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6402 Dry Creek Road (Napa County APN 027-530-006) Groundwater Availability Analysis
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Figure 1: Project location map.
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Hydrogeologic Conditions

This project parcel is located in mountainous terrain west of Napa Valley on relatively gentle
slopes southwest of Dry Creek (Figure 1). The project parcel is underlain primarily by Holocene
and late Pleistocene-aged surficial landslide deposits (map unit Qls; Figure 2); the northeast
corner of the parcel extends onto surficial alluvium deposits (map unit Qa near Dry Creek) and
provides a small amount of parcel frontage on Dry Creek that presumably provides the property
with potential rights to surface flows. The surficial landslide deposits are characterized as
“chaotic deposits of sand, silt clay, angular boulders, and blocks of bedrock up to hundreds of
meters long deposited by gravity driven sliding and flow...locally composed primarily of volcanic
rocks” (Graymer et al., 2007). The alluvial deposits (Map unit Qa) are characterized by “sand, silt,
and gravel deposited in fan, valley fill, terrace, or basin environments” (Graymer et al., 2007).

These landslide deposits are to presumed to consist of rocks mapped adjacent to its mapped
extent on the slopes southwest of the project parcel: lava flows and tuffs of the Sonoma Volcanics
(Map unit Tsr and Tsa) which are mapped to the west and south of the Qls deposits. Well logs
for wells drilled within the landslide deposits at and close to the project parcel consistently
describe an initial layer of clay with rock ranging in thickness from 25 to 50 feet which are
presumed to be landslide deposits underlain by alternating layers of siltstone, shale and
sandstone rocks likely associated with the Great Valley Complex. Further upslope the log for Well
8 closer to mapped portions of the Sonoma Volcanics also reports a thicker layer of clays with
rocks (60 ft) along with layers of broken red ash.

The Great Valley complex is a mixture of rocks of the Coast Range Ophiolite and the Great Valley
Sequence. In Napa County the Coast Range Ophiolite consists of mostly large blocks of
serpentinite with igneous oceanic crust (LSCE, 2013). While the Great Valley Sequence whose
characterized by “mostly rhythmically thin-bedded fine-grained quart lithic wacke and greenish-
gray to black mudstone and shale” (Graymer et. al, 2007). These rocks were originally deposited
in a deep water marine environment. The units are well lithified and highly fractured resulting
in limited groundwater found almost exclusively in fractures. Successful wells completed in the
KJgvl unit produce at best only a few gallons per minute (LSCE, 2013).

The ridgeline to the southwest is underlain by Pliocene and late Miocene-aged Sonoma Volcanics
rhyolite flows (map unit Tsr), pumiceous ash-flow tuff (map unit Tst), andesite to basalt lava flows
(map unit Tsa), and late Miocene-aged Neroly sandstone (map unit Tn) (Figure 2). This unit is
located adjacent to the landslide deposits in an area identified as the landslide scarp. The extent
of these units is presumed to extend under the upper portions of the landslide at least down to
an elevation equal to that of Well 8.

Well Data

Well Completion Reports for wells near the project parcel were obtained through the California
Department of Water Resources’ Well Completion Report Map Application and through the
County of Napa Planning, Building, and Environmental Services Department’s Electronic
Document Retrieval system. The subset of these logs which could be accurately georeferenced
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based on parcel and location sketch information is discussed below. Logs for these wells are
compiled in Appendix A.

The project well (Well 1) was completed to a depth of 178 feet in 2020. The driller’s log for Well
1 indicates that in the upper 50 feet brown clay and shale were encountered; these materials are
interpreted as landslide deposits. Below 50 feet, the bore encountered hard shale, shale, clay,
hard siltstone, and sandstone, interpreted as the Great Valley Complex underlying the landslide
deposits. At the time of completion, Well 1 had a static water level of 48 feet and an estimated
yield of 25 gpm. Well 1 is screened from depths of 78 to 158 feet which corresponds to the shales
and sandstones of the Great Valley Complex. The project well is sealed to a depth of 52 ft, and
first water was reported at a depth of 90 ft, indicating that the landslide deposits are not a source
of groundwater.

There is an older well (Well 2) that is no longer in use on the project parcel that was completed
to a depth of 260 feet in 1979 that has recently been destroyed by wildfire. The driller’s log for
Well 2 indicates that the upper 27 feet clay and rock stingers were encountered likely indicative
of surficial landslide deposits. Below 27 feet the borehole encounters a mix of blue shale, blue
clay, limestone shale and black rock, likely indicative of the Great Valley Complex underlaying the
surficial landslide deposits. It is unknown if this well has ever been productive since the WCR
reports a yield of 0 gpm. At the time of completion, Well 2 had a static water level of 80 feet and
an estimated yield of 0 gpm. Well 2 is screened from 30 to 260 feet.

Well Completion Reports provided information for eighteen other nearby wells that could be
accurately georeferenced, eleven of which penetrate the surficial landslide deposits (Wells 3 —
11, Well 14 and Well 15, see Figure 2 and Table 1). These wells are typically completed to depths
of less than 300 feet and generally have low estimated yields of less than 10 gpm. One well
completed in the Sonoma Volcanics, Well 8, was reported to yield 100 gpm; this is likely an
overestimate due to the short length of test and given that the test method (air-lift) which usually
produces less reliable production estimates. Static water levels are typically 50 feet or less, with
two wells reporting static water levels around 100 feet (Table 1). Driller’s logs typically indicate
initial shallow layers of clay ranging 20 feet to 50 feet deep. Typically, below the layer of clay the
borehole encounters blue shale, sandstone, gray shale, stringers, soft shale, fractured rock, red
ash, likely indicative of the Great Valley Complex and Sonoma volcanics underlaying the shallow
landslide deposits.

Wells 12 and 20 were completed in Great Valley Complex sandstone and shale. Well 12 was
completed to a depth of 315 feet and Well 20 was completed to a depth of 200 feet, both have
low yields of under 10 gpm and static water levels of less than 50 feet. Driller’s logs for Well 12
indicate the initial 90 feet was a mix of volcanic clay and rock, then deeper into the borehole
shale and sandstone, likely indicative of the Great Valley Complex. The driller log for Well 20
indicates initial 40 feet of hard clay followed by shale, likely indicative of the Great Valley
Complex. Wells 18 and 19 were completed in surficial alluvium deposits. Well 18 was completed
to a depth of 202 feet and Well 19 was completed to a depth of 120 feet. Both wells have low
yields of under 10 gpm and static water levels of under 60 feet. The driller log for Well 18 indicates
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an initial 40 feet of brown clay, 20 feet of gravel, then the borehole encounters sandstone and
shale, likely indicative of the Great Valley Complex underlying the surficial alluvium deposits. The
driller log for Well 19 indicates mostly shale with some sandstone, likely indicative of the Great
Valley Complex.

Wells 13, 16, and 17 were completed in different Sonoma Volcanics. Well 13 located in the
Sonoma Volcanics Rhyolite flows was completed to a depth of 170 feet, has a low yield of 1 gpm,
and static water level of 40 feet. The Diller log for Well 13 indicates 25 feet of brown ash and
below gray sandstone with gray shale. Well 16 located in the border of Sonoma Volcanics
Pumiceous ash flow tuff and Sonoma Volcanics Andesite to basalt lava flows was completed to a
depth of 198 feet, has a high yield of 120 gpm, and a static water level of 18 feet. The driller log
for Well 16 indicates 40 feet of tan ash, and below encounters blue sandy volcanic rock, clay, and
shale. Well 17, located near the contact between Sonoma Volcanics Neroly Sandstone and
Sonoma Volcanics Rhyolite flows, was completed to a depth of 310 feet, has a yield of 50 gpm,
and a static water level of 85 feet. The driller log for Well 17 indicates brown, white and gray ash
to depths of 255 feet. Below these depths the borehole encountered gray shale likely indicative
of the Great Valley Complex (Figure 2 and Table 1).
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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 Geologic Map and Map Database of Eastern Sonoma and Western Sonoma Counties, California
(Graymer et al., 2007).
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Table 1: Well completion details for wells in the vicinity of the project parcel.

Well No. 1 2 3 4 5 6 7 8
DWR WCR No. 16805 121597 36275 913067 384937 70918 91032 371077
Year Completed 2020 1979 1986 2005 1992 1964 1976 1991
Well Depth (ft) 178 260 225 210 160 20 70 160
Static Water Level (ft) 48 80 120 60 Unk. Unk. 45 40
Estimated Yield (gpm) 25 0 1.5 1 1 2 7 100
Top of Screen (ft) 78 30 40 30 40 53 60
Bottom of Screen (ft) 158 260 220 210 160 70 160
Geologic Map Unit Qls Qls Qls Qls Qls Qls Qls Qls
Well No. 9 10 11 12 13 14 15 16
DWR WCR No. 913028 103155 34198 391066 475943 528424 710226 710534
Year Completed 2005 1978 1977 1992 1997 1999 2000 2000
Well Depth (ft) 290 295 280 315 170 200 280 198
Static Water Level (ft) 10 100 42 50 40 50 40 18
Estimated Yield (gpm) 2 4 10 1 6 25 10 120
Top of Screen (ft) 30 115 40 40 45 80 60 58
Bottom of Screen (ft) 290 295 280 320 170 200 280 198
Geologic Map Unit Qls Qls Qls Klgvl Tsr Qls Qls Tst/Tsa

Well No. 17 18 19 20

DWR WCR No. 762775 777416 778362 804717

Year Completed 2001 1999 2001 2004

Well Depth (ft) 310 202 120 200

Static Water Level (ft) 85 56 20 21

Estimated Yield (gpm) 50 8 0.5 8

Top of Screen (ft) 90 82 28 30

Bottom of Screen (ft) 310 202 120 200

Geologic Map Unit Tn/Tsr/Tst Qa Qa Klgvl/Qa
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Geologic Cross Section

A geologic cross section oriented southwest to northeast is shown in Figure 3 (see Figure 2 for
location). Elevations along this cross section range from 1,500 feet on the ridgeline to the west
of the project parcel to 700 feet near Dry Creek. Well logs along the cross section indicate the
Holocene and late Pleistocene-aged surficial landslide deposits range in depth from 20 to 50 feet.
The Tsr unit of the Sonoma Volcanics is shown to underlie the upper portion of the landslide
while the Great Valley Complex (map unit Klgvl) is shown below the landslide deposits and the
Tsr unit extending further east to the opposite side of the Dry creek valley. Water surface
elevations along the cross section appear to mostly match the elevation of the base of the Qls
deposits. The project aquifer is likely semiconfined or confined. Note that Well 2 was destroyed
by wildfire and is not in use.

1,600 A Al
1,500

1,400
1,300
1,200
1,100

1,000

Elevation (ft)

Creek
900

800

700 =
Kigvl ~~rla 5

Klgvl

600

500

=

00 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500
Station (ft)

Well
/ Ground surface Contact (Approx.) = =?=

=™ —————— Groundwater Elevation

> 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

The Tier 1 WAA focuses on estimating groundwater recharge for comparison to groundwater use.
Groundwater recharge in hillside areas of Napa County results primarily from infiltration of
precipitation distributed across the land surface. To accomplish Tier 1 objectives in a manner
consistent with hydrogeologic principles and water balance techniques used to estimate
groundwater recharge, we define an area of the landscape encompassing the project parcel(s)
that represents the likely source area for infiltration recharge of the aquifer utilized by the project
well(s). The so-defined project recharge area is also used to estimate existing groundwater use
on surrounding properties so that a more comprehensive assessment of groundwater availability
can be performed that places proposed project use of groundwater in context with existing
groundwater use from the project aquifer. The recharge area thus also represents the project
groundwater impact area and is sometimes referred to as the project recharge/impact area.

The project well (Well 1) and the old well (Well 2) are screened within the sedimentary rocks of
the Great Valley Complex. Therefore, the project aquifer has been conceptualized as a portion of
the large block of the Great Valley Complex mapped near the project parcel. As described above,
the rocks of the Great Valley Complex (KJgvl) are well lithified and highly fractured and the aquifer
is therefore conceptualized as a fractured bedrock aquifer. Although it is possible that
groundwater found in the fractures within the Klgvl unit may have some connection to the
distant portions of the mapped unit (putting the potential aquifer area at 5 mi? or greater), and
that an additional and potentially significant source of recharge is infiltration of surface flow from
Dry Creek, a more conservative conceptualization of the aquifer is a local fracture network (on
the order of 100’s of acres) that provides most of the water accessed by the project wells. To
evaluate the proposed project impacts at an appropriate scale, a project impact area
conceptualized as the area most likely to contribute direct precipitation recharge to the project
wells was defined. This area includes a portion of the landslide deposits and the uphill area of
Sonoma Volcanics draining to them (Figure 2). The fault line along the ridge serves as the western
boundary. The northern and southern edges of the project impact area are defined along the
drainage axes of small unnamed tributaries to Dry Creek which cut into the landslide deposits.
The downbhill (eastern) boundary is defined by the 720 ft contour and downhill edge of the Qls
unit. As defined, the project recharge area covers approximately 183 acres.

An alternative conservative conceptualization of recharge processes was also developed to take
into account evidence that direct precipitation recharge may be inhibited by hydrogeologic
factors. This conservative conceptualization of recharge is predicated on characterization of the
landslide deposit (Qls, Figure 2) as “clay” in geologic logs contained in WCR’s. Thick clay strata
may act as an aquitard that could substantially restrict precipitation recharge over a large portion
of the project recharge/impact area described above. Landslide deposits of this type are typically
heterogenous with potentially complex stratigraphy, and it is unlikely that the landslide deposit
fully restricts recharge infiltration. Hence, in this “conservative” scenario, recharge to the project
aquifer utilized by the project well and nearby wells is assumed occur in two distinct recharge
regimes: 1) direct precipitation infiltration in the 59 acres comprised of the Sonoma Volcanics
(Tsr; as shown in Figure 2) at the same rate as the preceding scenario, and 2) direct precipitation
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infiltration in the 124 acres covered by landslide deposits at a reduced rate to estimate the effects
of the proportion of clay in the landslide deposits on infiltration processes.

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 applicant and verified using satellite imagery and during a site visit. Uses on other
neighboring parcels within the project recharge area were determined using satellite imagery.
Water use rates were estimated using data from the County of Napa’s Water Availability Analysis
Guidance Document dated May 12, 2015.

Existing Use

In the existing condition the project parcel contains a single primary residence that may be
retained as a secondary residence; a new primary residence is under construction. The parcel
also contains an uncovered pool. Table 3 presents assumed use rates and total use on the project
parcel. All existing uses are supplied by Well 1.

Neighboring parcels within the project recharge area contain one oversized residence, ten
primary residences, two secondary residences, three pools, and approximately 3.6 acres of
vineyard (Figure 4). Table 4 summarizes uses and use rates for water demand on neighboring
parcels within the project recharge area.

Based on these uses, water demand within the project recharge area is approximately 12.16 acre-
ft/yr (Table 2). Of this, 0.85 acre-ft/yr is from the project parcel (Table 3). The remaining 11.31
acre-ft/yr comes from neighboring parcels, primarily residential use, and vineyard irrigation
(Table 4).



6402 Dry Creek Road (Napa County APN 027-530-006) Groundwater Availability Analysis

D Vineyard

[: Project Parcel
/A Aquifer Recharge Area

E Neighboring Parcels

© Oversized Residence
@ Primary Residence
E Conservative Aquifer Recharge Area (O Secondary Residence
@ ool
@ Store
0 1,250

2,500
Feet

Figure 4: Existing water uses identified within the project recharge area.
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Proposed Use

The proposed conditions include two residences on the project parcel; water use for these
residences are conservatively estimated at the high end of the range of residential use (Table 5).
As previously noted, a second residence on the parcel may or may not be retained. In addition,
3.0 acres (+/-) of vineyard will be planted on the project parcel. A 5,000 gallon per year winery
with a tasting room is also proposed. The winery will have 4 full-time employees and 1 part-time
employee with a tasting room that will be open 7 days a week with 14 visitors a day. There will
be 10 events with 24 people and 1 event with 50 people a year where the tasting room will be
closed to the public. Table 5 summarizes the proposed water demand on the project parcel. All
water use will be supplied by existing Well 1.

The project is estimated to increase groundwater use on the parcel by 2.72 acre-ft/yr to 3.57
acre-ft/yr (Table 5). Total water use within the project recharge area is estimated to increase to
14.88 acre-ft/yr.

Table 2: Estimated groundwater use within the project recharge area in the proposed and existing conditions.

Existing Condition Proposed Condition

(acre-ft/yr) (acre-ft/yr)
Project Parcel 0.85 3.57
Residential Use 0.85 1.85
Irrigation Use 0.00 1.50
Winery Use 0.00 0.11
Employee/Guest Use 0.00 0.11
Neighboring Parcels 11.31 11.31
Residential Use 9.50 9.50
Irrigation Use 1.81 1.81
Total 12.16 14.88

Table 3: Estimated groundwater use from the project parcel in the existing condition.

Annual Water

# of Units Use per Unit
B Use (AF/yr)
Residential Use 0.85
Residences, Primary 1 Residence 0.75 AF/Residence 0.75
Pools 1 Pool 0.10 AF/Pool 0.10
Total 0.85
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Table 4: Estimated groundwater use on neighboring parcels in the existing and proposed condition.

# of Units

Use per Unit

Annual Water

Use (AF/yr)
Residential Use 9.50
Residences, Oversized 1 Residence 1.00 AF/Residence 1.00
Residences, Primary 10 Residences 0.75 AF/Residence 7.50
Residences, Secondary 2 Residences 0.35 AF/Residence 0.70
Pools 3 Pools 0.10 AF/Pool 0.30
Agricultural Use 1.81
Vineyard 3.62 Acres 0.50 AF/acre/yr 1.81
Total 11.31

Table 5: Estimated proposed water demand from the project parcel.

# of Units

Use per Unit

Annual Water

Use (AF/yr)
Residential Use 1.85
Residences, Oversized 1 Residence 1.00 AF/Residence 1.00
Residences, Primary 1 Residence 0.75 AF/Residence 0.75
Pools 1 Pool 0.10 AF/Pool 0.10
Agricultural Use 1.50
Vineyard 3 Acres 0.50 AF/acre/yr 1.50
Winery Use 0.11
Process Water 5000 Gallons 2.15 AF/100,000 gal. 0.11
Guest & Employee Use 0.11
Tasting Room Visitations 4956 Guests 3 gal./Guest 0.05
Events w/ On-Site Catering 290 Guests 15 gal./Guest 0.01
Full-Time Employees 4 Employees 15 gal./shift @ 250 shifts/yr 0.05
Part-Time Employees 1 Employee 15 gal./shift @ 125 shifts/yr 0.01
Total 3.57

13
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Groundwater Recharge Analysis

Methods

Groundwater recharge within the project recharge area was estimated using a Soil Water Balance
(SWB) of Napa County developed by OEIl. 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 B.

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. OEl's SWB modeling also estimated recharge for Water Year 2014 to
represent drought year conditions. In late November 2022, County of Napa instituted a new
policy prescribing that for purposes of estimating groundwater recharge, the mean annual
precipitation to be used is that mean for Water Years 2012-2021 derived from the newest PRISM
data. County of Napa has provided gridded GIS data of the mean precipitation for this period for
use by WAA practitioners.

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 linear
interpolation procedure is unique for each project site; the application for this project site is
graphically displayed in Figure 5. The water balance data from the SWB model years is tabulated
in Table 6.
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Estimated Groundwater Recharge

As previously noted, there is uncertainty regarding the uniformity of precipitation recharge for
the project aquifer owing to evidence of substantial clay content in the landslide deposits
overlying much of the recharge/impact area. Consequently, two groundwater recharge scenarios
are evaluated to bound the uncertainty. The recharge estimate for the larger extent of the project
aquifer recharge area is discussed first, followed by discussion of the more conservative project
aquifer recharge estimate.

OEl's approach to site-specific WAA’s identifies the likely direct precipitation recharge area for
the project parcel considering local hydrogeologic conditions and surface drainage patterns. The
recharge area also serves as a “project impact area” within which we estimate groundwater use
for evaluation of the comparison between estimated recharge and estimated use. There are two
sub-areas that comprise the total recharge area: the “Conservative Aquifer Recharge Area” (59
acres) underlain by the Sonoma Volcanics and the “Aquifer Recharge Area” (124 acres) underlain
by Surficial Landslide Deposits (Figure 2). Together, these two sub-areas comprise the total
recharge area (183 acres) used to estimate groundwater recharge for “Maximum” and
“Conservative” recharge estimates. The impetus for discriminating between these two areas is
the interpretation from Well Completion Report geologic logs that the Surficial Landslide
Deposits corresponding to the larger sub-unit (124 acres) of the total recharge area have high
occurrence of clay suggesting that percolation of direct precipitation to groundwater might be
significantly inhibited. In contrast, the smaller “Conservative” area of 59 acres is considered to
have recharge capacity uninhibited by the high clay content associated with the landslide
deposits. We chose the term “Conservative” for the second recharge estimate to emphasize the
disproportionate contribution to recharge in the smaller conservative area underlain by Sonoma
Volcanics relative to large portion of the total recharge area underlain by clay-rich landslide
deposits where a significantly reduced rate of percolation to groundwater is inferred.

Total Recharge Area. This recharge area corresponds to the combined “aquifer recharge area”
and “conservative aquifer recharge area” shown in Figure 2, a total of 183 acres. Average annual
precipitation for Water Years 2012 through 2021 was 34.8 inches across the recharge area. For
the simulated Water Year 2010 (average water year) precipitation was 42.3 inches spatially
averaged across the project recharge area. Spatially-averaged simulated evapotranspiration
(AET) was 24.5 inches (Table 6). Simulated groundwater recharge varied from 6.5 to 17.1 inches
across the recharge area, with a spatial average of 9.9 inches. Components of the water balance
were also calculated for the project parcel and are very similar to those calculated for the project
recharge area. In simulated Water Year 2014 (dry water year), precipitation averaged 26.0 inches
across the project recharge area and AET averaged 18.1 inches. Simulated groundwater recharge
varied from near zero to 8.1 inches across the recharge area, with a spatial average of 3.1 inches
(Table 6). Assuming a linear relationship between precipitation and simulated recharge as a
percent of precipitation (Figure 5), the average annual recharge rate corresponding to mean
precipitation over the 10-year interval represented by Water Years 2012 to 2021 is 6.3 inches
(Table 6).
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Table 6: Summary of water balance results estimated by the SWB model for WY 2010 & 2014 and calculated
recharge from the precipitation average of 2012-2021 WYs.

2010 Normal Year 2014 Dry Year 2012-2021 WY Average
0, 0
inches % o.f inches % o_f inches |% of precip
precip precip

Precipitation 42.3 - 26.0 - 34.8 -
AET 24.5 58% 18.1 70% - -
Runoff 8.3 20% 8.3 32% - -
A Soil Moisture -0.4 -1% -3.5 -14% - -
Recharge 9.9 23% 3.1 12% 6.3 18%

Groundwater recharge estimated as a depth of water (6.3 inches, Table 6) can also be expressed
as a total volume by multiplying the estimated recharge rate by a representative area. For the
183-acre project recharge/impact area, average annual groundwater recharge for the period
2012-2021 is estimated to be 96.1 acre-ft/yr (0.525 ft/yr x 183 ac). For the 48.3-acre project
parcel it is estimated to be 25.4 acre-ft/year (0.525 ft/yr x 48.3 ac).

25%
20%
y=0.007x-0.0615 @

15%

10%

Recharge (% of precip)
Q

5%

0%
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0

Precipitation (in)

Figure 5: Relationship between precipitation and percent of precipitation as recharge for the larger project
recharge area.

Conservative Recharge Estimate. This recharge estimate includes the SWB estimate of recharge
to the “conservative aquifer recharge area” (59 acres) shown in Figure 2 plus recharge on the
portion of the larger recharge area overlying the landslide deposits at an assumed rate equivalent
to 20% of rate estimated for the “maximum” estimate recharge scenario. Water Years 2012-
2021 average precipitation averaged 35 inches across the 59-acre conservative recharge area.
For the simulated Water Year 2010 (average water year) precipitation averaged 42.8 inches
across the project recharge area and simulated actual evapotranspiration (AET) averaged 24.9
inches. Simulated groundwater recharge varied from 8.4 to 15.4 inches across the recharge area,
with a spatial average of 9.7 inches. Components of the water balance were also calculated for
the project parcel and are very similar to those calculated for the project recharge area. In
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simulated Water Year 2014 (dry water year), precipitation averaged 26.3 inches across the
project recharge area and simulated AET averaged 18.5 inches. Simulated groundwater recharge
varied from 1.9 inches to 6.8 inches across the recharge area, with a spatial average of 3.1 inches.
Assuming a linear relationship between the precipitation of the selected average and dry year
results of simulated recharge percent (Figure 6), Water Years 2012 to 2021 had an average of 6.1
inches of recharge (Table 7).

Table 7: Summary of water balance results estimated by the SWB model for WY 2010 & 2014 for the
conservative project recharge area.

2010 Normal Year 2014 Dry Year 2021-2021 WY Average
0, 0,
inches & o-f inches & o-f inches |% of precip
precip precip

Precipitation 42.8 - 26.3 - 35.0 -
AET 24.9 58% 18.5 70% - =
Runoff 8.6 20% 8.6 32% - -
A Soil Moisture -0.4 -1% -3.8 -14% - -
Recharge 9.7 23% 3.1 12% 6.1 17%

25%

__20% -
y=00066x-0.0576 .-~

15%

10%

Recharge (% of precip

5%

0%
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0

Precipitation (in)

Figure 6: Relationship between precipitation and percent of precipitation as recharge for the conservation
recharge area.

Groundwater recharge estimated as a depth of water (6.1 inches, Table 7) can also be expressed
as a total volume by multiplying the estimated recharge rate by a representative area. For the
59-acre “conservative recharge area” (Figure 2), average annual groundwater recharge for the
period 2012-2021 is estimated to be 30.0 acre-ft/yr (0.508 ft/yr x 59 ac); for the 124-acre portion
of the larger project recharge area mantled by landslide deposits average annual groundwater
recharge for the period 2012-2021 is estimated to be 13.0 acre-ft/yr (6.3 in/yr per Table 6 x 124
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acres x 0.2), vielding the total conservative recharge estimate of 43.0 acre-ft/yr. For recharge at
the parcel scale, we applied the mean annual recharge rate (43.0 ac-ft/year divided by the
recharge area of 183 acres or 0.236 ac-ft per acre) to the parcel (48.3 acres) to derive the parcel
recharge estimate which is 11.4 acre-feet.

Comparison with Other Regional Recharge Rate Estimates

Estimates of groundwater recharge have been produced for watersheds in the Napa River
watershed ranging from 5% to 21% of annual precipitation (LSCE, 2013). This study estimated a
mean annual recharge rate of 6% or annual precipitation averaged across the entire Dry Creek
watershed upstream of the USGS stream gauge (17.2 mi?) operated from 1952 to 1966. Recharge
estimates from other regional studies for the Santa Rosa Plain, Sonoma Valley, and the Green
Valley Creek watershed. These 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). The recharge rates
estimated for this project are near the middle of the range of estimated recharge rates reported
in regional studies. These comparisons 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.

Comparison of Water Demand and Groundwater Recharge-Tier 1

The total proposed groundwater use within the project recharge area is estimated to be
14.9 acre-ft/yr. This amount of groundwater use is equivalent to 15% to 35% of estimated
recharge based on average precipitation for Water Years 2012-2021 for the maximum recharge
estimate (Table 8). Although we do not believe that estimated recharge for the project parcel
alone is hydrogeologically realistic, recharge rates in relation to water demand for the project
parcel are also presented in Table 8 for perspective.

Table 8: Comparison of proposed water use to average annual groundwater recharge for the larger and
conservative project recharge areas.

Average Water Years 2012-2021
Total Proposed
Area Groundwater
. Groundwater
Recharge Scenario (acres) Demand Recharge Demand as % of
(ac-ft/yr) (ac-ft/yr) Recharge
Full Recharge/Impact Area
Maximum Estimate 96.1 15%
183 14.9
Conservative Estimate 43.0 35%
Project Parcel
Maximum Estimate 25.4 14%
48.3 3.57
Conservative Estimate 11.4 31%
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Well Interference Analysis-Tier 2

The County of Napa’s WAA Guidance Document indicates that a well interference analysis (Tier
2 Analysis) is required if neighboring wells are located within 500 feet of a project well or if a
spring is located within 1,500 feet of a project well. There are two wells on the project parcel.
Well 1 and Well 2 on the project parcel are located within 135 feet of each other. Well 2 is no
longer in use and was destroyed in a fire. Neighboring wells are located greater than 500 feet
away from the project well (Figure 7). No springs are known to exist within 1,500 ft of the project
well (Well 1). As such impacts to neighboring wells and springs are not expected to be significant
and a well interference analysis is not required for this project.

®  Well
D Project Parcel
Well 1 500 ft Buffer
Well 1 1500ft Buffer
m— Significant Streams

N
I T 1Feet
0 375 750 1,125 1,500 A

%

Figure 7: Well 1 surrounded by 500ft and 1500ft buffers with neighboring wells and significant streams.
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Groundwater - Surface Water Interaction Risk Assessment-Tier 3

As shown in Figure 7, the project well (Well 1) is within 1,500 ft of the nearest stream of concern
for potential streamflow depletion identified by County of Napa (Dry Creek). Well 1 is about
1,300 ft south of Dry Creek at its nearest point. 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)

Table 3 is reproduced below.

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

Aquifer Acceptable Distance from Minimum Depth of
Hydraulic Surface Water Channel Surface Seal Uppermost
Conductivity Depth (feet) Perforations
(ft/day) 500 feet 1000 feet 1500 feet (feet)
80 v 50 100
50 v 50 100
30 v 50 100
0.5 v 50 100

The effective pumping rate and actual pumping rate of the project wells (described below) are
consistent with the “Very low capacity pumping rate” category of wells (defined by Napa County
to be less than 10 gpm), and because the project well is more than 500 ft from the stream of
concern, conformance with Tier 3 guidelines are evaluated using Table 3 (page 12 of the Napa
WAA Guidance document).

The Tier 3 criteria also indicate that the minimum depth of the well surface seal should be 50 ft
and the depth of uppermost well perforations should be 100 ft. The surface seal for this well is
52 ft deep and the uppermost perforations are at a depth of 78 ft. Though the depth of
perforations is shallower than recommended, the entirety of the perforated interval of the well
lies below a surficial landslide deposit that likely comprises an aquitard interfacing with Dry
Creek. The geologic map (Figure 2) indicates that a strip of Quaternary alluvial deposits (map
unit Qal) lies on the narrow valley floor of Dry Creek suggesting that Dry Creek would likely
interact with alluvial deposits of Dry Creek. The landslide deposit appears to underlie the Qal
based on the geologic log of Well 18, the only well record available within the Qal deposit (Figure
2 and Appendix A). The Well Completion Report documents that the upper 40 ft of the Qal is clay
and that the well perforations begin at a depth of 82 ft. This information indicates that the
project well aquifer underlying Dry Creek is vertically separated from the stream bed of Dry Creek



6402 Dry Creek Road (Napa County APN 027-530-006) Groundwater Availability Analysis 21

by the clay-rich landslide deposits that are expected to behave as an aquitard that would have
very limited potential to exchange groundwater with surface water in Dry Creek.

The deviation from the guidelines for depth of uppermost perforations (78 ft versus 100 ft) has
no significance with respect to groundwater-surface water interaction and potential streamflow
depletion because the well is situated on a hillside above Dry Creek and the entire length of the
completed well lies about 100 ft above the channel bed of Dry Creek. Though a piezometric
gradient may exist flowing towards Dry Creek from the hillside where the well is situated, because
the entirety of the well is constructed above the streambed elevation of Dry Creek, there is little
potential for streamflow depletion due to the clay-rich aquitard (the landslide deposits) forming
vertical separation of the aquifer accessed by the project well and the streambed.

The effective pumping rate for the PW can be estimated based on estimated annual project
groundwater use. Total annual project groundwater use is comprised of 1.50 ac-ft for irrigation
and 2.07 ac-ft for residential, winery, and visitor use. Assuming a 150 day irrigation season,
average daily irrigation demand is 0.01 ac-ft. Assuming non-irrigation use is spread evenly
through the year, the average daily use excluding irrigation is 0.0057 ac-ft. The combined average
daily demand during the irrigation season would be 0.0157 ac-ft, equivalent to about 5120
gallons per day. The pumping rate required to supply this quantity of water in a 24 hour period
is about 3.6 gallons per minute (gpm). If 10 gpm were considered a threshold pumping rate that
should not be exceeded, an operational pumping schedule totaling 9 hours per day of pumping
at 9.3 gpm would satisfy estimated daily project groundwater demand. These calculations
demonstrate that the project well would operate as a “very low capacity well”; consequently, the
well complies with Tier 3 guidelines.

Summary

The proposed project includes a 5,000 gallon per year winery with a tasting room and 3.0 acres
of vineyard. There is also an existing residence and a new primary residence under construction.
The winery and related employee and visitor use, vineyard, and residences, including a pool, will
be supplied with groundwater from Well 1 which is perforated in rocks of the Great Valley
Complex that are vertically separated from Dry Creek by clay-rich landslide deposits about 50 ft
thick that overlay the aquifer. Including the proposed winery and vineyard, total estimated
groundwater use on the project parcel will be 3.57 acre-ft/yr.

Application of a Soil Water Balance (SWB) model provided the basis for quantifying estimated
average annual recharge for two scenarios to account for uncertainty regarding the spatial extent
of infiltration recharge to the project aquifer associated with the clay-rich landslide deposits that
mantle the project site. Estimated groundwater recharge for the project aquifer ranges from
43.0 to 96.1 acre-ft/yr; groundwater use from the project aquifer (14.9 acre-ft/yr) represents
between 15% and 35% of estimated annual groundwater recharge for the project recharge area
(Table 8). Groundwater use for the proposed project (3.57 ac-ft/yr) represents between about
14% and 31% of estimated annual groundwater recharge to the project aquifer pro-rated for the
area of the project parcel.
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The closest neighboring well to the project well (Well 1) is located 535 feet south of the project
well. Given the distance separating the project well from neighboring wells is greater than 500
feet, well interference associated with water use for the proposed project is unlikely and the
project is in conformance with Tier 2 WAA guidelines.

Dry Creek, the closest surface water body is located about 1,300 feet to the north of Well 1. The
project well will operate as a “very low capacity well” requiring pumping rates less than 10 gpm.
As such, the project well conforms with Tier 3 WAA guidelines for acceptable levels of
groundwater-surface water interaction. Furthermore, clay-rich deposits about 50 ft thick form
an aquitard separating Dry Creek from the project aquifer that substantially limit potential
exchange between Dry Creek and the project aquifer.
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APPENDIX A
WELL COMPLETION REPORTS
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Well Completion Report
Form DWR 188 Submitted 12/7/2020

WCR2020-016805
Owner's Well Number 1 Date Work Began  11/25/2020 Date Work Ended  12/04/2020
Local Permit Agency  Napa County Planning Building and Environmental Services
Secondary Permit Agency Permit Number E20-00508 Permit Date  11/04/2020
Well Owner (must remain confidential pursuant to Water Code 13752) Planned Use and Activity
Name _1’. Activity ~ New Well
Mailing A S
ailing Address Planned Use Water Supply Domestic
City BN State  Ca Zip 94025
Well Location
Address 6204 Dry Creek RD APN 027-530-006
City Napa Zip 94558 County Napa Township 06 N
Lattude 38 22 4 N  Longitude -122 24 24w range OSW
- - Section 15
Deg. Min. Sec. Deg. Min. Sec. Baseline Meridian  Mount Diablo
Dec.Lat. 38.3677778 Dec. Lang. -122.4066667 Ground Surface Elevation

Vertical Datum

Horizontal Datum  WGS84

Elevation Accuracy

Location Accuracy Location Determination Method Elevation Determination Method
Borehole Information Water Level and Yield of Completed Well
Orientation  Vertical Specify Depth to first water a0 {Feet below surface)}
Crilling Methed  Direct Rot Drilling Fluid  Ai Depth to Static
1 eiho ire ola rillin Ui ir
9 v 9 Water Level 48 (Feet) DateMeasured  12/04/2020
) Estimated Yield® 25 (GPM) Test Type Air Lift
Total Depth of Boring 400 Feet _
Test Length 2 (Hours} Total Drawdown {feet)
Total Cepth of Completed Well 178 Feet

‘May not be representative of a well's long term yield.

Geologic Log - Free Form

Depth from
Surface Description
Fee! to Feet
0 49 brown clay & shale
49 50 | siftstone
50 53 hard shale
53 80 | shale & clay
80 81 hard siltstone
81 110 | shale & clay
110 112 hard brown shale
112 130 | shale & clay
130 132 | sandstone
132 179 | shale & clay
179 192 | shale
192 193 | silistone
193 225 | shale
225 237 | hard shale
237 249 | shale & clay

Form DWR 188 rev. 12/19/2017

Page 1 of 2




3 S

249 310 | 95% shale / 5% sandstone
310 340 | 80% shale / 20% sandstone
340 400 | shale & clay

Casings
wall Qutside Slot Size
Casing | Depth from Surface Casin " Screen
g Type Material Casings Specificatons | Thicknesa | Diameter if any Description
¥ Feet to Feet {inches) {inches) Type {inches}
1 0 78 Blank PVC OD: 5,563 in. | SDR: 0.265 5.563
21 | Thickness: 0.265
in.
1 78 158 | Screen PVC QD; 5,563 in. | SDR: 0.265 5.563 Milled 0.032
21 | Thickness; 0.265 Slots
in.
1 158 178 Blank PVC OD: 5563 in. | SDR: 0.265 5.563
21 | Thickness: 0.265
in.

Annular Material

Depth from
Surface Fill Fill Type Details Filter Pack Size Description
Feet 1o Feet
0 3 Cement Other Cement concrete
3 52 Bentonite | Other Bentonite grout
52 400 Other Fill See description. pea gravel
Other Observations:
Borehole Specifications Certification Statement
Depth from I, the undersigned, certfy that this report is complete anc accurate (o the best of my knowledge and balie!
(Surface Borehole Diameter (inches} Name HUCKFELDT WELL DRILLING INC
Person, Firm or Corparation
0 55 12
55 200 | 9 994 KAISER RCAD NAPA CA 94558
Address City State Zip
Signed  efectronic signature received 12/07/2020 439746

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

DWR Use Only
CsG# Stats Well Number Site Code Local Well Number
I I | [~ L1 [ ] |w
Latitude Deg/Min/Sec Longitude Deg/Min/Sec
TRS:
APN:

Form DWR 188 rev. 12/19/2017 Page 2 of 2
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Well #2
2 f i'f'/’F

ORIGINAL STATE OF CALIFORNIA Do not ﬁuinﬁ
THE RESOURCES AGENCY

File with DWR DEPARTMENT OF WATER RESOURCES No. 121597

Q of Intent No WATER WELL DRILLERS REPORT State Well No.

Permit No. or Date Other Well NM

( (12) WELL LOG: Total dept&6__o ft. Depth of completed “-93!_26. o__ft
A from ft. to ft. Formation {Describe by color, character, size or material)
C 0 - 24 Clay,
2 ATIO? . ST E20 2k, - 27 Rock stringer.
Coor NABEY OF WELL (see iswedbula #27-530-06 50— T o s STue oTar
Well address if different from above__m 85 - 9""’ ROCk S\W.Ilger.
Township_T_-;é_._LB-mwp Rt L!«-T-"Jo Section 914' - 123 BlAue Sh—ég\w& ClaY'
Distance from cities, roads, railroads, fences, etc 123 - 1914- BL‘N‘\\B\ Shalé []

194k - 260 GraydNme stone shale & black
- (\\\roé@;, hard drilling,

(3) TYPE OF WORK: 7 N

New Well (X Deepening (] (/S\\

Reconstructdon

fas . e
Keconditioning

D;D
;
©<

‘J;\“'H()n'zantal Well Q&\ - (\%
¢ |Bomeien 3 Meete | NQS- N Q

procedures in lt_.em - Q «f‘\
(4) PROPOSED 2N A )
Domestic /5-;‘ 7 A _\\ N (-(\\ \\

Irrigation

=)
Industrial O 2N
T, \> In| \\\)-

)

Well /A0 &
) nw?’?r Maph y S"‘“’. . ' g\ - 2 \\\\S .
—-\ {‘p o 7’ Municip: < - Q\zv/) = ,
WELL LOCATION SKETCH N\ Other A ol -\ Y i
{5) EQUIPMENT: {6) Gmw(ﬁm @ K _
Rotary 2K Reverse [ Q XX No 52@%* ((\\\0
Cable [ Air O er of bore (('\\\\)) iy
Other [ Bucket }% m, 29/(‘) & 260 F\\\\\ o
(7) CASING INSTALLED: (8) “PERFORA : N -
Steel O Plastic X} Co: e Type of pe or ¥ze of scmn((-\\ = -

. N N % -
o | T | N TR R A4S ——
0 26BN®Y 160 30 [ 26 N\ SBTD -
— QO 7 -
QAR Y -
(9) WELL SEAL: N -
Was surface sanitary seal provided? Yes?{ No [ If ves, to deptil_.._z_o_ﬁ. -
Were strata sealed against pollution® Yes {] NofK Ioterval __ ft

Method of sealing _CoOncrete Work somed_ =30~ 1579 Completed_B=2 2= 1079
(10} WATER LEVELS: WELL DRILLERS STATEMENT:
Depth of first water, if known ft. | This well wes drifled undey my ju isdicflon and this report is true to the best of my
Standing level after well completion 80 ft. | knowledge and bﬁ / W N -
(11) WELL TESTS: ] SiGNED /. ’L - btrir H-.
Was well test made? YeXX,  No [T If yes, by whom?__Liller ] w1~ ‘M~ (Well Driller) g
Type of test Pump EDC Bailer [J Air life [ h "‘NAB;T'-F- ;- !‘M‘CL:‘@ & Will-" ams Tnc.
Depth to water at start of tesL._S._,__ﬁ. At end of tes 260 (Person. firm, or corporation) (Tvped or printed)
. 0 i 1% . Address 878 il Centro Ave
arge__ > _gal/min after -2  hours Water tempermature T A 8

Fical analysis made? Yes O NoXEX If ves, by whom? City. = 'I\,apa' C Zip, g!‘!’ss

Was electric log made?  Yes (3  Nodg& If ves, attach copy to this report License No. 3658’2& Date of this report. 8""1 5-=79

DWR 188 (REV. 7.76) IF ADDITIONAL SPACE [S NEEDED. USE NEXT CONSECUTIVELY NUMBERED FORM




STATE OF CALIFORNIA Do not ﬁu n
THE RESOURCES AGENCY

G DEPARTMENT OF WATER RESOURCES NO. 3 6 2 7 5
P /500 il WATER WELL DRILLERS REPORT A
LoggbRemmit No. or Date P o~ Other Well No. 4 ) 374
(12') WELL LOG: Total dep&gﬂ, Depth nf completed welé:gt.
Ac from ft. to ft. Formatiofy { Describe by eolor, j,chameter, size or material)

S S . O - 507 Heumry (“Vau.jp
(2) If%:l‘ION OF WELL (Sce instructions): - 4 A a n
County___g= i O\\.it:;us 3(11] Number. Qb - ‘ Qq' (yj-&u-' SV’\ML

Well address if different from above__ — (I F¥ 52— - £ NN \\ f

mﬁ_%“%w M halloy Sealeq

Distance from cities, roads, railrnads, fences, etc 4"
Hafl 27 on PRy el [T - JQ-\G%\QL&
s IVAFANY dL f_g
(3) TYPE OF WORK: 2
New Well %eepening O 0\\ M -

Reconstruction G '\\ <<A
BReconditioning [ - Vv @ V
Horizontal Well ] \%& _ \Q\\‘va ~
Destruction (] (Deseribe -

A procedare fo e 3 N - i ©\

g
96
A
Y
q

(4) PROPOSED %5 S A
M Irrigaﬁou/-\ \— ‘ ‘\c&’:‘\\\)
Industrial % <Q\\\\? <'\\\\—'y

a
Well O o~
DD RPN
/. N
O

Munici
WELL LOCATION SKETCH \\/\ Other (.\
{5) EQUIPMENT: {6) GRA & - &G

Rotary p/ Reverse ] RN
Cable [ Air DQ ter of bore = \\\\\!
Other O Bucket \k\\\y -
(7) CASING IN (BVPERFOR_é‘I ﬂ\\\” -
Steel O Plastic Q/C&:m Type of pe E ion o e of scree?/'\ y -

\ -
CER AR F%&"\\@ ; A@«‘Z@ :
o ;g}(&@ 70 | #Q> .’2.23\\3'\1} -

(9) WELL SEAL: Ny -

Was surface sanitary seal provided® Yes No G If ves, to depth_&_ﬁ. -
Were strata sealed against pollution? Yes [] No P Interva -, P
: $ A Tl 56
Work started_ €83/ €= /19X [ Complet 19

Method of sealin

(10) WATER LEVELS: WELL DHILLE'R’S STATEMENT:
Depth of first water, if known ft. This well wes drilled under my jurisdiction and this repoit is triue to the best of my
Standing level after well completion /'2 o ft. knowledze and belicf, ~ /
(11) WELL TESTS: . SIGNED =y V4 2{’6 _,M_ _ é" .
Was well test made? Yes No C If ves, by ghom? i & e i ] ! / '
Type of test Pump [ /'20 Bailer Air hﬂ,-E' o NAME 7 L/ )’_/ / [ k a
Depth to ‘7: at start of test £ ™% g At end of teﬁ_gg_& - 7 ) ig’inol {Typgd or printed}
DischargeLa!;mm a.&eri_houn Water temperature. Add"‘% O,, / e— i

jcal analvsis made? Yes — \qx If ves, by whom? City 406‘_ P, /

ic logr made? Yes O \0& If ves, attach copy to this report License No. ate of this repo T

88 (REV. 7-761 IF ADDITIONAL SPACE IS NEEDED. USE NEXT CONSECUTIVELY NUMBERED FORM  s3e:655c 7.76 50n quad @T osp




Well #4

ORIGINAL STATE OF CALIFORNIA DWH USE_ONLY o DO NOT EILL IN__amem—
File with DWR WELL COMPLETION REPORT | N 3
Refer to Instructton Pamphlot STATE WELL NOJSTATION NO,
e well Mo, - 0913067 | | ] |
Ovwner’s Well No. s : LIATt'lruols : : [LONBIT!.IDEI :
Date Work Begu:__9/28/05 __, kdod 10/OA/5 IR ETENEEEE
Local Permit Agency Nepn — TR APN/TRS/OTHER
Permit No. - Permit Date s e N
GEOLOGIC LOG - T o
ORIENTATION {.) lv%mm __ HOWZONTAL ___ANGLE __ (spEciFy | D
DRILLIN form
T METHOD air FLUID -1
SURFACE DESCRIPTION 3
o F Descﬁbe material, grain size, color, ejs\ ) y LOCATION
: i ' clay, shale AN R . Creelc Reedl
1 1 k - @3 0y - -f' 13 )
2 momas — eV
i — %
1 1 i j\:\’a e AﬁN Book __ZZ;_.Page 320 Parcel 014
110130 © hard mEt dm'lé/f o PR Ny T@h&; o Range Section
i *, =;=\" o KN ] J \f' B el oo
1 [ \‘,/f - _;‘\_ ‘%n "\ ‘\‘\ 'lﬁ (;.«"\ 1 t N Lon_g I 1 w
/;ﬂ--., N N AL . |- oEas ww. BEC. qEE W 88C,
150 ¢ 170— L dhale [ \ sl N S - LOCATION SKETCH SACTIVITY (2) —
1 vy T N N NOATH NEW WELL
A % - = ]
i 190, : 210 cnﬂlﬂ'alé e ‘"“ 4, \R _ {rir\ "x_‘x“-:_/,) \’ MODIFICATION/REPAIR
: : f"“"} kY J“x (e %2 ot Spooity)
N T N =
! :
! ;’JT{:} \ \H } B «::/ N DESTROY (Desaribo
: [ { i e’ i’\‘:, L W=l Under “GEOLOGIC LOG)
L NS ot L GsES ()
I Hgemeny
T T N —_— ¢
e 5 : . Irrigation ..’ tndustrial
| 3 MONITORING
T T
[ ] - TEBT WELL
T T GATHOBIG PROTEGTION
: : ; ‘ HEAT EXCHANGE
T Y T ; . DIRECT PUBH .
: : S INJECTION
: : S ¥ owrew VAPCR EXTRACTION ____
! 1 BPARGING —_,
: : Hlustrate or a-:cﬁba Dfxtmws Weﬂ REMEDIATION —
; ; Fm%mJMa gmadd&imml il pey | OTHER (@PECEN
} E WATER LEVEL & YIELD OF COMPLETED WELL
T : DEPTH TO FIRST WATER (FL) BELOW SURFACE
T T DEFTH OF STATIC
; ! WATER LEVEL, 00 (rt) & DATE MEASURED 10/4/05
! ! ESTMATED YIELO * 1o (apM & TesT TYPE__ ST
TOTAL DEPTH OF BORING 210 (Reet) TEST LENGTH ____ D(rre) TOTAL DRAWDOWN__ 200 @ty
TOTAL DEPTH OF COMPLETED WELL 210 (Feet) * May not be representative of a weil’s long-term yield,
DEPTH BOFE- CASING (8) DEPTH ANNULAR MATERIAL
FROM SURFACE | Ve =12y FROM SURFACE TYPE
DIA. l§ g MATERIAL/ |INTERNAL | GAUGE SLOT SIZE cE | BEN-
. DIAMETER | OH WALL IF ANY FILTER PACK
b B R {incies) 3 E E e GRADE ol v ) o p | MENT|TONIE| FILL A
_ 3 finches fnches ‘ (el | ()
o '3 l|121/alx t | 20 p ' B\ X
0N 9 7/8] X % 6_: 200 Tacicry | | on 0 #6 s peck |
N A 9 7/8|X © a5 - i
T T o YS X F480— 6, Bty ;
o130 — S Igx T &2 :
) £ 9 ZP ) X ‘ﬁi_gk fachory :
. o e i s 3 L 3 m‘iﬁf ‘ ;
ATTAC INTS (2} " CERTIFICATION STATEMENT
Geclogic Log [, the undersigned, certify that this report s complete and accurate to the best of my knowladge and belief.
. Well Censtruction Diagram wsﬂ__ Williams, Inc,
— Goon Logte) FERSN, IR, OF CORFORATON] (1VPED R PRAIED!
__ SollWater Chermical Anslysss 878 El Gnbro 2., Ny, G 94558
ADORESS . omy STATE .
— Oter 1/25/06 6352 .
ATTAGH ADDITIONAL INFORMATION, iF IT EXISTS. Sned o Feewso A DATE_SENED C.57 LIGENSE WUMBER

TAVR 188 REV. 0503

IF ADDITIONAL SPACE 18 NEEDED, USE NEXT CONSECUTIVELY NUMBERED FORM

#E= 0sP 03 78sug



Well #5

ORIGINAL
File with DWR

. Notice of Intent No. .
IMPMN&WM .

STATE OF CALIFORNIA
THE RESOURCES AGENGY n
DEPARTMENT OF WATER RESOURCES |:

WATER WELL DRILLERS REPORT"

Do not ﬁu in
o. 384937
stato well No O/ OB W 3{

Other Well No.

. (12) WELL LOG Totsl wﬁ@&cmpzmaep&@_
fromft. )  (Deseribe by colgr, character, size o metertal)
{2) LOC. F WELL (See msl:ructions)
Commty -. * tmabes
i W g - AStora_
New Wel Deepening O =
= — . 1
i ACY aitshate
El| =1 u _ } i -
destruction materials and pro- . P
N N ? AN han P
1\ w
i 2NN .
g RS > A.Mh._—
~ O
()
N - / 7
'% o ) U
: NG 7
AN\
W =
N~ -
2/ -
’ "AOK'\ i} -
'ron T, 1 Ga ‘ =
£ §§ i) | Wall 3 -
f}.;-_gffﬁ'a, ﬁ;&c,_?z}' =
) WELL SEAL: o ;
Wasm&mmﬂarywa]prmﬁed? Yes @/Noﬂ [fyes.tﬂdﬂ?ﬂl-——i?;‘—-—ft- — ki
Were strata senled against ? Y[l No Interval
Misthod of sealing . R £ -
{10) WATER LEVELS-
Dopth of it water, f kcaown 4 b — B Y
Stndingovel after well completion #5 : £
11) WELL TESTS: Y
E’Imvmﬂh&stmmdn? Yes B No [0 ¥ yes, by whom? / /t""
‘Type of test Porp O Bafler (1 Atrlift [omr”
Depth to water at stoot of test —_ fL.__. At end of test fr
Discherge gal/miin after s . Water temperature 27—} A€
. Chemical analysismade? Yes 1 No =""Tf yes, by whom?
Waselectric log meda Yes ] No Ma.amhwpytotlﬂsmpm

DWR 188 (REV. 12-88)

. IP ADDITIONAL SPACE IS NEEDED, USE NEXT GONEECUI‘WELY NUMBERBD FORM



Well #6 - . . )
oRIGINAL WATER WELL DRILLERS REPORT o0 Mo e I
File Original, Duplicate and Triplicate with the {Sections 7078, 7077, 7078, Water Code) N ° 7 0 9 1 8
=: - REGIONAL WATER POLLUTION State Well No.____.

STATE OF CALIFORNIA

g — 2 97 | oumwanl
t)

OWNER: i {11) WELL LOG:
Tozzl depeh 20 ft. Depth of complsted =ell  20) fr.
Formation: Describe by color, cheracter, tize of wiaterial, ond stractsre.
fe. 10 fr.
0 kX ___top soil

(2) LOCATION OF WELL: 1 5 ~_brewn _slay
Counry WAPA Owner's number, if say— 5 13 ~ large gravel send & clay
R.F.D. or Scree No. SAJN® &S &bove on Dry Creek Road 13 15 = ‘hrown shale
between Trnity Rd.& Town of Oakville. 18 .20  blue clay

150 fts south of Dry creek road.
= mile eest of Wahl Rd,

(3) TYPE OF WORK (check):

~New well ﬁ Deepening [] Reconditioning ] Abandon [
If abandonment, describe material and procedsure in Item 11.
(4) PROPOSED USE (check): (5) EQUIPMENT:
Domestic ﬁ Industrial [] Municipal [] RotaanckB't{Z
Irrigation [] Test Well [] Other [ gil;‘?weu []
(6) CASING INSTALLED: If gravel packed
SINGLE p DOUBLE Gage| [ fom .
From & o iz, Dixm, wali | of Bore it. fr.
] - 0 20 36" 1,.D. 49" 1o 20
.' CONCRETE PTPE 7 ) N ' N
Trpe and size of shoe or well ring Size of gravel: %ll naa
Describe joint -

{7} PERFORATIONS:

‘I'ype of perforator used none
Size of perforatons in., length, by in.
From fr. fr. Perf. per row Rows per fr.

"~ FOR_OFF.CAL USE ONCY———

(8) CONSTRUCTION: CONGRETE GOVER INSTALLED

Was 2 surfaes sanitary seal provided? F.Yu 1 No To whar deptk ft.

4 —_— O
Wete any strata sealed against poliution? p Yes i No If yes, nose deprh of strama
Fi

From {t. to ft.
- __Jo 10 " -
Method of Sealmg RMM Waork started 5/11 /64 19 . Completed 5/1 "?/64. 19

WELL DRILLER’S STATEMENT:
This well was drilled under my jurisdiction aud rb:s‘:;w’is true to ihe best of

{9) WATER LEVELS:

Depth at which warer was first found 14 fr. my knoudedge and belief.
ﬁding level before perforatiag fr. NAME B&»T IA.R.D & FOOTF‘. :
néing level after perforating fi. i shoggan, 01' CGIECIaton: -3 vked or primied)
i, 4628 SE0ERE TS

(10) WELL TESTS:
Was 2 punap usé made? [0 Yes f No If yes, by whom?
Yirﬁprox. 2 gal./mia. with fr, draw down after Eos.

Temperature of water 0001 " Was 3 chemical analysis made? [ Yes ﬁ No

Was elecrric log made of well? £ Yes ﬁ No
57025 6-57 55M QUIN A sPo DWR 188 (REV, 3.54}




Well #7 © m

v -4 " ?
: STATE OF CALIFORNIA Do Not.Fill In
THE RESQURCES AGENCY
- 0
ORIGINAL DEPARTMENT OF WATER RESOURCES N - 9 1 0 3 2

File with WNFIDENTIAL LOG State Well No
. Water Code Sec. lS?gATER WELL DRILLERS REPORT otherweuxm

v AwraED. 1) WELL LOG:
Total depth ;‘ 5 ir. Depth of complered well ft.
Formatioa: Describe by color, character, size of materisl, end struciure

/ ft. to e,
//’7 Z i W

LA/ T s - -
(2) LOCATION OF WEL}
County .( Ownge's nambegy if a0y
Towaship, Range, :ﬁ Section

~ 330 /6

Distance from cities, roads, railreads

L L4

(3) TYPE OF WORK (check):
New Well ﬁ Deepening [[] Reconditioning [] Destroving ]
1f destruction, describe material and procedure in Item 11.

(4) PROPOSED USE (check): (5) EQUIPMENT:
Domestic [ﬂ Industrial [[] Municipal [ Rotary |
Trrigation ] Test Well [ Other [] Cable E

Other |

(6) CASING INSTALLED:

STEEL: OTHER:
SINGLE ﬁ DOUBLE ]

If gravel packed

~Srge Diameter
From To o of From To
fr. ft. Diam. Wall Bore ft. fr.

6 |20l £ | /27

LA /]

Size of shoe or well ring: , P0fn & ¥ Z S7p of eravel:
e
Describs juint Z{j 4
(7) PERFORATIONS O&SCR.E :
7

T w

[

Tvpe of perforatien or name of screca

Peri. Rows
From To per per Stze
fr. fr. row fe. , inxin.

&3 | T7p | A {0 ]

e 7 r-a
(8) CONSTRUCTION:
Was 2 sarface sanitary seal provided? Yes W No [1 To what desch _'LQ\ fr.
Werz any straa sealed agzinst pollution: Yes [ No [ 1§ ves, nore depth of strata
From i1 to ft. ( ) ( \
From ft. ta fe. Work s
Methiod of sealing (At £ WWILLER’S TATEMENT:

. s well was drilled under my j
(?) WATER LEVéLS: of my knowledge aud belief.
Depth at which water was fiest found, if kaown fr. (_; 3 -
Standing level before perforating, ii known ir, NAME % o WG
vV T

3raading level after perforating and developing fr. %_gh
(10) WELL TESTS: -

Was pump wst made? Yes?g Ne O
Ca

=ld - gal./mir. with

Yes (]

Was clecrric log made of well;  Yes [J Noﬂ\ If yas, ateach copy
.i

SKETCH LOCATION OF WELL ON REVERSE SIDE

“ Temperature of water Was a chamical anzlysis made?

onrpeNTIAL LOG
Pater Coda San, 17752
DWR 188 (REv. 9.68) . 25179-950 9-68 =CM TRIP AD t':"r.sl-=




[ POR W2 SEC.3I, T7N,R5W, MDB &M

S ceL

NAPA COUNTY ASSESSOR'S

' PARCEL NO. 2 D
. - : B4 i PAGE i 2K I ACEL

YOU MAY Wi331 T2 KEEP THIS MAP AS
A PERIAKEST RECORD.

Y
> \
; \5._‘;3’;;
Te;
w
i s '
- : .
! ot
|
Eas T £
. £
2 &
“EST e ?
L : -0 :
S k ! ’
. z 5
, z 143 .2, 0T a0
- 2 .S RE RS
N 2\ . S|®roa5.e0
! ¢S g RAF
. . 5 DL
-
-
1w
‘\
A

a1

171k
imj.-

. ; : f
by k] R R 1 P |
2 5| £ iisases PO ot
5 9 B <5c-ec_ 3520 i\\?l 122°27' 30
Q LY, J .
2 5205
wWEST

MNOTE - Assessor’s Block N+ -wbers Shown in Ellipser

. . > At
Assessor s Parcel Numbers Shown in-Circles.




Well #8 ﬁ)o\vc,eia A1-06"1p— 3

STATE OF CALIFORNIA

ORIGINAL THE RESOURGES AGENCY Do not fill in
File with DWR DEPARTMENT OF WATER RESOURCES
Q. WATER WELL DRILLERS REPORT No. 371077
ce of Intent No. State Well No.

Local Permit No. or Date Mﬂ— . . -’:-*: UL o Other Well Ne. ?,4//‘(2// -?é
(12) WELL LOG: Total depth _‘_tggt Completed depth _'w

fromft to ft Fc'matﬁ\: {Describe by color, character, size or material)

@) LOCATB}QOF WELL (See instructions):
County Ovwmer'’s Well Number
Well address if different from above m m<e.

Township ;L Range Section
Distanga fr %e_s, rde, rail fen .
_EF G2 AN

yYce K. V3 -

Z
’{3) TYPE OF WORK: -

N
New Well 3 Deepening O - \\ Vv
:Reconstmctio:; O - 5 \\\/
Reconditioning O '{A‘ o)
Horizontal Well a P \\ /\\V\)/ A,
Destruction [0 (Describe K\_ v N (C}\
e e

2> ~,

Domestic

Irrigation / o \\

(4) PROPOSED US é N /\\V@ b

§
L
/v

Industrial 1
’ Test Well [} - (\\\,05 ~ — >
Muniei OL N ¥ AP
0 e ROy~ XY
WELL LOCATION SKETCH be \CXN
(5) EQUIFMENT: CRA o 0)\_
Rotaryh Reverse [ I /X(ﬂ
Cable [J Alr D fbweQO /‘\\\3\\/
ot 0 7 Oz AN
(7) CASING INSTALLED: {8) PER &:{)\J —
Steel [ Plastic E\ \é&)ﬂ Typg\d ion orazeu{)égo\& :
From T "b] Gage or N Q' t -
ft. i Wall & Size —
le] OV | /6T | g NEVE1 -
- EN NN -
NS -

(9) WELL SEAL: —
Was surface sanitary seal provided? Y&s,h No [ Tfyes todeplh& -
Were strata sealed against pollation? Yes (1 No Bf  Interval

Method of sealing — ey R0 T Waork mned_[;";;ngmg_L Completed_c2—§ = 10 }
(10) WATER LEVELS: 7O WELL DRILLER'S STATEMENT:

Depth of first water, if known o ft

Standing level after well completion <05 This well was drilled under m jurisdiction and this report is true to the

ft. | best of my knowledge andl belie
(11) WELL TESTS: M Signed %-.
Was welltest made?  Yes & No ] If yes, by whom? - ' -
.enf test Putap [] Bailer (J Air lift A 1
th to water at start of test e fr Atend of test ft —"

Discharg; gal/min after A hours Water temperature : 1Add.r_.&ss
Chewmical amalysts made?  Yes [ No,a If yes, by whom?® City
Waselectriclogmade  Yes 1 No [” If yes, attach copy to this report License No.

DWR 188 (REV. 12-86) IF ADDITIONAL SPACE IS NEEDED, USE NEXT CONSECUTIVELY NUMBERED FORM 86 96355




Well #9

ORIGINAL STATE OF CALIFORNIA [ DOWR_USE ONLY — DO _NOT FiLlL IN ——
File with DWR WELL COMPLETION REPORT |[07MposdB/1 | 1 1 ]|
Page _. of er to Instruction Pamphlet STATE WELL ATION NO.
Owner’s Well No. 9 1 3 0 2 8 | i LTI.[_UDL I | | 1 lLO!\!GITLDEI l |
Date Work Beg =  Boded 1145 FETE TR
Local Permit Agency 1Nepa - SPRTRSOTHER
Permit No. E04-0571 Permit Date __10/7/04 < Y
GEOLOGIC LOG B ’ cnormme b
ORIENTATION () _X_vsgncm. ___ HORIZONTAL . ____ANGLE ___ (SPECFY) | D
ORILLIN
e —— METHOD md aup betonite 1.\
SURFACE DESCRIPTION RN B
7 ©  F Describe material, grain size, colar, j,c.‘ WG N N -
0 . 10 o) oo Addrbes B0 P
10, 30 N g N egat”
30« 50 " un‘l-y)’ A epa
0 . D . ‘EPN Boek_ZLPage _330  Parcel 014
0 D Tox;&:‘gahip, Range Section
m 1 110 1 1 N ]'_mg 1 i w
110 1 130 =5 = DRA ML BEG.
T - LOCATION SKETCH - iAGTIVITY (=) —
130 e X new wene
10 . MODIFICATION/REPAIR
210 : . I — Deepen
' . — Otner (Spestty}
: ) \})w}; ___ DESTROY (Dascribe
T - Procedures and
: ) : Undor “GEOLOGIC (06" |
i ) AL SES (~)
' S Y susFLY
T T - Demsstie . Publle
: . i — Imigation -, Industrial
' ' MONITORNG
: : ] ‘,-' CATHODIC PROTECTION
Oy )
T T ,,,/, HEAT EXGHANGE
: : _\l_,@ I . DIRECT PUSH
1 I = £
T T INJECTION
r : ! N e mccco— ). VAPOR EXTRACTION
\ 1 3 SPARGING
: ; Ttustrate or Describy Distense Wel'l Roads, B REMEDIATION
: : Pz, ity Yoo d, 3“" o gf} OTHER (SPECIFY)
T T (7] BE ACC I
; : WATER LEVEL & YIELD OF COMPLETED WELL
; ; DEPTH TO FIRST WATER {F1) BELOW SURFAGE
: . DEPTH OF STATIC
: L "WATER LEVEL 10_ ) & paTe weasuren . 1/14/05
1 1 ESTIMATED YIELD * e (GPM) & TEST TYPE air
TOTAL DEPTH OF BORING 290 (Feat) TEST LENGTH _ 12(Hrm) TOTAL DRAWDOWN___ 270, (=)
TOTAL DEFH OF COMPLETED WELL Fest) * May nat be representative of a well’s leng-term yield,
DEPTH BORE- CASING (8) DEPTH ANNULAR MATERIAL
FROM BURFACE | §ONE [ TyPE(=) , FROM SURFACE TYPE
DiA. Bl maremaL/ GAUGE SLOT SIZE cE- | Bav
22 L | DIAMETER | OR WALL I ANY FILTER PACK
b to. FL finiea) 3 E i g @RADE (inches) | THICKNESS (inches) F. t©© P TE;: T?‘:]T}E ::[2') (TYPE/SIZE)
0 30 l121/4 480 6" | 200 0 X
EEn SV IbERR: memomw EEow e i
7130 loy/a) 1y B0 . 6L 20 Fockary— -
130 150 |97/8] % F480 &' | 200 : !
50 170 [97/8] (X F480 6! 20 fackwy | '
TR m XL o 2% —
- 3 y ] % 1
G 5 () g A S—. P RTIYICATION STATEMENT
Geologis Log v l the understgned cerlify that this report Is complate and accurate to the best of my knowledge and belief.
__. Well Gonstruction Diagram NAME m & Williams, T,
" Goophyslcal Logt] || RSO iR, OR CORPGRATION) TYPED O PRIVTED)
—__ SollWater Ghemloal Analysos 878 Fl Gntrvo Awe,, Nxa, A 94558
HOORESS STATE
__. Ofher s ) & 1 121105 306352
ATTACH ADDITIONAL INFORMATION, IF IT EXISTS. Signod e TR o Ve CONRAER S AT

DWR 153 REV, 05-03

IF ADDITIONAL SPACE 13 NEEDED, USE NEXT CONSECUTIVELY NUMBERED FORM

B35 OSSP 03 78838



R Lt A i - == kel S

Well #10 ng ith : FERRF‘LL TIKOTHY LEE

J.Miller .
ORIGINAL STATE OF CALIFORNIA DO not ﬁu ,l'n
THE RESOQURCES AGENC‘(
File with DWR DEPARTMENT OF WATER RESOURCES : No. 103155
le of Intent No, “T ATER ‘VEIL DB]I;LERS BEP ORT State Well No.
Permit No. or Date Other Well Nom
—_ Es
Ty "l
( 12 ) ‘VEL‘L LOG T.om_[ depth 29 5 ft. Depth of completed “elL_ﬂzgs

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

: U 25 topsoil clay

25 - 50 blue shale green clav solt
(2) LOGAJION OF WELL ‘Seegnﬂgg,ica‘;ﬁsmm,3 30-08 50~ 195 blus skale Fard .
Well address if different from above. Same 195 - 210 gl"ay I’\\@\k fraCt *
Tovwnship. Range. Section. 210 _ 29 5 blue Sné\ward
Distance from cities, roads, milroads, fences, etc . — \k -

- AN
SR AN\
ANN

(3) TYPE OF WORK: i N
| A New Well (¥ Deepening [] [\N N
i \Q Reconstruction - K&o

o ANN
Reconditioning = /\\\ - M (&v
)

\J Horizontal Well \\\ _ A\@
[ e i3 Shee2 | T S BN\ @
"(PR’\DE “)ﬁ\i procedures in Item 12) N ~— «f\

N
(4) PROPOSED —~ N RSN

?a

WELL LOCATION SEETCH

& S

(5) EQUIPMENT: (6) cn,n ¢ <<A_
Rotary [ Reverse [] % &@ ((\\\SW
Cable 0 Air CD(Q r of bore ((\\\w) _
Other O Bucket [J t\ \\\\\\ -

(7} CASING INSTALLED: (8)‘§EBF011A POWer Sa‘}\b\ﬂ\v -
Steel [ Plastic 3 Col % Type of perfiial or of screen@ = -

e
D N \ Z
F T Dia. | G: F T
e | e P r e _
A
ey

01 295%eR\160 [315¢ 2@5'&\‘%‘,/8&3" -

A
(9) WELL SEAL: oot Z
Was surface sanitary seal provided? Yes L No T If yes, to depth_szt. —

Were strata sealed against pollution® Yes [ No X Imterval _  _ _ fr, -

Method of sealing Graout Work started 1230 1977 Completed___} .7 19_78
(10) WATER LEVELS: WELL DRILLER’S STATEMENT:
ator. i 1951 £t

Depth of first water, if kmown This well was drilled under my mnsd:cmm and this report is truc to the best of my
Standing level after well completion 1001 it, knouwledge and belicf.
{11) WELL TESTS: SiGNED. ‘\D } {on 2
Was well test made? Yes XX No [0 If yes, by whom? Dl"l llers "{Well Driller)
Tyvpe of test Pump — - Bailer ] NAM _{" 1 3
Depth to water at start of t&s‘tL.Oft. At f.EL;LQ“"tM 6 P rson, ﬁrm‘nr corporatlon) ( Tvped or pristed)

n— 1 gal/min_ after hours WS dntemture | Address_3305 Napa -Valle jo Hwy,

i . . . o o Valleio,Ca zip_ 94,530
anahlysis made? Yes No OXIf yes, by whom? = R i /

Was electric log made? Yes [} No X 1f yes, attach copyr to this report License No 294U01 Date of this report l ,4'/78

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




Well #11
ORelﬁlNAl. STATE OF CALIFORNIA 3 { er/H Do not fill in

THE RESOURCES AGENCY
File with DWR DEPARTMENT OF WATER RESOURCES NO 34198
Notice of Intent No WATER WELL DRILLERS REPORT

State Well No

Local Permit No. or Date . Other Well T\MBF

(12‘) WELL LOG: Total dﬂpﬂlzai&i Depth of completed \.\.‘6 é80 .

from ft. to ft, Formagon { Describe by coolor, chamcter, size or material)
0 - 3 Top soil
(2) LOCATION OF WELL (Seo instrdefifhg): £27 =3 3009 | - 40 Brown sandstone & small rock

Countr.  NAPAa Owner's Well Number 4Q - 52 Grey. sandstone
Well address if different from above. Same 5 2 - 58 Gr GY\E black rock
"“Township, Range. Section_ 58 - 168 Sha 16\
Distance from cities, roads, railroads, fences, etc 1A8 ~ 17 13 ndstone

T2 =0 *

17 c 280 &\

Ho— = H\K-@

LN

(3) TYPE OF WORK: o Y
New Well T Deepening 1] i

Reconstruction

¢/
6

Reconditioning

Horizontal Well C \&\ - D)

powmeon © e [ NS N\ f\\
procedures in Item N - L~ 22 » \\/?
(4) PROPOSED 8K NN AN
Domestic 9 \\ W) /;\;, \ ~

WELL LOCATION SKETCH "\

{5) EQUIPMENT: (6) cm\%f:cx: w W
Rotary X Reverse [0 9 0 No Siz&%i /(Q\K o
2

Cable C Air 0 ter of bore
Cther [ Bucket mﬁ?____\_k;

MRAE N
{71 CASING INSTALLED { s WPERFORATIONS: S(\W -
Steel¥]  Plastic O %\ Type of pe@ien ORdize of sereep /) v/ -

Fom | T [ | QY B KB -
0 R8ONNAN%/8 AP | 280 N\ Y -
= AN -
AWV -

(9) WELL SEAL: )Y -

Was surface sanitary seal provided? Yes ?ﬁ No O If yes, to dept] 20 . -

Were strata sealed against pollution® Yes No X Interva

Method of sealing Concrete Work staried____@=19 __19_// Completed___LU=3 19/ /
(10} WATER LEVELS: : WELL DRILLER’S STATEMENT:
Depth of first water, if known ft. This well was drilled under my jurisdiction and this report is true to the best of my
Standinz level after well completion 42 fr. | knowledge an]i&?lep M .
(11) WELL TESTS: . Sicxep - b
Was well test made? Yes X wNo [ If ves, by whom? Dri 1161’ ! ] {“'.e“ Driller) . .
Type of test Pump X 9 Bailer {1 Air Hift gOO xAavyE Mclean & Williams Well Drilling
Depth to water at start of test 4 ft. At d of test &MU # { Person, firm, or corpojation) { Typed or printed)

ep ] \'.alero ol 2_ end of te \ddress 878 El Cent 0o K‘Venue
Discharge___+* _gal/min after <2 hours Water temperature - 9 4 5 58
Chemical analysis made? Yes ] No E If yes, by whom? City, Napa: 2(‘% 5 éip
W ic log made? Yes No P& If ves, attach copy ta this report License No 7 3 1 Date of this report. i "'3"'77

DWr 188 (REV. 7-75% IF ADDITIONAL SPACE IS NEEDED. USE NEXT CONSECUTIVELY NUMBERED FORM 43015930 7.7 5cm quad Or ose




Well #12

ORIGINAL STATE OF CALIFORNIA "DWE U3 : . WL IN ==
File with DWR WELL COMPLETION REPORT :
Page 1 o 1 ) Refer to Instruction Pamphlet STATE WELL NO./STATION N3,
Owner’s Well No,__22-2710 Aordl gé No. 3 g 1 0 6 6 l_ 1 I | D 1 H !J D
Date Work Began Ended _2BX0~ 7 m
Local Permit Agency Napa County YT L 1 TR
= APNIREIOTMER ]
Permit No. 30654 Permit Date ey .
CEOLOGIC LOG - s WELL OWNER ' .
ORENTATION (£) 2. o HOMZONTAL ___ ANGLE ___ {SPECIFY)
DEPTH TO FIEST WATER (Ft) BELOW SURFACE .
SURFACE DESCRIPTION Wt
Ft. to FL. Describe mterial, grain size, color, ete. N o g
g ¢+ i . Topsoil N [ addresss ML18 ATl R@ (o
1 . 40 Red Volcanic clay o )7 o “‘*-émx_mﬁa ca ol
40 ! 60 ! Brown volcapni¢ Clay .~ % ‘2"“@9@@ _Napa (25 D
60 .t 90 ! volcanic FOEED w7 o apy Bock 021 Fage 090__ Fareel 017
g : 210 ! _sandstone)) " o N0 STt [ Towmitiip . Range Section
210 ! 230 ! shale s . % i K"« ) | ;r:émﬂé - NomW  Longitude 1 1 west
v 7 o a \ i =i N
1230+ 265 /o gandﬁtmef;f = \1‘* S s LOCATION § N SKETCH — ACTIVITY (£)—]
265 ' 280 “"Q‘ W/ghalet 4 % o 3 ﬁ'\’ X wew welL
| 280 ;1 295 B — sands 2 me®. % - \\"\‘\f L MODIFIGATION /REPAIR
205 - E 315 1: f’iaﬂ:séh—é—lan‘h V..w iz ({3 —— Deepen
: P PN AN LR T — Other (Speciy)
: HJ‘ “;‘;;*’"’;‘ \*'( \S:v*- JE j (\x%"l‘
V1L e e ALY — DESTROY (Desciibe
RN s, e Procodures aod Materials
: N I E‘ Y Under "GEOLOGIC LX)
A I : £ PLANNED USE(S) -
; T T & e
1 i - ‘,I‘L‘“ g — MONITY
E E WATER SUPPLY
: ! X pomestic
i : — Putic
; ; — inigation
[ i — industyial
. : — “THST WELL"
H : — GATHODIC PROTEC
: : Iﬂu@mwmmofwdﬁmnm _%W
X ' such as Roods, Budldings, Fences, Rlvers, ete.
: PLEASE BE AC E e COMPLETE.
] 1
N N DRILLING
' ! METHCD r FLUID
\ ' WATER LEVEL & YIELD OF COMPLETED WELL
T T DEFTH OF STATIC
: : WATER LEVEL . 50 (Ft) & DATE MEASURED _ 4—1-02
‘ : | estmaaten vieot— L ePwy & Test Tvpe_adx 1ift
TOTAL DEPTH OF BORING 312 (Feet) TEST LENGTH _2___ (Hre) TOTAL DRAWDOWN 260 _ (mt
TOTAL DEPTH OF COMPLETED WELL — 315  (Feet) * May not be represemtative of a well’s long-terme yield,

DEPTH CASING(S) DEPTH ANNULAR MATERIAL
FroM suRFacE | BORE Imers wor FAOM SURFACE E
DIA. - marerars | DRERNALL SRR | SR - CE | SEN FILTER PACK
F.oto Rt | UM § g g GRAOE Gty | THOKNESS | coobes) Ft. to F ‘:5";'?2‘)1 (;F"'i (TYPE/S1ZE)
Q 40 11,.5x F480. PVC >3 200 4] 91 <
B ;
40 320 " X " [BICTS || 57 ¢ 330 X [3/8 pea

3
]
t
¥
1]
1
1
L]
)

ATTACHMENTS (£)

—— Gaologlc Log
— Well Conatrmtion Diagram NAME
. Geophysieal Logls)

— Soil/Water Chamical Analyses
— Otiter

ATTACH ADDITIONAL INFORMATION. IF IT EXISTS,

l,thoundefsfgmed.cerﬁfythaﬂhtsraportiscompleteandaccumtetomebeaiofmyknw!edgeawdbalm.
FISCH BROS DRILLING INC.
{FERSON, FOM, OR CURFORATIGN) (TYPED OR PRINTER)

CERTIFICATION STATEMENT

5001 Gravenstein Hwy No. Sebastopol Ca. 95472

DWR 188 REV, 7-80 IF ADDITIONAL SPACE I3 NEEDED USE NEXT CONSECUTIVELY NUMBERED FORM

oI STATE piid
4-15-92 399226
DRTE SwrD — Go7 UCENSE ResER |




.
Well GhicinaL
File with DWR

STATE OF CALIFORNIA

WELL COMPLETION REPORT

Refer to Instruction Pamphler

STATE WELL NO. ISTATICN NO:

Page of
Owner's Well No. l 1 II:“ i H_—_I
Date Work Began ol u\'m'una
LocalPermitAﬁﬁ' hllll]ll[llll'
. Permit No. £ Al = ’ :
’ GEOLOGIC LOG
ORIENTATION (£) _\,Ammcm. HORIZONT, anaLe — sFEcEn) | )
DEPTH TO FIRST WATER (Ft) BELOW SUBFACE ~H
OFSORFACE DESCRIPTION R #
Ft. to [ l Desoribe gm ”‘ie’ coler, ﬁf"‘/" y - \'
oS o
P - e 1 .
200 ] [ DA AT L ea .
: 1 l I L S e 0
I' 4 " i -"te‘{' '1:;'“'; =
v V] o
: (0 g BEE. NV N LAY JEat Longitude —___1 ! WEST,
: : \ 1.”:::'“\ H \\ ‘:\{Q‘; 9’9‘/‘, ‘b* \_ ; B ¥ t L ktj ' DEa. m m‘
: e CA s LOCATION SKETCH IVITY (£)—
! el A N s NORTH &7 wEw wELL
¥ M E N TN
5 Y T Y ECANRNa MODIFIGATION/REPATR
[ TR N e h ket ("J",?"- okt .
: : ’\‘? ;-:% T, -“11 “i W, “'—‘”“ f : - “"”‘;’1 - —— Deepen
‘ PRI S T R Bt /) — Other (Specily)
gt NN S e A
L ey e TR " ceatROY (escribe
i ~-i £ _ r“:\""\\ L — mmme
b L AR L PLANNED USE(S$)
. = g
' T ()
1 ALY g — M
: h
1 ]
1 ]
S
i : .
1 1
[] 3
| E—
— — gegomorears
! : Musteate Distance of Well from Landmarks — OTHER (Specity)
: : mhasﬂzds, Fences, ofﬂﬁaersﬁam
: PLEASE Bt ACCURATE & COMPLETE.
1
| N DRILLING v ’
] ; METHOD FLUD
‘ ‘ WATER LEVEL & YIELD OF COMPLETED WELL
v T DEPTH OF STATIC 239 —9
! ! WATER LEVEL (Ft) & DATE MEASURED
! : ESTIMATED YIELD® (GPM) & TEST TYPE l
TOTAL DEPTH OF BORING {Feet) TEST LENGTH (Hre.) TOTAL DRAWDOWN Ft)
TOTAL DEPTH OF COMPLETED WELL {Feet) * May not be vepresemtative of @ well’s long-term yield,
DEPTH CASING(S) DEPTH ANNULAR MATERIAL
FROM SuRFacE | TORE- ooy - FROM SURFAGE v
DIA. MATERIAL; |INTERNAL)  GAUGE CE- | BEN-
X 5 & DIAMETER| OR WALL IF ANY FILTER PACK
row o | oo |E|ER | B Gates) | THICKMESS |  Goshes) F. o P f,";‘?’f‘f (2| sz
W/IRY77d Jichy 5 | 209 _ 022 [T ;
15 470 . L Tl YR | 22 | [7 oo
: i . :
: [ 1~ :
1 [}
i e
- ATTACHMENTS (Z£) CEBTIFICATION STATEMENT
. Lo [, the '“w [ cortify that thig repgrt is comple; u\t(tqthabeatofmyknowladgembelief.
. — Wail Construotion Diagram nave L AN LICLAA AL L VIAGY A
— Goophysical Logts) " ¥ ) m ) S! ) R
—_ Sofl/Water Ghemical Analyses ok, O CLLr A ‘-“-ll - Naf) /N L s Q
ADDRESS ] 1N STATE Fiig
- Other /‘ 'S i
ATTACH ADDITIONAL INFORMATION. IF IT £X35TS. | | Slomod ottt -1.0 A e

DWR 168 REV. 7-90

IF ADDITIONAL SPACE IS NEEDED! USE NEXT CONSEGUTIVELY NUMBERED FORM

94



VVell #14
ORIGINAL STATE OF CALIFORNIA . USE ONLY — 1N ——
File with DWR WELL COMPLETION REPORT 7,405
Page of Refer to Instruction Pamphiet STATE WELL NO./STATION NO.
Owner's Well No. 528424 L |
Date Work Began x, LA‘IITUDE
.LocalPermit llillllllll_lll'
Permit No. : - Fong _
L GEOLOGIC LOG AR MELVYOWNER |
ANGLE ___ (8PECTFT) | N

ORIENTATION (£) !sznnmr. - %
DEPTH TO FIRST WATER {Ft) BELOW SURFACE

DESCBIPTION

Fi to ,F
l\:f-\ f
1

N
-~
al

<SS TVeo o ok )

Section
Longitude .1 ___ 1 ___ WEST

\
7
Ty

PEG. WM.  BEC.
— ACTIVITY (£}
NEW WELL

‘\\.,;

LDCAIION SKETCH
f—#- NORTH

MODIFICATION/REPAIR

Bl

— Daepen

C

. Other (Spaciy)

O

[ |

=t

«—— DESTROY (Desoribe

Y e .\,:’,: ==~-F=z1

R e Y

5t

Procedares and Materials
Under "GECLOGICLOG")|

~PLANNED USE(S) 4
(£)

Hllustrate or Describe
Fences, Rivers, ele,

such as Roads, Buildings
PLEASE BE ACCUBATE & COMFPLETE.
DRILLING

METHOD ”47'4&? AUD 2 {00

WATER LEVEL & YIELD OF COMPLETED WELL

begmdamfmaprtadaabatadechapadan-ak-g-

DEPTH OF STATIC /
WATER LEVEL 5.2 (1) & DATE mmM

ESTIMATED YIELD®

TOTAL DEFTH OF BORJNG
TOTAL DEPTH OF COMPLETED WELL

TEST LENGTH

& (Feet)

JC(@W&TESTTYPEM

* May not be represemtative of a well's long-term yield.

(Hre) TOTAL DRAWDOWN 28 O )

DEPTH CASING(S) DEPTH ANNULAR MATERIAL
FROM SURFACE | BNE [™Tvpe (Z wor ame || F7OM SURFACE TPE
DIA. , MATERIAL/ GAUGE ce | BEne
n e e | oo |B(EERE Vomo: eI T | — METONT FL | R A
Qlég/ogzx Az S | Qoo 0 22 |X
J_-Z ! ¢ ? .x‘ . '8 Fd) ' 71 . . ;Zz ' Zzo ﬂﬁ fﬁ |
| Po Qoo 8" |Aeglripdmress ] 1 | 10 % : 4 LRACLC.
: i

ATTAGHMENTS (£)

— Goologie Log \" ,
—— Wall Construction Diagram NAME =_! A . ¢
— Goophysical Logle) ) " ] o
gL / W A
~— SollrWater Chemical Analysas =2 = A Ay it
— Other N — (14 \Jj
wra¥ s
ATTAGH ADDITIONAL INFORMATION, IF IT EXISTS. Signad AT AT

. CERTIFICATION STATEMENT
|, the ;_;,we- gof cqriify that thirepor} is complete p

d acouraterto the best of my knowledge and beliet.

DWE IS REY. 7-90

IF ADDITIONAL SPAGCE IS NEEDED, USE NEXT CONSECUTIVELY NUMBERED FORM



Well #15

ORIGINAL
File with DWR

of

Page

Owner’s Well No.

Date Work Began
Local Pennit
Permit No.

e

WELL

OLOGIC LOG

STATE OF CALIFORNIA DWR USE ONLY — DO NOT FILL N
COMPLETION REPORT
Refer to Instruetion Pamphlet STATE WELL JSTATION MO,
| No- 710226 ot e IO 1y 0
2 _ﬁiﬂ da LATITUDE LONGITUCE
Lol b1
- — APN/TRS/OTHER
Permit te Db ' R
N - —— ——— o n ————— . 3 -

ORIENTATION (2 VERTICAL HORIZONTAL __ ANGLE ___ (sPEqIFY}
saiine v~ (b o J
DEFTH ERGM METHOD V"—" = FLUID
SURFAGE DESCRIPAION
Describe m(tteril.el rdi size, color, etc.
 fo i - g =€, : 1 .
T 1] WELL LOCATION
0 S5 PV IO PerS
§f\ ‘[ra)—O ! Yh pM u ,Q__M County —]
e W | Tl
: : APN Book Page m
! ! '; _M_ Township Range Section
! ! Latitude 1 1 NORTH  Tongitude L i WEST
! L &= .p DEG.  MIN. SEC. DEG.  MIN. SEC.
1< = T LOCATION SKETCH — ACTIVITY (x) —
2 'L . NORTH NEW WELL
4 o
—;-00{;’4_ ,_Sr) - L ALY (M-L MODIFICATION/REPAIR
I I 1 — Deepen
" - . 2 __ Other (Specify)
he?” BT q ‘
: : 1 — DESTROY (Describe
1 I Procedures and Materials
: : Under *"GEOLOGIC LOG™)
: : PLANNED USES ()
1 1 WATER SUPPLY
T T Domestic __ Public
: : 'u_) I_ lrrigation __ Industrial
: : $ MONITORING ___
) ! TEST WELL
. X ‘< 3/)2(_6 CATHODIC PROTECTION
Ir : HEAT EXCHANGE ____
T T DIRECT PUSH ___
: ; INJECTION ___
: : VAPOR EXTRACTION ___
! 1 SPARGING ___
! T SOUTH —+
: : Hiustrate or Describe Distanee of Well from Roads, Buildings, FEMEDIATION ——
\ ' Feaces, Rivers, etc. and attach  map. Use additional paper If OTHER (SPECIFY)
: : necessary. PLEASE BE ACCURATE & COMPLETE.” ~
L 1
T T WATER LEVEL & YIELD OF COMPLETED WELL
H 1
Ir : DEPTH TO FIRST WATER ,:s 2] {Ft.) BELOW SURFACE
T T DEPTH OF STATIC
! ' WATER LEVEL %@ (1) & DATE MEASURED Z7% 0"‘/.), 0
1 1

esTiMaTED VIELD - .Z8  (aPM & TesT Tvre_A3 /R Les ]

TOTAL DEPTH OF BORING _SQD_(F

TOTAL DEPTH OF COMPLETED WELL

e
(Feet)

TEST LENGTH {Hrs.} TOTAL DRAWDOWI (FL}
* May not be representative of a well’s long-term yield.

DEPTH

CASING (8) ANNULAR MATERIAL

DEPTH

FROM SURFACE ?,%T_E‘ TYPE () _ FROM SURFACE TYPE
DIA. = | o w INTERNAL GAUGE SLOT SIZE CE- | BEN-
{Inches) § & gg = M'?;TRT[I,';U DIAMETER | OR WALL IF ANY MENT [ToNTE| FILL FILTER PACK
.t R a|g P2 =] {Inches) THICKNESS {Inches) F. W  FL s (TYPE/SIZE)
' > 2, T =71 — ==t
0 - 2y |k X [LAST? ¢ 200 0 Ay |X
¢ Lo § " X ’ e i o 2y 290 | PEN LRACLL
¢d 290 F ol PERE | ‘* 77 .
1 1
1 I
1 ]

Other

Geologic Log

ATTACHMENTS (~)

Geophysical Log(s}

CERTIFICATION STATEMENT

Well Construction Diagram

Soil/Water Chemical Analyses

I, the

NAME

eMgign dt;egify that this regort is gemplete and a
‘TB:EJ QM \/\.Tf, [

ate to ﬂ& b stgf my knowledge and belief.

PED OR PRINTED) ,

Y
qYssh

%‘é
RESS

ATTACH ADDITIONAL INFORMATION, IF IT EXISTS.

Signed

771 Pladmod A

e Llews’ P 7

WELL DRILLER/AUTHORIZED REPRESENTATIVE

-57 LICENSE NUMBER

INVR 1SS REN. L1497

IF ADDITIONAL SPACE IS NEEDED, USE NEXT CONSECUTIVELY NUMBERED FORM




Well #16

ORIGINAL
File with DWR

Page Y o
Owner's Well No

STATE OF CALIVORX1A

WELL COMPLETION REPORT

Refer ta Iistruction Pamphlet

Dades Work Begun 10-17-00

Local Permit Agenev

. Ended

Napa County Environmental Mgmt.

10-27-00 110534

DWR USE ONLY -- DO NOT FILL M

STATE WELL MO.STATION NO.

Lo Lo L]

LATITUDE LONGITUDE

[LI||||IIIII!!|

APN/TRS/CTHER

Permit No26-11642 Permit Date  9-19-00
GEOLOCGIC LOG WETY NAWNTR
ORIENTATION (%) _ X VERTIGAL ___ HORIZONTAL ____ ANGLE (SPECIFY)
ORILLING
METHOD FLUID
DEFTH FROM
SURFACE DESCRIPTION .
B 1 A Descrihe material. grain size. color, ete. ary STATE ZIP
T - “"ELLei_{()Cﬁl'l()X
] : 40 ¢ tan ash Address Dry Cre R
40 . 190 . blue sandy volcanic rock City Napa
190 : 440 : 85% clav/ 15% shale County Napa
: : APN Book _27 Page 070 Parcel 36
— : Township Range Section
: : Latitude i I NORTH Longitude 1 ! WEST
. . DEG. MIN. SEC. DEG. MIN SEC
T T LOCATION SKETCH — ACTIVITY (~) —f
: : NORTH 3 MEwW WELL
: d HODIFICATICNIREPAIR
1 | — Deepen
T [ __ (Hher (Specily)
)
T T
: : — DESTRQY {Describe
\ , Procedures and Malerials
: : Unde: "GEOLQOGIC LOG™)
. : PLANNED USES (<}
i 1 WATER SUPPLY
T T Gomestic Public
: : — - X Irngalien —_ Industral
»
: : £ % MONITORING ___
i | TEST WELL
T T
\ | CATHODIC PROTECTION
: : ] HEAT EXCHANGE 1
T : DIRECT PUSH ___ *
1 H
T T INJECTION
: : VAPOR EXTRACTION ___
1 | SPARGING __
T j SOUTH :
: : Hustyate or Desevibe Distauce of Well from Boeds, Buddbus. FEMEDIATION
\ ' Fonees Rueers, ete. mid attacly d map. Use adéditional paper i OTHER (SFECIFY)
. . nceessy. PLEASE BE ACCURATE & (f()JH’LETL'. .
1 1
: : WATER LEVEL & YLELD OF COMPLETED WELL
: X DEPTH TO FIRST WATER L {Ft} BELOW SURFACE
' ! DEPTH OF STATIC
. : waTER LeveL 18 (mry s paTe measuren ___ 1 0-27-00
- l — & esmwaten vico - 120 (gpwy & tesT rwpe@lr 1AifE
TOTXE DEPTI OF BORING 44( ] _Feet: TEST LENGTH 2 (Hrs.) TOTAL DRAWDOWN N/A (FL}
TOTAL DEPTIH OF COMPLETED WELL 198 Fertt * May nor be vepresentatice af o well's bng-rerm yield.
DEPTH BORE. CASING (8) DEPTH ANNULAR MATERIAL
FROM SURFACE HOLE TYPE (¥ ) FROM SURFACE TYPE
DIA. =« 5.5 W MATERIAL / INTERNAL GAUGE SLOT SIZE CE- | BEN-
Gncnesy | 2| W |5H & GRADE DIAMETER |  OR WALL IF ANY MENT |TONTE| FILL FILTER PACK
F to Fl 8|3 PR é‘ tinches) THICKNESS {Inches} Ft to Ft. (| ey | 2y (TYPE/SIZE)Y
60 | 13 0+ 28 | X concrete
60 320 10 28 40 X chips
320 + 440 9 40 « 52 | X cement
! 52 + 250 X |#6 sand
n_. 58 X PVC F480 | 6 SDR=21 250 ' 440 X |pea gravel
58 + 198 X PVC F480 6 SDR-21 | .032 '

ATTACHMENTS (~)

—- Geologe Log
—— Welt Construction Diagram

Geophysical Log(s)
Soilrwater Chemical Analyses

- Other

ATTACH ADDITIONAL INFORMATION, IF T EXISTS.

HUCKFELDT WELL. DRILLING

CERTIFICATION STATEMENT
I, the undersigned, cerlify that this repont is complete and accurate to the best of my knowledge and helief.

MNAME
:PERSON, FIRM. OR CORPORATION] (TYPED OR PRINTED]
2110 Permy Lane Napa CA 94559
ADDRESS y , oITY STATE 7P
Signed 10-28-00 439-746
WELL DRILLER/AUTHORIZED REPRE TATIVE DATE SIGNED ©-57 LICENSE NUMBER

IMVE INS By 1t

IF ADDITIONAL SPACE IS NEEDED, USE NEXT CONSECUTIVELY MUMBERED FORM



Well #17 Frea
ORIGINAL STATE OF CALIFORNIA DWHR USE ONLY — DO NOT FILL IN
File with DWR WELL COMPLETION REPORT
Page of Refer fo Instrnetion Pamphici TATE WELL ND/STATION NO.
) N ; No
Owner's Well No. 5 | l I H:” ‘ f H:,
Date AWork Began 7 6 2 7 7 LATITUDE LONGITUDE
abe Vork Beed
Local Permit Asceney I N T Y S Y Y O |
: - APN/TRS/OTHER
Pennit No Permit X [
\/f;E()LOG!C LOG - it fvrth awk#e AN
QRIENTATION (7 ) ¥ _ VERTICAL HORIZONTAL ___ ANGLE ____ (SFECFFY)
ORILLING m
" - METHOD FLUID
O A DES¢REPTION
- Deseribe mageriaathain sze, color, cic vy ’ ' B1AIL Toar
PR -y Y goLrer
T WELL LOCATIO\'
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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


http://www.oe-i.com/

DRAFT October 3, 2019

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

Interception Curve Number by Rooting Depth by
Land Cover Storage Values () NRCS Soil Type () NRCS Soil Type (ft)
Growing Dormant
T T B T T D| T A T B T T D
e N — ype A ype ype C ype ype ype ype C ype
Agriculture, Other 0.080 0.040 38 61 75 81 2.0 1.9 1.8 1.7
Barren 0.000 0.000 77 86 91 94 0.0 0.0 0.0 0.0
Developed 0.005 0.002 61 75 83 87 2.3 2.1 2.0 1.8
Grassland/Herbaceous 0.005 0.004 30 58 71 78 1.3 1.1 1.0 1.0
Forest, Coniferous 0.050 0.050 30 55 70 77 5.9 5.1 4.9 4.7
Forest, Deciduous 0.050 0.020 30 55 70 77 5.9 5.1 4.9 4.7
Shrub/Scrub 0.080 0.015 30 48 65 73 3.2 2.8 2.7 2.6
Orchard 0.050 0.015 38 61 75 81 3.2 2.8 2.7 2.6
Vineyard 0.080  0.015 38 61 75 81 2.2 2.1 2.0 1.9
Water 0.000  0.000 100 100 100 100 0.0 0.0 0.0 0.0
Table 2: Infiltration rates for NRCS hydrologic SOIL MOISTURE RETAINED, IN INCHES
soil groups (Cronshey et al. 1986).
m - 7 T T T T T T f' ]
Infiltration
A . KL _
Soil Group Rate (in/hr)
/

A >0.3 30 /{

B 0.15- 0.3

C 0.05-0.15 -

D <0.05 B

20

ACCUMULATED POTENTIAL WATER LOSS, IN INCHES

PP

4 6

8 10

12 14 16

MAXIMUM SOIL-MOISTURE CAPACITY,
IN INCHES

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.

S Data Used 1981 - 2010 I'Vle:'m . VYY 2010 . VYY 2014
Annual Precip (in)| Precip(in) % Avg Precip (in) % Avg
Angwin® Precip & Temp 42.54 44.64 105% 25.04 59%
Atlas Peak! Precip & Temp 41.76 39.04 93% 20.08 48%
Be rryessal Precip & Temp 28.97 28.16 97% 13.97 48%
Calistoga® Precip 39.41 41.75 106% 18.18 46%
Knoxville Creek! Temp Only - = - - -
Lake Hennessey3 Precip Only 34.09 26.52 78% 13.92 41%
Mt. Georges Precip Only 31.15 29.64 95% 18.24 59%
Mt. Veeder® Precip Only 44.81 46.44 104% 28.6 64%
Napa County Airport2 Precip & Temp 21.14 23.56 111% 9.87 47%
Napa River at Yountville Cross Rd? Precip Only 31.86 32.72 103% 14.93 47%
Napa State Hospitalz Precip & Temp 26.81 28.85 108% 19.66 73%
Petrified Forest® Precip Only 42.39 46.6 110% 22.84 54%
Redwood Creek At Mt. Veeder Road’ Precip Only 34.71 37.36 108% 23.48 68%
Saint Helena® Precip & Temp 37.43 39.11 104% 19.11 51%
Saint Helena 4WSW* Precip & Temp 45.44 47.88 105% 28.88 64%
Sugarloaf Peak® Precip Only 32.20 26.16 81% 17.12 53%

1 — Data accessed from California Data Exchange Center (CDEC)
2 — Data accessed from National Climate Data Center (NCDC)

3 — Data access from Napa One Rain
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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 nr St Helena 11456000 47.9 46% 45% 23% 42% 30% 14%
Redwood Ck nr Napa 11458200 39.6 53% 49% 26% 40% 22% 10%
Tulucay Ck nr Napa 11458300 27.0 64% 49% 16% 47% 20% 5%

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 12: Water Year 2010 runoff 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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Table 5: Simulated precipitation and recharge values averaged across HUC-12 watersheds in Napa County for
Water Year 2010 expressed as depths. See Figure 20 for watershed locations.

Name Drainage Precipitation AET (in) Surface Recharge (in) Soil Moisture
Area (mi?) (in) Runoff (in) Change (in)
American Canyon Creek 10.8 24.1 16.3 3.7 4.7 -0.6
Bucksnort Creek 19 47.9 24.5 12.1 11.1 0.1
Butts Creek-Putah Creek 49.9 33.0 17.4 9.7 6.2 -0.7
Capell Creek 43.0 31.1 19.1 7.4 5.0 -0.6
Carneros Creek 29.7 28.0 18.6 5.2 5.5 -0.6
Chiles Creek 32.0 34.6 21.1 7.1 6.8 -0.5
Dry Creek 28.8 37.0 22.2 7.2 8.4 -0.5
Hunting Creek 12.0 33.7 19.0 9.7 5.7 -0.8
Jackson Creek-Putah Creek 54.5 29.9 13.4 12.6 3.0 -0.5
Lake Curry-Suisun Creek 16.4 30.7 18.9 6.5 5.9 -0.6
Lake Hennessey-Conn Creek 20.0 35.1 19.6 8.5 7.3 -0.4
Ledgewood Creek 6.4 21.8 16.9 3.4 3.3 -1.8
Lower Eticuera Creek 44.0 30.0 17.7 8.1 4.7 -0.7
Lower Napa River 45.0 31.7 19.9 5.6 6.7 -0.6
Lower Pope Creek 31.8 33.9 18.0 9.7 6.5 -0.6
Maxwell Creek 35.1 34.7 19.6 8.7 6.9 -0.6
Middle Napa River 60.3 39.9 22.8 8.5 9.2 -0.5
Milliken Creek 29.7 30.9 16.9 6.6 7.9 -0.6
Rector Creek-Conn Creek 22.3 32.8 18.0 7.1 8.2 -0.7
Saint Helena Creek 7.7 53.3 25.2 13.5 14.4 0.1
San Pablo Bay Estuaries 19.5 23.9 8.1 13.8 2.3 -0.3
Tulucay Creek 34.2 26.1 16.7 4.6 5.4 -0.7
Upper Eticuera Creek 25.6 31.2 17.2 8.6 6.1 -0.8
Upper Napa River 44.6 44.7 23.6 10.6 10.8 -0.4
Upper Pope Creek 21.7 44.5 22.7 10.5 11.5 -0.3
Wooden Valley & Suisun Creeks 23.3 29.0 19.0 5.1 5.5 -0.6
Wragg Canyon-Putah Creek 34.2 28.3 16.3 8.6 33 -0.6
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Table 6: Simulated precipitation and recharge values averaged across HUC-12 watersheds in Napa County for
Water Year 2010 expressed as a percentage of precipitation. See Figure 20 for watershed locations.

Name Drainage Precipitation AET (%) Surface Recharge (%) Soil Moisture
Area (mi?) (in) > Runoff (%) i Change (%)
American Canyon Creek 10.8 24.1 67% 15% 19% -3%
Bucksnort Creek 19 47.9 51% 25% 23% 0%
Butts Creek-Putah Creek 49.9 33.0 53% 29% 19% -2%
Capell Creek 43.0 31.2 61% 24% 16% -2%
Carneros Creek 29.7 29.7 66% 19% 20% -2%
Chiles Creek 32.0 34.6 61% 21% 20% -1%
Dry Creek 28.8 37.8 60% 20% 23% -1%
Hunting Creek 12.0 33.7 56% 29% 17% -2%
Jackson Creek-Putah Creek 54.5 29.7 45% 42% 10% -2%
Lake Curry-Suisun Creek 16.4 30.7 61% 21% 19% -2%
Lake Hennessey-Conn Creek 20.0 36.0 56% 24% 21% -1%
Ledgewood Creek 6.4 21.8 77% 15% 15% -8%
Lower Eticuera Creek 44.0 30.0 59% 27% 16% -2%
Lower Napa River 45.0 31.7 63% 18% 21% -2%
Lower Pope Creek 31.8 33.9 53% 29% 19% -2%
Maxwell Creek 35.1 34.7 56% 25% 20% -2%
Middle Napa River 60.3 404 57% 21% 23% -1%
Milliken Creek 29.7 30.9 55% 21% 26% -2%
Rector Creek-Conn Creek 22.3 32.8 55% 22% 25% -2%
Saint Helena Creek 7.7 53.3 47% 25% 27% 0%
San Pablo Bay Estuaries 19.5 23.9 34% 58% 10% -1%
Tulucay Creek 34.2 26.1 64% 18% 21% -3%
Upper Eticuera Creek 25.6 31.2 55% 28% 19% -3%
Upper Napa River 44.6 44.7 53% 24% 24% -1%
Upper Pope Creek 21.7 44.5 51% 23% 26% -1%
Wooden Valley & Suisun Creeks 23.3 29.0 65% 18% 19% -2%
Wragg Canyon-Putah Creek 34.2 28.3 58% 31% 12% -2%
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Table 7: Simulated precipitation and recharge values averaged across HUC-12 watersheds in Napa County for
Water Year 2014 expressed as depths. See Figure 20 for watershed locations.

Name Drainage Area Precipitation AET (in) Surface Recharge (in) Soil Moisture
(mi?) (in) Runoff (in) Change (in)
American Canyon Creek 10.8 10.1 12.3 0.7 0.7 -3.6
Bucksnort Creek 1.9 28.8 17.6 11.5 2.6 -3.0
Butts Creek-Putah Creek 49.9 16.9 14.2 3.9 1.9 -3.2
Capell Creek 43.0 15.8 14.8 3.1 1.1 -3.1
Carneros Creek 29.7 15.0 14.7 4.6 2.0 -3.7
Chiles Creek 32.0 18.3 16.5 3.7 1.5 -3.3
Dry Creek 28.8 21.5 16.5 6.8 2.5 -3.7
Hunting Creek 12.0 16.7 15.4 3.1 1.6 -34
Jackson Creek-Putah Creek 54.5 14.9 10.3 6.1 0.7 -2.3
Lake Curry-Suisun Creek 16.4 18.4 16.1 3.7 19 -3.4
Lake Hennessey-Conn Creek 20.0 19.1 14.8 5.7 2.2 -3.2
Ledgewood Creek 6.4 12.2 13.9 1.7 0.8 -4.3
Lower Eticuera Creek 44.0 14.9 14.0 2.6 1.3 -3.1
Lower Napa River 45.0 19.4 15.9 5.0 2.2 -3.6
Lower Pope Creek 31.8 17.8 14.5 4.5 2.0 -3.2
Maxwell Creek 35.1 18.3 15.9 3.8 2.0 -3.3
Middle Napa River 60.3 21.3 16.5 6.6 2.5 -3.7
Milliken Creek 29.7 18.7 13.7 4.5 34 -2.9
Rector Creek-Conn Creek 22.3 16.5 13.6 4.0 2.3 -3.4
Saint Helena Creek 7.7 32.2 17.8 13.2 4.1 -3.0
San Pablo Bay Estuaries 19.5 10.4 6.0 5.6 0.5 -1.6
Tulucay Creek 34.2 14.6 13.5 2.6 1.7 -3.3
Upper Eticuera Creek 25.6 15.5 14.1 2.5 2.1 -3.2
Upper Napa River 44.6 22.9 16.2 6.9 3.3 -3.5
Upper Pope Creek 21.7 25.6 16.8 8.5 3.5 -3.2
Wooden Valley & Suisun Creeks 23.3 17.9 16.4 3.1 2.0 -3.5
Wragg Canyon-Putah Creek 34.2 14.1 12.6 3.6 0.6 -2.8
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Table 8: Simulated precipitation and recharge values averaged across HUC-12 watersheds in Napa County for

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

Drainage Area Precipitation

Surface

Soil Moisture

Name (mi?) (in) AET(%)  punoff (%)  Techarge (%) o ange (%)
American Canyon Creek 10.8 10.1 121% 7% 7% -36%
Bucksnort Creek 1.9 28.8 61% 40% 9% -10%
Butts Creek-Putah Creek 49.9 16.8 84% 23% 11% -19%
Capell Creek 43.0 15.8 94% 20% 7% -20%
Carneros Creek 29.7 17.6 98% 30% 13% -25%
Chiles Creek 32.0 18.4 90% 20% 8% -18%
Dry Creek 28.8 22.1 77% 32% 12% -17%
Hunting Creek 12.0 16.7 92% 18% 10% -20%
Jackson Creek-Putah Creek 54.5 14.7 69% 41% 5% -16%
Lake Curry-Suisun Creek 16.4 18.4 88% 20% 10% -19%
Lake Hennessey-Conn Creek 20.0 19.6 78% 30% 12% -17%
Ledgewood Creek 6.4 12.2 114% 14% 7% -35%
Lower Eticuera Creek 44.0 14.9 94% 18% 9% -21%
Lower Napa River 45.0 19.4 82% 26% 11% -19%
Lower Pope Creek 31.8 17.8 81% 25% 11% -18%
Maxwell Creek 35.1 18.3 87% 21% 11% -18%
Middle Napa River 60.3 21.8 77% 31% 12% -18%
Milliken Creek 29.7 18.7 74% 24% 18% -16%
Rector Creek-Conn Creek 22.3 16.5 83% 24% 14% -21%
Saint Helena Creek 7.7 32.2 55% 41% 13% -9%
San Pablo Bay Estuaries 19.5 10.4 58% 53% 4% -16%
Tulucay Creek 34.2 14.6 93% 18% 12% -23%
Upper Eticuera Creek 25.6 15.5 91% 16% 14% -21%
Upper Napa River 44.6 22.9 71% 30% 14% -15%
Upper Pope Creek 21.7 25.6 66% 33% 14% -12%
Wooden Valley & Suisun Creeks 23.3 17.9 91% 17% 11% -20%
Wragg Canyon-Putah Creek 34.2 14.1 90% 26% 5% -20%
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Figure 20: Major watersheds areas used to summarize water budget information in Tables 5 - 8.
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Discussion and Conclusion

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

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

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