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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:

e 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

e 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:

e compilation of Well Completion Reports (WCRs) for the vicinity of the project site,

e characterization of local hydrogeologic conditions based on available geologic maps and
interpretation of WCR’s that could be adequately geolocated,

e 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

e 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

e 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
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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).
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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.

Annual Water

Water Demand Component # of Units Use per Unit
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

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-
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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

. Diversion from Reports of Licensee accessed through the State Water Resources
Year of Licensee Volume Control Board’s eWRIMS Website.Note: Total diversions in 2017 were
Annual Report (AF/yr) 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.

2009 314

2010 27.0 Land use on other parcels within the project recharge area is
2011 14.6 dominated by vineyards. Based on agricultural lands data
2012 35.0 publicly available through the County of Napa’s GIS Data
2013 35.5 Catalog, other parcels within the project area contain 502
2014 35.5 acres of vineyard. The two project parcels do not use water
2015 23.3 for frost protection, as is also the practice on neighboring
2016 25.7 vineyards managed by Domaine Carneros and Global Ag
2017 35.5 Properties (Figure 4) as verified by Allison Cellini Wilson on
2018 16.5 behalf of the applicant. The area of vineyard operated by
2019 16.2 these neighbors within the project groundwater recharge area
2020 16.7 are 77.8 and 84.7 acres, respectively. Inspection of aerial
2021 14.7

imagery on Google Earth reveals the presence of fan towers
Average 2012-2021 25.5 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.



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

Figure 4: Water uses and major points of diversions within the project recharge area.

12
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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. Itis 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.

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
3 2015 44.0 32.0 66.0
>g 2016 391 236 660
@ 2017 29.0 20.2 54.6
S 2018 34.9 31.8 66.0
e 2019 38.4 26 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
Vineyard Area (ac.) 176 138 303

Areain Recharge Area (ac.) 111 78 85
Scaling Factor ()  0.63 0.57 0.28
Scaled Diversion Volume (AF/yr)  23.2 14.7 13.8

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).
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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.

# of Units
Residential Use
Residences, Primary 7 Residences
Residences, Secondary 1 Residence
Pools 1Pool
Agricultural Use
Vineyard Irrigation 502 Acres
Frost Protection 339.5 Acres
Surface Diversion
Winery Use
Process Water 80000 Gallons

Domestic & Landscaping 80000 Gallons

Guest & Employee Use
Tasting Room Visitations 24960 Guests
Events w/ On-Site Catering 2528 Guests
Full-Time Employees 16 Employees

Total

Use per Unit

0.75 AF/Residence
0.35 AF/Residence
0.10 AF/Pool

0.50 AF/acre/yr
0.25 AF/acre/yr

2.15 AF/100,000 gal.
0.50 AF/100,000 gal.

3 gal./Guest
15 gal./Guest

15 gal./shift @ 250 shifts/yr

Annual Water
Use (AF/yr)

5.70
5.25
0.35
0.10

284.21
251.00

84.88
(51.66)

2.12
1.72
0.40

0.53
0.23
0.12
0.18

292.56

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

Water Demand Component

Project Parcel
Irrigation
Winery
Employees & Guests

Neighboring Parcels
Residential
Irrigation + Frost Protection
Winery
Employees & Guests

Total

21.63
21.63
0.00
0.00

292.56
5.70
284.2
2.12
0.53

314.19

22.50
22.50
0.00
0.00

292.56
5.70
284.2
2.12
0.53

315.06

Existing Condition Proposed Condition

(acre-ft/yr) (acre-ft/yr)
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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.

Annual Water

Water Use Component # of Units Use per Unit
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 gal./shift @ 250 shifts/yr 0.29

Part-Time Employees 10 Employees 15 gal./shift @ 125 shifts/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
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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 OEl.  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.

OEl'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, OEl 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.

OEl 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.
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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.

Average Water Year (2010) Dry Water Year (2014)  Average 10-Year (2012-2021)
Water Balance

inches % of precip inches % of precip inches % of precip
Component
Precipitation 30.3 - 17.7 - 23.8 -
AET 18.8 62% 15.2 51% - -
Runoff 5.5 18% 4.0 14% - -
A Soil Moisture -0.6 -2% -3.5 -12% - -
Recharge 6.6 22% 2.0 7% 3.3 14%

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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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.

Total Average Water Year (2010) Dry Water Year (2014) Average 10-Year (2012-2021)
Domain Gro;ndwa(t’eer Recharge Recharge Demand as Recharge Recharge Demand as Recharge Recharge Demand as
eman (ac-ft/yr) Surplus % of (ac-ft/yr) Surplus % of (ac-ft/yr) Surplus % of
(ac-ft/yr) Y (ac-ft/yr) Recharge 4 (ac-ft/yr)  Recharge v (ac-ft/yr) Recharge
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%
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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.
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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
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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.

Elevation

A . A .
pprox pprox Well Seal Groundwater Range of Elevation of

Ground Stream . Geologic Material
Well Year Surface Bed Bottom Elevation Uppermost Uppermost Ubpermost Confinin
Drilled ur . . Elevation  When Drilled Confining Well Screen PP ining
Elevation Elevation Stratum
(ft amsl) (ft amsl) Stratum (ft amsl)
(ftamsl)  (ftamsl)
(ft amsl)

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 110to 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

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
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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.

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



Well 1



Well 1, cont.



Well 1, cont.



Well 2

Well Drilling & Pump Service
878 El Centro Ave. Napa Ca, 94558

cLE Office 707-255-6450
IL Fax 707-255-6489
Licenses #396352
SINCE 1949

WELL INSPECTION REPORT FOR

Attn: CIliff Lede Vineyards C/O Allison Cellini Date of test: October 16-22, 2018

Upon your request, we have checked the well and/or pressure system at
1319 Duhig Rd. — Sonapa Well #2 located on A.P. # 047-380-002

Our findings are as follows:

WELL INFORMATION

Casing Size: 8 Steel

Static Water Level: 118.95” from top of casing

Well Depth: 420° (*McLean & Williams Record) Draw down during test: 168.19°
Total water draw down in feet from static water level at end of flow test  49.24°
How tested: Open Discharge with existing pumping equipment

Well yield after test: 150 GPM @ 168.19” pumping level after 6 days of cycled pumping

Well Comments: Well records available from McLean & Williams Inc. are incomplete
and are to be used for reference only.

WELL EQUIPMENT INFORMATION

Pump Make: Goulds HP 20 Pump Setting: 168’

Type: Submersible Voltage: 460 Volt Pipe Size: 4” Galvanized

Pump Model: 275H20 Phase: 3 Wire Size: #6-3 w/ ground flat jacket

Comments: Well equipped with a 1” PVC sounding tube set to a depth of 200°. Well is

manually started to discharge water into a nearby pond. Discharge plumbing piped with 4”

McCrometer saddle meter.

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
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DWR
. Page . of
Owner’s Well No.
Date Work Began

7/29/97 Ended

STATE OF CALIFORNIA

WELL COMPLETION RE@T
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509484

7/31/97

NAPA COUNTY Denyironmental Halth Dept
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Local Permit Agency
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Public
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DEPTH TO FIRST WATER {FL} BELOW SURFACE
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SURFACE DESCRIPTION
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0 | 14 '‘Brown sand and gravel Address _ SAME
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Geologic Log
Well Construction Diagram

NAME

CERTIFICATION STATEMENT

I, the undersigned, cerlify that this report is complete and accurate to the best of my knowledge and belief,

WEEKS DRILLING AND PUMP COMPANY by Ward Thompson

Geophysical Log(s)
Soil; ¥ater Chemical Analyses
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ORIGINAL
File with DWR

Ngdies of Intent No.
"ermit No. or Date,

342-89

STATE OF CALIFORNIA
THE RESCURCES AGENCY
DEPARTMENT OF WATER RESOURCES

WATER WELL DRILLERS REPORT

A Y%

A Do not fill in

No. 181394

State Well No.

Other Well xoﬁmlﬁ_si_

LY

(12) WELL LOG: Total depthﬂ;&_ Depth of completed weﬂ@t.

from ft. to ft. Formaton (Describe by color, character, size or ipaterial )
0 - 10 BRown clay w/sand
. 10 - 20 Gravel w/sand
2} LOCATION OF WELL instructi :
E:ou)nty Napa (Seeo“mﬂ,:&i?f,)‘mbe, 89-1 20 - 23 Brown clay w/small gravel
Well address if different from above. Duhig Road 23 - 28 Hard S\k\@QkY brown Clay
Township__ SN Range W Section RiNiconde 28 - 50 Brown clTa}g/sand & small gravel
Distance from cities, roads, railroads, fences, eto Los Carneros 50 - 71 Sand & gravel w/clay
71 - 74 BANptle rock/shale w/Ilittle clay
/4 éq Gra\(«_a)l"‘to 5, sand w/shale
85_~ 98\ Coarse gravel, sand & little clay
(3) TYPE OF WORK: 90 2 105 \3and & gravel
Hu)vjl New Well 3 Deepening [ 10\ 121 Sand & small gravel w/red clay
— Reconstruction o 121 -N\N27 Sandl§ gravel w/gray clay
Reconditioning 0 27 - T30 Sgnd S\¢mall gravel w/brown clay
Horizontal Well aN0_ - 156 <Coazsp sand w/little small gravel
S Destruction [ (Deseribe NN - NEN\prown clagxy
600' East of N/W N procedures in Item 156 - 1J/1 Coarse & Filelgray sand
braner of property Lg\ (4) PROPOSED 171 = Brown ¥/ small gravel
= Domestic [ 210, N\ Browisadd w/medium gravel & clay
® 'S Irrigation X 227N\ 230 Bréwn hay w/sand & small gravel
Industrial G N

2

t Well
k\
Municipal

242 Browmsand & medium gravel w/brown

A

=\ clay

N\242 - 273N\ Reddish sand w/small gravel & little

O
o
R
]

- R _“Clay

WELL LOCATION SKETCH NN/ Other A ¥ 2/5 =283 Reddish brown sand w/med. gravel
(5) EQUIPMENT: {6) GRAVED, PACE: X &, - ~~ & little clay
fa Py
Rotary [] Reverse 19 & No i BJ-:;BS e AR 288 Reddish brown snad w/med. cemented
Cable [ Alr DQ Drdeter of bore Y 0N - gravels
Other 3 Bucket [J ‘P\;\J} rom f,bg Ny 600 AIN\Z88 - 300 Fine to coarse sand & smpall gravel
(7) CASING INSTALLED{{- (8 PERFORAYTONS: NN - w/little clay
d F1 = -
Steel Plastic [ C&n‘gr{te\g Typﬁ?i&l%ﬁgea(ﬁnmgﬁ \~—»- 300 - 317 Tine to coarse sand & small gravel
) T ) 2 B> 317 - 320 Fine to coarse sand w/small sravel
F To—~] Dia. e-0r F To 5
R (P in. | Wall &x fr. /{\ng’%\ - & hard shale lenges
0 1295 410Y].025 295 > [325 & “h099 320 - 327 TFine to coarse sand & small gravel
325 |390 PMNOM[.025 | 390 433\ Nox]. 090 327 - 333 Coarse sand
590 600 8"] 025 ggé ﬁg”‘n\{\\ N 'Haa 333 - 337 Sand w/shale lenses
(9) WELL SEAL: O 33/ - 348 Blue snad & small to med. gravel
Was susface sanitary seal provided? Yes39  No [J If yes, to depth__ 40 4. 348 - 369 Blue shale w/small gravel
Were strata sealed against pollution? Yes [  No Interval 369 - 406 Blue shale w/sand & gravel & little
Method of sealing_CONCrete grout Work started__H=13_____19_89 Completed_6=23-89 _19.__olay
(10) WATER LEVELS: - WELL DRILLER’S STATEMENA":
Depth of first water, if known ' ft. | This well - frari i this feport is frue to the best of my
Standing level after well completion 65 above ground Llevel ft. mwﬁgem j — %%
(11) WELL TESTS: SIGNED. y
Was well test made? Yes 3 Neo [J If yes, by whom?, Layne ¥ # {Well Driller)
Type of test Pump ] Bailer O Adr ‘i"ﬂio NAME___ Layne-Western Company. Inc.
Depth to water_at start of test. "~ ft At end of test =Y  # { Person, firm, or corporation) {Typed or printed)

48

¥ electric log made?

1 o~ _gal/min after_______ hours Water temperatum_
6::1 analysis made? TYes . No & If yes, by whom?
Yes g

No [0 If yes, attach copy to this report

Address. 2.0, Box 1326
Woodland, CA 95695
510011

Zip.

8-28-89

City.
License No

Date of this report

DWR 188 (REV. 7-76)

IF ADDITIONAL SPACE IS NEEDED., USE NEXT CONSECUTIVELY NUMBERED FORM




Well 4, cont.

CONTINUED FROM #181394

ORIGINAL . 5;;‘:;5;“—“’“';‘“ oy Do not fill in
E CES AGEN
File with DWR DEPARTMENT OF WATER RESOURCES No. 18139 &'

Ngtige. of Intent No
‘emﬁt No. or Date

WATER WELL DRILLERS REPORT

State Well No
Other Well No

(12) WELL LOG: Towidepth ___ ft Depth of completed well .

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

406 - 418 Very hard blue shale w/sand & gravel
. o i . ) ] - & little clay
é‘:u)n;"ULA“UN OF WELL (Seenf_‘::,ls ca?:;f;;mbﬂ 89-1 418 - 421 Sand skringers
Well address if different from above 421 - 440 Hard bIe shale w/sand & gravel
Township, A Section 440 - 560 Medium sad/& small gravel
Distance from cities, roads, railroads, fences, ete 560 - 595 Meddum sand w/small gravel
- chRELSEing streaks of hard
- O\ driljing,
395 - 610\\Sand w/small gravel and hard shale

(3) TYPE OF WORK:
New Well (1 Deepening [J

Reconstruction O
Reconditioning 3
Horizonta! Well o

Destruction [0 (Describe
destruction materials

procedures in Item =N <2 —~
(4) PROPOSED B2 | 2N AN
Doma-tic ’:\: /) A @ \\v
Irrigation O o~ \ Az 2\ Q
Industrial % o, SORY N
Well NS N
® o A~ ST
e SO
WELL LOCATION SKETCH Nt Other A ol” WY
{3) EQUIPMENT: (6) cmv‘EL\PAcx @ LKy
Romry (O Reverse [ (&\\W
Cable [ Air o Q er of bore @\\)) =
Other [J Bucket [ ) D AL NS -
{7) CASING INSTALLED (8)‘i=ERFOm‘i"lb NN A
Steel O Plastic (J % Tvpe of pe J\ of scm@ )= -
e ch'((:> Wall ‘%\) o A@Z‘& Z
\\\\ R -
N /\Q\ \“}b M -
QAN Y -
(9) WELL SEAL: N7 -
Was surface sanitary seal provided? Yes [J No 7] Xfyes, todepth ______ _ ft -
Were strata sealed against pollution® Yes O No[C Imterval_____  ft -
Method of sealing Work started. 19 Completed 19

(10) WATER LEVELS:
Depth of first water, if lmown,
Standing level after well completion

w o

WELL DRILLER'S STATEMENT:

This 1cell was drilled under my jurisdiction ond this report is true to the best of my
k ledge and belief.

(11) WELL TESTS: SIGNED _ i
Was well test made? Yes [ No O If ves. by whom? {Well Driller)
Twvpe of test Pump O Bailer (J Air B O NAM -W panv. Inc
Depth to water at start of test.  ft. At end of test_____ ft P-OEPe.EﬁkﬁrTgozr 6corpomtion) (Typed or printed)
arge_____ _gal/min after_______ hours Water temperature, Address
A . . City Woodland, CA 95695 Zip
cal analysis made? TYes O] No O If yes, by whom? Y 51001
electric log made? Yes [ No [0 If yes, attach copy to this report License No._2 011 Date of this report 8-28~89

DWR 188 (REV. 7.786)

IF ADDITIONAL SPACE IS NEEDED. USE NEXT CONSECUTIVELY NUMBERED FORM




Well 5

ORIGINAL

' STATE OF CALIFORNIA

Do not fill in

THE RESOURCES AGENCY

File with DWR

e of Intent No
Permit No. or Date.

DEPARTMENT OF WATER RESOQURCES

WATER WELL DRILLERS REPORT
047 120 002

No. 103433

State Well Na.

Other Well NoOSA/OSH) 7S

[
. (]-2') WELL LOG: Total depth_5_5_0_ft. Depth of completed \vell_iio_ft.

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

QO - 25 Topsoil & blue shale ~soft
) LOCATI EL : S 25 - 50 Hard & soft blue shale
(cmum Ocﬁ g OF WELL (seeﬁeblcaiﬁsl@b#l-l20-0 50 -100 Brown rock soft
Well address if differgnt from above 100 _-125 BRown ro stringers-green;red
Township range G D cectiom 125 -200 Brown & N.:a,’ék rock-med hard
Distance from cities, roads, railroads, fences, etc 200 _??‘; Tu brown ¢la
j% % soft
225 -250Q5Greehb& black rock stringers
brown clay

(3) TYPE OF WORK: | 50 /225 BYoun gre-n & black rock med

New Well [ Deepening [ (/\\ N hard

Recunstruction O

Reconditioning [m]

Horizontal Well ()

Destruction [ (Deseribe
destruction materials
procedures in Item

(4) PROPOSED

Domestic

trigation (NN
; %)

-

WELL LOCATION SEETCH

(5) EQUIPMENT: {6) GRA\WCK: S’b@
Rotary [ Reverse [ .o No Sim@;a%_—
Cable [ Air M Q T of bore 1
Other [ Bucket [ }a{
- _ . N ar”
(7) CASING INSTALLED: (S)YERFOM% machi ne\\\$
Steel BF Plastic [ Co e Type of pe e of sc = -
\ W
From To Dia. Gw Fr -
£ (QPoin. | wall NN ft. Ai@%@ .
- . N7
o L5ONEY 188 | 450 V| 550, INBX3 -
W -
QAN M -
N
(9) WELL SEAL: AN -

No O) If yes, to deD'-h_s—'L_ft.

Was surface sanitary seal provided? YesJ{)

Were strata sealed against polluon? Yes [ No X Ioterval ______ _ ft

Method of sealing grout

Work started_____Jy /] 19 80 Completed__L /Q [ 1980

{10) WATER LEVELS:
Depth of Arst water, if knowxn
Standing level after well completion

L75
10

£
ft. o

{11) WELL TESTS:

Was well test made? Yes No T If ves, by whom? d 1ie
Type of test Pump Bailer O Air 1ift K]

Depth to water at start of test. __ ft.

lOLaI/ min after__. .. hours

At end of test __ _ ft
Water temperature

analysis made? Yes O

ischargze,
& NoXl If yes, by whom?
)]

ectric log made? Yes [J

WELL DRILLER'S STATEMENT:

This well was drilled under my jurisdiction and this report is true to the best of my

knotwledg ief
SIC:FD egﬂf ,li[./?é)lxj.)

{3Well Driller)
=G

NAM n Drilling,Inc
{Person, firm, or corporation) ( Typed or printed)

Address 53 65 Nan:;-Val'la1n Hwry

City VYallej jo, Ca
License No. 2914-001 h/lO/SO

Date of this report

NoX® If ves, attach copy to this report
DWR 188 (RzV. 7.76}

[F ADDITIONAL SPACE IS NEEDED. USE NEXT CONSECUTIVELY NUMBERED FORM




Well 6 | STATE OF CALIFORNIA DWR USE QNLY — DO NOT FILL IN
DWR WELYL COMPLETION REPORT |05 WNIOSI 11D | ¢ ¢ [ |
Page of Refer to Instruction Pamphlet STATE WELL NO/STATION NO.
Owner’s Well No. No. 0938187 Lot b by b
Date Work Began 05/£11/2007 , Ended ____05/15/2007 LATITUDE EONGITUDE
Lacal Permit Agency Napa County l L] lAPJI‘I’HéIOfIHEﬁl | I ]
Permit No. EQ7- 00260 Permit Date 05/ 10/ 2007 S Py
GEOLOCGIC LOG
ORIENTATION (=) _Xvenrlcu. ——— HORIZONTAL . ANGLE ___ (SPECIFN}
DRILLIN s
Y NETHOD Rotary rupMud & aic |
SURFACE DESCRIPTION \\
B 1 FL Describe material, grain size, color, ete.\\ S . tr s WELL LOCATION
: : NN ‘.Addreqs \mm\nnmc;’ ‘Rn.qu
: : N, \\\ (//\:‘ el \County) Nanéuiﬂ\)
——7+210+Brown Clay NS NNV PN Book 047 Page 070 Parcel _007-000
(G é}\\w)/' LSO NNV Townsln 7¢  Range Section
= PR Y] ~ N> ang
I I ; < (/ \\\\V’/ (Ld,t) \—K’/;EG SR = Long T TR =
! : BrévimClay - , > - LOCATION SKETCH — ACTIVITY (2) =
) } Q"‘\\\:/ V\,\ \ V/ \ 3 b /':‘:\\’(’/}/ﬂ NCHATH NEW WELL
: : BrownS ClL: 3 Stane’ MODIF(CATION/REPAIR

(N

-~
with Gravel .\ Y

—— Deapen

3

_420_;-_340_;___Gree.n\18andy Clay

WEST

340350 White Clay

3501360

Brown Cl ay & Gravel

TPy

EAST

td or Describe Dmnnce uf Well fru
Fences, Riwrr ctc. and attack a ma
PLEAS!'. BE ACCURATE & COMPLETE

6 vm Aoads, Buildings,
se aedditional

paper if

]
T w —— Other (Specity}
| NN o
2451 270 o~ > Vot €1 _m, LN = — DESTROY (Descrbe
! i o : A\_..«/ PRI \"’9 Oy S EOLOOIE Lot
. N 1IN .
270 320 'Sand Gra:\zel with Brown (:Iay USES (=)
! \[ " \\‘\\‘\ > WATER SUPPLY

I pomestic ____ Public
Irrigatian ____ Industrial

MONITORING
TEST WELL .

CATHODIC PROTECTION ___

HEAT EXCHANGE
OIRECT PUSH
INJECTION ___

VAPOR EXTRACTION

SPARGING ____
REMEDIATION ___
OTHER (SPECIFY)

—d-d-4-4d-d-4-4d-d-4-+F-4-

TOTAL DEPTH OF BORING M(Fcet)

WATER LEVEL & YIELD OF COMPLETED WELL

DEPTH TO FIRST WATER _1_20_ (FL) BELOW SURFACE

OEPTH OF STATIC ‘
WATER LEVEL o
ESTIMATED YIELD *
TEST LENGTH

(FL.) & DATE MEASURED ~

‘ r [3
%—L_ (GPM) & TEST TYPEM&Z._

{Hrs.) TOTAL DRAWDOWN

(Fr)

vam

GPM at

Other

—— Geologic Log

Geophysical Log(s)

ATTACHMENTS (=)

_ . Waell Construction Diagram

Soil/'Weter Chemical Analyses

CERTIFICATION STATEMENT
|, the undersigned, certity that this repor is complete and accurate to the bast of my knowledge and belisf.

Pulliam Well Exploration

TOTAL DEPTH OF COMPLETEI} WELL (Fect) * May not be vepresemtative of a well’s long-term yield. Aay nf toct
DEPTH BORE- CASING (5) DEPTH ANNULAR MATERIAL
FROM SURFACE | SO'E [T¥PE(=) FROM SURFACE TYPE
DIA. =z =[w| maTeriaL/ | INTERNAL|  GAUGE SLOT SIZE CE- | BEN-
oo F finches) 3 g §§ = e 1 oiamETER | OR WAL (F ANY f o m |MENT|TONTE muL | FLTER PACK
8 o L . 3 E N ’ {Inches} THICKNESS (Inches) } o 8 () m ()
+ - 7 g t
O AE ] |~ Plagtr | & | FIFED D B¢
1 1
T ’ T -
56 260 (8% |/ " n |« LYARF T, Pin - 10
1 }
: 7 T
(260 THD | 4 %] | s P 520 .
| i - |

y 128

(PERSON, FIRM, CR CORPORATION} (TYPED QR PRINTED)

94558

ADDRESS

ATTACH ADDITIONAL INFORMATION, IF IT EXISTS.

Signed
C-57 LICENSED WAJR WELL CONTRACT

Napa CA

cImyY

STATE

b~707

DATE SIGNED

P

C-57 LICENSE NUMBER

DWR 184 HEV, 0503

IF ADDITIONAL SPACE IS NEEDED, USE NEXT CONSECUTIVELY NUMBERED FORM

ETS oSP 03 78838




vell 7

ORIGINAL
File with DWR

e of Intent No.
ermit No. or Date

STATE OF CALIFORNIA Do not fill in
THE RESOURCES AGENCY

(

2
C

DEPARTMENT OF WATER RESOURCES No. 103139
WATER WELL DRILLERS REPORT

State Well No. j
Crther Well NW
(12) WELL LOG: Total depth, i m ft. Depth of completed WM&

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

o) -1 Adobge

{(2) LOCATION OF WELL (S _
Countr—— Napa O O ) e L7=120-08 261 - 207 _ Claw sravel imb

Well address if differeot from above

[ 1 261 Brown sticky clay

297 - 321 Tuffen

Township. Range.

Section,

321 - 344 Black\gwZnrular rock

Distance from cities, yoads, milroads, fences, etc

345, - 368 S\ Brown granulal rock

368 - 391 ek gramﬂar TOCK

391 - L22__ Bl\y€ granular Tock (sorft str

422 - L33\ Brown tuiiad nard strs

Rl hsdnde B

(3) TYPE OF WORK: | 433 A2 LLL S Black red & green gramn rock
New WelX) Deepening 0| LI \NG4D so;f dark Zray rock{ sano.y)
Reconstruction 0 7}!4,6 4S DEagE Drown crranuJ_Er TOCR
Reconditioning O

Horizontal Well )

Destruction [0 (Describe
destruction materials
procedures in Item 12

{4) PROPOSED

i 2 N //\\\\\’Q)
mestic @
Q, éjﬁ'? R Tirigation a PN \ A\\) 5\\)(@ A"
web DughicRY mavssa ol RS A
b TEW NS D
Stac gh N\ - 2 \\\._/v
Munici; 7N §2 ~
WELL LOCATION SKETCH N\ POther A& ol E]\Y
(5) EQUIPMENT: (8) cm@%;cm w < <
Rotary X Reverse [ |} No Sllze ((\\\9
Cable [J Air O Q r of bore i ('(\\\\))—
Other [] Bucket s\\\v -
(7) CASING INSTALLED: (a)\fnnromﬁb\\s TN -
Steel [ Plastic & Cn@\ Type of pe nz%fcicl:e%n(e\_ =g -
N _
ia. ! Ga
e | | NE F?&,\) N _
AN 250l g0 V1 sopaa Y % 3 -
— o leo\P|25 SRR -
NN - —
~N

(9) WELL SEAL:
Was surface sanitary seal provided? Yes K] No [J

1Were strata sealed against poﬂu% E&G 0 No
Method of sealing

If ves, to depth _2@ ft.

R Interval  ___  ft

Work started ﬁ/") [ 1942_ Completedjl,é—’i—o—-lg_’zg_

(10} WATER LEVELS: 2
Depth of first water, if kmown 97

WELL DRILLER'S STATEMENT:

ft. This well was drilled_under my jurisdiction and this report is true to the best of my
Standing level after well completion 0 fr. | knowledge ﬂ;libez)
(11) WELL TESTS: Stoxen_ S A W(M)
Was well test made?  Yes) No [J If yes, by whom®Driller | 4 {Well Driller)
Type of test Pump 3 Bailer 1 Air Lift [ NAM P _

Depth to water at start of t&stL_ﬁ.

Di.mharge_:i_o_galfmi.n after____ hours

At end of te.st___lggﬁ

Water temperatnre,

whom?,

rson, firm, or wrpomhon) { Typed or printed)

Address_ 53 65 Nan a=Vallejo Hwy
City. Valle'lo. Ca 7ip. 94558

,&I analysis made? Yes T No & If ves, by w ?
Was electric log made? Yes () Xo % 1f ves, attach copy to this report

License No. 2914-001 __Dhate of this report. 7/11/78

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

>

&




Well 8

ORIGINAL
File with DWR

of Interit No
ermit No. or Date.

STATE OF CALIFORNIA
THE RESCURCES AGENCY
DEPARTMENT OF WATER RESOURCES

WATER WELL DRILLERS REPORT

25K

Do not fill in

No. 151101

State Well No,

Other Well Noam SLL’) 25.

. -,'(

(12) WELL LOG: 7ot depts 510 b, Depth of compieted wen_ 910 ¢
2 from ft. to ft. Formation (Describe by color, character. size or material)
C Q- 5 Top soil.
9 1ON - 5 - 10 _Rock inbeded brown clay.
E;uu)mLOCaAT ON OF WELL (See mstruchaB 14#47-120- 14 10 = 85 Brown_clay.
Well address if different from above___SAMe 85 - 90 Sand and me clay.
Township OGN pange. OSSO  setion 25 _K 90 - 95 Blue clay. \/
Distance from cities, roads, milroads, fences, ete 95 — 145 Broma}“ M
145 - 150 Sand a@gohrown clay.
150 - 150c8Brown 8}ay.
190 - "T95 Bpgwn clay and sand.

(3) TYPE OF WORK:
New “r"ell& Deepening [

Reeonstnrction O
wyy Reconditioning a
Horizontal Well O

Destruction 5 (Describe
destruction materials
procedures in Item 12

(4) PROPOSED

Domestic
\ Irrigation /-\
Industrial %
k1 Test Well
EMunicipal

195 #2205 5ang, small gravels, Tew smooth.
U 15 Blue clgy.
215 L Brown
240 - 278 Blue@.aWsand gravels.
5 - 280 Sand, geanulor black, red
286~- 300 BlweNslay. QY
300 - 419 Blueclay, sand Bmd black and blue
s Nock. AN
v, 410, N&.‘S“Hard bl rock.
T 430 Blackxock)(307t) with blue clay
SO stringeks.
QNG 510 Bhye clay, multl, color rock {hard).
Zaha

and brown.

Wi

:’\ _Q\(A
““WELL LOCATION SKETCH AOther [(-\\ o[~ -]
{5) EQUIPMENT: (6) GRA\'E%&CK <</§ ~
Rotary m Reverse [J ((\\\\—\0
Cable [J ar O N r of bore AN -
Other O Bucket [ "1—‘2'89_— N \\\ v
(71 CASING INSTALLED: (8) PERFORAHO! Ny -
Steel [ Plastic Co te Type of pel dg or of sere N\ N -
. NJ N < _
e | e W] AT R 4 ——
0 [510N\NGNY 160 | 50 V[ 510 o [Egattory -
— A“\“>bv -
%\\&\/V -
(9) WELL SEAL: o -

\Vas surface sanitary seal provided? Yes [J
Were strata sealed against pollution® Yes ]
Method of scaling _Concrete

No X If yes, to depth_gg___&.

No)X) Imterval __ _ f.

Work started_§-2/ 98 19 Completed_£_24_Qf_ 19,

(10) WATER LEVELS:
. Depth of first water, if known

Standing level after well completion

ft
ft.

8I

WELL DRILLER'S STATEMENT:

(11) WELL TESTS:
Was wel test made? Yes x:
Type of test Pump [

Depth to water at start of test._B__ft. At end of testJS.Q_,_ft

No O U ves, by whom'.-‘_D_pi_l_l_%
Bailer [J Alr lift

This well was drilled under my jurisdiction and this report is true to the best of my
’L__,-w_____-‘

knowlcdgEWehef =5
{Well Driller)

SIGNED,
NaMe878 Fl Centro Ave.
( Person, firm, or corporation) (Typed or printed}

878 E1 Ceniro Ave.

T

= arge_ﬂr_’zfz_galimjn a.fter_a%__homs Water temperature Address Napa A 94558
. a .
'iml analysis made? Yes [J No K] If ves, by whom? City pa, Zip.
electric log made? Yes O No X If yes, attach copy to this report License No__396352 Date of this report. 2-12-87

DWR 188 (rEV. 7.76) IF ADDITIONAL SPACE [S NEEDED. USE N

EXT CONSECUTIVELY NUMBERED FORM




well'y

ORIGINAL
File with DWR

Q of Intent No.
Permit No. or Date,

(

STATE OF CALIFORNIA
THE RESOURCES AGENCY
DEPARTMENT OF WATER RESOURCES

WATER WELL DRILLERS REPORT

Do not fill in

No. 121600

State Well No,

Other Well No.ﬂ[! S_TLT'ZS-

(12) WELL LOG: Total depthm_ﬂ‘. Depth of completed wel.l.5l+_0_ft.

2SK,

A Tom ft. to ft_Formation (Describe by color, character, size or material)
c . 0O- 1l Svurface soily
(2) LOC%TION OF WELL (See instrudbie #b 7—120~14 i- 6_ Thin layer cemented rock &
County. apa Owner's Well Numb _ Eravel P
Well address if different from above I\TeuenSChwander 6 - 91{— Hard %dy, St iCk.'y Cla‘y‘:
Towmhip__ToDelNe  po ReDeWe "5 SR 9L- 118 Clay & \myers of clay ceémentec
Distance from cities, roads, railmads, fences, etc - avel & rocks
118- 291 H andy clay.
291~ 31 Cla\?\. with layers of clay
- cemented gravel & rocks
(3) TYPE OF WORK: 3142 351 Dlay cmented rock & gravel,
New Well Deepening ) 31.@\\5[.].0 HOCk & grave'l very little
Reconstruction Im] —\\ Clé@,
'Becondil:iouing o g A @ \v
Horizontal Well a ‘: \%\E - §S ? 2}
Destruction [0 (Describe -
rocedares fn e S - &@\
(1) PROPOSED PN A
Domestic ? X\w 4@{ \
Irri!:ation/\ \\— “ “V?"\\V
AN I SN —"—
Test Well m] (\\X\\) - N v
8, DO MEEPANGE
. Municip ¢ - ,\\Q NA
WELLILOGATION ‘SKETCH N\ Other A O =\
{5 EQUIPMEV’I‘V_“ o - |® Gm% N¢ =4
Rotary m - Reverse <5 N ﬁ /(-\\\Q_ﬁ
Cable a Air a ter of bore =
Other O Bucket [0 \{ m, 2]3 wﬁ\w -
(7) CASING INSTALLED: (8 MERFORAPPANS: \"Q -
Steel [ Plnsﬁxg C& Type of per@@ oNekze of screet{\ -
X ] BN -
R e =
0 _| 5,008\ 160 601 54,0 N\ STD -
\\y AK\\\\A\\) _

(9) WELL SEAL:

Woas surface sanitary seal provided? Yes 30K No T If ves, to depth_. 2.3 f.

Were strata sealed against polhlution? Yes [ No Hlnten‘al___&.

Method of sealing _concyrete

- fa)
Work started_O=10— 19 /9" Completed §=10 19_/9

{10} WATER LEYVELS:

WELL DRILLER’S STATEMENT:

];z::m?]ﬁ; ;;t::t::v;ll; z::ﬁon Cround Lever J; ﬂ.ﬁ;i'éﬁffﬁddggﬁ r my jurisdiction and this repost is true to the best of my
(11) WELL TESTS: S1GKED /ﬂ //é/...b/jéﬂ/mfm -
Was well test made? Yes No X TIf yes, by whomz___Driller | (Well Driller) 7
Type of test Pump Bailer [ Air it [ NAM > s a; T
Depth to water at start of test_o__Jt. At end of test__2_5Q_& ( Person, firm, or corporation) { Typed or printed)

g e _3 O_.ga.l,-"m.i.n after. ours Water temperature Address 878 El_Centro Ave'

anahysis made? Yes [J No -&XH ves, by whom? City. 'NapaJ—CA Zip, L

Was electric log made?  Yes [§  No XXIF ves. attach copy to this report License No._ 305829 __Date of this repo ;
DWR 188 (REV. 7-76; / !

IF ADDITIONAL SPACE [S NEEDED. USE NEXT CONSECUTIVELY NUMBERED FORM




e LY

We" 10 o ". ) : - 3‘ STATE OF CALIFORNIA DO NOt Fill In

ST Ll

o)
¥

= i T,

LiZ2 THE RESOURCES AGENCY
ORIGINAL DEPARTMENT OF WATER RESOURCES N(.) 7 2 8 6 3
WATER WELL DRILLERS REPORT State Well No. J-
Other Well 2 (mg

(11) WELL LOG:

Tozal death 505 ! ir.  Depth of completed well 5 05 ! fr
| Formation: Describe by color, charscier, sizs of mraterisl, oud sivuctare
fr. to ft.
(2) LOCATION OF WELL: 5] L Top Soil
Couary Napa Owne:'s number, if apy 1289 "-lr 3 65 BI‘OWH Clav
Townsbip, Raage, and Section 3 6‘; f, ?'7 Blue Clav

Distance fram cities, roads, railroads, etc.

L27 505 Blue Clay w/Hard Stgrs,

(3) TYPE OF WORK (check):
New Well Deepening 7] Reconditioning [ Destroying [
If destruction, describe material and procedure in ltem 11.

(4) PROPOSED USE (check): (5) EQUIPMENT:

Domestic [® Induserial 1 Municipal [ Rotary X

Irrigation [] Test Well [ Other M Cable |
Other [l

(6) CASING INSTALLED:

STEEL: OTHER: If gravel packed
SlNGLEﬂ DOUBLE D

Gage Diameter
From To or of From To
fr. fr. Diam. Wall Bore f. fr.

© |[505f 6" 2 Gd.

Size of shee or well ring: NO ne Sizc of gravel:

Descrite juint Butut queld

(7) PERFORATIONS OR SCREEN:
Type of pecforativn or name of scresa I’ia Ch il’le Perf.

Perf. Rows
From To per per Size
fc. fr. row ft. in. x in.

200 505" 26 3 1/¢ X 3%

(8) CONSTRUCTION:

Was 2 surface samitacy seal provided? YesX1  No [ Towhazdepth 20V fo

Were any srrara sealed against pallutionz  Yes [ No [ I{ yes, note depth of strata

From fr. co ft.

From {t. to ' fr. Fork surﬁav 15 19 72 Cu:np[:mhv 19 19 72

Method of seatng Negt Cement WELL DRILLER’S STATEMENT:

() WATER LEVELS: a_fl;l;{’kzzfi[;‘;g -::rjlebi“i}!‘der my jurisdiction and this report is true to the best
Depta a: which waver was fint found, if known 3 65 ' fr.

Standing Jevel befose perforacing, if knows 236! fr. ~aMe Doshi er-Gregson, Ing,

Seanding level after perforatinz and developing 23 6 ' fr. {Pesgoa, ¥rm, or corperation)  (Typed or printed)

(10) WELL TESTS: Tested by bailing,

Addreg23 65 Nagé-?falle,]o Highway

i Pump tesc made? Yes TF No: 1f yes, by whom? D]"l] ] ars ( VI llé L]Oﬁ Cal lﬁ/./ 94590
d- 2 pal.imin. with 23 h. ! fr. drawdon afrer :)’#_é ¥ hrs. [SlGNél ¥ // / //\ }L S f ._5/{
Temperature of water Was a chemical aoalysis made? Yes [J No [ / iw’” Driller)
Was electzic log made of wcll? Yes No & If ves, attzch copy Liceﬂsei Io 95 RR?H Dated___JUINe 1 . 19_'12
SKETCH LOCATION OF WELL ON REVERSE SIDE CONFIDENTIAL LOG

DWR 188 (Rev. 9.68)

Water Code Sec. 13752

25179353 5-63 39N TRIP AD OSP



WELL LOCATION SEETCH

{Well 10, cont /7_]//21 g [ﬂ%

NORTH BOUNDARY OF SECTION

] 1
|
: |
o ! £
. | | i :
_ NWj % . L |4
I_ ] -
| } ®
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I | : :
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, |
! - i Range B/W
) [ i
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} |
|
/N I sl
| | =
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|
' |
| !
| |
1 i
12 MILE 2 MILE

A, Location of well in sectionized areas.
Sketch roads, railroads, streams, or other features as necessary.
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B. Location of well in areas not sectionized. o {J
3

. Sketch roads, railroads, streams, or other features as necessary. S ' ~
Indicate distances. .




vvell T

STATE QF CALIFORNLA

ORIGINAL
File with DWR

miace of [ntent No.
| Permit No.orDate —

THE RESOURCES AGENCY
DEPARTMENT OF WATER RESOURCES

WATER WELL DRILLERS REPORT

Do not fill in
No.

323623
Sotf}tair\t:z|lhs;l ON O/ ESC

1 (12) WELL LOG: Total depth

fr. Completed depth fr.

4 from ft to ft. Formation {Describe by color, character, size or material)
1 0-7 Top soil
{2) LOCATION OF WELL (See instructions): 7-13 blue silty clay
County Napa Owner’s Well Number __1—89 13 -30 decomposed volcanic rock
Well address if different from above _HW;L_LZ_.__Qamm:os 30 -35 solid rock
Township 31 Range 5% Section 35 -85 sticky clay, vellow
Distance from cities, roads, railroads, fences, etc. 85 - 160 1/2 & 1/%yellow & dark grey
- clay w/ thY vsénd stringers
160 - 210 3/4 ay c1dNA/4 vellow clay
210 - 245  sand clay w/ streaks
<T (3) TYPE OF WORK: _- 0f bI{&Fand
N . New Well @ Deepening [J 245 — 257 “gxay cVy
Hoeh eae Reconstruction 0 257 - 34 Qa:,&k sand
Clor Reconditioning O 311 1(39(& multi cedPor brocken rock
Horizontal Well a

Destruction [0 (Describe
destruction materials and pro-
cedures in Item 12)

392 —v70\\\ same,:E&(ﬂ);zJ.av lenses
N-_ Y &\

N\
S\ N\

S
5o N\~ NOYEEZIIN
o (4) PROPOSED USEA 0~ (& PN\
Zeet Domestic _ % ) V\\ /]
J‘ "M_Lg Irrigation ;\ O \E ) f\/‘\
Industrial ] g A0 2N
Test Well O @ A o~
Munici m] “\( AP
Opher < N/ — <<2 Nt
WELL LOCATION SKETCH £ Porgibe) X\
(5) EQUIPMENT:
Rotary [ Reverse [X
Cable O Air a
Other [ Buck \é
P
(7) CASING INSTALLED: (8) PE Armg- : N —
Steel K1 Plastic [} x&l}j TW@OBW@EM _
gl v \‘L <\
From i Gage or t -
ft. f Wall (\Q size _
o 1200k 250 | 290 A9 1 060 £f11 flow ~
350 1380 |10/ .250 | 380 Q%%Qé 060 full flow -
- P . P 530 0 060 stid flow -
(FWELE SEALY 47V 590 650 060 full flow -
Was surface sanitary seal provided? Yes [ No [] Ifyvestodepth ___50 _ft —
Were strata sealed against polluion?  Yes [1  No [0 Interval ft. -
Method of sealing grout Work started____10=4— 1589 Completed—__10-9 _19_89
(10) WATER LEVELS: ' WELL DRILLER'S STATEMEN
Depth of first water, if known + 41 ft. This well was drille
Standing level after well completion ft | best of my kno
(11) WELL TESTS: Signed
Was well test made? Yes No 0  Ifyes by whom? V¥ Well Driller)

'y pe of test Pump Bailer (1 airlift 3 NAME __ Layne-Western Company, Inc
.)epth towater at start of test .+ 215 At end of test f {Person. firm, or corporation) {1yped or printed}
Discharge 225 gal/min after 3 hours Water temperature Address P.O. Box 1326
Chemical analysis made? Yes [] No [ If yes, by whom? City Woodland zip 95695
Was electric log made Yes B No O If yes, attach copy to this report License No. 510011 Date of this report _6-12-90

DWR 188 (REV. 12-86)

IF ADDITIONAL SPACE IS NEEDED, USE NEXT CONSECUTIVELY NUMBERED FORM
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Well 12 Cont.
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Cont.
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Vell 13 Cont.

Casings
. Wall Qutside Siot Size
ca?‘mg Dap::h fromFSurface Casing Type Materia! Casings Specificatons | Thickness | Diameter S_'t.:reeen if any Description
eet to Feat (inches) (inches) yp (inches)
1 0 25 Conductor or Other N/A 0.375 16 Steel
Fill Pipe
2 0 200 | Blank PVC OD: 8.625in. | SDR: 0.508 8.625
17 | Thickness: 0.508
in.
2 200 340 | Screen PvC 0D: 8.625in. | SDR: 0.508 8.625 Milled 0.06
17 | Thickness: 0.508 Slots
in,
2 340 400 | Blank PVC 0OD: 8.825 in. | SDR: 0.508 8.625
17 | Thickness: 0.508
.
2 400 500 | Screen PVC QD: 8.625in. | SDR: 0.508 8.625 Milled 0.06
17 { Thickness: 0.508 Slots
in.
2 500 540 | Blank PVvC 0OD: 8.625in. | SDR: 0.508 8.625
17 | Thickness: 0.508
in.
Annular Materia!
Depth from
Surface Fill Filt Type Details Fiiter Pack Size Description
Feel to Feet
0 25 Cement Portland Cement/Neat Cement Conductor Seal
0 55 Gentonite 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 |, the undersigned, cerlify Ihat this repert is complete and accurale 10 the best of my knawledge and belief
FSl:rfa:::e Borehole Diameter (inches) Nama WEEKS DRILLING AND PUMP CQ
1o Feet
it Persan, Firm or Corporation
0 25 22
25 270 | 14.25 PO BOX 176 SEBASTOPOL CA 34573-
Address Cily State Zip
270 540 12.25
540 690 | 8.75 Signed  electronic signature received 10/03/2022 177681
C-57 Licensed Water Wel! Conlractor Date Signed C-57 License Number
Attachments DWR Use Only
Approved Permit E21-00769 - 1240 Duhig Rd, Napa.pdf - Location CSG# | State Well Number Site Code Local Well Number
Map

|

I LT O O A O

|

w

TRS:
APN:

Latitude Deg/Min/Sec

Longitude Deg/Min/Sec

Form DWR 188 rev. 12/19/2017
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APPENDIX B
WATER RIGHT FOR HELLER RESERVOIR

(ACCESSED VIA EWRIMS)



STATE OF CALIFORNIA
STATE WATER RESOURCES CONTROL BOARD

DIVISION OF WATER RIGHTS

License for Diversion and Use of Water

Page 1 of 3
APPLICATION 27796 PERMIT 19154 LICENSE 12577
THIS IS TO CERTIFY, That Fred Heller and Nary tieller
115 Sansome Street, Suite 1000
San Francisco, CA 14
have . 0de proofasof ~ October 23, 1889 (the date of inspection)

to the satis;action of the State Water Resources Control Board of a right to the use of the water of
an Unnamed S in County

tributary to Huichica Creek thence Hudeman Slough thence Second Kapa Slough thence Sonoma Creek thence
San Pablo Bay

for the purpose of Irrigation, Recreational, 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 Juely 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 siated
purposes and shall not exceed forty (40) acre-feet per anmm to be collected from Novesber 1 of

each year to Nay 15 of the succeeding year. The maxims withdrawal in any one year shall not exceed 35.5
acre-feet.

This license does not authorize collection of water to storage outside of the specified season to offset
evaporation and seepage losses or for any other purpose. (0000005)

THE POINT OF DIVERSION OF SUCH MATER IS [OCATED:

South 2,600 feet and West 4,000 feet from NE corner of projected Section 25, T5N, R5W, MOB&M, being within NWy
of SWy of said Section 25.

A DESCRIPTION OF THE LANDS (R THE PLACE WHFRE
SUCH WATER IS PUT TO BEREFICIAL USE IS AS FOLLONS:

Recreational and fire protection uses at reservoir within N¥y of Sy of projected Section 25, T5N, R5W, MDBEM,
and Irrigation as follows:

25 acres within Sy of NWy of projected Section 25, T5N, R5W, MDB&M
5 acres within SEy of My of projected Section 25, T5N, RSK, MDB&M
15 acres within Ny of SWy of projected Section 25, T5N, R5K, MDBEM
11 acres within NEf of SWy of projected Section 25, TaN, R5K, MDBEM

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

WR 16-1 (6-84) €8 39212
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Page 2 of 3

Licensee shall, when required by the State Water Resources Control Board, install and maintain an outlet pipe

of adequate capacity in his dam as near as practicable to the bottom of the natural stream channel, or provide
other means satisfactory to the State Water Resources Contro] Board, in order that water entering the reservoir
which is not authorized for appropriation under this license may be released. Licensee shall submit plans and
specifications of the outlet pipe or other alternative to the Chief of the Division of Water Rights for

approval within 6 months of the date upon which the Board issues notice that an outlet Is requ jred. Licensee

shall furnish evidence which substantiates that an outlet or alternative has been installed In the dam.

Evidence shall include photographs showing comp leted works or certification by a registered Civil or

Agricultural Engineer. (0050044)

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

Licensee shall allow representatives of Buena Vista Winery, Inc. to inspect the reservoir at mutually agreeable
times. (9990300)

AR

¢




APPLICATION PERMIT LICENSE

27796 19184 e
Page 3 of 3 1<H577

Licensee 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 lcense.

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 finds 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
with respect to all waste discharges which have any substantial ef{ect upon water quality in the area involo-
ed, and (2) the water quality objectives cannot be achieved solely through the control of waste discharges.

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 amT‘in the in-
terest Zf 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 license 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-

ired to implement a water conservation plan, features of which may include but not necessarily be
imited to: (1) reusing or reclaiming the water allocated; (2) using water reclaimed by another entity instead
of all or part of the water allocated; (3) restricting diversions so as to eliminate agricultural tailwater or to
reduce return flow; (4) suppressing evaporation 708368 from water surfaces; (5) controlling phreatophytic
growth; and (6) installing, maintaining, and operating efficient water measuring devices to assure com-
pliance with the quantity limitations of this license and to determine accurately water use as against
reasonable water requirements for the authorized project. No action 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 appropriate to the particular situa-
tion.

The continuing authority of the Board also may be exercised by tmposing 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, af}t)er notice to affected parties and opportunity for hearing,
that such action is consistent with California Constitution Article X, Sec. 2; is consistent with the public in-
terest and is necessary to preserve or restore the uses protected by the public trust.

Reports shall be filed promptly by licensee on appropriate forms which will 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-
ston herein specified and to the lands or place of use herein described.

This license i:iranted and licensee accepts all rights herein confirmed subject to the following provisions
of the Water Code:

Section 1625. Each license shall be in such form and contain such terms as may be prescribed by the Board.
Section 1626, All licenses shall be under the terms and conditions of this division (of the Water Code).

Section 1627. A license 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 articdle and the statement that any appropriator of water to whom a license 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 sharl’l 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 oig 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 uncYer 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 right to purchase the
virlm'rs 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 agrec upon the purchase price,
the price shall be determined in such manner as is now or may hereafter be provided by Exw for determining the value of property taken
in eminent domain proceedings.

Dated gpRIL 0 6 1990

STA RCES CONTROL BOARD

WR 16-5 {3-87) 87 44480
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Well Drilling & Pump Service June 1. 2022
878 El Centro Ave. Napa Ca, 94558 '
Office 707-255-6450
Fax 707-255-6489
Contractor License #396352

473800 State Highway 12, Napa 94558 permit # E2200019 Ap # 047-380-009-000
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Well Drilling & Pump Service June 1. 2022
878 El Centro Ave. Napa Ca, 94558 '
Office 707-255-6450
Fax 707-255-6489
Contractor License #396352

473800 State Highway 12, Napa 94558 permit # E2200019 Ap # 047-380-009-000

Proposed Well

E-Wells

E-Wells

E-Well
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APPENDIX D
NAPA COUNTY GROUNDWATER RECHARGE ANALYSIS



DRAFT October 3, 2019

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.

O’Connor Environmental, Inc. www.oe-i.com (707) 431-2810
Hydrology & Hydraulics = Hydrogeology = Geomorphology
P.O. Box 794, Healdsburg, CA 95448
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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 (OEl 2017).

Page 2 of 36
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Figure 1: Land cover distribution used in the Napa County SWB model.

Page 3 of 36
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Figure 2: Hydrologic soil group distribution used in the Napa County SWB model.

Page 4 of 36
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Figure 3: Available water capacity distribution used in the Napa County SWB model.

Page 5 of 36
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Table 1: Soil and land cover properties used in the Napa County SWB model.

Land Cover

Agriculture, Other
Barren

Developed
Grassland/Herbaceous
Forest, Coniferous
Forest, Deciduous
Shrub/Scrub

Orchard

Vineyard

Water

Interception
Storage Values ()

Growing Dormant

Season

0.080
0.000
0.005
0.005
0.050
0.050
0.080
0.050
0.080
0.000

Season

0.040
0.000
0.002
0.004
0.050
0.020
0.015
0.015
0.015
0.000

Type A

38
77
61
30
30
30
30
38
38
100

Table 2: Infiltration rates for NRCS hydrologic

soil groups (Cronshey et al. 1986).

Curve Number by
NRCS Soil Type ()

Type B

61
86
75
58
55
55
48
61
61
100

TypeC TypeD

75
91
83
71
70
70
65
75
75
100

81
94
87
78
77
77
73
81
81
100

Type A

2.0
0.0
2.3
13
5.9
5.9
3.2
3.2
2.2
0.0

October 3, 2019

Rooting Depth by
NRCS Soil Type (ft)

Type B

1.9
0.0
2.1
11
5.1
5.1
2.8
2.8
2.1
0.0

Type

1.8
0.0
2.0
1.0
4.9
4.9
2.7
2.7
2.0
0.0

C TypeD

1.7
0.0
1.8
1.0
4.7
4.7
2.6
2.6
1.9
0.0

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

Station Data Used
Angwin® Precip & Temp
Atlas Peak’ Precip & Temp
Berryessa1 Precip & Temp
Calistoga® Precip
Knoxville Creek® Temp Only
Lake Hennessey® Precip Only
Mt. George3 Precip Only
Mt. Veeder® Precip Only
Napa County Airport? Precip & Temp
Napa River at Yountville Cross Rd? Precip Only
Napa State Hospital? Precip & Temp
Petrified Forest® Precip Only
Redwood Creek At Mt. Veeder Road® Precip Only
Saint Helena® Precip & Temp
Saint Helena 4WsSw* Precip & Temp
Sugarloaf Peak® Precip Only

1 — Data accessed from California Data Exchange Center (CDEC)

1981 - 2010 Mean
Annual Precip (in)

42.54
41.76
28.97
39.41
34.09
31.15
44.81
21.14
31.86
26.81
42.39
34.71
37.43
45.44
32.20

2 — Data accessed from National Climate Data Center (NCDC)

3 — Data access from Napa One Rain

WY 2010

Precip (in)

44.64
39.04
28.16
41.75
26.52
29.64
46.44
23.56
3272
28.85

46.6
37.36
39.11
47.88
26.16

% Avg

105%
93%
97%

106%
78%
95%

104%

111%

103%

108%

110%
108%
104%
105%
81%

WY 2014

Precip (in)

25.04
20.08
13.97
18.18
13.92
18.24

28.6

9.87
14.93
19.66
22.84
23.48
19.11
28.88
17.12

% Avg

59%
48%
48%
46%
41%
59%
64%
47%
47%
73%
54%
68%
51%
64%
53%
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Figure 5: Precipitation zones used in the Napa County SWB model. Hatching indicates areas where two
precipitation records were averaged across a zone.
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Figure 6: Temperature zones used in the Napa County SWB model. Hatching indicates areas where two
temperature records were averaged across a zone.
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Figure 7a: Daily precipitation data used in the Napa County SWB model for WY 2010.
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Figure 7b: Daily precipitation data used in the Napa County SWB model for WY 2014.
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Figure 8: Daily minimum and maximum temperature data used in the Sonoma County SWB model for WY 2010.
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Figure 8 — cont.
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Figure 9: Daily minimum and maximum temperature data used in the Sonoma County SWB model for WY 2010.
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Figure 9 — cont.
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Model Calibration

Available data are insufficient to calibrate the Water Year 2010 and 2014 SWB simulations;
however, the land cover and soil properties used in the model were obtained from a previously
prepared and calibrated SWB model of Sonoma County (OEI 2017). The Sonoma County model
was calibrated against total monthly runoff volumes derived using baseflow separation of
streamflow data for five watersheds within Sonoma County. Gages were selected because they
represented relatively small watersheds (1.2 — 14.3 mi?) 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.

. Mean AET, 2010 Mean Runoff, Mean Recharge,
Mean Precip,

USGS Gage HUC 2010 (in) (% Precip) 2010 (% Precip) 2010 (% Precip)
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 nrSt 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%

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
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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.
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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.

Page 29 of 36



DRAFT

October 3, 2019

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

American Canyon Creek
Bucksnort Creek

Butts Creek-Putah Creek
Capell Creek

Carneros Creek

Chiles Creek

Dry Creek

Hunting Creek

Jackson Creek-Putah Creek
Lake Curry-Suisun Creek
Lake Hennessey-Conn Creek
Ledgewood Creek

Lower Eticuera Creek
Lower Napa River

Lower Pope Creek
Maxwell Creek

Middle Napa River
Milliken Creek

Rector Creek-Conn Creek
Saint Helena Creek

San Pablo Bay Estuaries
Tulucay Creek

Upper Eticuera Creek
Upper Napa River

Upper Pope Creek

Wooden Valley & Suisun Creeks

Wragg Canyon-Putah Creek

Drainage
Area (mi?)

10.8
1.9
49.9
43.0
29.7
32.0
28.8
12.0
54.5
16.4
20.0
6.4
44.0
45.0
31.8
35.1
60.3
29.7
22.3
7.7
19.5
34.2
25.6
44.6
21.7
233
34.2

Precipitation

(in)

24.1
47.9
33.0
311
28.0
34.6
37.0
33.7
29.9
30.7
35.1
21.8
30.0
31.7
33.9
34.7
39.9
30.9
32.8
53.3
23.9
26.1
31.2
44.7
44.5
29.0
28.3

AET (in)

16.3
24.5
17.4
19.1
18.6
21.1
22.2
19.0
13.4
18.9
19.6
16.9
17.7
19.9
18.0
19.6
22.8
16.9
18.0
25.2
8.1
16.7
17.2
23.6
22.7
19.0
16.3

Surface
Runoff (in)

3.7
12.1
9.7
7.4
5.2
7.1
7.2
9.7
12.6
6.5
8.5
3.4
8.1
5.6
9.7
8.7
8.5
6.6
7.1
13.5
13.8
4.6
8.6
10.6
10.5
5.1
8.6

Recharge (in)

4.7
11.1
6.2
5.0
55
6.8
8.4
5.7
3.0
5.9
7.3
3.3
4.7
6.7
6.5
6.9
9.2
7.9
8.2
14.4
2.3
5.4
6.1
10.8
11.5
5.5
33

Soil Moisture

Change (in)

-0.6
0.1
-0.7
-0.6
-0.6
-0.5
-0.5
-0.8
-0.5
-0.6
-0.4
-1.8
-0.7
-0.6
-0.6
-0.6
-0.5
-0.6
-0.7
0.1
-0.3
-0.7
-0.8
-0.4
-0.3
-0.6
-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

American Canyon Creek
Bucksnort Creek

Butts Creek-Putah Creek
Capell Creek

Carneros Creek

Chiles Creek

Dry Creek

Hunting Creek

Jackson Creek-Putah Creek
Lake Curry-Suisun Creek
Lake Hennessey-Conn Creek
Ledgewood Creek

Lower Eticuera Creek
Lower Napa River

Lower Pope Creek
Maxwell Creek

Middle Napa River
Milliken Creek

Rector Creek-Conn Creek
Saint Helena Creek

San Pablo Bay Estuaries
Tulucay Creek

Upper Eticuera Creek
Upper Napa River

Upper Pope Creek

Wooden Valley & Suisun Creeks

Wragg Canyon-Putah Creek

Drainage
Area (mi?)

10.8
1.9
49.9
43.0
29.7
32.0
28.8
12.0
54.5
16.4
20.0
6.4
44.0
45.0
31.8
35.1
60.3
29.7
22.3
7.7
19.5
34.2
25.6
44.6
21.7
233
34.2

Precipitation

(in)

24.1
47.9
33.0
31.2
29.7
34.6
37.8
33.7
29.7
30.7
36.0
21.8
30.0
31.7
33.9
34.7
40.4
30.9
32.8
53.3
23.9
26.1
31.2
44.7
44.5
29.0
28.3

AET (%)

67%
51%
53%
61%
66%
61%
60%
56%
45%
61%
56%
77%
59%
63%
53%
56%
57%
55%
55%
47%
34%
64%
55%
53%
51%
65%
58%

Surface
Runoff (%)

15%
25%
29%
24%
19%
21%
20%
29%
42%
21%
24%
15%
27%
18%
29%
25%
21%
21%
22%
25%
58%
18%
28%
24%
23%
18%
31%

Recharge (%)

19%
23%
19%
16%
20%
20%
23%
17%
10%
19%
21%
15%
16%
21%
19%
20%
23%
26%
25%
27%
10%
21%
19%
24%
26%
19%
12%

Soil Moisture

Change (%)

-3%
0%
-2%
-2%
-2%
-1%
-1%
-2%
-2%
-2%
-1%
-8%
-2%
-2%
-2%
-2%
-1%
-2%
-2%
0%
-1%
-3%
-3%
-1%
-1%
-2%
-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

American Canyon Creek
Bucksnort Creek

Butts Creek-Putah Creek
Capell Creek

Carneros Creek

Chiles Creek

Dry Creek

Hunting Creek

Jackson Creek-Putah Creek
Lake Curry-Suisun Creek
Lake Hennessey-Conn Creek
Ledgewood Creek

Lower Eticuera Creek
Lower Napa River

Lower Pope Creek
Maxwell Creek

Middle Napa River
Milliken Creek

Rector Creek-Conn Creek
Saint Helena Creek

San Pablo Bay Estuaries
Tulucay Creek

Upper Eticuera Creek
Upper Napa River

Upper Pope Creek

Wooden Valley & Suisun Creeks

Wragg Canyon-Putah Creek

Drainage Area Precipitation
(mi?) (in)

10.8 10.1

1.9 28.8
49.9 16.9
43.0 15.8
29.7 15.0
32.0 18.3
28.8 21.5
12.0 16.7
54.5 14.9
16.4 18.4
20.0 19.1

6.4 12.2
44.0 14.9
45.0 19.4
31.8 17.8
35.1 18.3
60.3 21.3
29.7 18.7
22.3 16.5

7.7 32.2
19.5 10.4
34.2 14.6
25.6 15.5
44.6 22.9
21.7 25.6
233 17.9
34.2 14.1

AET (in)

12.3
17.6
14.2
14.8
14.7
16.5
16.5
15.4
10.3
16.1
14.8
13.9
14.0
15.9
14.5
159
16.5
13.7
13.6
17.8

6.0
13.5
14.1
16.2
16.8
16.4
12.6

Surface
Runoff (in)

0.7
115
3.9
31
4.6
3.7
6.8
3.1
6.1
3.7
5.7
1.7
2.6
5.0
4.5
3.8
6.6
4.5
4.0
13.2
5.6
2.6
2.5
6.9
8.5
3.1
3.6

Recharge (in)

0.7
2.6
1.9
1.1
2.0
1.5
2.5
1.6
0.7
1.9
2.2
0.8
13
2.2
2.0
2.0
2.5
3.4
2.3
4.1
0.5
1.7
2.1
3.3
3.5
2.0
0.6

Soil Moisture
Change (in)

-3.6
-3.0
-3.2
-3.1
-3.7
-3.3
-3.7
-3.4
-2.3
-3.4
-3.2
-4.3
-3.1
-3.6
-3.2
-3.3
-3.7
-2.9
-3.4
-3.0
-1.6
-3.3
-3.2
-3.5
-3.2
-3.5
-2.8
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Table 8: Simulated precipitation and recharge values averaged across HUC-12 watersheds in Napa County for

Water Year 2014 expressed as a percentage of precipitation. See Figure 20 for watershed locations.

Name

American Canyon Creek
Bucksnort Creek

Butts Creek-Putah Creek
Capell Creek

Carneros Creek

Chiles Creek

Dry Creek

Hunting Creek

Jackson Creek-Putah Creek
Lake Curry-Suisun Creek
Lake Hennessey-Conn Creek
Ledgewood Creek

Lower Eticuera Creek
Lower Napa River

Lower Pope Creek

Maxwell Creek

Middle Napa River

Milliken Creek

Rector Creek-Conn Creek
Saint Helena Creek

San Pablo Bay Estuaries
Tulucay Creek

Upper Eticuera Creek
Upper Napa River

Upper Pope Creek
Wooden Valley & Suisun Creeks
Wragg Canyon-Putah Creek

Drainage Area Precipitation

(mi®)

10.8
1.9
49.9
43.0
29.7
32.0
28.8
12.0
54.5
16.4
20.0
6.4
44.0
45.0
31.8
35.1
60.3
29.7
22.3
7.7
19.5
34.2
25.6
44.6
21.7
233
34.2

(in)

10.1
28.8
16.8
15.8
17.6
18.4
221
16.7
14.7
18.4
19.6
12.2
14.9
19.4
17.8
18.3
21.8
18.7
16.5
32.2
10.4
14.6
15.5
22.9
25.6
17.9
14.1

AET (%)

121%
61%
84%
94%
98%
90%
77%
92%
69%
88%
78%
114%
94%
82%
81%
87%
77%
74%
83%
55%
58%
93%
91%
71%
66%
91%
90%

Surface
Runoff (%)

700
40%
23%
20%
30%
20%
32%
18%
41%
20%
30%
14%
18%
26%
25%
21%
31%
24%
24%
41%
53%
18%
16%
30%
33%
17%
26%

Recharge (%)

700
9%
11%
7%
13%
800
12%
10%
5%
10%
12%
7%
9%
11%
11%
11%
12%
18%
14%
13%
4%
12%
14%
14%
14%
11%
5%

Soil Moisture
Change (%)

-36%
-10%
-19%
-20%
-25%
-18%
-17%
-20%
-16%
-19%
-17%
-35%
-21%
-19%
-18%
-18%
-18%
-16%
-21%
-9%

-16%
-23%
-21%
-15%
-12%
-20%
-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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