1986) (Table 2) along with default soil-moisture-retention relationships based on Thornthwaite 
and Mather (1957) (Figure 4).  Curve numbers were assigned based on standard NRCS methods.   
Interception storage values and rooting depths were assigned based on literature values and 
from previous modeling experience including a SWB model covering Sonoma County and 
calibrated using runoff volumes from several stream gages (OEI 2017).    
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Figure 1: Land cover distribution used in the Napa County SWB model. 
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Figure 2: Hydrologic soil group distribution used in the Napa County SWB model. 
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Figure 3: Available water capacity distribution used in the Napa County SWB model. 
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Table 1: Soil and land cover properties used in the Napa County SWB model. 

 

 

Table 2: Infiltration rates for NRCS hydrologic                                                                                                                            
soil groups (Cronshey et al. 1986). 

    

 

 

 

 

 

 

 

 

 
                                          Figure 4: Soil-moisture-retention table  
                 (Thornthwaite and Mather 1957).  

Growing 

Season

Dormant 

Season
Type A Type B Type C Type D Type A Type B Type C Type D

Agriculture, Other 0.080 0.040 38 61 75 81 2.0 1.9 1.8 1.7

Barren 0.000 0.000 77 86 91 94 0.0 0.0 0.0 0.0

Developed 0.005 0.002 61 75 83 87 2.3 2.1 2.0 1.8

Grassland/Herbaceous 0.005 0.004 30 58 71 78 1.3 1.1 1.0 1.0

Forest, Coniferous 0.050 0.050 30 55 70 77 5.9 5.1 4.9 4.7

Forest, Deciduous 0.050 0.020 30 55 70 77 5.9 5.1 4.9 4.7

Shrub/Scrub 0.080 0.015 30 48 65 73 3.2 2.8 2.7 2.6

Orchard 0.050 0.015 38 61 75 81 3.2 2.8 2.7 2.6

Vineyard 0.080 0.015 38 61 75 81 2.2 2.1 2.0 1.9

Water 0.000 0.000 100 100 100 100 0.0 0.0 0.0 0.0
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The SWB model utilizes daily precipitation and mean daily temperature data derived from climate 
stations.  To account for the spatial variability of these parameters, daily precipitation and mean 
daily temperature were input as gridded (spatially-distributed) time-series.  The gridded 
precipitation time-series was created using data from 15 weather stations in Napa County, and 
the gridded mean temperature time-series was created using data from 8 stations (Table 3).  
These stations were selected based on completeness of the records and to provide station data 
representative of the range of climates experienced in the county.  Data was obtained from the 
California Data Exchange Center (CDEC), the National Climatic Data Center (NCDC), and from 
Napa One Rain. 

To create the gridded time-series, the model domain was divided into discrete areas represented 
by individual weather stations (Figures 5 and 6).  This delineation was based on climate variations 
described by existing gridded mean annual (1981-2010) precipitation and temperature data 
(PRISM 2010) and local knowledge of climatic variations across the county. 

For the precipitation time-series, each area representing a weather station was subdivided into 
four to twenty-three zones based on 1-inch average annual precipitation contours.  Within each 
zone the raw station data was multiplied by a unique scaling factor.  This scaling factor was 
calculated as the ratio of average annual precipitation within a zone to average annual 
precipitation at the representative rain gage.  In certain locations, typically near the boundary of 
areas represented by gages located on the valley bottom and at higher elevations, this scaling 
was unable to smoothly resolve differences in annual and event precipitation totals.  To more 
accurately estimate precipitation near these boundaries, precipitation records from the two 
gages in question were averaged using weights calculated proportionally to the difference 
between PRISM mean annual precipitation at a rain gage and within a selected zone.  The 
resulting gridded time-series is comprised of 220 individual time-series based on the scaled 
station data from 15 stations.   

The assignment of temperature stations was based on the understanding that the spatial 
variability of temperatures across Napa County is relatively homogenous, with elevation being 
the primary variable.  Temperature records were classified either as Mountain, Valley Bottom, or 
East County and applied within areas the PRISM datasets described as being similar.  To smooth 
the transition from Mountain zones to Valley Bottom and East County zones, Hillside zones were 
created where the temperature records of the two nearest gages were averaged. 

Missing and suspect data was encountered in the raw precipitation and temperature data from 
the weather stations used by the model.  Values that were significantly outside the typical range, 
and where similar observations were not found at nearby stations, were removed from the 
datasets.  These and missing values were filled using scaled data from other nearby stations.  
Precipitation data used for gap filling was scaled using the ratio of the 1981 to 2010 mean annual 
precipitation (PRISM 2010) between the two stations.  Temperature data was scaled using the 
ratio of the 1981 to 2010 mean monthly minimum and maximum temperatures (PRISM 2010) 
between the two stations.    

C•I WI 
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The current analysis focuses on Water Year 2010 (October 1, 2009 – September 30, 2010) and 
Water Year 2014 (October 1, 2013 – September 30, 2014).  These years were selected because 
they represent periods with data available from most weather stations in the county and where 
most stations reported annual precipitation totals close to the long-term average (WY 2010) and 
significantly below the long term average (WY 2014).  Based on a comparison between station 
data and PRISM average precipitation depths during Water Year 2010, rainfall averaged 101% of 
long-term average conditions and ranged from 78% at Lake Hennessey to 111% at the Napa 
County Airport.  In Water Year 2014, rainfall averaged 55% of long-term average conditions and 
ranged from 41% at Lake Hennessey to 73% at the Napa State Hospital (Table 3). 

Table 3: Weather stations used in the Napa County SWB model.  See Figures 7- 9 for associated timeseries. 

 
 

1 – Data accessed from California Data Exchange Center (CDEC) 
2 – Data accessed from National Climate Data Center (NCDC) 
3 – Data access from Napa One Rain 

Precip (in) % Avg Precip (in) % Avg

Angwin1 Precip & Temp 42.54 44.64 105% 25.04 59%

Atlas Peak1 Precip & Temp 41.76 39.04 93% 20.08 48%

Berryessa1 Precip & Temp 28.97 28.16 97% 13.97 48%

Calistoga2 Precip 39.41 41.75 106% 18.18 46%

Knoxville Creek1 Temp Only - - - - -

Lake Hennessey3 Precip Only 34.09 26.52 78% 13.92 41%

Mt. George3 Precip Only 31.15 29.64 95% 18.24 59%

Mt. Veeder3 Precip Only 44.81 46.44 104% 28.6 64%

Napa County Airport2 Precip & Temp 21.14 23.56 111% 9.87 47%

Napa River at Yountville Cross Rd3 Precip Only 31.86 32.72 103% 14.93 47%

Napa State Hospital2 Precip & Temp 26.81 28.85 108% 19.66 73%

Petrified Forest3 Precip Only 42.39 46.6 110% 22.84 54%

Redwood Creek At Mt. Veeder Road3 Precip Only 34.71 37.36 108% 23.48 68%

Saint Helena2 Precip & Temp 37.43 39.11 104% 19.11 51%

Saint Helena 4WSW1 Precip & Temp 45.44 47.88 105% 28.88 64%

Sugarloaf Peak3 Precip Only 32.20 26.16 81% 17.12 53%

WY 2010 WY 20141981 - 2010 Mean 

Annual Precip (in)
Data UsedStation
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Figure 5: Precipitation zones used in the Napa County SWB model. Hatching indicates areas where two 
precipitation records were averaged across a zone. 
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Figure 6: Temperature zones used in the Napa County SWB model.  Hatching indicates areas where two 
temperature records were averaged across a zone. 
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Figure 7a: Daily precipitation data used in the Napa County SWB model for WY 2010. 
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Figure 7b: Daily precipitation data used in the Napa County SWB model for WY 2014. 
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Figure 8: Daily minimum and maximum temperature data used in the Sonoma County SWB model for WY 2010. 
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Figure 8 – cont. 
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Figure 9: Daily minimum and maximum temperature data used in the Sonoma County SWB model for WY 2010. 
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Figure 9 – cont. 
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Model Calibration 
Available data are insufficient to calibrate the Water Year 2010 and 2014 SWB simulations;  
however, the land cover and soil properties used in the model were obtained from a previously 
prepared and calibrated SWB model of Sonoma County (OEI 2017).  The Sonoma County model 
was calibrated against total monthly runoff volumes derived using baseflow separation of 
streamflow data for five watersheds within Sonoma County.  Gages were selected because they 
represented relatively small watersheds (1.2 – 14.3 mi2) without significant urbanization, 
diversions, groundwater abstraction, reservoir impoundments, or large alluvial bodies where 
significant exchanges between surface water and groundwater may be expected.  These 
attributes are desirable because the hydrographs can more readily be separated into surface 
runoff and baseflow components and the surface runoff pattern is more directly comparable to 
the SWB simulated surface runoff which does not account for water use, reservoir operations, or 
surface water/groundwater exchange. 

SWB utilizes a simplified routing scheme whereby surface runoff is routed to downslope cells or 
out of the model domain on the same day in which it originates as rainfall, thus it is not capable 
of accurately estimating streamflow over short time periods.  The use of the total monthly surface 
runoff volumes provided a means of calibrating the Sonoma County SWB model to measured 
surface runoff data within the limitations of the model’s approach to simulating surface runoff. 

The SWB model of Sonoma County reproduced seasonal variations in surface runoff in all five 
calibration watersheds.  Monthly Mean Errors (ME) ranged from -0.2 to 0.4 inches with a mean 
value of 0.1 inches.  Annual surface runoff totals ranged from an under-prediction of 
approximately 10% at Franchini Creek to an over-prediction of approximately 19% at Buckeye 
Creek, with a mean over-prediction of approximately 6% across the five watersheds.  These 
results indicate that the SWB model was able to reproduce monthly surface runoff volumes with 
a reasonable degree of accuracy and that the model tends to over-predict surface runoff 
somewhat, suggesting that the model may generate a low-range estimate of recharge.   

Although the climate in Napa County is slightly drier than in Sonoma County, the vegetation, soils, 
and geology are similar and parameters calibrated using data from Sonoma County should be 
applicable to Napa County.  Calibration of the Napa County SWB model was not performed due 
to a lack of publicly-available contemporary discharge records in suitable watersheds.   
Contemporary discharge records exist for USGS gaging stations located along the Napa River near 
St. Helena and Napa, but the watersheds above these gages are large and contain significant 
groundwater abstraction, reservoir impoundments, and alluvial bodies.  USGS gages on smaller 
watersheds in Napa County have been inactive since 1983 or earlier.  Discharge records exist 
through Napa One Rain for several streams gaged by the Napa County Resource Conservation 
District (RCD) but the RCD has cautioned against use of these discharge records for calibration 
purposes due to incomplete rating curve development. 
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Estimates of groundwater recharge are also available from an earlier model prepared by Luhdorff 
and Scalmanini Engineers and MBK Engineers (LSCE 2013).  This report provided estimates of  
average annual recharge as a percentage of average annual precipitation for nine watersheds in 
Napa County.  Averaged across the same nine watersheds, the SWB model predicts significantly 
higher rates of recharge than the model prepared by LSCE, which predicts slightly lower AET but 
significantly more runoff (Table 4).  Differences in methodology between these two models 
complicate direct comparisons.  The LSCE model calculated infiltration into the soil as the 
difference between monthly precipitation and discharge volumes within each watershed.  
Discharge volumes were calculated from USGS stream gages and included both direct runoff and 
baseflow from groundwater.  Inclusion of baseflow with direct runoff in these calculations may 
inappropriately reduce the estimated volume of water infiltrated into the soil and available for 
recharge. 

Table 4: Comparison of results from SWB model and Luhdorff and Scalmanini model.   

 

Model Results 
The principal elements of the annual water budget simulated with the Napa County SWB model 
for Water Years 2010 and 2014 are presented in map form in Figures 10 - 19 and in tabular form 
for 27 major watershed areas in Napa County (Tables 5 - 8). The watersheds are based on USGS 
HUC-12 watersheds and are named for the stream which comprises the largest proportion of the 
area; in many cases the areas consist of multiple tributary streams (Figure 20).   

In Water Year 2010 (representing “average” hydrologic conditions) precipitation varied from 21.8 
inches in the Ledgewood Creek watershed to 53.3 inches in the Saint Helena Creek watershed 
(Figure 10, Table 5).  Actual evapotranspiration (AET) ranged from 13.4 inches in the Jackson 
Creek watershed to 25.2 inches in the Saint Helena Creek watershed (Figure 11).  Surface runoff 
ranged from 3.4 inches in the Ledgewood Creek watershed to 13.5 inches in the Saint Helena 
Creek watershed (Figure 12).  Recharge ranged from 3.3 inches in the Ledgewood Creek 
watershed to 14.4 inches in the Saint Helena watershed. (Figure 13).  Small decreases in soil 
moisture storage (up to 1.8 inches) occurred in most watersheds, with changes in most 

SWB LSCE SWB LSCE SWB LSCE

Conn Ck nr Oakville 11456500 34.8 59% 53% 21% 25% 21% 21%

Dry Ck nr Napa 11457000 41.5 56% 50% 18% 43% 25% 6%

Milliken Ck nr Napa 11458100 32.3 52% 41% 20% 51% 28% 8%

Napa Ck at Napa 11458300 36.6 61% 43% 16% 46% 23% 11%

Napa R nr Napa 11458000 39.5 56% 48% 20% 35% 24% 17%

Napa R nr St Helena 11456000 47.9 46% 45% 23% 42% 30% 14%

Redwood Ck nr Napa 11458200 39.6 53% 49% 26% 40% 22% 10%

Tulucay Ck nr Napa 11458300 27.0 64% 49% 16% 47% 20% 5%

Mean AET, 2010 

(% Precip)

Mean Runoff, 

2010 (% Precip)

Mean Recharge, 

2010 (% Precip)
Mean Precip, 

2010 (in)
HUCUSGS Gage
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watersheds being less than an inch (Figure 14).  Note that the San Pablo Bay estuaries have been 
excluded from these comparisons. 

Expressed as a percentage of the annual precipitation, AET ranged from 77% in the Ledgewood 
Creek watershed to 45% in the Jackson Creek watershed (Table 6).  Surface runoff ranged from 
15% of precipitation in the Ledgewood Creek watershed to 42% in the Jackson Creek watershed.  
Recharge ranged from 10% of the precipitation in the Jackson Creek watershed to 27% in the 
Saint Helena watershed. 

In Water Year 2014 (representing “dry” hydrologic conditions during the second year of an 
extreme three-year drought) precipitation varied from 10.1 inches in the American Canyon Creek 
watershed to 32.2 inches in the Saint Helena Creek watershed (Figure 15, Table 7).  Actual 
evapotranspiration (AET) ranged from 10.3 inches in the Jackson Creek watershed to 17.8 inches 
in the Saint Helena Creek watershed (Figure 16).  Surface runoff ranged from 0.7 inches in the 
American Canyon Creek watershed to 13.2 inches in the Saint Helena Creek watershed                   
(Figure 17).  Recharge ranged from 0.6 inches in the Wragg Canyon watershed to 4.1 inches in 
the Saint Helena watershed. (Figure 18).  Large decreases in soil moisture storage of between 2.3 
and 4.3 inches were also simulated (Figure 19).  

Expressed as a percentage of the annual precipitation, AET ranged from 55% in the Saint Helena 
Creek watershed to 121% in the Jackson Creek watershed (Table 8).  These very large AET rates 
caused significant decreases in soil moisture.  Decreases in soil moisture ranged from 9% of 
precipitation in the Saint Helena watershed to 36% in the American Canyon Creek watershed.  
Surface runoff ranged from 7% of precipitation in the American Canyon Creek watershed to 41% 
in the Saint Helena Watershed.  Recharge ranged from 18% in the Milliken Creek Watershed to 
5% in the Jackson Creek and Wragg Canyon watersheds. 

C•I WI 
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Figure 10: Water Year 2010 precipitation simulated with the Napa County SWB model. 

" . -,,., ,u,,,,,:~ 

~~ J 

~ ? ~1,,;. 
1":.,_ - ,t~ 

y 

'I 

:r 

µ.-;,:· 

~ 

Total Precipitation (in/yr) 

• •10 - 30- 35 -10 - 15 - 35-40 

D 15- 20 - 40-45 
□ 20-25 - 45-50 
□ 25-30 • • 50 

Napa • 

C•I WI 

0 5 10 
Miles 

/ 
I 

.,, ... i. ., 

/ 

N 

A 

! 
i 
I 



DRAFT  October 3, 2019 

 

Page 21 of 36  

 

Figure 11: Water Year 2010 AET simulated with the Napa County SWB model. 
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Figure 12: Water Year 2010 runoff simulated with the Napa County SWB model. 
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Figure 13: Water Year 2010 recharge simulated with the Napa County SWB model. 
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Figure 14: Water Year 2010 change in soil moisture content simulated with the Napa County SWB model. 
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Figure 15: Water Year 2014 precipitation simulated with the Napa County SWB model. 
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Figure 16: Water Year 2014 AET simulated with the Napa County SWB model. 
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Figure 17: Water Year 2014 recharge simulated with the Napa County SWB model. 
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Figure 18: Water Year 2014 recharge simulated with the Napa County SWB model. 
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Figure 19: Water Year 2014 change in soil moisture content simulated with the Napa County SWB model. 
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Table 5: Simulated precipitation and recharge values averaged across HUC-12 watersheds in Napa County for 
Water Year 2010 expressed as depths.  See Figure 20 for watershed locations.  

 

 

 

 

 

 

 

 

 

 

Name
Drainage 

Area (mi2)

Precipitation 

(in)
AET (in)

Surface 

Runoff (in)
Recharge (in)

Soil Moisture 

Change  (in)

American Canyon Creek 10.8 24.1 16.3 3.7 4.7 -0.6

Bucksnort Creek 1.9 47.9 24.5 12.1 11.1 0.1

Butts Creek-Putah Creek 49.9 33.0 17.4 9.7 6.2 -0.7

Capell Creek 43.0 31.1 19.1 7.4 5.0 -0.6

Carneros Creek 29.7 28.0 18.6 5.2 5.5 -0.6

Chiles Creek 32.0 34.6 21.1 7.1 6.8 -0.5

Dry Creek 28.8 37.0 22.2 7.2 8.4 -0.5

Hunting Creek 12.0 33.7 19.0 9.7 5.7 -0.8

Jackson Creek-Putah Creek 54.5 29.9 13.4 12.6 3.0 -0.5

Lake Curry-Suisun Creek 16.4 30.7 18.9 6.5 5.9 -0.6

Lake Hennessey-Conn Creek 20.0 35.1 19.6 8.5 7.3 -0.4

Ledgewood Creek 6.4 21.8 16.9 3.4 3.3 -1.8

Lower Eticuera Creek 44.0 30.0 17.7 8.1 4.7 -0.7

Lower Napa River 45.0 31.7 19.9 5.6 6.7 -0.6

Lower Pope Creek 31.8 33.9 18.0 9.7 6.5 -0.6

Maxwell Creek 35.1 34.7 19.6 8.7 6.9 -0.6

Middle Napa River 60.3 39.9 22.8 8.5 9.2 -0.5

Milliken Creek 29.7 30.9 16.9 6.6 7.9 -0.6

Rector Creek-Conn Creek 22.3 32.8 18.0 7.1 8.2 -0.7

Saint Helena Creek 7.7 53.3 25.2 13.5 14.4 0.1

San Pablo Bay Estuaries 19.5 23.9 8.1 13.8 2.3 -0.3

Tulucay Creek 34.2 26.1 16.7 4.6 5.4 -0.7

Upper Eticuera Creek 25.6 31.2 17.2 8.6 6.1 -0.8

Upper Napa River 44.6 44.7 23.6 10.6 10.8 -0.4

Upper Pope Creek 21.7 44.5 22.7 10.5 11.5 -0.3

Wooden Valley & Suisun Creeks 23.3 29.0 19.0 5.1 5.5 -0.6

Wragg Canyon-Putah Creek 34.2 28.3 16.3 8.6 3.3 -0.6
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Table 6: Simulated precipitation and recharge values averaged across HUC-12 watersheds in Napa County for 
Water Year 2010 expressed as a percentage of precipitation.  See Figure 20 for watershed locations.  

 

 

 

 

 

 

 

 

 

 

Name
Drainage 

Area (mi2)

Precipitation 

(in)
AET (%)

Surface 

Runoff (%)
Recharge (%)

Soil Moisture 

Change  (%)

American Canyon Creek 10.8 24.1 67% 15% 19% -3%

Bucksnort Creek 1.9 47.9 51% 25% 23% 0%

Butts Creek-Putah Creek 49.9 33.0 53% 29% 19% -2%

Capell Creek 43.0 31.2 61% 24% 16% -2%

Carneros Creek 29.7 29.7 66% 19% 20% -2%

Chiles Creek 32.0 34.6 61% 21% 20% -1%

Dry Creek 28.8 37.8 60% 20% 23% -1%

Hunting Creek 12.0 33.7 56% 29% 17% -2%

Jackson Creek-Putah Creek 54.5 29.7 45% 42% 10% -2%

Lake Curry-Suisun Creek 16.4 30.7 61% 21% 19% -2%

Lake Hennessey-Conn Creek 20.0 36.0 56% 24% 21% -1%

Ledgewood Creek 6.4 21.8 77% 15% 15% -8%

Lower Eticuera Creek 44.0 30.0 59% 27% 16% -2%

Lower Napa River 45.0 31.7 63% 18% 21% -2%

Lower Pope Creek 31.8 33.9 53% 29% 19% -2%

Maxwell Creek 35.1 34.7 56% 25% 20% -2%

Middle Napa River 60.3 40.4 57% 21% 23% -1%

Milliken Creek 29.7 30.9 55% 21% 26% -2%

Rector Creek-Conn Creek 22.3 32.8 55% 22% 25% -2%

Saint Helena Creek 7.7 53.3 47% 25% 27% 0%

San Pablo Bay Estuaries 19.5 23.9 34% 58% 10% -1%

Tulucay Creek 34.2 26.1 64% 18% 21% -3%

Upper Eticuera Creek 25.6 31.2 55% 28% 19% -3%

Upper Napa River 44.6 44.7 53% 24% 24% -1%

Upper Pope Creek 21.7 44.5 51% 23% 26% -1%

Wooden Valley & Suisun Creeks 23.3 29.0 65% 18% 19% -2%

Wragg Canyon-Putah Creek 34.2 28.3 58% 31% 12% -2%
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Table 7: Simulated precipitation and recharge values averaged across HUC-12 watersheds in Napa County for 
Water Year 2014 expressed as depths.  See Figure 20 for watershed locations.  

 

 

 

 

 

 

 

 

 

 

 

Name
Drainage Area 

(mi2)

Precipitation 

(in)
AET (in)

Surface 

Runoff (in)
Recharge (in)

Soil Moisture 

Change  (in)

American Canyon Creek 10.8 10.1 12.3 0.7 0.7 -3.6

Bucksnort Creek 1.9 28.8 17.6 11.5 2.6 -3.0

Butts Creek-Putah Creek 49.9 16.9 14.2 3.9 1.9 -3.2

Capell Creek 43.0 15.8 14.8 3.1 1.1 -3.1

Carneros Creek 29.7 15.0 14.7 4.6 2.0 -3.7

Chiles Creek 32.0 18.3 16.5 3.7 1.5 -3.3

Dry Creek 28.8 21.5 16.5 6.8 2.5 -3.7

Hunting Creek 12.0 16.7 15.4 3.1 1.6 -3.4

Jackson Creek-Putah Creek 54.5 14.9 10.3 6.1 0.7 -2.3

Lake Curry-Suisun Creek 16.4 18.4 16.1 3.7 1.9 -3.4

Lake Hennessey-Conn Creek 20.0 19.1 14.8 5.7 2.2 -3.2

Ledgewood Creek 6.4 12.2 13.9 1.7 0.8 -4.3

Lower Eticuera Creek 44.0 14.9 14.0 2.6 1.3 -3.1

Lower Napa River 45.0 19.4 15.9 5.0 2.2 -3.6

Lower Pope Creek 31.8 17.8 14.5 4.5 2.0 -3.2

Maxwell Creek 35.1 18.3 15.9 3.8 2.0 -3.3

Middle Napa River 60.3 21.3 16.5 6.6 2.5 -3.7

Milliken Creek 29.7 18.7 13.7 4.5 3.4 -2.9

Rector Creek-Conn Creek 22.3 16.5 13.6 4.0 2.3 -3.4

Saint Helena Creek 7.7 32.2 17.8 13.2 4.1 -3.0

San Pablo Bay Estuaries 19.5 10.4 6.0 5.6 0.5 -1.6

Tulucay Creek 34.2 14.6 13.5 2.6 1.7 -3.3

Upper Eticuera Creek 25.6 15.5 14.1 2.5 2.1 -3.2

Upper Napa River 44.6 22.9 16.2 6.9 3.3 -3.5

Upper Pope Creek 21.7 25.6 16.8 8.5 3.5 -3.2

Wooden Valley & Suisun Creeks 23.3 17.9 16.4 3.1 2.0 -3.5

Wragg Canyon-Putah Creek 34.2 14.1 12.6 3.6 0.6 -2.8
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Table 8: Simulated precipitation and recharge values averaged across HUC-12 watersheds in Napa County for 
Water Year 2014 expressed as a percentage of precipitation.  See Figure 20 for watershed locations.  

 

 

 

 

 

  

Name
Drainage Area 

(mi2)

Precipitation 

(in)
AET (%)

Surface 

Runoff (%)
Recharge (%)

Soil Moisture 

Change  (%)

American Canyon Creek 10.8 10.1 121% 7% 7% -36%

Bucksnort Creek 1.9 28.8 61% 40% 9% -10%

Butts Creek-Putah Creek 49.9 16.8 84% 23% 11% -19%

Capell Creek 43.0 15.8 94% 20% 7% -20%

Carneros Creek 29.7 17.6 98% 30% 13% -25%

Chiles Creek 32.0 18.4 90% 20% 8% -18%

Dry Creek 28.8 22.1 77% 32% 12% -17%

Hunting Creek 12.0 16.7 92% 18% 10% -20%

Jackson Creek-Putah Creek 54.5 14.7 69% 41% 5% -16%

Lake Curry-Suisun Creek 16.4 18.4 88% 20% 10% -19%

Lake Hennessey-Conn Creek 20.0 19.6 78% 30% 12% -17%

Ledgewood Creek 6.4 12.2 114% 14% 7% -35%

Lower Eticuera Creek 44.0 14.9 94% 18% 9% -21%

Lower Napa River 45.0 19.4 82% 26% 11% -19%

Lower Pope Creek 31.8 17.8 81% 25% 11% -18%

Maxwell Creek 35.1 18.3 87% 21% 11% -18%

Middle Napa River 60.3 21.8 77% 31% 12% -18%

Milliken Creek 29.7 18.7 74% 24% 18% -16%

Rector Creek-Conn Creek 22.3 16.5 83% 24% 14% -21%

Saint Helena Creek 7.7 32.2 55% 41% 13% -9%

San Pablo Bay Estuaries 19.5 10.4 58% 53% 4% -16%

Tulucay Creek 34.2 14.6 93% 18% 12% -23%

Upper Eticuera Creek 25.6 15.5 91% 16% 14% -21%

Upper Napa River 44.6 22.9 71% 30% 14% -15%

Upper Pope Creek 21.7 25.6 66% 33% 14% -12%

Wooden Valley & Suisun Creeks 23.3 17.9 91% 17% 11% -20%

Wragg Canyon-Putah Creek 34.2 14.1 90% 26% 5% -20%
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Figure 20: Major watersheds areas used to summarize water budget information in Tables 5 - 8. 
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Discussion and Conclusion 

Numerous previous modeling studies have estimated water budget components in several larger 
watershed areas in Sonoma and Napa Counties including the Santa Rosa Plain, the Green Valley 
and Dutch Bill Creek watersheds, and the Sonoma Valley (Farrar et. al., 2006; Kobor and 
O’Connor, 2016; Woolfenden and Hevesi, 2014).  Comparisons to these water budgets are useful 
for evaluating the SWB results, but one would not expect precise agreement owing to significant 
variations in climate, land cover, soil types, underlying hydrogeologic conditions, and different 
spatial scales of modeling studies.  These regional analyses estimate that average annual 
recharge varies from 7% to 19% of the annual precipitation.  The equivalent county-wide value 
from this study is slightly higher at 20%.  

Water budgets for the Napa River and selected sub-basins were also estimated in a previous 
study by Luhdorff and Scalmanini Engineers and MBK Engineers (LSCE 2013).  The LSCE study 
estimated that, as a percentage of annual precipitation, AET comprised slightly less, runoff 
significantly more, and recharge substantially less of the typical annual water budget.  LSCE 
(2013) calculated infiltration of precipitation based on the difference between total monthly 
streamflow at selected gaging stations and total monthly precipitation for the gages’ drainage 
area.  Streamflow volumes include both direct runoff (overland flow and interflow) and baseflow 
from groundwater.  Inclusion of baseflow with direct runoff in these calculations may 
inappropriately reduce the estimated volume of water infiltrated into the soil and available for 
recharge; the LSCE approach therefore tends to underestimate groundwater recharge.   
Additionally, many of the gauging stations used for the analysis are located in reaches that may 
be significantly influenced by upstream reservoir releases, surface water diversions, groundwater 
abstraction, and/or surface water groundwater exchanges, further complicating the 
interpretation of the LSCE (2013) runoff rates and the interrelated calculations of AET and 
recharge rates.  In contrast, the SWB model presented here is based on calibrated parameter 
values developed for a similar model in Sonoma County which was calibrated to gauges 
specifically selected to minimize the effects of reservoir releases, water use, or significant surface 
water/groundwater interaction, and after separating and removing the baseflow component of 
streamflow.  

The recharge estimates presented here arguably represent the best available county-wide 
estimates produced at a fine spatial resolution using a consistent and objective data-driven 
approach.  This analysis focused on two Water Years, 2010 and 2014, which represent average 
and drought conditions respectively.  Input parameters were determined based on literature 
values and values calibrated through prior modeling experience in Sonoma County. 
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