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Introduction 
Nights in White Satin, LLC, is seeking permits from County of Napa to establish a 120,000 gallon 
per year winery in the Carneros region, County of Napa, APN 047-380-009.  Water for this project 
will be supplied from a new well to be drilled on the proposed winery parcel; the alternative 
supply is from an existing well on an adjacent parcel owned by the applicant (APN 047-380-010).  
These properties lie in western Napa County near Huichica Creek and are within the County of 
Napa’s hillside groundwater area (Figure 1). 

Because groundwater for the proposed winery could potentially be obtained from an existing 
well on the adjacent parcel, this Water Availability Analysis (WAA) has been developed for both 
parcels owned by the applicant (APN’s 047-380-009 & -010).  A permit application (Appendix C) 
to drill a new well to serve the proposed winery is pending, and this WAA evaluates the proposed 
well along with an existing irrigation well on the adjacent parcel to the west.  The WAA was 
originally completed in June 2020 and was revised in December 2021 and submitted for review 
in July 2022.   

This revised WAA incorporates additional information requested by County of Napa in response 
to comments on the July 2022 submittal along with other necessary revisions to comply with new 
guidelines for WAA submittals requested by PBES including:  

revision of estimated groundwater recharge based on mean annual precipitation for the 
period 2012-2021 to better represent drier climate conditions per new procedures 
adopted by PBES in late-November 2022, and  
additional analysis of potential streamflow depletion by proposed wells within 1,500 ft of 
specified streams identified throughout the County by PBES, including Huichica Creek, 
which flows on and near the northeast perimeter of the proposed winery parcel; the 
proposed winery well lies within 1,500 ft of Huichica Creek.    

The WAA has been prepared 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 and other applicable 
PBES policy as of December 2022.   

This WAA includes the following elements: 

compilation of Well Completion Reports (WCRs) for the vicinity of the project site, 
characterization of local hydrogeologic conditions based on available geologic maps and 
interpretation of WCR’s that could be adequately geolocated,  
delineation of a “project recharge area/impact area” surrounding the project parcels for 
purposes of quantifying and comparing groundwater recharge rates to groundwater use 
rates (Tier 1 WAA),  
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o analyses to estimate groundwater recharge rates as a function of annual 
precipitation rates, soils, vegetation, climate, and terrain using the USGS Soil 
Water Balance model,  

o estimates of existing and proposed water uses within the project recharge/impact 
area based on available water use data and estimates using water duty estimates 
provided in the WAA Guidance  

analysis of the potential for well interference at neighboring wells located within 500-ft 
of the proposed project well and the alternate existing well (Tier 2 WAA), and  
analysis of potential effect of the project well(s) on streamflow in Huichica Creek (Tier 3 
WAA).     

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, 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 account for the role of surface water/groundwater interaction as a source of recharge 
or aquifer conditions that may limit infiltration recharge estimated from soil water balance 
modeling.   

Groundwater recharge processes, aquifer hydraulics, potential interaction between surface 
water and groundwater, and potential well interference are difficult to quantify in the absence 
of site-specific studies and/or state-of-the-art hydrologic modeling.  Quantification and analysis 
of hydrogeologic parameters and processes presented in this document utilize available 
information for the project area and local aquifer. The analytical techniques applied are 
consistent with prior WAA’s we have prepared and submitted to County of Napa.  The resulting 
interpretations of hydrogeologic conditions and potential future conditions under proposed 
project conditions are consistent with the customary professional standard of care used for 
WAA’s in the County of Napa; nevertheless, there may be substantial uncertainty in quantitative 
estimates of hydrogeologic parameters, processes, and conditions. 
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Figure 1: Project location map.  
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Hydrogeologic Conditions 
The two project parcels are in the Carneros region of Napa County along the upper alluvial  
portion of Huichica Creek (Figure 1).  Much of the surrounding area is underlain by the 
eponymous Pliocene to early Pleistocene-aged Huichica Formation (map unit Ph) which 
comprised much of the surrounding hills (Figure 2).  This fluvial sedimentary unit consists of 
“massive yellow silt and blue clay with interbedded lenses of sand, gravel, and tuff beds” (Farrar 
et al., 2006).  Much of this material is derived from erosion of the Sonoma Volcanics but coarser 
materials are mostly derived from the Franciscan Complex (Wagner and Gutierrez, 2010).   
Hydrogeologically, the Huichica Formation is similar to the relatively low-yielding Glen Ellen 
Formation with most wells producing less than 20 gallons per minute (gpm) and which has a 
specific yield of 3 – 7% (Herbst et al., 1982).   Other sources indicate that wells in the Huichica 
Formation typically yield less than 5 gpm (NFCWC, 1991). 

The steeper hills north and west of the project parcels are underlain by the late Miocene to 
Pliocene-aged Sonoma Volcanics.  Near the project parcel these hills are principally underlain by 
light-colored volcanic tuff (map unit Tvst) but bedrock units such as the Dacitic Lava Flows of 
Huichica Creek (map unit Msvfh) are present a short distance to the north (Figure 2).  These 
volcanic units are known to underly the younger Huichica Formation and in places younger units 
of the Sonoma Volcanics may be interfingered with the Huichica Formation (Farrar et al., 2006).  
The Sonoma Volcanics are considered a low-yielding aquifer with reported well yields typically 
ranging between 16 and 50 gallons per minute (gpm).  However, yields greater than 100 gpm 
have been reported (LSCE and MBK, 2013).  Some units, such as unwelded tuff and volcanic 
sediments are somewhat more productive but overall are still considered low yielding.  Bedrock 
units such as the andesite and rhyolite lava flows have very low primary porosity and 
groundwater occurs primarily in fractures, resulting in highly variable well production.  Where 
these fracture networks are extensive, aquifers can have relatively high transmissivities 
(Nishikawa, 2013). 

Alluvial bodies are also present along Huichica Creek.  However, previous studies have found 
the alluvium in the Carneros region to generally be thin and unsaturated (County of Napa, 

2005).  
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Figure 2: Surficial geology and locations of wells in the vicinity of the project parcel.  Surficial geology based on 

data from the California Geologic Survey (CGS) Geologic Map of the Napa 30’ x 60’ Quadrangle (Wagner and 
Gutierrez, 2010).  
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Well Data 
Well Completion Reports (WCR) for wells on and near the project parcel were obtained from the 
California Department of Water Resources’ Well Completion Report Map Application.  The subset 
of these which could be accurately georeferenced based on parcel and location sketch 
information is discussed below; the WCRs are compiled in Appendix A.  Additional information 
about the “Sonapa Well” for which a Well Completion Report could not be obtained was provided 
by the project applicant. 

The project well (Well 1) was completed in 2019 to a depth of 720 feet.  At the time of completion, 
it had an estimated yield of 110 gpm and a static water level of 38 feet.  The Driller’s Log indicates 
that the upper 260 feet of the borehole penetrated a mixture of brown clay and coarse sand, 
below which a mixture of gravels, clays, hard rocks, and shale was reported.  This mixture is 
consistent with the available characterization of the Huichica Formation.  Reported shale lenses 
and hard rock encountered at depths between 340 and 560 ft below ground surface (bgs) may 
correspond to interfingered volcanic tuff or other variation in the volcanic flows and deposits. 
Within this area the Huichica Formation is believed to be hundreds of feet thick and underlain by 
significant thicknesses of the Sonoma Volcanics (County of Napa, 2005).  The well is screened at 
several intervals between 240 and 660 feet (Table 1) and likely draws groundwater primarily from 
the Sonoma Volcanics and deeper strata of mixed sand and gravel. 

Well completion reports could be accurately georeferenced for 13 other nearby wells (Figure 2); 
well characteristics obtained from WCRs are summarized in Table 1.   Four of these, Wells 2, 3, 5, 
& 14, were completed in volcanic rocks of the Sonoma Volcanics west and north of the project 
parcels.  Driller’s logs in the WCRs for this group of wells typically report  mixtures of ash and 
hard multicolored rocks characteristic of the Sonoma Volcanics throughout their depth and 
absent are strata of clay, sand and gravel characteristic of the Huichica Formation.  Yields 
reported in WCR’s for these wells range from 50 to 300 gpm.  Depths range from 218 to 550 ft 
and screened intervals begin at depths of about 150 to 450 ft.  

The other nine wells were drilled in or through the Huichica Formation and can be divided into 
two categories.  The first category comprises Wells 1, 4, 6, 9 & 10 that penetrate clay-rich alluvial 
materials that include sandy and gravelly strata where groundwater flows more readily to wells. 
The second category comprises wells 7, 8, 11, 12 & 13; these wells also penetrate clay-rich strata 
but also intersect materials described by the drillers logs as volcanic in origin, mostly at depths   
of about 300 ft bgs, in which groundwater is accessed.  Both categories of wells are drilled 
through thick strata of clay found in the upper ~200 ft of the well bores, and both categories of 
wells pump water from confined aquifers as indicated by water elevation in wells typically 100 to 
200 ft above the portions of the wells’ screened intervals that intersect water bearing strata 
(Table 1).   

It is possible that there is a false distinction between these two categories of wells owing to 
differences in style and interpretation of earth materials by drillers and that the underlying 
volcanic rocks are more generally found in this area underlying much younger sedimentary 
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materials.  In any case, the water bearing strata lie beneath massive clay strata of varying 
thickness and characteristics that isolate the aquifer from the surface and create confined or 
semi-confined aquifer conditions.  Wells in this area typically exhibit water elevations 
substantially higher that the depth of perforated (screened) portions of the well casing including 
some where groundwater rise to ground surface (i.e. artesian conditions), indicating a pressure 
head on the aquifer characteristic of confined aquifers.  Confined aquifers are isolated from 
overlying surface water (stream flow).  In contrast, unconfined aquifers have a water table in 
equilibrium with atmospheric pressure; unconfined aquifers are thus more likely to interact with 
surface water.  Additional discussion of hydrogeologic characteristics pertaining to potential 
interaction with surface water and potential streamflow depletion by wells drilled in this area is 
found in a subsequent section of the WAA addressing Tier 3 criteria.    

Table 1:  Well completion details for wells in the vicinity of the project parcel.  

 

 

  

Well ID 1 2 3 4 5 6 7

Year Completed 2019 Unk. 1997 1989 1980 2007 1978
Depth (ft) 720 420 218 610 550 360 500
Depth to First Water (ft) - - - - 475 170 297
Static Water Level (ft) 38 119 140 +65 10 150 0
Estimated Yield (gpm) 110 150 50 250 300 45 10
Screened Interval, Top (ft) 240 Unk. 158 295 450 200 80
Screened Interval, Bottom (ft) 660 Unk. 218 590 550 340 500
Geologic Map Unit Ph Tsv Tsv Ph Tsv Ph Ph

Well ID 8 9 10 11 12 13 14

Year Completed 1986 1979 1972 1990 2019 2022 2016
Depth (ft) 510 540 505 700 400 540 250
Depth to First Water (ft) - - 365 - - - -
Static Water Level (ft) 8 0 236 41 1 0 150
Estimated Yield (gpm) 4.5 30 2 225 30 100 60
Screened Interval, Top (ft) 50 60 200 290 80 200 140
Screened Interval, Bottom (ft) 510 540 505 650 400 500 250
Geologic Map Unit Ph Ph Ph Ph Ph Ph Tsvm

l•I WI 
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Geologic Cross Section
A geologic cross-section oriented west to east is shown in Figure 3 (see Figure 2 for location). 
This cross-section extends across the ridgelines on either side of Huichica Creek with elevations 
ranging from 400 feet along the Sonoma-Napa County Line to approximately 100 feet along 
Huichica Creek. Driller’s logs suggest that the Well 1 may intersect groundwater in volcanic rocks 
underlying the Huichica Formation. Static water elevations appear to be relatively consistent 
across the cross-section.  This suggests that there is a regional water table with a potentiometric 
head approximately 110 to 120 feet above sea level.  However, static water levels within Wells 6 
& 10, which are open to the aquifer at depth >150 ft have a greater depth to water below ground 
surface relative to Wells 7, 8 & 9 that are open to the aquifer beginning at depths of 50 to 80 ft 
below ground surface.  This suggests that there may be local variation in deeper aquifers. 

*Screened interval unknown
Well 

Ground surface Fault (Approx.)           ?

              Groundwater Elevation Contact (Approx.)            ?

              Screened Section of Well

Figure 3: Hydrogeologic cross section A -A’ through the project parcel (see Figure 2 for location and geologic map 
units).  

6()) 

A A' 

400 Well 8 
Well9 

Wel17 

Well6 Well 
200 \ 

! .c I ..c: ·\J 
('0 \ ,.._ 

I~ Tsvt \ 
C: > ' 0 0 V, 

I ~ ' ·.: ~ ' ~ Al 

' GI 

I ' Ph Ph ti:i ' ' -200 I ' ? ? 
. ., 
' ' ' ' -400 Tsv ·\I 
' ' I 
' 

• liO() ·\> 
0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000 

Station (ft) 

l•I WI 



Nights in White Satin, LLC Water Availability Analysis (APN’s 047-380-009 & -010) 9 
January 2023 
  

  

 

Project Recharge Area 
These consistent static water levels suggest that the project well is completed within a relatively 
large regional aquifer. The recharge area for this aquifer has been conceptualized as nearby 
portions of the Huichica Creek watershed, extending north towards the foothills of the 
Mayacamas Mountains. To the east and west it is defined by ridgelines which may act as subtle 
groundwater divides.  To the south it is defined by a constriction in these ridgelines which helps 
define the valley where the project parcels are located.  To the north it is defined as the transition 
to steeper topography upstream where hydrogeologic conditions in the Sonoma Volcanics are 
likely significantly different than near the project parcels.   

As conceptualized, the project recharge area covers approximately 1,043 acres, mostly within the 
Huichica Formation.  Given the significant depth to water-bearing strata, the potentiometric 
water surface in wells significantly higher than the depth of perforated portions of well casing,  
and the high clay content of the overlying sediments of the Huichica Formation, 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.  Uses on the project parcel were determined using site details provided by 
the project applicant and verified using satellite imagery.  Uses on other neighboring parcels 
within the project recharge area were determined using satellite imagery.   

Existing Use 
The two project parcels have a combined 88.1 acres of vineyard and use water for irrigation as 
well as for frost protection.  The proposed winery parcel (APN 047-380-009) has about 41.1 acres 
of existing vineyard and is referred to as the Sonapa Block.  The adjacent parcel, APN 047-380-
010, has about 47 acres of irrigated vineyards (per applicant’s Water Rights Report of Licensee in 
2020 and 2021) and is referred to as the North Hills Block.   

Most of the water used in the Sonapa Block (site of proposed winery and new well) is drawn from 
an offsite well owned by the project applicant referred to as the Sonapa Well (Well 2). Water 
from this well is pumped into the Sonapa Reservoir, which is an off-channel reservoir located 
immediately west of the project parcels (Figure 4).  A pump station then transfers water from 
this reservoir to the Sonapa Block.   Access to the Sonapa Well, the Sonapa Reservoir, and the 
accompanying pipelines is guaranteed through easements on file with the County of Napa 
(Easement Grant Deeds 952 O.R. 97 and 953 O.R. 479).  Because the Sonapa Reservoir only 
captures direct precipitation and does not impound runoff from surrounding areas it does not 
require a Water Right from the State Water Resources Control Board.   

Some of the water used on the North Hills Block comes from the Heller Reservoir, an on-channel 
reservoir built to capture runoff from an unnamed tributary to Huichica Creek near the southern 
edge of APN 047-380-010, a parcel under applicant’s ownership (Figure 4).  A water right has 
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been perfected for this reservoir (A027796, Appendix B) allowing up to 40 acre-ft/yr to be stored 
and annual withdrawals of up to 35.5 acre-ft/yr.  Surface water diverted to the Heller Reservoir 
may only be used on APN 047-380-010 per terms of the Water Right.  The North Hills Block also 
uses groundwater from Well 1 which is stored in the Heller Reservoir; water stored in the 
reservoir from groundwater and surface water diversions must be tracked separately in order 
that it can be demonstrated that use of stored surface water conforms to terms of the Water 
Right. 

The two project parcels were formerly part of a larger vineyard operation that extended to the 
north of Highway 12.  A Water Resources Report prepared by Wagner and Bonsignore in 2008 
indicates that both the Sonapa Well and Heller Reservoir formerly provide water to a series 
reservoirs south of Highway 12 and that Heller Reservoir also received water from a large 
agricultural well located immediately south of Highway 12 (“Main Well”, Well 4).  The applicant 
has indicated that water is no longer transferred between the project parcels and the vineyards 
south of Highway 12.  Additionally, the Water Resources Report also indicates that an old well 
was completed in the vicinity of Heller Reservoir.  The applicant does not believe this well to be 
on their property and, if it is, has no plans of using it.  

Based on standard vineyard irrigation and frost protection use rates provided in the County of 
Napa’s Water Availability Guidance Document (May 2015), the 88.1 acres of vineyards on the 
two project parcels are estimated to use 44.05 acre-ft/yr (Table 2) of which 20.5 acre-ft/yr are 
used on the Sonapa parcel where the proposed winery would be built.  A portion of this water is 
supplied by surface water diversions; the quantity of surface water diversions must be estimated 
in order that an estimate of groundwater pumping can be developed.   

Table 2: Estimated groundwater demand on the project parcel in the existing condition assuming average 
precipitation for the period 2012-2021. 

 

Water Rights data from Report of Licensee filed annually with the Division of Water Rights 
indicate that surface water diversions from the Heller Reservoir ranged from 14.6 to 35.5 acre-

Water Demand Component # of Units Use per Unit
Annual Water 

Use (AF/yr)

Irrigation & Frost Protection 44.05
     Vineyard Irrigation 88.1 Acres 0.5 AF/acre/yr 44.05
     Frost Protection 0.0 Acres 0.25 AF/acre/yr 0.00

Surface Water & Precipitation Capture & Diversion (36.22)
     Heller Reservoir-Avg. Diversion 2012-2021 (25.50)
     Heller Reservoir-Avg. Precip. Capture 2012-2021 (7.77)
     Sonapa Reservoir-Avg. Precip. Capture 2012-2021 (2.95)

Evaporative Losses from Reservoirs Replaced with Groundwater 13.80

Total Groundwater Use 21.63

l•I WI 
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ft/yr, not including 2017 when reported diversions to storage were much greater than in other 
years.  Over the 10-year period 2012-2021, diversions averaged 25.5 acre-ft/yr (Table 3).  The 
Sonapa Reservoir captures direct precipitation within its approximately 1.5-acre footprint.  Using 
an estimated average annual precipitation of 23.6 in/yr from the 2012-2021 average PRISM 
precipitation provided by County of Napa, this reservoir will capture approximately 2.98 acre-
ft/yr during an average water year.  Direct precipitation on the 4-acre surface area of Heller 
Reservoir adds an average of 7.77 acre-ft/yr to storage.  Combined, these two reservoirs are 
estimated to collect 36.22 acre-ft/yr of water. Water stored in these reservoirs is subject to 
evaporative losses.  Based on the prior Wagner and Bonsignore Report annual evaporative losses 
for the Heller Reservoir are estimated to average 10.0 acre-ft/yr and losses from the Sonapa 
Reservoir are estimated to average 3.80 acre-ft/yr; we assume that the evaporation losses are 
replaced by pumping groundwater. It is likely that net loss to evaporation can be reduced 
somewhat by over the irrigation season depending on operation of these facilities; however, we 
assume that the full evaporative loss is replaced by pumping groundwater.  The resulting 
estimate of groundwater demand for agricultural use on the project property is 21.63 acre-ft/yr 
(Table 2).   

The estimated quantity of groundwater required to supplement surface water diversions is 
calculated for both parcels in aggregate.  This estimation method is not intended to contradict or 
compromise the Water Right permit conditions restricting the place of use of surface water 
diverted to Heller Reservoir.  

Table 3: Annual surface diversion volumes from the Heller Reservoir 
from Reports of Licensee accessed through the State Water Resources 
Control Board’s eWRIMS Website.Note: Total diversions in 2017 were 
55.8 ac-ft; for purposes of average diversion to usable storage, the value 
used for 2017 is 35.5 ac-ft, the maximum allowed use of water stored in 
Heller Reservoir. 

Land use on other parcels within the project recharge area is 
dominated by vineyards.  Based on agricultural lands data 
publicly available through the County of Napa’s GIS Data 
Catalog, other parcels within the project area contain 502 
acres of vineyard.  The two project parcels do not use water 
for frost protection, as is also the practice on neighboring 
vineyards managed by Domaine Carneros and Global Ag 
Properties (Figure 4) as verified by Allison Cellini Wilson on 
behalf of the applicant.  The area of vineyard operated by 
these neighbors within the project groundwater recharge area 
are 77.8 and 84.7 acres, respectively.  Inspection of aerial 
imagery on Google Earth reveals the presence of fan towers 
for frost protection on these parcels and on some other 

vineyards in the project groundwater recharge area.  We assume the use of fans for frost 
protection only for the properties where this practice was verified by Allison Cellini Wilson.   

Year of Licensee 
Annual Report

Diversion 
Volume
(AF/yr)

2009 31.4
2010 27.0
2011 14.6
2012 35.0
2013 35.5
2014 35.5
2015 23.3
2016 25.7
2017 35.5
2018 16.5
2019 16.2
2020 16.7
2021 14.7

Average 2012-2021 25.5
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Figure 4: Water uses and major points of diversions within the project recharge area. 
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Three of the other vineyard properties in project recharge area also have significant surface 
water rights (A027121, A027188, and A029426).  Based on Reports of Licensee from 2012 to 
2021, a combined 111.9 acre-ft is diverted from these sources in an average year.  Some of the 
vineyards these reservoirs are used to irrigate are located outside the project recharge area, and 
the surface water diverted is subject to limitations regarding the place of use.  Consequently, it 
is difficult to estimate how much surface water is used in the project impact/recharge area and 
how much groundwater might be withdrawn from the project aquifer to supplement surface 
water diversions.  It is assumed that the average volume of water diverted from each source was 
scaled by the fraction of the vineyards it was used to irrigate that are within the project recharge 
area. Using this approach, approximately 51.66 acre-ft/yr of surface water is estimated to be 
used for vineyard irrigation within the project recharge area (Tables 4 & 5).  

Table 4: Annual surface diversion to reservoirs within the project recharge area from Reports of Licensee 
accessed through the State Water Resources Control Board’s eWRIMS Website. 

  

Per the County of Napa’s Public Winery Database, one of these vineyard parcels includes a winery 
(Hudson Vineyards Winery).  This winery is permitted to produce up to 80,000 gallons per year, 
host up to 24,960 tastings, have up to 2,528 guests during marketing events, and have up to 16 
full-time employees.  Other parcels within the project recharge area also contain seven primary 
residences, one secondary residence, and one uncovered pool (Figure 4).  Water demand for 
these uses were estimated using standard values from the County of Napa’s Water Availability 
Analysis Guidance Document (County of Napa, 2015). 

Water Right A027188 A027121 A029426

2009 34.9 - -
2010 39.0 28.0 47.1
2011 29.9 31.2 22.9
2012 46.2 23.6 61.0
2013 46.7 30.5 30.4
2014 27.6 26.0 62.3
2015 44.0 32.0 66.0
2016 39.1 23.6 66.0
2017 29.0 20.2 54.6
2018 34.9 31.8 66.0
2019 38.4 22.6 43.2
2020 47.5 23.7 41.0
2021 13.9 26.7 0.0

Average 2012-2021 36.7 26.1 49.1

176 138 303
111 78 85
0.63 0.57 0.28

23.2 14.7 13.8

Scaling Factor ()
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The foregoing estimates of water use on the project parcels (Table 2) and on other parcels within 
the project recharge area (Table 5), the total existing groundwater demand within the project 
recharge area is estimated to be 314.19 acre-ft/yr (Table 6). Most of this use is for vineyard 
irrigation and frost protection; the use of fans has become common in this area, and we have 
likely overestimated the use of groundwater for frost protection in project recharge area.  Of the 
total groundwater demand, 21.63 acre-ft/yr is on the project parcels (Table 2). 

Table 5: Estimated groundwater demand on other parcels within the project recharge area for existing and 
proposed condition. 

 

Table 6: Estimated groundwater demand within the project recharge area in the existing and proposed 
condition.  

 

# of Units Use per Unit
Annual Water 

Use (AF/yr)

Residential Use 5.70
     Residences, Primary 7 Residences 0.75 AF/Residence 5.25
     Residences, Secondary 1 Residence 0.35 AF/Residence 0.35
     Pools 1 Pool 0.10 AF/Pool 0.10

Agricultural Use 284.21
     Vineyard Irrigation 502 Acres 0.50 AF/acre/yr 251.00
     Frost Protection 339.5 Acres 0.25 AF/acre/yr 84.88
     Surface Diversion (51.66)

Winery Use 2.12
     Process Water 80000 Gallons 2.15 AF/100,000 gal. 1.72
     Domestic & Landscaping 80000 Gallons 0.50 AF/100,000 gal. 0.40

Guest & Employee Use 0.53
     Tasting Room Visitations 24960 Guests 3 gal./Guest 0.23
     Events w/ On-Site Catering 2528 Guests 15 gal./Guest 0.12
     Full-Time Employees 16 Employees 15  ga l ./shi ft @ 250 shi fts/yr 0.18

Total 292.56

Water Demand Component
Existing Condition 

(acre-ft/yr)
Proposed Condition 

(acre-ft/yr)

Project Parcel 21.63 22.50
    Irrigation 21.63 22.50
    Winery 0.00 0.00
    Employees & Guests 0.00 0.00

Neighboring Parcels 292.56 292.56
    Residential 5.70 5.70
    Irrigation + Frost Protection  284.2 284.2
    Winery 2.12 2.12
    Employees & Guests 0.53 0.53

Total 314.19 315.06
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Proposed Use 
Proposed groundwater use on the project parcels is detailed in Table 7.  The proposed 120,000 
gallon per year winery would be constructed on APN 047-380-009.  Construction of the winery 
would remove 5.4 acres of existing vineyard with a corresponding reduction in water demand for 
irrigation.  The winery will receive water either from the recently drilled well on APN 047-380-
010 (Well 1) or from a proposed new well near the winery site.  The winery will host 
approximately 10 events per year with up to 50 guests, up to 5 events per month with up to 30 
guests, and up to 4 events per year with up to 150 guests. Additionally, it will be staffed by 25 
full-time and 10 part-time harvest season employees. The project would increase estimated 
groundwater use by 0.87 acre-ft/yr from 21.63 acre-ft/yr to on the two project parcels to 22.50 
acre-ft/yr (Table 7).  Total water use within the project recharge area is estimated to increase by 
0.87 acre-ft/yr to 315.45 acre-ft/yr (Table 6). 

Table 7: Estimated proposed water demand from the project parcel. 

 

 

  

Water Use Component # of Units Use per Unit
Annual Water 

Use (AF/yr)

Irrigation Irrigation Sub-total 41.35
     Sonapa (APN 047-380-009) 35.7 Acres 0.5 AF/acre/yr 17.85
     North Hills (APN 047-380-010) 47 Acres 0.5 AF/acre/yr 23.50

Winery Use Winery, Guest & Empl. Sub-total 3.57
     Process Water 120,000 gal. 2.15 AF/100,000 gal. 2.58

Guest & Employee Use
     Tasting Room Visitations 2300 Guests 3 gal./Guest 0.02
     Events w/ On-Site Catering 600 Guests 15 gal./Guest 0.03
     Full-Time Employees 25 Employees 15  ga l ./shi ft @ 250 shi fts/yr 0.29
     Part-Time Employees 10 Employees 15  ga l ./shi ft @ 125 shi fts/yr 0.06
     Domestic & Landscaping 120,000 gal. 0.50 AF/100,000 gal. 0.60

Surface Water & Precipitation Capture & Diversion (36.22)

Evaporative Losses from Reservoirs, Replaced with Groundwater 13.80

Total Groundwater Use 22.50

l•I WI 
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Groundwater Recharge Analysis 
Groundwater recharge within the project recharge area was estimated using an implementation 
of the Soil Water Balance (SWB) model 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 D. 

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 was also simulated 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 
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 
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 8.   

I 
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Figure 5: Interpolation of groundwater recharge as a percentage of annual precipitation in the project recharge 
area; estimated groundwater recharge as a percentage of average annual precipitation for the period 2012-2021 
is 14.1% of 23.8 inches.

As summarized in Table 8, simulated Water Year 2010 spatially averaged precipitation was 30.3
inches across the project recharge area and simulated actual evapotranspiration (AET) averaged 
18.8 inches. Simulated groundwater recharge for WY 2010 varied from 3.0 to 11.8 inches across 
the recharge area, with a spatial average of 6.6 inches. For Water Year 2014, spatially averaged
precipitation was 17.7 inches across the project recharge area and simulated actual 
evapotranspiration (AET) averaged 15.2 inches. The spatial average of simulated groundwater 
recharge for WY 2014 across the recharge area was 2.0 inches. Estimated recharge by 
interpolation (Figure 5) for the 10-year average precipitation for 2012-2021 was 3.3 inches. 

Table 8: Summary of water balance results estimated by the SWB model for Water Years 2010 & 2014; recharge 
estimated for 10-yr average precipitation estimated per Figure 5. 

Water balance estimates are available for several nearby watersheds including the Napa River 
watershed, the Santa Rosa Plain, Sonoma Valley, and the Green Valley Creek watershed.  These 
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Precipitation 30.3 - 17.7 - 23.8 -
AET 18.8 62% 15.2 51% - -
Runoff 5.5 18% 4.0 14% - -
Δ Soil Moisture -0.6 -2% -3.5 -12% - -
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regional analyses estimated that mean annual recharge was equivalent to between 7% and 28% 
of mean annual precipitation (Farrar et. al., 2006; Flint and Flint 2014, Kobor and O’Connor, 2016; 
Wolfenden and Hevesi, 2014).  Comparisons to these water balances are useful for determining 
the overall reasonableness of the results; precise agreement among these estimates is not 
expected owing to significant variations in climate, land cover, soil types, and underlying 
hydrogeologic conditions and owing to differences in spatial scale and methods for water 
balances. 

Comparison of Water Demand and Groundwater Recharge 

The total groundwater use for the project recharge area (~1,043 acres), including a net increase 
in use on the project parcels of 0.87 acre-ft/yr, is estimated to be 315.06 acre-ft/yr.  This use is 
equivalent to 55% of the 573.7 acre-ft of recharge the project recharge area is estimated to 
receive using the SWB model for the near-average Water Year 2010 representative of the 30-yr 
period 1981-2010.  Considering the project parcels (~119 acres) independently, where the 
estimated use of 22.5 acre-ft/yr is equivalent to 34% of 65.5 acre-ft/yr of recharge estimated to 
occur on the project parcel during an average year (Table 9).  For comparison, during the dry 
Water Year 2014, SWB predicts much reduced groundwater recharge on the project parcel with 
project parcel groundwater use representing 112% of estimated recharge.   

Estimated groundwater recharge based on the mean annual precipitation for the 10-year period 
2012-2021 is 289.3 acre-ft/yr for the project recharge area; estimated groundwater demand is 
about 109% of estimated recharge across the project recharge area.  It is likely that groundwater 
demand for the project recharge area is over-estimated owing to conservative assumptions 
about the methods used for frost protection.  It is likely that the use of wind machines (fans) for 
frost protection is more widespread in the project recharge area than assumed in the water 
demand calculations.  Hence, we believe that groundwater demand in the project recharge area 
is less than estimated groundwater recharge.  

Estimated groundwater recharge based on the mean annual precipitation for the 10-year period 
2012-2021 is 33.0 acre-ft/yr for the project recharge area; estimated groundwater demand is 
about 68% of estimated recharge for the area of the project parcels.  Hence, groundwater 
demand for the project parcels with the proposed winery project is substantially less than 
estimated groundwater recharge. 

Table 9: Comparison of proposed water use to average annual groundwater recharge for the project recharge 
area and for the project parcel. 

 

Project Recharge Area 315.1 573.5 258.5 55% 176.3 -138.7 179% 289.3 -25.8 109%
Project Parcel 22.5 65.5 43.0 34% 20.1 -2.4 112% 33.0 10.5 68%

Average 10-Year (2012-2021)

Recharge     
(ac-ft/yr)

Recharge 
Surplus      

(ac-ft/yr) 

Demand as 
% of 

Recharge

Domain

Total 
Groundwateer 

Demand        
(ac-ft/yr)

Average Water Year (2010) Dry Water Year (2014)

 Recharge    
(ac-ft/yr)

Recharge 
Surplus      

(ac-ft/yr)

Demand as 
% of 

Recharge

Recharge     
(ac-ft/yr)

Recharge 
Surplus      

(ac-ft/yr) 

Demand as 
% of 

Recharge
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Tier 2 WAA-Well Interference Analysis  
Per County guidelines for Tier 2 WAA’s, potential well interference that could be caused by 
project groundwater wells must be evaluated.  The winery will be supplied with groundwater 
either from Well 1 or the proposed new well (Figure 6).  With respect to Well 1, Well 4 is its 
nearest neighboring well, and is about 760 feet to the southwest of Well 1 on APN 047-120-020.  
With respect to the proposed new well, Well 12 would be its nearest neighboring well which is 
about 790 ft to the east on APN 047-380-008.  Because there would not be any wells within 500 
feet from either the existing well (Well 1) or the proposed new well, the Tier 2 WAA analysis 
concludes that there is no significant potential well interference.      

It is uncertain if there are any wells within 500 feet of the Sonapa Well (Well 2), which is also 
used to supply water to the project parcels.  However, because this well is only used for irrigation 
and frost protection and will not supply water to the winery, use from the Sonapa Well is not 
anticipated to increase as part of the project.  Given that the project will remove approximately 
5.4 acres of vineyard, pumping from the Sonapa Well is expected to decline.  Therefore Well 2 is 
not expected to have the potential to cause project-related drawdown in any well.  

Tier 3 WAA-Streamflow Depletion Analysis  
As shown in Figure 6, the existing alternative project well (Well 1) is over 1,500 ft from the nearest 
stream of concern for potential streamflow depletion identified by County of Napa (Huichica 
Creek).  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) 

Hence, Well 1 could be utilized to supply water for the proposed winery without further analysis 
regarding County WAA criteria.   

The site of a proposed new well intended to serve the proposed winery is about 400 ft from 
Huichica Creek, and the well head elevation would be about 115 ft above mean sea level 
(Appendix C).    Guidance for preparation of Tier 3 WAA’s provided by County of Napa (May 2015) 
describes some conditions where wells nearer than 1,500 ft to a stream of concern may also be 
regarded as posing no significant risk of streamflow depletion.  The transmissivity of the aquifer 
material and the depth of the well seal from the ground surface are factors that could also 
demonstrate that there is no significant risk of streamflow depletion.   

To assess potential effects of the proposed well on surface flow in Huichica Creek per County 
guidance for Tier 3 WAA’s, the likely well capacity needs to be estimated.  The proposed well 
would serve only the groundwater requirements of the winery and associated employee and 
visitor use.  Per Table 7, groundwater demand for the winery and associated uses is 3.57 acre-
ft/yr; that volume of water is equivalent to a continuously pumping well yield of about 2.2 gpm.   

I 
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Figure 6: Well set-back radii for Tier 2 WAA (500 ft) and Tier 3 WAA (1,500 ft) that County of Napa stipulates are 
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unconditionally understood to be sufficient to avoid significant draw down in wells (Tier 2 WAA) and significant 
streamflow depletion (Tier 3 WAA). 

A typical well would not operate continuously and would have substantial non-pumping periods.  
It is possible that a well yielding less than 10 gpm would be sufficient to meet the needs of the 
winery, including guests and employees.  Assuming that the winery well could be operated at 
pumping rates less than 10 gpm throughout the year, County guidance for construction of wells 
that would “preclude any significant adverse effects on surface waters” are embodied in the table 
below reproduced from the County’s 2015 guidance document.   

 

As indicated in the table above, if the proposed well was constructed in a manner to meet the 
following conditions, the proposed well would not have significant adverse effects on surface 
waters: 

1. with a surface seal of not less than 50 ft and  
2. with its uppermost section of perforated well casing no less than 100 ft from the ground 

surface, and  
3. if the proposed well location was adjusted to a position about 100 ft farther to the 

southwest so that it would be over 500 ft from Huichica Creek . 

As shown in Figure 3 and Table 1, there are several existing wells with perforations starting below 
100 ft below ground surface (Wells 1, 6, 10 and 13).  This demonstrates that a well meeting the 
design criteria discussed above is feasible.  Consequently, if the proposed new winery well were 
configured subject to the constraints described above, it would meet Tier 3 criteria for an 
acceptable level of potential streamflow depletion.   

Notwithstanding the foregoing conclusions that Well 1 meets Tier 3 WAA criteria, and the 
recommended well design conditions described above for the proposed winery well that would 
meet Tier 3 WAA criteria, a different well configuration is desired for the project well.  Use of 
Well 1 would require installation of a significant pipeline with a stream crossing; the 

Table 3. Well Distance Standards and Construction Assumptions; Ver, low capacity pumping 
rates (i.e., less than 10 gpm), constructed in uncoosolidated deposits in the upper part of the 
aquifer system (unconfined aquifer conditions). 

Aquifer Acceptable Distance from Minimum Depth of 
Hydraulic Surface Water Channel Surface Seal Uppermost 

Coo du ctiv ily Depth (feetl Perforations 
(ft/day) 500 feet 1000 feet 1500 feet (feet) 

80 ✓ so 100 

50 ✓ so 100 

30 ✓ so 100 

0.5 ✓ so 100 

mun 
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recommendation above for a winery well limited to a yield of 10 gpm would require significant 
water storage capacity.  The preferred winery well would be drilled at the site as currently 
proposed in the pending well permit application and would operate with pumping rates up to 30 
gpm or higher depending on pumping capacity of the completed well.   

Local hydrogeologic conditions (as described in this report, pp. 4-7) indicate that the primary local 
aquifer lies at depths of 100 to 200 ft or greater below the surface and are isolated from surface 
water by massive clay strata not less than 80 ft thick.  We believe that these clay strata behave 
as aquitards that significantly restrict the movement of groundwater and would significantly 
reduce potential streamflow depletion.   

To further evaluate potential streamflow depletion that could be caused by the proposed project 
well and to evaluate potential streamflow depletion caused by existing wells, we carefully 
reviewed the WCRs for the wells within 1,500 ft of Huichica Creek and converted well 
construction details and information from geologic logs referenced vertically as a depth from 
ground surface to an estimated elevation above mean sea level (amsl) as shown in Table 10.  Well 
1, the alternative project well, is included in Table 10 for reference; it is not within 1,500 ft of 
Huichica Creek.  

Table 10: Summary of well construction details referenced to elevation and the bed of Huichica Creek.   

  

Evidence of widespread and relatively thick clay strata is given by elevation and description of 
these clay strata.  Evidence of the behavior of the clay strata as aquitards includes well 
construction with well perforations beginning at depths of at least 50 ft below ground surface 
and water elevation in wells between 50 and 200 ft above the perforated (screened) sections of 
well casings as shown in Table 10.  Although typical groundwater elevation (100-120 ft amsl) is 
higher than the streambed elevation of Huichica Creek (80-105 ft amsl), the elevation of the 
uppermost sections of well screen (perforated well casing) ranges from -92 to 70 ft amsl.  The 
base of the upper confining clay strata ranges from -235 to 37 ft amsl.  Consequently, we believe 
there is strong evidence that little interaction occurs between surface water in Huichica Creek 

Well
Year 

Drilled

Approx. 
Ground 
Surface 

Elevation 
(ft amsl)

Approx. 
Stream 

Bed 
Elevation 
(ft amsl)

Well Seal 
Bottom 

Elevation 
(ft amsl)

Groundwater 
Elevation 

When Drilled 
(ft amsl)

Elevation 
Range of 

Uppermost 
Confining 
Stratum
 (ft amsl)

Elevation of 
Uppermost 
Well Screen 

(ft amsl)

Geologic Material
Uppermost Confining 

Stratum

Well 1 2019 148 80-85 85 110 108 to -112 -92 brown clay & coarse sand
Well 6 2007 130 95-105 74 -20 123 to -80 -70 brown clay
Well 7 2008 100 80-85 80 100 99 to -161 20 brown sticky clay
Well 8 1987 120 80-85 92 112 110 to 35 70 brown clay
Well 9 1979 120 80-85 97 120 114 to 26 60 hard sandy, sticky, clay

Well 10 1972 130 80-85 110 -106 126 to -235 -70 brown clay
Well 12 2019 117 95-105 64 116 117 to 37 37 brown clay, gray clay
Well 13 2022 115 95-105 60 115 109 to -15 -85 tan clay
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and groundwater in the local aquifer, and that a well drilled at the proposed site would not be 
expected to cause significant streamflow depletion in Huichica Creek.    

To further reduce potential streamflow depletion from a new well to serve the winery as 
currently proposed, we recommend that in addition to a 50 deep well seal, the new well would 
have perforated well casing no nearer the surface than 150 ft (i.e., at an elevation not greater 
than -35 ft amsl).   

Summary 
Estimated groundwater recharge for the two project parcels combined based on mean annual 
precipitation for the period 2012-2021 was estimated to be 33.0 acre-ft/yr.  Estimated 
groundwater demand for the two project parcels combined, including the proposed winery, is 
22.5 acre-ft/yr.  Consequently, this analysis demonstrates that the proposed project is consistent 
with Tier 1 WAA standards.   

The existing well (Well 1) and the proposed new well at the proposed winery would both be over 
500 ft distant from other existing wells and would therefore be consistent with Tier 2 WAA 
standards. 

The existing well (Well 1) is over 1,500 ft, and the proposed new well at the proposed winery can 
be drilled at a location over 500 ft from Huichica Creek and can be constructed with well seal and 
uppermost well perforations at depths of greater than 50 ft and 100 ft, respectively.  Under these 
conditions, both the existing and new well would be consistent with Tier 3 WAA standards.  The 
preferred well location shown in the pending well permit application is also unlikely to cause 
significant streamflow depletion, and we propose that this well be constructed with perforated 
well casing at a minimum depth of 150 ft below ground surface.  
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WELL COMPLETION REPORTS 
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Well 1
State of Californ ia 

17 Well Completion Report 
~ orrn DWR 188 Submitted 5/13/2020 

WCR2020-006275 

Owner's Well Number Date Work Began 07/17/2019 Date Work Ended 08/05/2019 

Local Penni! Agency Napa County Planning Building and Environmental Services 

Secondary Permit Agency Pennit Number E19-00287 Permit Date 06/18/2019 

Well Owner (must remain confidential pursuant to Water Code 13752) Planned Use and Activity 

Name CLIFF LEDE VINEYARDS, CLIFF LEDE VINEYARDS Activity New Well 

Mailing Address 1473 YOUNTVILLE CROSS RD 
Planned Use Water Supply Irrigation -

Agriculture 

City YOUNTVILLE State CA Zip 94599 

Well Location 

Address O NEUENSCHWANDER RD APN 047-380--010-000 

City NAPA Zip 94558 County Napa Townahlp 05 N ------- ------
Latitude 38 15 4.4028 N Longitude -122 22 4.566 w Range 05W --------------Section 25 

Deg. Min. Sec. Deg. Min. Sec. -..,....-....,....,...-....,,....,--------
Base Ii n e Meridian Mount Oiablo 

Dec. Lat. 38.251223 Dec. Long. -122.367935 --- --------Ground Surface Elevation 

Vertical Datum Horizontal Datum WGS84 Elevation Accuracy 

Location Accuracy Location Determination Method Elevation Determination Method 

Borehole Information Water Level and Yield of Completed Well 

Orientation Vertical Specify Depth to first water (Feet below surface) 

Drilling Method Direct Rotary Drilling Fluid Other -
AIR/BENTON I TE 

Depth to Static 

Water Level 38 (Feet) Date Measured 08/03/2019 

Estimated Yield• 110 (GPM) Test Type 

Total Depth of Boring 720 Feet Teat Length 8 (Hours) Total Drawdown 640 (feet) 

Total Depth of Completed Well 700 Feel •May not be representative of a well's long term yield. 

Geologic Log - Free Fonn 
Depth from 

Surface Description 
Feet to Feet 

0 40 TOPSOIL 

40 260 BROWN CLAY & COARSE SAND 

260 280 COARSE SAND, 30% BROWN CLAY 

280 340 70% MULTICOLOR GRAVEL, 30% BROWN CLAY 

340 360 40% BROWN CLAY, 40% SHALE 

360 460 90% SHALE, 10% SANO 

460 480 40% SHALE, 40% GRAVEL, 20% SAND 

480 500 40% SHALE, 30% MEDIUM HARD ROCK, 30% COARSE SAND 

500 560 90% MEDIUM HARD ROCK, 10% BROWN CLAY 

560 620 80% CLAY, 20% COARSE SAND 

620 640 40% SHALE, 60% COARSE SAND 

640 700 30% CLAY, 70% COARSE SAND 

700 720 80% MIXED GRAVEL, 20% COARSE SAND 

Form DWR 188 rev. 12/19/2017 Page i of .3... 



Well 1, cont.I Casings 
~ 

Catlng Depth from Surface Wall Outtlde Screen Slot Size 
Casing Type Material Casing• Sp.clflcat-,na Thlcknetla Diameter Hany 0..c:riptlon 

# Feet 10 Feet (lnchea) (ll'IChH) Type (inchN) 

1 0 240 Blank PVC OD: 8.625 in. I SDR: 0.508 B.625 
17 I Thickness: 0.508 
In. , 240 360 Screen PVC OD: 8.625 1n. I SDR: 0.508 6.625 Milled 0 
17 I Thickness: 0.508 Slots 
in. 

1 380 380 Blank PVC OD: 6.625 In. I SOR: 0.508 8.625 
171 Thickness: 0.508 
in. 

1 380 460 Screen PVC OD: 8.625 ln. [ SOR: 0.508 8.625 Milled 0 
171 Thickness: 0.508 Slots 
In. 

1 460 480 Blank PVC OD: 8.625 in, I SOR: 0,508 8.625 
17 I Thickness: 0.508 
in. 

1 480 560 Screen PVC OD: 8.625 In. I SOR: 0.508 8.625 Milled 0 
17 I Thiekness: 0.506 Slots 
In. 

1 560 580 Blank PVC 00: 8.625 in. I SDR: 0.508 8.625 
171 Thickness: 0.508 
In. I I , 580 660 Screen PVC OD: 8.625 In. I SOR: 0.508 8.625 Milled 0 
17 I Thickness: 0.508 Slots 
in. 

1 660 680 Blank PVC OD: 8.625 in. I SOR: 0.508 8.625 
17 [ Thickness: 0.508 
In. , 680 700 Blank PVC OD: 8.625 In. I 0.5 8.625 Milled 0 
Thickness: 0.500 ln. Slots 

Annular Material 

Depth from 
Surfae11 Fill Fill Type Details Filter Pack Size Description 

Feet to Feel 

0 63 Cement Other Cement 6 SACK CEMENT 

63 720 Filler Pack Other Gravel Pack 3/8" Pea Gravel 

oa., OIINu oatioM: 

Form DWR 188 rev. 12/19/2017 Page ..2... of _a_ 



Well 1, cont. I 

~orehole Specifications Certification Statement 
Depth from I, the ur,de,elgned, certify that lhie report I• gompw,te and sccu111le lo Iha beat of my l<Tl<Mledf8 a...:! beliflf 

Surface Borehole Diameter (Inches) Name MC LEAN & WILLIAMS INC 
Feel to Feet 

0 63 16 
Person. Firm or Co,poration 

63 720 14 
87B EL CENTRO AVENUE NAPA CA 9455B 

Address City State zip 

Signed electronic signature received 05/13/2020 396352 

C-57 Licensed Water Well Contractor Date Signed C-57 License Number 

Attachments DWRUseOnly 
Well Location Map.pdf - Location Map I CSG# I State Wall Number Site Code Local Well Number 

I I 

I ] I I ] I I N I I I I I I I I J w I 
Latitude Deg/Mtn/Sec Longitude Deg/Min/Sec 

TRS: 

APN: 

Fonn DWR 188 rev. 12/19/2017 Page ..a_of ..3.. 



WELL INSPECTION REPORT FOR

Attn: Date of test:
Upon your request, we have checked the well and/or pressure system at

Our findings are as follows: 
WELL INFORMATION

Casing Size:
Static Water Level: 
Well Depth: Draw down during test: 
Total water draw down in feet from static water level at end of flow test   
How tested: 
Well yield after test: 
Well Comments

WELL EQUIPMENT INFORMATION 
Pump Make: HP Pump Setting: 
Type: Voltage: Pipe Size: 
Pump Model: Phase: Wire Size: 
Comments: 

WELL TEST INFORMATION
Date Time                                           Static Flow Rate

10/16/2018 11:29:16 0:00:00 0 118.952 0 0 0 12.22604  
10/16/2018 11:34:16 0:05:00 5 148.401 0 0 132.8333 12.69684  
10/16/2018 11:39:16 0:10:00 10 149.013 0 0 128.5667 13.34211  
10/16/2018 11:44:16 0:15:00 15 148.997 0 0 127.7667 13.98207  
10/16/2018 11:49:16 0:20:00 20 149.255 0 0 127.6 14.61897  
10/16/2018 11:54:16 0:25:00 25 149.367 0 0 127.5 15.25644  
10/16/2018 11:59:16 0:30:00 30 149.545 0 0 127.8 15.89461  

Well Drilling & Pump Service
878 El Centro Ave. Napa Ca, 94558
Office 707-255-6450
Fax 707-255-6489
Licenses #396352

Well 2

SINCE 1949 



Well 3 DWRM E ONLY - DO NOT FILL IN 

IC}tn I~ 'fµ}I 2..t I #1 1 I Ml 
Page~-of__ Refer ta hatrucrion Pamphlet STATE WELL NO.!STATION NO. 

L.....J........I __._I ............._.I □ .__I ,.__,___'----'---''---'I □ Owner'_sWeUNo._______ No. 509484 
Date Work Began 7 /29/97 . Ended 7 /3lill 

• 
Local Permit Agency . W\PA. roJI.ffl DenYJ,.l;'Qrmieil @th Dept 

Permit No. Beqej,pt # 45165 Permit Date 7,}7/97 

LATITUDE LONGlllJDE 

GEOLOGIC LOG u.;•E"r, nu·\.!'1.n 

ORIENTATION (!'.'..) ...x..._ VERTICAL _ HORIZONTAL _ Af,IGLE __ (SPECIFY) 

DEPTH TO FIRSf WATER ___ iFI.) BELOW S"CRFACE 
DEPTH FROM I DESCRIPTIO~ SURFACE 

Ft. to Ft. l IJe,c-rih~ matmal, grain siu, cvlur, etc. --- ..., .... , ... -· WELL LOC.\TIO~ 
0 I 14 :Brown sand. ana graveJ. SAME ' Address 

14 ,23 :Brown sand. ana muJ.t1.-coJ.orea 
City N8E:8 

I :rock County N8E8 I 

23 :122 :Multi-colored ash anct muJ.ti- AP:"! Book Jl.4..2_ Page 380 Parcel 005 
' ,colored rock or 

To"-;..nship Range ___ Section 
122 1 218 •Gray and black volcanics Latitude I I NORTI-1 Longitude I I WEST 

' ' ll!:G. IAIN- SEC. DEG. MIN. SEC. 
I ' LOCATIOl'i SKETCH ACTIVITY (.!'..) -
' ' I ' NORTI-1 ,X_ NEW WRL 

' I 
MODIFICATION/REPAIR 

I ' ' ' _ ll&epan 

' ' 
' I _ 01her (Specify) 

' ' 
' ' 

' _ DESIBOY (Describe 
I ' Pr~es snrl MBlarisls 

' ' Undo, "GEOLOGIC LOG'? 
' I ' 

,_ tn PLA'.'J'.'lED liSE(S) 
<f) 

(t'..) I ' w <: 
?; w _ MONITORING 

I ' I 
' WATER SUPPLY 

I ' 
' I _x Domeslio 

I 
_ PYblic 

' ' ' I _ ltrigation 

' ' I I _ ~ustrial 

' ' _ 'TEST WEU." 

' ' _ CATHODIC PROTEC-
I ' SOUTI-1 110N 

' ' lllrutrate or Describe Di.starice of Well from Landmark, _ 011-ER (Specify) 
' ' I such a., Rood,, Buildings. Fence,, RiUTS, etc. 

PLE.4SE BE ACCVRATE & COMPLETE 
' ' 
' I DRILLING AIR ROTA.RX n/a 
' ' METHOD FLUID 

' ' - WATER LEVEL & YIELD OF COMPLETED WELL -' I 

' I 
DEPTI-1 OF STATIC 140 7L31L97 WATER LEVEL (Ft.) & DATE MEASURED 

' I 

ESTIMATED YIELD' 50± ~h: ' ' (GPM) & TEST TYPE 

TOTAL DEPTH OF BORING 218 iFeeti TEST LENGTI-1 _L (Hrs.) TOTAL DRAWDOWN Ai:t: (F1.) 

TOTAL DEPTH OF COMPLETED WELL 2] 8 (feet\ ~ Afa:, l'Ult be re,n-errnta.ti'Ve of a -11,--e/l'r long-term yield. 

DEPTI-1 
CASI'.'iG(S) 

DEPTH 
A:-.;:>JULAR ~ATERLH 

FROM SURFACE 
BORE-

TYPE I_,,. l FROM SURFACE HOLE TYPE 

DIA. 

~ s•~ = MATERIAL/ 
INTERNAL GAUGE SLOT SIZE 

CE· Brn-,. 
~ DIAMETER OR WALL IF ANY FILTER PACK Onche.oJ "' ..: GRADE MENT TONITT FILL 

Fl. to F1. "" Ctnches) ll-llCKNESS (Inches) F1. F1. CTYPE, SIZE) i6 '-' ,:5 to 
(L) (t'..) (L) "' <> 

u I 20 J.J. u ' .tu A 
I ' 

20 ,218 7 7/'d L: u 
' 

.t.L~ y Wini:> "Do:;, 
+2 ;2l'd :x 11:'VC/ 4ts U !:>" \...u.GUU ' I 

158 : l"/1:S • u.:i..:: I 
I 

198 ,218 ,Uj,.t 
I . ' 

--- ATTACHMENTS (~) ---...------------CERTIFICATIO[I; STATEME'.'JT------------. 

_ GeolOQlc Loo 

_ Well Construction Diagram 

_ Geophysieol L09(9) 

_ Soi1IWa1er Ctlemical Analyses 

_ Other ________ _ 

ATTACH ADDIOONAL IHFORMATION. IF fT EXISTS. 

I. the undersigned, eertify that this report Is complete and accurate to the best of my knowledge and.belief. 

NAME WEEKS DRILLING AND PUMP COMPANY by Ward Thompson 
(PERSON. FIRM. OIi CORPORAT10Ni (TYl'EO OR Pl!li'ffi;O) 

P.O. Box 176 Sebastopol CA 95473 
AOORt:SS STATE ZIP 

177681 
C-57 UCEllSE tlUMBER 

DWR 186REV. 7.50 IF ADDJTIONAL SPACE IS NEEDED, USE NEXT CONSECUTJVEL Y NUMBERED FORM 



Well 4

ORIGINAL 
File with DWR 

•
• of Intent Ko 

ermit No. or Date 342- 89 

STATE OF CALIFORNIA 

THE RESOURCES AGENCY 

DEPARTMENT OF WATER RESOURCES 

·w ATER WELL DRILLERS REPORT 
No. 

Do not foll in 

181394 

( 12) WELL WG: Total depthU/O °ft. Depth of completed w.-n {pOOt,_ 
from ft. to ft. Formation (Describe b)· color, character, size or material) 

(2) LOCATION OF WELL (See instructions): 10 - Gravel w sand 
County Nap a Owner's Well Nnmbe.._8_9_-_1 __ ---t __ 2~0_-__ -:-c---.....;;:_;;::_::_..:.:...:::'-f"-.=-:::..,_-"-'-/=-s=m:.::a:.::l:.::l:.......,::,:r::..;a=.v.:....:::e=l'----

\Vell add, .... if different from above_D_u_h;;;;i,..___R_o_a_d ___ ----;:;-:-;--::-:----::-:~:.:------t--------;2,;3:;-------;:-;:.------;:;-==-=--=--=--=~~----i:ro:..wn~-----:,c.::l.::a::t.y........,:-e.------=-
Townshlp 5N Rang~e __ 5_W ___ ~Sectio Rincon.de 28 - & small gravel 

Di5tance from cities. roads, railroads, fences, etc _____ L_o_s_C_a_r_n_e_r_o_s_t--~5...,0.--------=-,-~~~,;._~~..;..:.;........,;..:..:....~=-=..~------
71 - ittle c ay 

( 3} TYPE OF WORK! 
:\"ew Well~ Deepening D J----:,-:-cr.~-"""""----"==-~--"'..::...;;;~:..=...----w-/_r_e_d_c_l_a __ 

Reconm-nction D y clay 
Re-conditioning 1-:,-,.-:;,,-,,----------~--;;--~:-::="'"""'~c--'='----::-:,----....... -::--"-w-/,.,.b-r~o:...wn __ c_l_a_y 

Horizonlal Well tle small gravel 

600' East of N/W 

!tof::::p:::r::.oi!p:....e_r_t.:,y ___ Jf 
® Is 

ravel & cla 
small ravel 

medium ravel w/brown 

h sand w/small ravel & little 

WELL LOCATION st.ETCH dish brown sand w/med. ravel 
( 5) EQUIP~fflll,"T: 

Rotary 0 
Cable C Air 

Other O Buclcet sand & small r 1 
(7l CASIXG INSTALLED✓,;: 

Steelb P 317 Fine to coarse sand & small ravel 
320 Fine to coarse sand w/small ravel 

& hard shale lenses 
Fine to coarse sand & small ravel 
Coarse sand 
Sand w shale lenses 
Blue snad & small to med. gravel 

w~ surlace sa.nita,y seal provided? Yes-t] ,..__4_0_ft. Blue shale w small gravel 
Were strata sealed against pallntion? Yes □ ..,_ ____ ft. Blue shale w / sand & 
~M~eth~ad~of~sealiu~·~=C=o=n=c=r=e=t=e=~r=o=u=t============~w~·o~~~SWt~ed~=:!6~-:::!::J~3==~19i!d~=.--~~~!!!::!~~~~=!.!!::=e:J.ay 
( 10) WATER LEVEl.S: WELL D 
Depth of fi.rn water, U kno"~~--~---,,-----.....,.........--_,,..._.rt. 65 1 above ground level Standing level alter "'ell completion ft. 

( 11) WELL TESTS: Src:-."ED•---,,,,L.;.\,,-'~~t:!,::!:.a,~'r:":~~A~~:..=-:~=""'-----
was well test made? Yes}tJ No D If ye.,, by whorn?_L_a__,,__e ___ ~ ell D • er) 

""-· of l:e$t Pump..,.., Bailer O Air liftR L W C I • r,.,,_ A.I 65 l\AMi:.E~__..,a.._y...,n'"'e""-....!.l.'"'e.E!s..!::t""e'-=r'-=nL...l~o-JJ.mll!,pl<-a..._..n_,_y_..___.._.n..,c::...!.... ______ _ 
Depth to water at Wlrt of tl',<f;_~_ft. Al end of te.<t O ft ( Person, firm, or c,otp0ration) ( T)'P(ld or printed) 

1:- ., 250 al/min after 48 hours Water tempera,"""'------! Address P • o • Box 1326 
cal a.n::,Jy,i5 made? Yes:-: No cf Jf Y"5, 1,y whom? City _ ___:lc:..;fo=.;o=d=l""a:.:,n,.,,d,_,,'--'C""Aa:....9 ... 5"'"""6""9""5 ______ z ... ip _____ _ 

ectric log made? Yes cJ No □ If yes, attach eopy to this report License No. 510011 Date of thi.< report 8-28-89 

OWR 188 (REV. 7,76) IF ADDITIONAL SPACE IS NEEDED. USE NEXT CONSECUTIVELY NUMBERED FORM 



Well 4, cont. CONTINUED FROM #181394 

STATE OF CAL.I FORNI A Do not fill in ORIGINAL 
File with DWR 

THE RESOURCES AGENCY 

DEPARTMENT OF WATER RESOURCES No. 18139'f'-
•

of Intent No \.VATER WELL DRILLERS REPORT State \\'ell Xo ________ _ 
enn.it No. or Date ______ _ Other Well ~o ________ _ 

( 12) WELL LOG: Tota.I deptl,w ___ ft. Depth of completed we~ll __ __,Ft. 

from ft. to 

406 -
ft. Formation ( De.scnbe b}· color~ character, size or material) 

all gravel and hard shale 
(3) TYPE OF WORK: 
Xew Well O Deepening D 

t------""-.,.,;-------,,-5':.........---------------

WELL LOCATION SKETCH 

( 5) EQUIP!'>lEll."'I': 

Rotary □ 

Cable 0 

Other D 
( 7) CASL"G INST 

Steel D P 

From 
ft. 

(9) WELL SEAL: 

Reverse 

Air 

R eco nstru c ti on 

Reconditioning 

Horizontal Well 

Destruction C (Descn"be 
destruction materials 
procedures in Item 

( 4) PROPOSED 
Domestic 

Irrigation ~'\ 

"al "'~ 

Was surface ,amtary seal p~ided? y.,. D ~o O 1£ yes. to deptb,.._ ___ ft. 

\\'ere strata sealed ngainst pollution? Yes □ No C; Interval ft. 

Method of Work started 19 __ 

(10) WATER LEVELS: \\'ELL DRILLER'S STATEMENT: 
Complet 19 __ 

Depth of lint water, if lmown. _______________ ___.._ Thu tull = drilled U114ef my jurirdiction arad this report ;.,. tnie to the best of my 

:.:;Sto.nd~~a.,ng~·~~lev~el~a.ft~•r~w.::::.=:ell~com~p:'.!le~ti~o~==============~--1 k-n,,u:leclge arad belief. 

( 11) WELL TESTS: SJG!IIJ,D-----~------,,---,---------------
w ... well test ronde? Yet C Xo O If yes. h>· whom? _______ -! (Well DriDer) 
Tv. ~ of test Pwnp D Bailer D Air lift D L T.! ... ?-;'A:\-f..,E~~~a...,yn~e ... -_YILL><e .... s'-"t..,,e .... r ..... n..._,.,c .... o .... ro&.l,p,.,_a~o'"'::v;.l'-,___. ......... ~-------
Depth to water at Oto.rt of tes-t ___ ft. At end of test ____ ft p. 0 V".Bmc'1'~2rrpomtion) ('ryped or printed) 

•

atge al/min afte.~r ___ -bnurs Watt:r temperature __ ____. Address. ________________________ _ 

ca1 anal)'<l! roade? Yi,s O Xo O u ye,i, by whoa,? ______ -----1 City Woodland. CA 95695 Zip, _____ _ 

electric log made? Yes D /So C If >·cs. attach copr to this report Licen.se :0-o 5l0011 Date of this report 8-28-89 
DWR 188 (Rl!V. 7 •76) IF ADDITIONAL SPACE IS NEEDED. USE NEXT CONSECUTIVELY NUMl3EREC FORM 



Well 5

ORIGINAL 

File with DWR 

• STATE: OF CALIFORNIA Do not fill in 
THE RESOURCES AGENCY 

DEPARTMENT OF WATER RESOURCES No. 103433 
• 

of Intent No 

Permit Xo. or Date ______ _ 

,vATER WELL DRILLERS REPORT 
,-,4 "2 I Z..0 '-;02--. 
r,.,' I 

Stare \\'ell Xo. ________ _ 

Other Well Xo.05"A/OS/,J :Z ~ 

(12) WEIL WG: Totuldeptb 55Qft.Depthofcompletedw~n 550ft 
from ft. to ft. Formation ( Describe by color, character, siz.e or material} 

Topsoil & blue shale -soft 
(2) LOC*TION OF \YELL (See instructions): Hard & soft blue shale 
County apa Owner's Well Xumb,~~~---~"t--:::-'-=--~~--=Bc-=r,._o=..,_wn:.=_n="--=-="-=--=t,__ _______ _ 

Well address if diffe~'l'm above,_~:-C~-:-"1------------i-:f;~--~~~-BoK:::'li::-m::::::--=-r~~:z~~~~:-==:~57~~:r-
Township O;;, N Range.e_,0~£...e...==:..._ __ ..;,5ectin~------t----=-----------=--l,.._:..::..::.._....;;.;:___:::...;:::,+-:....::...:-_:__::_ __ .:.....::_.:..__:_:.:.._..:.;__ 

( 3) TYPE OF WORK: 
Xew \Yell .18! Deepening C 

l--------"'o;~----,9-----U<.U,...!,..L._ _____ _ 
Recclnstruetion 

Reconditioning 

Horizontal Well 

:::::~\ 
Industrial ~ 

'-----------------+ ....... --< 

;t~ll 

1~:=~ 

"WELL LOCATIOX SKETCH 

( 5) EQUIPMENT, 

Rotnry D 

Coble 0 
Other O 

(9) WELL SEAL: 

Air 

~o :J If yes, to depth 5 7 ft, Wa, swfuce sanitary seal provided? YesXJ 

Were strata sealed against pollution? Ye.s D Xo X loterva~---~~ 

Method of seal.in 

(10) WATER LEVELS: 
Depth of first. water, if known.._ ________ _,..,,,__ ______ ~ , 

Standiog level llfter well completio ft. 

( 11) WELL TESTS: 
Wu, well test made? 
T)'I)C of test 

Yesiij 
Purap tJ 

~o C If yes, b>· whom?.....,,.'"""-',,.,,"-"=-""'-"'~---1 
Bailer O Air liftXI 

Depth to watt-r at start of tes...._ ___ ft, At end of te.n ____ ft 

e )QQ gnl/mln llfter~ __ __..oun Water temperatun! 

annlysi.s made? Yes O :-ioXJ II >"CS. by whom? ______ ----1 

ectric log ma.de? Yes D Xo If ~-es, attach t'Opy to this report 

Complet 

WELL DRILLER'S STATEME:-.!T: 
under my iurisdirnon and thi.r rtPort Is tmc to the best of my 

{ef, . . 

NA~.c._J.(...,_...u.,.(~P~en~on,"'--=~6~rm~,~o~,~-;_.,,~rpol.l,ljnuti __ o~n~)~(~~~~eoo~o~r~pnn8·Mtoo,--;::)~"--------

Addres.<5J65 Napa-Va1J eja Hwy 

~::ns:1~0~~9io61 Ca Dn.te nf this report 

Zip 94590 
4/10/80 

OWR 188 ! R!!V. 7 •7•> IF ADDITIONAL SPACE IS NEEDED. USE NEXT CONSECUTIVELY NUMBERED FORM 



Well 6

• 

• 

STATE OF CALIFORNIA DWR USE ONLY - DO NOT FILL IN 

-----.ubwR WELL COMPLETION REPORT 
LL NO./STA TION NO. Page --of__ Ilefcr to lnstro11cr9ton3/'asmpllilets 7 

Owner's Well No._______ 'No. 

Date Work Began 05/11/2007 , Ended _ ___._Q,_5¥-/ .... 1 ... 5,,_/...,?QQ ........ 7.._ LATITUDE LONGITUDE 

Local Permit Agency _N.,.a"lpFa=-C.O=.,,,u'"-'n,.,.tTy ________________ _ 
Permit No. E07-00260 Penn it Date ____ 0....,5....,/""'1'""0 .... /-=2=0-=-0_,_7_--,-,-- APNITRS/OTHER 

ORIENTATION (.:::.) 

7, ')1 ('\ I 

')1 ('\ I ')')t;_ I 

')')C: I ')/,t;_ I 

GEOLOGIC LOG 

MODIFICATION/REPAIR 
_ Deepen 

-

' {( \\\\....,. ./.'.:'\ 
_ Other (Spoclty) 

.., J C: I 

')if'I I 

- DESTROY (Dsscm,. 
Procsdurc,s tmd Materials 
/Jnrtsr "GEOLOGIC LOG") 

USES(.:::.) 
WATER SUPPLY 

-----... • -----~'---------J---J-----------1 i 
----Jlome•tic _ Public 
~Irrigation _ Industrial 

MONITORING _ 

TEST WELL_ 

CATHODIC PROTECTION _ 

HEAT EXCHANGE _ 

DtRECT PUSH _ 

INJECTION_ 

VAPOR EXTRACTION _ 

SPARGING _ 

REMEDIATION _ 

OTHER (SPECIFY) _ 

,., '·" , -;i, c:" , f,lh; 1-... r1 .. ., 

o·~· 
~======::======~:==========================================1,;IJS,___J'J!lj ____ SOUTH ----------1 lllrutmt, or Descril,e Di.<tance of\l'e/1 [,um Rn,,d$, Bulkling,, 

I I 

Fences, Ricers, etc. mu/ attach a map. !Jse addlt/011al paper if 
11e,,.,ssarr1, PLEASE BE ACCURATE i. COMPUTf:, 

WATER LEVEL & YIELD OF COMPLETED WELL 

DEPTH TO FIRST WATER -l-70- (Ft.) BELOW SURFACE 

WATER LEVEL (Ft.) & DATE MEASURED ~ -,<.L~-u ~ 

TOTAL DEPTH OF BORING Jl,/J (~t!.t.t.Jt 
TOTAL DEPTH OF COMPLETED WELL tC' (Feet) 

DEPTH OF STA~IC J- .J .,_ llt'>'-7 

ESTIMATED YIELD • (GPM) & TEST TYPE ~ ,,~T 
TEST LENGTH./£ (Hrs.) TOTAL DRAWDOWN fl./< (Ft.) GPM at 
• May not be 1·epresentative of a welt's long-term yield. .l - , , -I: .. "'..., +-

DEPTH BORE· FROM SURFACE HOLE TYPE (..,) 
CASING (S) DEPTH 

FROM SURFACE 
ANNULAR MATERIAL 

TYPE 
DIA. 

(Inches) 
Ft. lo Ft. . ! i ~i ~ -M~T::~~LI~ 

INTERNAL GAUGE 
DIAMETER OR WALL 

(Inches) THICKNESS 

SLOT SIZE 
IF ANY 
(lnChH) Ft. to 

CE- BEN-
MENT TONITE FILL 

Ft. (-') urt'\ (-') 
FILTER PACK 
(TYPE/SIZE) 

D , lfJ::.. , .. -~ plj.llt) ~ ,c, . . . .. -I - I 

J;f b, '1.(J{} Rk 11..- "' -~ ·i,;. , 21..._A ., 
~ - I 

.:uu I ? J.l.fJ .JI•~ 0.- •J· ·I,,,. ,.11 ~., I 

-
I I ~=-=--=----___ A_T_T_A_C ... 11-M""E,..._ N""T.,..,S_.(.._.=:.. ....... ) _...__ __ ... _-_:.::.:;-:..-:..-:..-:..-:..-:..-:..-:..-:..-:..-:..-:..-:..-:..-:..-:..-:..-:..-:..-:..-:..-:..-:.. ....... _c_E_R_T,,,,,I""F-IC"""'A T~Ii<O»NJ'ssTTAA'TTIEF.°iMITTENNTT"-:==========~ 

_ Geologic Log 

_ Well Cons1rue1ion Diagram 

_ Geophysical Log(a) 

_ Soll/Waler Chemical Analyses 
_ Other _________ _ 

ATTACH ADDITIONAL INFORMATION, IF IT EXISTS. 

I, the undersigned, certify that this report is complete and accurate ID the best of my knowledge and belief. 

NAME Pulliam Well Exploration 
!PERSON, FIRM, OR CORl'ORATIONI (lYPED OR PRIP/TEDJ 

r.A 
ADDRESS t::....f_ Y r ., -
Signed ~,v TIA.~,1 J..t _.,,,. j 

C-57 LICENSED WAIR WELL COHTRACTOH 

CITY STATE ZIP 

,- 7--:() '7 808-508 
AT£ SICKED C-57 I.ICENSE NUMBER 

DWR 1811 Ills\', 0.5-0l IF ADDITIONAi. SPACE IS NEEDED, USE NEXT CONSECUTIVELY NUMBERED FORM 6) OSP 03 78838 



Well 7

STATE OF CALIFORNIA Do not fill in ORIGINAL 

File with DWR 
THE RESOURCES AGENCY 

DEPARTMENT OF WATER RESOURCES 

\VATER WELL DRILLERS REPORT 
No. 103199 

•
of Intent Xo. 

ermit Ko. or Date ______ _ 

( 2) LOCATION OF 'WELL ( See instructions): 
County Napa 

State \\'ell :-o~ 

Other Well 7--~25'1<.. 

' 
( 12) \VELL LOG: Total deptt5 (X) ft. Depth of completed we)8 (J() ft. 

from ft. to ft. Formation ( Descnbe h>· color, character, size or material) 

Well addresJ if differeol from above ________________ -t---o':~¾-----,~7 ---.,;;~=~~,--,._--..,-,----:---,r::-----

(3) TYPE OF WORK: 
Xew Well.XJ Deepening O 
Reconstruction i--,-ri::---...r"'<l::~--Tr;;f.t:,~===---:,;;,o,;-,,.,...,,.....,....,.,..,,,.---....,..,..,...i~ 

Reconditioning 

Horizontal Well 

:::::~ 
T~1-'ell ~ 
Stoc 

Munici 
---------------~---! 

WELL LOCATI0.:-1 SKETCH 

( 5) EQl,-n'MENT: 

Rotary ~ Re\-·erse 

Coble i:l Air 

Other D 

Steel 0 

(9) WELL SEAL: 
w,.. surface saniuuy seal provided? Yes JC 

Were strata sea.led ogainsl pollu~U't°" 0 
!>fothod of sulin 

No D If yes, to depth 20 ft. 

No ;m Interva.,_l ____ ft 

Complct 

(10) WATER LEVELS: 297 WELL DRILLER'S STATE~iEI\T : 

~~f ,;:; ::;r:·e~ :~;l ... eti-.0-=------,0~------ ------~ ~w~~~U:f d~~};f, ~~c«;~ and tlt.s report is ,.,,e to the bes1 of my 

( 11 ) WELL TESTS: SIG:-.;.ED "- _ A)_ ~IM) 
Was well test m~de? YesXI No O If )'e.s,_!>Y whom? • {Well Driller) 

Type of test Pump::: Bailer-tS! l\A~IE Doshi er-Gregson td]] j ng, Inc 
Depth to watot at stlrt of test~O~ __ ft_ At end of te.<I 12 0 ft ( Person, firm, or corpor.ition) ( Typed or pm,ted) 

Di.•"1w:ge J o gaJimiA l\fte~ OW$ Water temperau='----1 Address 5 3 65 Nap a -Va J J e j.o...,___..H .... wy.....,,.. ________ _ 

JIii[.~ analysis made? Yes c Xo£ If yes, by whom? City Vallejo1: Ca Zip945/58 

~ectric log made? Yes O Xo ~ If yes, attach cop)· to thl, report License No 294U01 D:i.te of this report 7/11 78 
0WR 188 lREV. 7 , 70l IF AOJ:)ITIONAL SPACE IS NE:EDEO, USE NEXT CONSECUTIVELY NUMBERED FORM 

... 



Well 8

ORIGINAL 
File with DWR 

Do not frll in 

No. 151101 
•

of Intent No 

STATE OF CALIFORNIA z_5 I< 
THE RESOURCES AGENCY 

DEPARTMENT OF WATER RESOURCES 

\VATER WELL DRILLERS REPORT State \Veil r-.;o ________ _ 
ennit No. or Dat.,_ _____ _ 

WELL LOCATIQ:,: 

( 5 J EQUIPMENT: 

Roterr di Reverse 

Cable □ 

Other 0 

Steel 0 

From 
ft. 

0 

( 9) \YELL SEAL: 

(3) TYPE OF WORK: 

Xew Well~ Deepening 0 

Rf'C'i>nstruc-Uon 

ornestic 

·~ation(fu. 

rial 

W"" ,mface sanitary see.l pro,-:ided? Yes D :!1/o !): If ye-. to depth 28 ft. 

Were strata sealed against pollution? Yes O No X:J IntervaJ._ ____ ft. 

Method of •ealin 

Other Well NoPS7JOsr...,.j 2.5"' 

( 12) \VELL LOG: Total depth 510 ft. Depth of completed "·ell 51 0 ft. 

from h. to ft. Formation ( De~nbe by color, character. riz.e or material) 

cla. 

i-------:rn::-----"\:nr;rr,:r;;:;-;,;=:-,;,¥....,.,--------------

vels. 
, red and brown. 

and blue 

ue cay 

co or roe 

Comp! _19 __ 

(10) WATER LEVELS: WELL DRILLER·s STATE~1El\1: 
Depth of 6r,t water, if kno.,,. Thi$ tuU u:<U drilled under mv ;urlsdit:ti&n and thia report is tn,e to the best of m11 
Standing level after well cornpletio ft. knorclcdge ~£~ ~ ~ 
(11) WELL TESTS: SrG:-..ED C(:,-:::.~ -
Wa.s weD test made? Yes :t :-:o O If yes, b>· whom? (Well Driller) -= 
1'ype of test Pump O Boiler D KA~rn878 El Centro Ave. 
Depth to water at stnrt of test 8 ft Al end of t,,<t 350 ft (Penon, firm, or corporation) (Typed or printed) 

4 11 ..,1, Add= 878 El Centro Av~.. __________ _ 
•

arge 72 g~l/mln o.ft-c .112 bflun Water tempera,nme_ __ --1 - --~'--
II-. city Napa. CA z;p 94558 cal analysis made? Ye, D :,.;o (lJ lf yes, by whom? '-"---'-"",....'----

electric Jog made? Ye.s O Nolt If >·e.s, attach copy to this report License :,.;o 396352 Dnte of this report 2-12-87 
DWR 188 (AEV. '7-'76) IF ADDITIONAL SPACE IS NEEDED. USE NEXT CONSECUTIVELY NUMBERED FORM 



Well 9

ORIGINAL 
File with DWR 

STATE OF CALIFORNIA ·V 
THE RESOURCES AGENcv2S""n...,. 

Do not fill in 

DEPARTMENT OF WATER RESOURCES No. 121600 
• 

of Intent Xo ________ _ \VATER WELL DRILLERS REPORT 
State Well Xo,----,,,,..,...,..,....,=--.----,,,~--

Pennit No. or Da~------- 0ther Well xo.5/..//~W-Z,S"' 

( 12) \VELL LOG: Total depth 540 ft. Depth of completed ,._.,.n540 ft. 

'rorn ft. to ft. Formation ( Descnl>e by color~ character. size or material) A 

C Oil ' ~~-~---~-,----"''---";:'--...-'=C.""-=--=-"~"'-~e:.:!:~---------o-
(2) LOCATION OF WELL (See instruA16J?;.#47-120-14 t--~=-----"'--........,~~"-'=;l~~c!,,<.e~m~e::!n~t~e~d!c......:!:r~o~c,:__:!k~&~ 
County Napa Owners Well Number:-::~-,,-::~--+----,---=:-'.~--,-e~:=..:£-A~:__---------=----­

Well address if different from above __ n~"l:r,'o!J_e~u_e_n~s_c_h __ w;;;;;;-an-:,;;d--,er:;;rr_-t---~~---=.-:'f-¾-..;;;,::=c...=-..;;:s,;~=,t_J_-=~=.:;~L......:C:.:l=.:a:,yt...=.~ __ 
Township T. 5.N. Rang~_R_•~--- ~ ay cemen 

6-
94-

DL<tance from cities. roads, railroads, fen 

of cla 

{3) TYPE OF WORK: rock 
• Xew Well 4iXDeepening O l ver 

Reconstruction 
t------"'=~~i:::.::....--=-.:..::::,;~~...b:::....=-.!....::::=._-=-=.:=....,z__---=:::=.:::~:..::::....-

( 5) EQUIPMENT: ~ ' 

Rotary ~ 
Cahle 0 

Other O 

Steel 0 

From 
ft. 

0 

{ 9) \'11ELL SEAL: 

Reconditioning 

Horizontal \Veil 

Wa,, surface sru,itary seal pro~ided? Yea ~ ~o :J If yes, to dept~h-~-~ 23 ft. 

,vere strata sealed against pollution? Yes O :So nlnte.--·...._ ___ _ t. 

~lethod of sealing c e e 
(10) WATER LEVELS: 
Depth of !Int water, ff knov."11----~.-:----,---,----,----
Standing level after well cornpk,tfon Growid level 

It 

ft . 

( 11) WELL TESTS: 
Was well te>1: made? Ye<~:X: Xo }L :~If yes, by " ·bom?·_ ....,_...__...,.........,....__--1 
Type of tc,;t Pump~ Bailer C Air Uft [j 

Depth lo "'ater at start of test O ft. At end of test 2 50 ft 

~• 3 0 ~al / min niter 7 hnw, Water temperature 

~ analyru made? Yes D '.\"o -rn!u yes, by whom? ______ ----1 

Wa.< electric log made? Yes O 1-o XJCif yes, attach copy to this report 

Completed 

\\'ELL DRILLER'S STATEME:-.IT: 
Th l.s weU wa., drilled u , mv iwisdictlon nrtd thi> revort iJ true to the b, .,r of m11 
knou:ledge and beUef. ! , 1 

I I I 
S1G:-.ED---- -\"C--l--l,<''--'{,~-==-"""-=~c.=::._ _____ ..,p,_ 

(Well Driller) 

!\A~rn McLean & Williams Inc.-
' Person, £inn, or rorporatlon) ( T )'ped or printed) 

Address 87$ El Centro Ave. 
city Napa, CA z;p • .......,h...,, ...-.-----

License 1':o. 3 6 5 82 9 D .. te of this repo 

DWR 1B8 CR~V . 7 -78> IF ADDITIONAL SPACE IS NEEDED. USE NEXT CONSECUTIVELY NUMBERED FORM 



Well 10
... 

STATE OF CALl!'ORNIA Do Not Fill In 
THE RESOURCES AGENCY 72863 ORIGINAi. 

.dewithDWR 
DEPARTMENT OF WATER RESOURCES 

WATER WELL DRILLERS REPORT Seate Well No•--~.--=.......,~ 

Other Well ~"'51JtJ!i/J>2SJ 

(2) LOCATION OF WELL: 
c.,""'Y Na a Q-,ae:'s c:.1:nbe:-, if :..cy 128 
Townsbjp, R..:::ige, aad Scctio:1 

(3) TYPE OF WORK (check): 
New Well ~ Deepening [] Reconditioning [j Destroying 0 
If drstructicm, descrjbe material ar,J procedure in Item 11. 

(11) WELL LOG: 
505 t 

:ft. DC'j)th of cor.iplur:d .,cl] 5 05 ' !,. 

Formltioc: Dnc,·iiH- by n,Iur, cbn.sctrr. ii:::t o_f m.,ttri.sl, 11t:d ftf':J.Cl:t.rt 

ft. 

( 4) PROPOSED USE (check): (5) EQUIPMENT: i---------------------­
Domestic ~ Industrial O Municipal n 
Irrigation O Test Well O Other n 

(6) CASING INSTALLED: 

Rotary 
Cable 
Other 

STEEL: OTHER: If gravel packed 

SINGLEx) DOUBLE Q 

one 
Weld 

Gage Diameter 
of 

Bore 

( 7) PERFORATIONS OR SCREEN: 

From 
ft. 

Typ-elliiJ~rior-J.tiu,norr.;:m:ic-of!Crc-:::i r .. Jalchine PerI. 
Peri. Rows 

From To per per 
ic. it. fO"i\' it. 

200 20 1 

(8) CONSTRUCTION: 

Size 
in. X in. 

8 X 

~ 
□ 
□ 

To 
ft. 

n 

To ,·h: d~pch 20 t fr. 

W~rt my iHt.a!3 ~led ag:ai11;sc pollutio11;? Yes O i-.:o Ji rn. note c!ept.h of str:au. 

From fc. to 

F:om ft . co 

N 
(9) WATER LEVELS: 
Uc;,th a: wh.ii;b -,.· ;ner "'" Unt {ouad, i! kuo..,·n ft. 

Su.nc!ir.s: ie,·cl ~fore 1=.:rfo:uin~. :if k.no•~ 

(10) WELL TESTS: Tested by 
Ye.~ 1£ yes, by whom? 

WorksunM. 2 Co:npl.MaV 1 2 
WELL DRlLLER'S STATEMENT: 

This ,,,,/1 wo.; J,;/1,J ur.dtr my jurisdiction ond this rrJ,ort is /rttt to tb~ best 
of my k"orvlrJge anJ btlief. 

Inc. 
corpornior.) (T,,-rd or ;r;,.,eJJ 

• • hway 

2 f h. du..-do•o :a!:ie-~ .';.i+,.;a--~~--!-.l.=:.:.=3.,f=-fd,,...C.~~~.::_.~..::.,~~===--,.,,....:----------
!empeu:uu of wate: Was :a cheroiQl aoalysis c:a.:dc? Yes D 

W:as el«t:ic lo n::iadt of wc!I? \'"C'S :J No Ii yes , a:uch copy 

SKETCH LOCATION OF WELL ON REVERSE SIDE 

DWR 188 IRE'/. 9°6Sl 

CONFIDENTIAL LOG 
Water Code Sec. 13752 

zs119-uo ,.sa. &ON TRIP' Ao OSP' 



Well 10, cont.
WELL LOeATION SKETCH 

NORTH BOUNDARY OF SECTION 
I I 
I I 

I 
I I 
I I 
I I 
I 

_____ NE:¼ _____ NWI¼ 
--------,------ . I 

I I 
I t 

I I 

I - I 

I I 
I - l 
I I ' --

I 
I 

I 
I 
I 

I I 

sw1¼ 
-------~------

sE 1¼ _______ , _______ 
I I 

I I 

I 
I 
t 

I I 
I I 

I 

½ MILE ½ MILE 

A. Location of well in sectionized areas. 
Sketch roads, railroads, streams, or other features as necessary. 

NORTH 

I 

EAST 

SOUTH 

B. Location of well in areas not sectionized. 
Sketch roads, railroads, streams, or other features as necessary. 
Indicate distances. 

111 
.J 
:::E 

Iii 
.J 
~ 

Township ----------'-"1/S 

Range---------------=/W 

Section No, __________ _ 

-~ 
~ D 
c__ 1~ 
C: .~..1~ 

2 :7----; 
l l )' 

v'1 oc 
C'TJ 

--0 
;;:o _,,.. 

::::;:: n~~ 

m> 
..c:,. <.n-1 ,,, 

::0 
N 
0 { 

~ .-. 



Well 11
SfATE OF CALIFORNIA 

ORIGINAL THE RESOURCES AGENCY 

DEPARTMENT OF WATER RESOURCES 
Do not fill in 

File with DWR 
\VATER WELL DRILLERS REPORT No. 323623 

~tice of Intent '.'llo. _______ _ 

~I Pennit No. or Date 

State Well Ko.---~--~--
Other Well No ()SA//JSk/,3,SC, 

(12) WELL LOG: Total depth ___ ft. Completed depth ___ ft. 

from ft to ft. Formation (Describe by color. character, size or material) 

0-7 
(2) LOCATION OF WELL (See instructions): 7 - 13 
County Napa 13 - 30 decomnosed volcanic rock 

Well address if diHerent from above -1,.i.w_;:,'.---4-"-.J--=1..1..u.s...1J.1..w.. ____ -l-__ ..::3:..:Q:,.__-_.:::3~5~---'Se;:.O::::.,:;lc=i~d~r~=' =-------------
Township SN Range _ __.5'-"W.__ __ Section -----+----"3'"'5'---.::.8.:c5 __ --=-==;.<......;;:.;=-'-"-'-e"-l=l-"o-"w'-_____ _ 
Distance from cities, roads, railroads, fences. etc. -----------+----8"-:)"""~----=lc..:6'-'0'----=-=--=--=-_.::."'--=......,"-""'=~--="--'==:.-co.:r:..ce"'--'-_ 

160 - 210 
210 - 245 

(3) TYPE OF WORK: 

New Well ~ Deepening □1----=....:.=~-=::'...!..---...l!~~......!::=~------------
Reconstruction O 1----=~--+~'-----..!::.=:!~=-~="-------------

Reconditioning □ f-----=;....:~..,-c.~.._----=~:!::...==--~~~---==b~r~o:!..:c:a;k~e=n:.-2r~o:!..:c:a;k~ __ _ 

Horizontal Well D f---~4!:c-....!....=~,._,~=~~*~~~--=.c==:.£...-----
Destruction O (Describe 
destruction materials and pro-
cedures in Item 12) l-~...-3i~c--:..-----~~;:,.....=:.__---f-n"---------

WELL LOCATION SKETCH 

(5) EQUIPMEl\1, 

Rowry 0 
Cable 0 
Other □ 

Reverse 

Domestic 

Irrigation 

Industrial ""' 
Test Well '-"') 

i 

Was surface.sanitary seal pro,ided? Yes []_ No O If yes. to depth __ ~...,_-

Were strata sealed against pollution? Yes D 1'0 D lnlerva] _____ ft 

flow -

1---------------------------
M ct bod of seaJin g rout Work started l 0-4- J 

(10) WATER LEVELS: WELL DRILLER'S S 
Depth of first water, if known -------'--'"-"'------------ ft This well IL' 

Standing level after well completion --------------- ft be.st of m 

(11) WELL TESTS: Signed -4~~~~~~'.'.'.:.,.,~~0?~~~~=---
w"" well test made? Yes ~ No O If}"", by whom? __L""a.,,yn_...._.e~--

a:ype of tcst Pump~ nailer □ Airliit O '.'IIA~E .ayne Wes ern , DC, 
~th to w,iter at st:u1 of test + 41 h. At end of test ____ ft (Person. firm, or ro'l"'ra ion) ( yped or printed) 

Discharge .22..'i... gal/min After ____l__ hours Water temperature -----1 Address P • 0 • Box 13 2 6 
Cbernlcal:inalyasm.ide? Yes o No o Uye,,bywhom• ~-----_...City Woodland ZIP 95695 
Waselectric made Yes~ No D Ifyes.attachcopytothisreport License'.'llo. 510011 Dateofthi.sreport 6-12-90 
DWR 186 !REV. 12-86) 

IF ADDITIONAL SPACE IS NEEDED, USE NEXT CONSECl/TIVELY NUMBERED FORM 
86 96355 



Well 12 State of California 

Well Completion Report 
Form DWR 188 Submitted 9/14/2019 

WCR2019-013107 

Owner's Well Number Date Work Began 04/22/2019 Date Work Ended 04/30/2019 

Local Permit Agency Napa County Planning Building and Environmental Services 

Secondary Permit Agency Permit Number E 19-00022 Permit Date 01/11/2019 

Well Owner (must remain confidential pursuant to Water Code 13752) Planned Use and Activity 
Name SIM PEYRON 

Mailing Address 1935 EVERIDGE CT 

City WALNUT CREEK 

Address 5425 SONOMA HWY 

City NAPA 

Latitude 38 15 

Deg. Min. 

Dec. Lat. 38.2544063 

Vertical Datum 

Localion Accuracy 

15.8626 

Sec. 

State CA Zip 94598 

Well Location 

Zip 94558 County Napa 

N Longitude -122 2, 46.261 w 
Deg. Min. Sec. 

Dec. Long. -122.3628503 

Horizontal Datum WGS84 

Location Determination Method 

Activity New Well 

Planned Use Water Supply Domestic 

APN 04 7-380-008-000 

Township 05 N -------------Range 05W --------------5 ectlo n 25 ------- -------Baseline Meridian Mount Olabfo -----------Ground Surface Elevation 

Elevation Accuracy 

Elevation Determination Method 

Borehole Information Water Level and Yield of Completed Well 

Orientation Vertical Specify Depth to first water 1 (Feet below surface) 

Depth to Static 
Drilling Method Direct Rotary Drllflng Fluid Bentonite 

Water level 1 (Feet) Date Measured 04/29/2019 

Total Depth of Boring 410 
Estimated Yield• 30 (GPM) Test Type Air Lift 

Feet 
Test Length 4 (Hours) Total Drawdown 350 (feet) 

Total Depth of Completed Well 400 Feet "May not be representative of a wall's long term yield. --

Geologic Log - Free Form 
-

Depth from 
Surface Description 

Feet to Feet 

0 I 30 TOP SOIL MIXED WITH BROWN CLAY 

30 80 GRAY CLAY 

80 I 100 40% COARSE MULTICOLORED SAND. 60% CLAY 

100 ' 140 60% GRAY CLAY. 40% COARSE MUL Tl COLORED SAND WITH BLACK ROCK 

140 180 SANDSTONE MIXED WITH COARSE AND FINE SAND AND ROCKS 
-

180 240 60% CLAY MIXED WITH COARSE GRAY SANDSTONE 
-

240 325 BROWN CLAY MIXED WITH REDDISH GREEN VOLCANIC STONE 

325 380 RED & BLACK VOLCANIC ROCK WITH COARSE SAND 

380 410 BROWN CLAY 

Form DWR 188 rev. 12/19/2017 Pageiof ...3.. 



Well 12 Cont.i I Casings 
-

Casing ' Dtpth from Surface Wall Outside Slot SIH 
C•tlng Type Meterl,1 C11lng1 l1>9clflc,ton1 Thlckn." Ol1"1tttr 

Screen lhny DIKriptlon # Feet to Feet 
(Inches) (inchea) Type 

Onches) 

1 0 80 Blank PVC OD: 6.625 In. I SOR: 0.316 6.625 
: 21 I Thickness; 0.316 

In. , 80 120 Screen PVC OD: 6.625 in, I SOR: 0.316 6.625 Milled 0 
21 I Thickness: 0.316 Slols 
In. , 120 140 Blank PVC OD: 6.625 In. I SOR: 0.316 6.625 
21 I Thickness: 0.316 
In. 

1 140 180 Screen PVC OD: 6.625 In. I SOR: 0.316 6.625 Milled 0 
211 Thickness: 0.316 Slots 
in. -

1 1B0 200 Blank PVC OD: 6.625 in. I SDR: 0.316 6.625 
21 I Thickness: 0.316 
In. 

1 200 240 Screen PVC OD: 6.625 in. I SOR: 0.316 6.625 Milled 0 
21 I Thickness: 0.316 Slots 
In. 

1 240 260 Blank PVC OD: 6.625 ln. I SOR: 0.316 6.625 
21 I Thickness: 0.316 
In. 

1 260 300 Screen PVC OD: 6.625 In, I SOR: 0.316 6.625 Milled o 
21 I Thickness: 0.316 Slots 
In. , 300 320 Blank PVC OD: 6.625 in. I SOR: 0.316 6.625 
21 I Thickness: 0.316 
In. 

1 320 360 Screen PVC OD: 6.625 in. I SOR: 0.316 6.625 Milled o 
21 I Thickness: 0.316 Slots 
In. 

1 360 380 Blank PVC OD: 6.625 In. I SOR: 0.316 6.625 
21 I Thickness: 0.316 

' In. , 380 410 Screen PVC OD: 6.625 in. I SDR: 0.316 6.625 Milled 0 
21 I Thickness: 0.316 Slots 
in. 

-

Annular Material 

Depth from 
Surface FIii FIil Type Details Filter Pack Size Description 

Feet to Feel 

0 53 Cement Other Cement 6 SACK CEMENT 

53 410 Filter Pack Other Gravel Pack JIB• Pea Gravel 

Form DWR 188 rev. 12/19/2017 Page ..2,_of -3... 



Well 12
Cont.I Borehole Specifications Cerffllcattfolt 9ta1ement 

I, 1htt l'~ned, cmtifr thlll 11n rwpDII i, CQl!lfllela and .-airaliB 1" Iha~ OI"" ~ and belllll uepln II m 
Surface Borehole Diameter (Inches) Name MC LEAN & WILLIAMS INC 

Feet to Feet 
Person, Firm or Corponltlon 

0 53 14 

53 410 11 878 El CENTRO AVENUE NAPA CA 94558 
Ad<mm City State z,p 

Signed electronic signature received 09/14/2019 396352 
C-57 Licensed Water Well l'.:ontractot 15aie §1gnee1 c'.57 License Number 

Attachments OWRU..Onty 
CCF09142019.pdf- Location Map I CSG# I State Well Number J Site Code J Local Well Number 

I I ,i I 

I I I I I I I N l I I I I I I I I w I 
Latitude Deg/Min/Sec Longitude Deg/Min/Sec 

TRS; 

APN: 

Form DWR 188 rev. 12/19/2017 Pageiot__a_ 



Well 13

Owner'S Well Number Wineiy S1 

State of California 

Well Completion Report 
Form DWR 188 Submitted 10/3/2022 

WCR2022-011493 

Date Worl< Began 07/26/2022 Date Work Ended 09/14'2022 ------------Local Permit Agency Napa County Planning Building and Environmental Services 

Se«>ndery Permit Agency Pem,it Number E21-00769 Pemut Date 06'23'2022 

Well Owner (must remain confidential pursuant to Water Code 13752) Planned Use and Activity 

Activity New Well 

Planned Use Water Supply Public 

Well Location 

Address 1240 Dtllig RD APN 047-070-007-000 

City Napa Zip 94559 Cwnly Napa Town&hip 05 N -------------------- Range 05 W 
Latitude 38 15 12.6432 N Longitude ·122 21 44.5679 W --------------

Deg. Min. 

Dec. Lal. 38.253512 

Vertical Datum 

Loc:alioo Accu"acy 

See. Deg. Mm. 

Dec Long. -122 36238 

Horizontal Datum WG584 

Location OetE1111inal•on 
Method 

Borehole Information 

Onenta11on Vert,ca Specify 

Drilling Method Direct Rot,uy Drilling Ftuid Bentonite 

Total Depth of Boring 690 Feet 

Total Depth cf Completed W11II 540 Feet 

Se 1. Ii on Z!:i 
Sec. --------------6 as e Ii n e Meridian Mo!61t DiablO -----------Ground Surface Elevation 

Elevation Accuracy 

Elevatio'l Determination Method 

Water Level and Yield of Completed Well 
O&pth to first water 200 (Feet bebw surface) 

Depth to Static 

Water level 0 (Feet) Date Measured 08/11/2022 

Estimated Yield" 100 (GPM) Test Type AlrUI 
Test Length (Hours) Total Drawdown (feet) 

"May not be representative of a we H's long term yield. 

Geologic Log - Free Form 
Depth from 

Surface 
Feel la Feel 

0 6 Soil 

6 130 Tan clay 

130 190 Sand and gravel with hard ledges 

190 200 Gntyclay 

200 265 Sand and gravel with hard ledges 

265 467 Really hard black volca'lic rock 

467 528 Fractured bleek and red volcanic rock 

528 690 Light ~rev ash 

Form DWR 188 rev. 12/19/2017 

Description 

Napa Count}' Planning, Buildir:g & 
Environmen!al Sor.,Jcee Page J_ of ..z.. 



Well 13 Cont.J I 
Casings 

Casin9 Depth from Surface 
Wall Outside 

Screen Slot Size 
Casing Type Material Casings Specificatons Thickness Diameter if any Description , Feet to Feet (inches) (inches) Type 

(inches) 

1 0 25 Conductor or Other N/A 0.375 16 Steel 
Fill Pipe 

2 0 200 Blank PVC OD: 8.625 in I SOR: 0.508 8.625 
17 I Thickness: 0.508 
In. 

2 200 340 Screen PVC OD: 8.625 in. I SOR: 0.508 8.625 Milled 0.06 
17 I Thickness: 0.508 Slots 
in, 

2 340 400 Blank PVC OD: 8.625 in. I SOR: 0.508 8.625 
17 I Thickness: 0.508 
In. 

2 400 500 Screen PVC OD: 8.625 in. I SOR: 0.508 8625 Milled 0.06 
17 I Thickness: 0.508 Slots 
in 

2 500 540 Blank PVC OD: 8.625 in. I SOR: 0.508 8.625 
17 I Thickness: 0.508 
in. 

Annular Material 

Depth from 
Surface Fill Fill Type Details Filter Pack Size Description 

Feel to Feet 

0 25 Cement Portland CemenVNeat Cement Conductor Seal 

0 55 Bentonite Non Hydrated Bentonite Sanitary Seal 

55 355 Filter Pack Other Gravel Pack #6 sand 

355 365 Bentonite Non Hydrated Bentonite Deep Seal 

365 540 Filter Pack Other Gravel Pack #6 sand 

540 690 Other Fill See description. Native Fill 

Other Observations: 

Borehole Specifications Certification Statement 

Depth from I. the uriders1gned, c:ertify lhat this report is eomplele ar,d aceu-rale 10 lhc bcsl of my knawled'g,e ar,d belief 

Surface Borehole Diameter (inches) Name WEEKS DRILLING AND PUMP CO 
Feel to Feet 

Person, Firm or Corporation 
0 25 22 

25 270 14.25 
PO BOX 176 SEBASTOPOL CA 94573. 

- . --
Address City State Zip 

270 540 12.25 

540 690 8.75 Signed electronic signature received 10/03/2022 177681 

C-57 Licensed Water Well Contractor Date Signed C-57 License Number 

Attachments DWR Use Only 

Approved Permit E21-00769 - 1240 Duhig Rd, Napa.pdf • Location I CSG# I State Well Number I Site Code I Local Well Number I 
Map I I I I I 

I I I I I I I N I I I I I I I I lwl 
Latitude Deg/Min/Sec Longitude Deg/Min/Sec 

TRS: 

APN: 

Form DWR 188 rev. 12/19/2017 Page .l. of ..2. 



Well 13 Cont.

MICHAELS.MALONE 
Conau1t.ing Goologi6t 

1247 Jean Dr. 
Sebastopol. CA 
(707) 829-5511 

• + 
0 
'0 ,... 

Job No: NA?.L-~,ra 
• Date: hp,¼1 (O ,,OU 
_Appr:~--

I 



Well 14
JUL-8-2004 03:40A FROM:O.BESS PUMP&WELL 7072530574 TO: 2534545 

'Tha fraa Adobe Reeder may be used to view and comP1ate this form. However, sottware must ba purchaaecl 10 complete, aave, and reuse a aaved form. 

File Original v.rilh DWR State of California OWR Uea On - Co Not Fill In 

P 1 1 Well Completion Report 1 1 : - ~I-~~ 
age ---- of ------ Rafor to 1n:rructJOt1 P•mphlet Ste to Woll Number/Site Number 

Owner's Well Number 1 No. e0300185 I , j I j Ni i 1 1 I I I wj 
Dale Work Began 01/12/2016 Date Work Ended 1/20/2016 Lamude Longitude 

Local Permit Agency Planning ByUding & Enyjronmental I I I 1 1 1 t ' 
Permil Number E15-00959 Permit Dale 12/9/15 APNrTRSIOlher 

Geolo~lc Loa Well Owner 
Orientation ®Vertical OHorlzontal 0Angle Specify Name Hhud§onia LLC 

OoHlng MelhOd A1r 0rtlUng Drilling Fluid /\Ir 
Malllng Address 5398 Sonoma H~ 

Depth from Surface Description 
City Naga Slate £L..zip 94558 

Feet 10 F~t Deacnbe materlal craln size color etc 
a 90 Laroe tufa brown rock Well Location 
90 130 Black rock Address ~Jf.16 iiQOODJa l:l~t 
130 250 Black and red volcanics 60gpm city Napa County Napa - ·-

Lalllude _____ N Longitude __ _ __y,1 
Dea. lo/Jn, Soc. DIG Mill l!iaC:. 

k H Datum Decimal Lat. Decimal Long. ~· " , \ I ~ .~1 ~o~ .. ,-~ APN Book 047 Page 070 Parcel 016 
I 

~ .. '-'-' Township Ranae Section 

/:'"t'D l "' "~ Location Sketch Actlvltv 

-~~.LJJjO (Sketeh mu!! be arawn bv hand aller fonn II "'1r.led.) @ NewWell 
North 0 Modification/Repair 

icpcI~·ou111• ,~ .. , . , - . 

MQ () .. ti r~h. ODeepen 
& Eri virnn,n,-,n•. , """ . '-'1.i i,IJl/7[) OOlher 

• - -•e:,v1ces ,::J O Destroy 

~ 
~ (!JI) 

o.~ p,ccad\olU l'ld tMllr!llla 
undar •QEOLOCJC lM" 

, 
Planned Uses ~,vi. ,, I 'f l'J c ..,_._ .£tee- ~fl/ s~~ - , 

,ttl ® Waler Supply 
I 0 Domestic [!] Publlc 

~'-I' <:"u,J [.{y ll- 1il 0 lrrigaUon D Industrial 

' 3: . in . - . 0 Cathodic Protection 
~t-fete ~ )£ . .. 0 Dewalering -

~ 0 Heat Exchange 
2 /JI I /t. :i ,' 3 t) ,P _,A,( 0 Injection 

/ I Co,r¥1()cJJ -S4N'I~ 0 Monitoring 

11, 0 RemedlaUon 
0 Sparglng 

South g Test Well 

IH:.1Hr1.i• er d111C11t>s dilllni;o ol wtH from roa.111, buldlng1, lenc.111 

~ Vapor Exlractlon 
rivet, , ,t: . .-,d .nadli • "''P · u •• 1od.t:on11 plpllr 1, rllO0'lllrJ 0 Other 
PtNa,1 b1 e«Urat. and cm'llbtato 

- i'Vater Level and Yll,1ld of Completed Wall .. 
Depth to first water 80 (Feet below surfaca) 
Depth lo Static 
Waler Level 150 (Feet) Date Measured 02/11/2016 

Total Depth of Boring 250 Feet Estimated Yield • 60 (GPM) Test Type Air Lift 

Total Depth of Completed Well 250 Feet 
Test Length 2,0 (Hours) Total Dra'Mlown _o __ (Feet) 
•May not be representalive of a welt's lono term vieltl. 

Caalnas Annular Materlal 
Dopth from Borehole Type Material W•II Outslda Screen Slot Sim Depth from 

Surface Olametar Thlcknas■ 0lumoter Type If Any Surface FIii oa,crfptlon 
Fdat 10 Feet llnche5\ /Inches) Cinches) (Inches) Feet 10 Feet 

0 60 12 Blank PVC Sch. BO 5 0 50 Benlonlte seal 
60 140 8 3/4 Blank PVC Sch. BO 5 50 250 FUterPack pea gravel 

140 250 8 3/4 Screen PVC Sch.BO 5 Mlllod Slots 0.032 

-

Attachments Certification Statement 
D Geologlc Log I, the underoigned, certify lhet this report is complete and accumte lo the bes! of my knowledge and belief 

D Well Construction Diagram Name Q, Bes:i EY!lll2 ~ ~ell 

□ Geophysical Log(s) 
Penson. F11"fn or Co.rpornUon 

.CA. 9~558 1115mt.~ve !li!l2!a 
□ SoUIW'ater Chemical Analyses Cltt i/4 Stlr!t Zip 

D Other Signed ~ tA.,/ ,a-::: 
oi"~n~f 

487027 -
Atllleh Addition Al lllflillna!l:ill W ii exlsl1. c.57 Ucanseo W1tor WIii CGnlmC!or C-57 Lic:ense Number 
DWR 188 Rev 1/2(1011 IF ADDITIONAL SPACE IS NEEDED, USE NEXT CONSECUTIVELY NUMBERED FORM 
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WATER RIGHT FOR HELLER RESERVOIR 

(ACCESSED VIA EWRIMS) 
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STATE OF CALIFORNIA 

STATE WATER RESOURCES CONTROL BOARD 

DIVISION OF WATER RIGHTS 

License for Diversion and Use of Water 

Page I of 3 

APPLICATION 
27196 

PERMIT 19184 
LICENSE 12577 

THIS IS TO CERTIFY, That Fred Heller illlll llary Heller 
115 Sansme Street. Suite 1000 
San FrilRCisca. CA 9fl0f 

haw made proof as of October 23, l!JlJ!J (the date of inspection) 
to the satisfaction of the State Water Resources Control Board of a right to the use of the water of 
illl 1/nt,-J Slreaia in /liJpa County 

tributary to HuicMca 0-eet thence HudellBn Slaugh thence Second llapa Slough thence Sonial o-eet thence 
San Pablo Bay 

for the purpose of Irrigation, llecreatk1nal, and Fire Protection uses 

under Permit 19184 of the Board and that the right to the use of this water has been perfected 
in accordance with the laws of California, the Regulations of the Board and the permit terms; that the 
priority of this right dates from July 13• 1983 and that the amount of water to which 
this right is entitled and hereby confirmed ts limited to the amount actually beneficially used for the stated 
purposes and shall not exceed forty (4D) acre-feet per anaa to be collected f,m /ltNedJer 1 of 
each Jeilr to /lay 15 of the succseding ,Jeilr. The 111Xf- rtithdraal in 11111' one Jei1r shall not exceed 35.5 
acre-feet. 

This license does not authorize collect ion of water to storage outs Ide of the spec iffed season to offset 
evaporation and seepage losses or for any other purpose. (0000005) 

THE POllfT IT OIVERS1"1 (F SI/CH I/ATER IS LOCATlO: 

South 2,600 feet and West 4,000 feet from NE corner of projected Section 25, T5N, R5W, HOB&H, being within NWt 
of SW! of said Sect Ion 25. 

A fESCRIPTiat IT THE LWJS fll THE Pl.ACE IIIIERE 
SUCH I/ATER IS Pill TO BEIIEFICI.N. USE IS AS Fa.Lfl/S.: 

Recreational and fire protection uses at reservoir within NW,k of SW,k of projected Section 25, T5N, R5W, l#JB&N, 
and Irrigation as follo1tS: 

25 acres within SW! of NW,k of projected Sect ion 25, T5N, R5W, HOB&H 
5 acres within SE,k of NW,k of projected Section 25, T5N, R5W, HOB&H 

15 acres within NW,k of SW,k of projected Sect ion 25, T5N, R5W, HD8&H 
11 acres within NE,k of SW,k of projected Section 25, TSN, R5W, HDB&H 

56 acres total, as shown on map on file with State Water Resources Control Board. 

WR 16-1 (8-84) B6 39212 
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licensee shall, when required by the State Water Resources Control Board, install and maintain an outlet pipe 
of adequate capacity fn his dam as near as practicable to the bottom of the natural stred/11 channel, or provide 
other means satisfactory to the State Water Resources Control Board, In order that water entering the reservoir 
which is not authorized for appropriation under this license may be released. licensee shall suanit plans and 
specifications of the outlet pipe or other alternative to the Chief of the Division of Water Rights for 
approval within 6 RJJnths of the date upon which the Board Issues notice that an outlet fs required. licensee 
shall furnish evidence ld!fch substantiates that an outlet or alternative has been Installed In the dam. 
Evidence shall include photographs showing conpleted works or certification by a registered Civil or 

Agricu ltura I Engineer. 
(0050044) 

This license is conditioned upon full conpliance with Sections 1601, 1603, and/or Section 6100 of the Fish and 
Gane Code. (0000063) 

licensee shall allow representatives of Buena Vista Winery, Inc. to inspect the reservoir at 111Jtually agreeable 
t Imes. ( 9990300) 

• 

• 

• 

• 
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• 
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APPLICATION 
21196 

PERMIT 
19184 

Page 3 of 3 

LICENSE 

12577 

Ltcensee shall allow representatives of the State Water Resources Control Board and other parties as may 
be authorized from time to time by said Board, reasonable access to project works to determine compliance 
with the terms of this license. 

The quantity of water diverted under this license is subject to modification by the Board if, after notice to 
the licensee and an opportunity for hearing, the Board ftnds that such modification is necessary to meet 
water quality objectives in water quality control plans which have been or hereafter may be established or 
modified pursuant to Division 7 of the Water Code. No action will be taken pursuant to this paragraph 
unless the Board finds that (1) adequate waste discharge requirements have been prescribed and are in effect 
wtth respect to all waste discharges which have any substantial effect upon water quality in the area involv­
ed, and (2) the water quality objectives cannot be achieved solely through the control of waste dtscharges. 

Pursuant to California Water Code Sections 100 and 275 and the common law public trust doctrine, all 
rights and privileges under this license, including method of diversion, method of use, and quantity of 
water diverted, are subject to the continuing authority of the Board in accordance with law and in the in­
terest of the public welfare to protect public trust uses and to prevent waste, unreasonable use, unreasonable 
method of use or unreasonable method of diversion of said water. 

This continuing authority of the Board may be exercised by imposing specific requirements over and 
above those contained in this ltcense with a view to eliminating waste of water and to meeting the 
reasonable water requirements of licensee without unreasonable draft on the source. Licensee may be re­
quired to implement a water conservation plan, features of which may include but not necessartly be 
limited to: (1) reusing or reclatming the water allocated; (2) using water reclatmed by another entity Instead 
of all or part of the water allocated; (3) restricting diversions so as to eltminate agricultural tailwater or to 
reduce return flow; (4) suppressing evaporation losses from water surfaces; (5) controlling phreatophytic 
growth; and (6) installing, maintaining, and operating efficient water measuring devices to assure com­
pliance wtth the quantity limitations of this license ana to determine accurately water use as against 
reasonable water requirements for the authorized project. No actton will be taken pursuant to this 
paragraph unless the Board determines, after notice to affected parties and opportunity for hearing, that 
such specific requirements are physically and financially feasible and are approprtate to the particular sttua­
tton. 

The continuing authority of the Board also may be exercised by Imposing further limitations on the diver­
sion and use of water by the licensee in order to protect public trust uses. No action will be taken pursuant 
to this paragraph unless the Board determines, after notice to affected parties and opportunity for hearing, 
that such action is conststent with California Constitution Arttcle X, Sec. 2; is consistent wtth the public in­
terest and ts necessary to preserve or restore the uses protected by the public trust. 

Reports shall be ftled promptly by licensee on appropriate forms which wt/I be provided for the purpose 
from time to time by the Board. 

The right hereby confirmed to the diversion and use of water is restricted to the point or points of diver­
sion herein specified and to the lands or place of use herein described. 

This license is granted and licensee accepts all rights herein conftrmed subject to the following provisions 
of the Water Code: 

Section 1625. Each Hcense shall be in such form and contain such terms as may be prescribed by the Board . 

Section 1626. All licenses shaH be under the terms and conditions of this division (of the Water Code), 

Section 1627. A Jicense shall be effective for such time as the water actually appropriated under it is used for a useful and beneficial 
purpose in conformity with this division (of the Water Code) but no longer. 

Section 1628. Every license shall include the enumeration of conditions therein which in substance shall include all of the provisions of 
this article and the statement that any appropriator of water to whom a Hcense is issued takes the license subject to the conditions therein 
expressed. 

Section 1629. Every licensee, if he accepts a license does so under the conditions precedent that no value whatsoever in excess of the 
actual amount paid to the State therefor shall at any time be assigned to or claimed for any license granted or issued under the provisions 
of this division (of the Water Code), or for any rights granted or acquired under the provisions of this division (of the Water Code), in 
respect to the regulation by any competent public authority of the services or the price of the services to be rendered by any licensee or 
by the holder of any rights granted or acquired under the provisions of this division (of the Water Code) or in respect to any valuation for 
purposes of sale to or purchase, whether through condemnation proceedings or otherwise, by the State or any city, city and county, 
municipal water district, irrigation district, lighting district, or any political subdivision of the State, of the rights and property of any 
licensee, or the possessor of any rights granted, issued, or acquired under the provisions of this division (of the Water Code). 

Section 1630. At any time after the expiration of twenty years after the granting of a license, the State or any city, city and county, 
municipal water district, irrigation district, lighting district, or any political subdivision of the State shall have the ri~t to purchase the 
works and property occupied and used under the license and the works built or constructed for the enjoyment of the rights granted under 
the license. 

Section 1631. In the event that the State, or any city, city and county, municipal water district, irrigation district, lighting district, or 
political subdivision of the State so desiring to purchase and the owner of the works and property cannot agree upon the purchase price, 
the price shall be determined in such manner as is now or may hereafter be provided. by law for determining the value of property taken 
in eminent domain proceedings. 

Dated: lf»R I L O 6 1990 

WR 16-S (3-871 87 ...... 
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     473800 State Highway 12, Napa 94558 permit # E2200019 Ap # 047-380-009-000   

P a g e  1 | 2 
 

June 1, 2022 WWell Drilling & Pump Service  
878 El Centro Ave. Napa Ca, 94558 

Office 707-255-6450 
Fax 707-255-6489 

Contractor License #396352 

 
 

SINCE 1949 
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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.   
 
 

mun 
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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. 

\ 

r 

.,. 

•, 

.(.,...,.:'• 
,,. r ........ 
~ .. _._ 

• ...-w~ "' ~~f. 

,._ , 
.. :, I'>~ 

~ 
..... 

... :"'~ 

" . 
' 
" t: -. ..,. 

.... .... 
,. 

'S 
II ;-,,. 

" ' ... , - . ... ... _ 
) t, ... ... 

,. ,. 
"'I' 

" ~, ~ ... 
,. 

.. . 
Availat>le water Content (In/ft) 

• <0.50 

• 0.50-0.75 

0. 75 - 1.00 

□ 1.oo-1.2s 

□ 1.z-1.so 

- 1.50-1.75 

- 1.75- 2.00 

• 200-2.25 

• 225-2.50 

. .. 2.50 

r 

.. 
• ':a. 

~ 
Springs~ r 1 

... ~ . ... 
> \ 

I 

r 

0 5 

_,.,..i',..,-,i 

;<U .. (l,<• I 
I" 0 t. LO .t' I 

..... 

10 
Miles 

' I 

·- • 

I 

N 

A 

I 



DRAFT October 3, 2019

Page 6 of 36

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

Curve Number by
NRCS Soil Type ()

Rooting Depth by
NRCS Soil Type (ft)

Interception
Storage Values ()

Land Cover
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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.    

I 
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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
I 

I 
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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.

120 

100 

u.. 80 

c:i. 60 
E 
~ 40 

20 

0 

120 

100 

u.. 80 

o. 60 
E 
~ 40 

20 

0 

120 

100 

ii" 80 

c:i. 60 
E 
~ 40 

-u.. . 
ci. 
E 
~ 

20 

0 

120 

100 

80 

60 

40 

20 

0 
1-0ct 

t. Helena 4 WSW 

1-Nov 1-Dec 1-Jan 1-Feb 1-Mar 1-Apr 1-May 1-Jun 1-Jul l·AU8 1-Sep 

··-•• 



DRAFT October 3, 2019

Page 16 of 36

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. 

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



DRAFT  October 3, 2019 
 

Page 33 of 36  

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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