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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 

C•I WI 
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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 KJgvl 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 KJgvl/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 KJgvl) 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.  

 

 

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 KJgvl unit may have some connection to the 
distant portions of the mapped unit (putting the potential aquifer area at 5 mi2 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 downhill (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). 
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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. 

 

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

 

 

Existing Condition 

(acre-ft/yr)

Proposed Condition 

(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

# of Units Use per Unit
Annual Water 

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. 

 

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

 

  

# 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

# 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  ga l ./shi ft @ 250 shi fts/yr 0.05

     Part-Time Employees 1 Employee 15  ga l ./shi ft @ 125 shi fts/yr 0.01

Total 3.57
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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 OEI.  This model implements the U.S. Geologic Survey’s SWB 
modeling software and produces a spatially distributed estimate of annual recharge.  This model 
operates on a daily timestep and calculates runoff based on the Natural Resources Conservation 
Service (NRCS) curve number approach and Actual Evapotranspiration (AET) and recharge based 
on a modified Thornthwaite-Mather soil-water-balance approach (Westenbroek et al., 2010).  
Details of this model are included in Appendix 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.  OEI’s SWB modeling also estimated recharge for Water Year 2014 to 
represent drought year conditions.  In late November 2022, County of Napa instituted a new 
policy prescribing that for purposes of estimating groundwater recharge, the mean annual 
precipitation to be used is that mean for Water Years 2012-2021 derived from the newest PRISM 
data.  County of Napa has provided gridded GIS data of the mean precipitation for this period for 
use by WAA practitioners.    

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

OEI has utilized SWB models for WY 2010 and WY 2014 for dozens of project sites in the County 
of Napa.  We have observed that potential recharge for WY 2010 is consistently much greater 
than for WY 2014 across a wide variety of terrain, vegetation, soils and climate.  This is most 
easily characterized by the percentage of annual precipitation available for recharge that we 
calculate for each project site. Our approach for adapting the SWB model outputs to estimate 
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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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. 

 

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). 

 

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. 

 

 

Figure 6: Relationship between precipitation and percent of precipitation as recharge for the conservation 
recharge area. 
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acres x 0.2), yielding 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 mi2) 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.  

  

Area 

(acres)

 Full Recharge/Impact Area

  Maximum Estimate 96.1 15%

  Conservative Estimate 43.0 35%

 Project Parcel

  Maximum Estimate 25.4 14%

  Conservative Estimate 11.4 31%
48.3 3.57

Groundwater 

Recharge             

(ac-ft/yr)

Demand as % of 

Recharge

Recharge Scenario

Total Proposed 

Groundwater 

Demand                 

(ac-ft/yr)

183

Average Water Years 2012-2021

14.9
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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.   

 

Figure 7: Well 1 surrounded by 500ft and 1500ft buffers with neighboring wells and significant streams.  

e Well 
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Well 1 500 ft Buffer 

Well 1 1500ft Buffer 

-- 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. 

 

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 

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 ✓ 50 100 

50 ✓ 50 100 

30 ✓ 50 100 

0.5 ✓ 50 100 
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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.   

C•I WI 
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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.    

C•I WI 
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APPENDIX A 

WELL COMPLETION REPORTS 

  

C•I WI 



Well #1

Owner's Well Number 

State of California 

Well Completion Report 
Form DWR 188 Submitted 12/712020 

WCR2020-016805 

Date Work Began 11/25/2020 
---------

Dale Work Ended 12/04/2020 

Local Permit Agency Napa County Planning Building and Environmental Services 

Secondary Permit Agency Pem,n Number E20-00508 Pem,it Date 11 /0412020 

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

Name~ Activity New Well 

Mailing Address ........ Planned Use Water Supply Domestic 

City State Ca Zip 94025 

Well Location 

Address 6204 Dry Creek RD APN 027-530-006 

City Napa Zip 94558 County Napa 
Township 06 N 

latitude 38 22 4 N Longitude -122 24 24 w Range 05W 

Section 15 
Deg. Min. Sec. Deg. Min. Sec. 

Baseline Meridian Mount Diablo 
Dec. Lat. 38.3677778 Dec. Long. -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 90 (Feet below surface) 

Drilling Method Direct Rotary Drilling Fluid Air 
Depth to Static 

Water Level 48 (Feel) Date Measured 12104/2020 

Estimated Yield. 25 (GPM) Test Type Air Lift 
Total Depth of Boring 400 Feet 

Test Length 2 (Hours) Total Drawdown (feet) 
Total Depth of Completed Well 178 Feet •May not be representative of a weirs long term yield. 

--

Geologic Log - Free Form 
Depth from 

Surface Description 
Feet to Feet 

0 49 brown clay & shale 

49 50 siltstone 

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 siltstone 

193 225 shale 

225 237 hard shale 

237 249 shale & clay 

Form DWR 188 rev. 12/19/2017 Page ..1. of .2.. 



~-. 
249 310 95% shale I 5% sandstone 

310 340 80% shale I 20% sandstone 

340 400 shale & clay 

Casings 

Casing Depth from Surface 
Wall Outside Screen Slot Size 

Casing Type Material Casings Speelficatons Thickness Diameter if any Description • Feet to Feet (inehes) (inches) 
Type 

(inches) 

1 0 78 Blank PVC OD: 5.563 in. I SOR: 0.265 5.563 
21 I Thickness: 0.265 
in. 

1 78 158 Screen PVC OD: 5.563 in. I SOR: 0.265 5.563 Milled 0.032 
21 I Thickness: 0.265 Slots 
in. 

1 158 178 Blank PVC OD: 5.563 in. I SOR: 0.265 5.563 
21 I Thickness: 0.265 
in. 

Annular Material 

Depth from 
Filter Pack Size Description Surface Fill Fill Type Details 

Feet 10 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, lhe under$igned, certify !hat trus repon is completo and ao:ura:o 10 tho b<tst ol my knowledge and belle! 

Surface Borehole Diameter (inches) Name HUCKFELDT WELL DRILLING INC 
Feet to Feet 

0 55 12 
Person, Finn or Corporalion 

994 KAISER ROAD NAPA CA 94558 
55 400 9 

Address City State lip 

Signed electronic signature received 12/07/2020 439746 

C-57 licensed water Well Contractor Date Signed C-57 License Number 

DWRUseOnly 
CSG# State Well Number Site Code Local Well Number 

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

TRS: 

APN: 

Form DWR 188 rev. 12/19/2017 Page _2_ of _2_ 



Well #2

ORIGINAL 

File with DWR 

3 { ,c:-t'F 
STATE OF CALIFORNIA Do not fill i~-

N O. 121597 
• 

of Intent So, ________ _ 

Pennit No. or Da~-------

THE RESOURCES AGENCY 

DEPARTMENT OF WATER RESOURCES 

\VATER \\'ELL DRILLERS REPORT 
State Well Xo~ 

Other Well S 31 
( 12) WELL LOG: Total deptlf6Q ft. Depth of completed w•U 260 i, 

-• 
C 

fmm ft to size or material) 

( 3) TYPE OF WORK, 
Xew Well iZ. Deepening O 

Recorutruction 

1----......,,_.,._. ___ --,9 __________ _ 

oh~--~~-=~'..,,----------

( 5) EQUIPMENT: 

Rotary ~ 

Cable 0 

Other 0 

Revene 

Air 

(7) CASLVG NSTALLED: 

Steel D 

From 
ft. 

0 

(9) WELL SEAL, 

Reconditioning 

Horizontal Well 

Was surlace sanitary seal pro'\.ided? Y~ No C If yes, to depth 201t. 
\Vere strata sealed against pollution? Yes O !'.~ Interv~----~ 
:\lethoo. or sealin Coner et e r,c:\'o-,:-,----,--...,.-_::--:,7"'t.,,,---

9
---,'t"'T----:eo,--m_p_

1
e-,

00
---,:;--...,,..-,-_--,-.~"ff',-

(10) WATER LEVELS, WELL DRILLER'S STATEMENT: 

Standing level after well cornpletio 80 knoid-edge and • ; / / J,! 
Depth of first l\--ater, if kno\\·'oo ______ --,_-~---------ft. This u:-eU = drr1led unde my j~-dicBon and thi& repc,rt is tnie to tlie best of my 

( 11) WELL TESTS, S,c, / • ..vU/4- 1/o/J'J·•.:, • , 
Was well test made? YeiX!X Xo C If yes, by whom? ,., °' r'! ~ ( Well Driller) 
Type of test Pump ~ Bailer o Air lift o , -, --.~X&l'E , lM:ciiliatt': & Wi 11; ams Inc. 
Depth to water at start of te<t 80 ft. At end of ted 260 ft Address 8J8ntlnn·cre~t~~n)l~'8~ or printed) 

•

• uge O alimin after 1 ½ br'lurs Water temperaturn, ___ _, 

ca1 anab-'5is made? Yes □ l\~ If ye:;, by whom? City,·_ ----'-~I~fc'a,,.o,,-a,,,_,,~~C~A~--------~Zip 9b.5 58 
Was electric log made? Yes O N~ If yes, attac.-h copy to this report License Xo. 3 6'582 9 Date of this report 8-15-79 
DWR 188 !REV. 7-761 IF ADDITIONAL SPACE IS NEEDED. USE NEXT CONSECUTIVELY NUMBERED FORM 



Well #3

,ent Xo. 15 o:> 4 I 
mDate 21 /(a/ 1$ !O r , 

STATE OF CALIFORNIA 

THE RESOURCES AGENCY 

DEPARTMENT OF WATER RESOURCES 

\VATER \VELL DRILLERS REPORT 

Do not fill in 

No. 36275 

( 12) \VELL LOG: Total de~4~(" ~- Depth of completed we~t. 

Cable 0 

Othei- D 

From 
fL 

0 

ON OF WELL ( See instructions l, 

J 

1 
fl 

Reconstruction 

Reconditioning 

Horirontal \\'ell 

Domestic 

t'_,·➔o~ :::~:~\ 
Well~ 

Reverse 

Au 

( 9) \VELL SEAL 
Was surface sanitary seal pro\--:ided? Yes✓ Xo C If yes, to depth ,2 ;2., ft, 

Xo ~Interva~----~" 

1-tethod of sealin 

(10) WATER LEVELS, 
Depth of first water, if knov."-------~~~----------~"· 

Standing level after well completion / .2, 0 ft. 

~V~)"'!!~!'; m'!!~TS: Yes✓ Xo C If yes,J?}'...>'hom?•-<.;o,:'---1---'--"""'-'"'"'----l 
Tvpe of test Pump C: Bailer ~ Air lift 0 
~th to /;£. at 5tart of te;;t / ~ 0 ft. At end of test ::Z.< 0 ft 

Disch~e 2, gnlimin after .Q,,_ boll.J"'i \\"ater tempera='-----! 

Yes = X~ If yes, by whom?·---------, 

·c log made? Yes O xo.K, If yes, attach copy to thi.;; report 

from ft. to 

\\"ork start Complet 

WELL DRILLER'S 
jurisdiction and thil repof is tme to the best of my 

ate of this repo 

IF ADDITIONAL SPACE IS NEEDED. USE NEXT CONSECUTIVELY NUMBERED FORM ,m•Msc7-76!;0~QuAo@rosP 



Well #4
ORIGINAL STATE OF CALIFORNIA 

FIie with DWR WELL COMPLETION REPORT 
- DW:R UBE ONLY DO NOT FILL IN 

lo, 1(N'10,s ,wt sr I I I , 
£ Befe-r to InstrocHon Pamphlet 

Page __ o -- 0913067 
Owner's Well No·--==,------ ...,, 1\lo. I I I 

9/28'05 ded 10/04/05 LATITUDE 

STATE WELL NOJSTATION NO. 
,-------, 

I I I I 
LONGITUDE ~~~--~-r~--,•-~~~-- I 

• 
Local Permit Agency -==-=~ll'aJ;B-.__--,-_____ 7'"/.,,28""✓05""'"______ .... ~~~~~.=Pc'N/Tfl=cS/'ccD=c'TH'ccE=R~~~~~ 

Permit No. ----'ED5-0504="-'==-·---·-_P_ernu_·_t _o_a_t•.::.::.::.::~.::-~_-.::..:;-~~~~~~~~::::~----\~ .. ~--» --------~ 
GEOLOGIC LOG 

• 

• 

ORIENTATION (::!..) _x_VERTICAL _HORIZONTAL _ANGLE _(SPECIFV) ~ 

I-~===-, g~~~ air FLUID fi::an • .J 
o~F~M DESCRIPTION ·:~\1,.\. _· 

Ft to Ft. Describe·material, grain rize._ color. ~.S\ .\~{· :'.c.:..:'- ·v \ '- \ ~~ , , 

on , 

11n ' 

170 , 
1ai: 

' 
' 
' 
'· 
1-.,..,_, .. 

' 
' 
' 
' 
' 
' 

. ,. . 
' . 
' 
' . 
' ' . 
' 
' . 

MODIFICATION/REPAlR 

32 \ _ Deepen 
[ _ othe, (Specify) 

. . 

' ----,------------------i-------'-- SPARGING_ SOUTH ---------< REMEDIATION_ ' ' 
' ' 
' ' . 
' ' . ' 

' ' . ' 
' ' 
' ' . 
' ' 

TOTAL DEPTH OF BORIJ:!G 210 (F...t) 

TOTAL DEPTH OF COMPLETED WELL 

DEPTH BORE· 
.. 

FROM SURFACE HOLE· TYPE(~) 
DIA. ! ~1 I (Inches) ! R. 10 R. iii 

n ; a 1?. 1, V 

30 ' ' 9 8 X 

210 (Feet) 

MATERIAL/ 
GRADE 

. 

CASING (S) 

INTEANAJ. 
DIAMETER 

(lnohes) 

,, 

GAUGE 
OR WALL 

~~~andm: t.:U#:' ~~ OTHER (SPECIFY) -
nec=ary. PLl!ASE BE ACCIJBATE I, COMPLETE." •, 

WATER LEVEL & YIELD OF COMPLETED WELL 

DEPTH TO FIRST WATER --- (FL) saow SURFACE 

DEPTH Of STATIC en 10/4/05 
WATER LEVEL--~""~-(R.) & QATE MEASURED--"~~~----

ESTIMATED VIEW • 1. (8PM) & TEST TVPF_~air ______ _ 

TEST LENGTH _____5(Hos.) TOTAL ORA~ (R.) 

• ~ not /;e .-.pns,ntative of a '/JJe/l'S kmg-term yield. 

DEPTH ANNULAR MATERIAL 
FROM SURFACE TYPE 

SL.DT SlZS CE- EEN• If ANY MENT TONIIE FILL FILTER PACK 
THICKNESS (lnohes) R. 10 R. 

(~) c~> ( ~) 
(fYPe/SIZE) 

ax) n ' 
.,., X 

4AJ .,,, , .,.n JI&:""""' .....,.i,. 

' A 

' .. ., 

' 
. X 

' 
,n, 

TAC ( ~) 

' 
I . ' I 

' 
I • - . ' +"H-+i;,, !~=~~!:::::!:::~~::::!--f:lCE!riRf.'i, ... ~u,.l;clCATl~OiiiN•si::n<1TEDMERNTiin"-=========::::! 

- Geologlc Log 

_ Well Construcllon Dlagrem 

- Geophysical Log(s) 

_ Soll/Water Chemk:al Analyses 

- Other ________ _ 

ATTACH ADOfTlONAL INFORMATION, IF IT EXISTS. 

I, the undersigned, certify that this report Is complete and accurate to Iha best of my knowledge and belle!. 

NAM===~M:ialIJ.:!;:~:,,:&,,:;Wf:=:;J]:;;:i~IIIB~1,,;lh:J;:;:,:;'.:'._• _______________ _ 
(PERSON, FIRM, OR CORPORA- (1YPEll OR PRINIED) 

8i'8ELCmtm.!we., !'§;a,-~ 94558 
GllY 

1/,5/00 
STAIE ZIP 

396352 
OAIE SGNED 

DWR 188 REV. OIS-03 IF ADDmONAJ. SPACE IS NEEDED, USE NEXT CONSECUTIVELY NUMBERED FOAM 

C.-57 LICENSE NUMBER 

!1il,) OSP 08 78838 



Well #5

• 

ORIGINAL 
File with DWR 

STATE CF CAUFORN1A 11 '. 

THE RSS0URCES AGENCY :; '. 

DEPARTMENT OF WATER RESOURCES 1,, 

WATER WELL DRILLERS BEPORT' 

" 

Do not fill m 

No. 384937 
sta1ewe0No. Q7,u oSr.t Ji 
Other Well No. 

(12) WELL LOG: Total • • "" 
1
-" ft. Completed deplh t I ,J"\ ft. 

from fl lD ft. F' • .(Describe by col r, character, - <>r material) 

"" - It J - .. ~,hl'VI t' • -

(2) LOCA 'fl011,LOF WELL (See instructions): , - • I ;i -~ ' = ~ I 
County - 'l'"v. Ow11111's Well "Nfl---'-IIOO-f -+__;_-+_.Jl:..:• 1='~-=-...•'-""=i:..-.~-wFL,l•'.,'t.Jdo!!Lr'.q,-",Jr._•,4:!n.i,,t.Jll:"l,;,.J"'.r.:'...; ..._.II!.-£......rll:o.!!· i._. 
WelladdresslfdW<>m • ll'ri 11[ ·v,-.,..AL '--' ,. - I ti1 1 --

TOWDSbip __ ~._.,.____._ __ Range \. -"< Sectiqn ...,l-','.:! ,':-1¢-' -H-__Jl~U➔·......:-::....£i:il • .c ~=-f.L!l:,..11Lr::.''t.'i.'1..1.J11 vLI·,._-:i.:.,O~ lu/.i, ·L.11,...i'b...----
•. ....,,1. - fences. etc. _ ....._ 1--s , • 1 lo <::-I '" - f 1.. A Al 1 

r., .. ..:...._ ~ nl.l 1.-~ ,'. \.- -r~l-1..0- -- If ' _ 'U,.__:"'"'\ z }J"O,,.~J"V\Yt • ·-• ... 

_V ('VI, A --~ ., -;-..L-1.1 _ 
, 

I I 
.... • 

:A -• V' 

• - ,, ~ 
J .. 

.... - ur u 

(9) WELL SEAL: - , 
Wassurfacooml!my,..Jprowled? y., ~. D lf,..,1odep1h al ft. ~------_ _.:l''-----......:-~----'------'-
Wereslrala...i.d ...... oolli!llon? y,. D No IQ"""' 1ntern,1, _____ ft. 
Method« sea1mg _ - r .,.. di ~ .-

- • J t 
-~ . Work , _ 19-3_,,,.. .Comp 

(10) WATER LEVEL£ n __ 6"_ 
Doplholflntwater. ff- ---'l'1=.~-~-----~----ft. This well was drl/1.ed uadml~j • and this ,_, Is !me lo the 
SbmdlnghM,lalt,,r...Ucomplet!oo If, a ft. best of ' • , • and ~/ • 

WELL DRILLER'S STATEMENT: 

(11) WELL TESTS: ' ,J SI • ~ ~ - - #'~/ ~ . . 
Wss...Uloslm,de? y., /M'"""No D lf,..,bywhom? a./ //'ff'PJ- • • (Wi } II ~ _. J/ I • 

• 

Type_ol.., Pump □ 11a!Jor □ • Ah llft Iii----"' NAME 7 I I I /1/lk,i -_. -~ :. 'P i ,,I , ,-, 

Dopthro/atmJtoflosl };-- Atendollosl ft. 'd'- -:;. .: f i r 1....,. ;,-n" -
D!soharge gal/mlnafter ;-1,:,urs • 'Water- ~- = . 'I 
Chemical...iys1s....ie? Yes D No rr,--"nyes,bywhom? City ' ; , ZIP U 

- .- •• .,L? I •--
Waselectriclogmade Yes D No ~ attacb-·totbisreport lJcenseNo.- _,·. r, •• Dateof.tbisreport 

\ 

DWR 1ss umv. 12-86) 
IP ADJ>mONAL SPACE IS NEaQEO. USE. NEXT CONSBcunvm.Y NU~ FORM 86 ..... 



Well #6
,ORIGINAL WATER WELL DRILLERS REPORT Do N_ot Fill In 

Ng 70918 file Original, Duplicate and Triplicate with the 
REGIONAL WATER POLLUTION 

(Se"tioDJ 7076, 7077, 7078, Water Code) 

STATE OF CALIFORNIA --· ~.:SIM 
TROL BOARD N---­
~propri11u =~btt) 

. , l OWNFR• 

(2) LOCATION OF WELL: 
County NA,F'A 0...-ne:-'s nw:,bcr, H Hy-

R. F. D. or Street No. same as a.bove on Dry Creek Road 
between Trnity Rd.& Town of Oakville. 

150 rt. south of Dry creek road. 
½ mile east of Wahl Rdo 

(3) TYPE OF WORK (check): 

Xew well t Deepening D Recondicioning 0 Abandon D 
If abandonment JesCTibe material and procedure in Item 11. 

(4) PROPOSED USE (check): 

Domestic ~ Industrial D Municipal 0 
Irrigation D Test Well O Other 0 

(5) EQUIPMENT: 

(6) CASING INSTALLED: 
SINGLE~ DOUBLE= 

From ft. to ft. Di.Im. 

Gage 

°' W,ll 

Roraryluoke-10 
Cable 0 
Dug Well 0 

If gravel packed 

DU:r=er from 
of &re it. 

• 0 20 2l'l 
--~C=O=N~CRE==TE~P~IP~E ____________ _ 

36" I.D~ 49n )0 .. 

Type uu:I siu of shoe or well ring 

D=:ribe joint 

(7) PERFORATIONS: 
Type of pe:fontor tUed 

Size of P<'rfonrions 

From ft. 

S~ of 1;n.nl: 1=.11 

" 

in., le~, by 

Pe:£. P<'r row 

(8) CONSTRUCTION:- CONCRETE GOVER INSTALLED 

Were uiy stat:!. se~ again.it polhnionV Yet LJ No If y«, no-:c depth of n:aa 

From ft. to ,,. 

Method of Sealing Rodi Mix concrete 

(9) WATER LEVELS: 

,u:!ing level afu:r pcrfor~tini;; 

(IO) WELL TESTS: 
Wu: pump u:n made? [J Ye, P No If re.i, by whom? 

y;~prox. 2 1;~./m..i::i • ..-,,h 
Tempera= of .,,ate: oool No 

'leas dectric log :mde of wdl? 0 Yu No 

in. 

"· 
h. 

(11) WELL LOG: 
To:.:1 dc-pth 20 ft. De;nh of compl:ted well 2Q 

ft. to fc 

0 l top soil 
l 5 brown ela.y 
5 13 lare;e gra.vel sand & clay 

13 15 browr, shale 
15 20 blue clay 

Vo:k started s/11164 " j , 

Compleced s,b 5/,:;4 " 
WELL DRILLER"S ST A TE.\lENT, 

This well was dTill~d undeT my juTisd;c/irm-4]lj .!,._his rebod'is trne to the best of 
my ktUJuldge and belief. -~ 

N.-o\..\fE BALIARD &: FOOTE 

Address 

[S,G::~!$~+---­~ff-+ w,1Vv:~". 
Ll,erue No .. --l-8-5456·-· . .. . .. DmL ... 6/8/64 .... , 19 ...... __ _ 

570~ e-S7 5-)ld QUIN/:;, Sf'O DWR 188 {REV. 3-5~) 



Well #7 • .. 
STATE OF CALIFORNIA 

THE RESOURCES AGENCY 

Do Not Fill In 

91032 "ORIGINAL DEPARTMENT OF WATER RESOURCES 

FUe with l\!®NFIDENTIAL LOG w ATER WELL DRILLERS REPORT 
• Water Code Sec. 13752 

State Well No. E 
O,he, W di '1Jllff 65fJJ31 

F1\ r\~TCD. (JI) WELL LOG: 

Tou.l dept.;, 7"' it. Dc;nb of completed well "· 
For:r.~:.io::i: Dncribt by ,,.Ear, r~•#Cltr, 1i~ of w4ttri4!, ~ml 1tnut.i•~ 

//1 , fr t 0 

(2) LO.?),CATIDN dF WELJ/:' 
I - . 

,A 1 <.t .,,,//,,,Z,,-,,L h A, I/~ ~ ... /1/ . . ·- A.i-

.n.,, ,:;,. 
Own.:-'s ncmher.. if aoy 

, 
/7" r/ V Coun~v 

Tow:i.ship, Raogc, ~ Section QJ;,,;,t /T..JJA .r.)~Y. ~--"' ~:? £.' ,.,.J,, - ~,c./~ 

Di.u;i.nce from citie.., roads, nil,:.!, L.L. ':/7,;.. Jf _,:i,., -/o - A . 
l,"1~-/-/- /,,f,7- _./ fl - J/_ ~/ .,, ~ ~/ J. -

(3) TYPE OF WORK (check): - .u 
Nt!WWell ~ Deepening □ Reconditioning □ Destroying 0 /4£. ,.__ / J'I ~J.,#.,,,i 1,r. ,, . /,.p 

. 
If destruction, describe material and procedure in Itrm 11. 

(4) PROPOSED USE (check): ( 5) EQUIPMENT: 
Domestic ~ Industrial 0 Municipal D Rotary □ 
Irrigation D Test Well 0 Other D Cable ~ 

Other □ 
(6) CASING INSTALLED: 

STEEL: OTHER: 
If gravel packed 

SINGLE~ DOUBLE □ 

. 
~ Diameter 

From ru - of From To 
ft. ft. Diam. Wall Boce fr. h. 

A '71) 51' /!?x 

. 
Siu of sho., or o,dl rin):: , C, ,'}( ,. ::,l }I "'San of .~ra.-d, 

Describ~ j.,i,1t /,,( I I, ,I/, 

(7) PERFORATIONS o:~~CRE~: 0 
Type of p,:riornion or nui,.e of ,cr«n ,t' • 1/,. . , - . , 

Perf. Rows 
From To "" 

pc, Size 
fr. ft. row fr. • in. X in. 

-4:-';! ·7Ji ,:.;.. ID Y,j,i)(. . of 
, -

( 8) CONSTRUCTION: 
W3s a 5;:irfac~ ..,niurr ,nl pro,ided? y~" No □ To ,..h;_t <i•?~h 

-r , "· 
Wcr~ ~oy s:uu >e'l.lcd ag~inn pollutior.< Ye, 0 ::-:o □ If yes. nore dcptb of nnta ·- i:. m "· I 
fro:r. ft. ,o " Work, '"' <' /J/ "JI. ,Com ';]·-" /"I' 1!'71'-
Metbod of snliog r..A~--- ~ I W'~°JDRILLER'S .frATEMEXT;(,;,· ,::::.. ' 

(9) WATER LEVELS: 
• u ud/ u;.1s drilled under my j r. sdiction and Jhis report is true to the best 

{~~ of my k.now!edg<' a11d bclie.f. d 
Depth H wbich water w:as firn found, if known "· If), ,u J 

..,. 
S1u1ding Jc..-el before p,,eforuing, ii known f<, NA1-{E -J.,,,/"J'.,r_J ev,: -' //, , 

Su:1.ding level aft~r perforuir.;-; and dcvdopin,i: "· .,IL.._-
Address y i/;2// %:~fa~ c2or::~(1;; :r frr:h 1 

(IO) WELL TESTS: , 
Wu pump <e-st ma<ie? y~,;;t No 0 If yes, by whom? ~.h ,I~~ ~ ./4 ---r--..,4 r',c- , . " 

,,r_,J,- ./-../~ 
,Id: '/ .ul.!:r.ir.. wicb ,;r ft. daawdown airer ./ bes. [SIGN°ED] n-1-i!, / LJ , .,. ~ 

---;·Tc:mpeu~re of vHcr W~s ~ cbm,ical 1ruily,io m~de? Yes 0 Nor\,-
/, ,- - v ·~,e:LD( 

., -
NoJrw. #1-- .?A ~ Wa, c]~e,ic log cud~ of well? Yes 0 Jf yes, ~tucb copy Licen><e Xn ,;,.Jl'[f'd:,~ Dm' , - . 

SKETCH LOCATION OF WELL ON REVERSE SIDE &tONFIDENTIAL LOG 

' 

Wq_ tsr Co,i A s~,.., '. 77-~~ 
DWR 188 {REV. 9-681 2s179.950 9-68 ~0111 TRIP fio c"Sr 



POR'. SEC.31, 
,r' 
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(0 
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~ :, -0 •• 

< 132--?J 
WE.~T 

·a' 
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,9.12.::; 
~ ,,--------.... •F 

-~ 
" 

I I 

M.D.B. a ~l 

:.:...:_ 

NAPA COUNTY ASSESSOR'S 

PARCEL NO"..t_)'f .~..2 
'.< ~½?--I~ 

YOU MIY 11:1;11 TO KrEP rn1s MAP AS 
A Ff8i1iA.,EiiT RECORD. 

f/eo.. P. /Jkzls 

• ,i-- • _:, ·.-" {_' -~- .. f,~ 

•• :c., ·5u .,:- _::-c • 
-?c ,..; 1 ~'C ,. ... c 3,;., 

_; I 5 ""7< ~;p-,F, 
,.. ----·z.· c,: 
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!? ' _.-.,; -,,{ .: 
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• 6~ € 
;:. _.; :,4 
,,: - 6.9 
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,..l6 ·z 
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;_ •• 5c-,.::-s _r 

!13 Q-,,-•l'Jc t~ ,_,_, :.-­
~ .,: i:t; C 21c '€ t; '] 75 
s1.-?~,.;.3.c-c J=;'4'::J.! 
r • 5 ~;c,..c ?'J·.1: ;J? .: _•· 

.. ;_j_~_:_/'/);:.~- ~--;-~-;:. 
-.,; :;-c,:2k> GU L = c,.:: r'---­

.:,_; 3. • ..;'>4: _,,. 20 /'J 

_-;,, R=,_L;" .. ~- :.c--•,;,_ 

• I 
.! 

·,·~-----''--'------

NOTE -- Assessor's B!oc( N, .-.--,bcrs Shown in E!iips0: 

AS:iESsor-; P-1.-cel Numbers Shown in-Circi~~-



Well #8

ORIGINAL 
File with DWR 

STATE OF CALIFORNIA 

THE RESOURCES AGENCY 

DEPARTMENT OF WATER RESOURCES 
Do not fill in 

.ce of Intent No.--~~=~=~-
Local Pe.mit No. m o,, • .,9 '1 q,q g 

WATER WELL DRILLERS REPORT No. 371077 
State Well No. -~~~~~~-=~ 
Othe, Well Nn <2 i'-AI/J!bu}:36 

(5) EQUIPMENT, 

Rotary.kt 

c,,1,1e D 
Otho,- D 

(9) WELL SEAL: 

Reverse D 

Wa!!, surface sanitary seal provided? 

Were strata sealed against pollution? 

Method of sea.Jing 

DWR 188 (REV. 12-86) 

(12) WELL LOG: Total dept~ ! lo(), Completed depth lJ;;O It 

3) TYPE OF WORK: 

New Well Jd;. Deepening Di--------'=--------'~'---_l~_c~-----------

Reconstruction □1------,,<,,<...--~~---------------
Reconditioning □1---------'Y~~----~4'?.s:------------
Horizontal Well D l------,>'<"---~',--------1'~---'.~~-----------
Destruction D (Describe 

destruction materials and pro- l _ _l"-'~:2:--~---~~~_::,-L---f<""---------cedures in Item 12) r 

Domestic 

Irrigation 

Io.dustrial "' 
Test Well '\."J 

• i 

No O U yes, to depth,~✓-~'<~-- ft 

N o g Interval ft 1------------------------
Work started - 19 Complet - 19 
WELL DRILLER'S STATEMENT: 

IF ADDmONAL SPACE JS NEEDED, USE.~NEXT CONSECUTIVEl..Y NUMBERED FORM 
86 96355 



Well #9
ORIG(~ STATE OF CALIFORNIA 
File with DWR WELL COMPLETION REPORT 

f Refer to fostructlon Pamphlet 
Page_._o -- 0913028 
Owner's Well No•-~~--- No. 
Date Work Began 12-22--04 , Ended """1-14--05 

- OWR USE ONLY ~ NQT FILL IN 

I I I I ~ 71M DI §JIM~ I I I 
STATE WELL ATION NO. 

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

• 
Local Permit Agency 

Permit No. EJ4--0571 Permit Oate_1,,,0,_l/7eit.,,04.,,_ _____ ,.. __ ;..i _ 

I I I I I I I I I I I I I I I 
APN/TRSfOTHER 

• 

• 

GEOLOGIC LOG ---------,,- . 

_ Deepen 
_ Other (Specify) 

' 
' 
' 
' 
' 
' 
' 
' 

TEST WELL_ 
. 

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

' 
' i DEPTH TO RAST WATER ___ (A.) BELOW SURFACE 

' 
' 
' 

DEPTH OF STATIC / • , 
WATER LEVEL 10 (Fl) & DATE MEASURED 1 1w115 

' 
. 
' ESTIMATED YIELD • 2. (GPM) & TEST TVPF_~air=~-----

TOTAL DEPI'II OF BORING 290 (Fecl) 
TOTAL DENI! OF COMPLETED WELL .;&}Feet) 

TEST LENGTH ~(Hl8.) TOTAL ORA~ (Fl) 

• Ml!)' wt be representatiue of a welt's hmg-wm yield. 

DEPTH 
FROM SURFACE 

CASING (SJ DEPTH 
FROM SURFACE 

ANNULAB MATERIAL 

Ft to. Ft. 

BORE· 
HOLE 
DIA. 

l"""""l 
MATERIAL/ 

GRADE 
lNTERNAL GAUGE SLOT SIZE 1-------1 CE,. BEN• 
DIAMETER OR WALL IF ANY MENT TONITE 

(Inches) lHICKNESS (lnohes) Ft to Ft ( .,, ) ( .,, ) 

> 1 IA V pl48() (1' ZJ0 0 ' "" Y 

1YPE 

FU..TEA PACK 
{TYPEISJZE) 

f-~.se-....;..: -1..;=19---f-9,.f:/I..~~+~:+++~~ i---+--11"·:'-+-~A--+'~=a=~=• i.::,YL--l l--~.,,.._;.:-~.aa1--1--+--+--linr~1x11-n.~i;a-J:x.·-1 

13(} ' 15(} 9 8 ' pl48() I • , 

150 , 170 9 7 8 X ~;; 
J.!.':I.,~ i{.!.l1' ... 

A'i'fAC S ( ~ ) 

ZJO 
Y., 

CATION STATEMENT 

- Geologic Log 
. J, the unde,slpned, certify that this ieport Is complete and acou- to !he best of my knowledge and belle!. 
' ' • '.,,; __ I 

_ Well Construction Diagram 

_. Geophysical l.og(s) 

_ Soll/Water Chemical Analysss 

' 

-.- Other ________ _ 

ATTACH ADDIDONAL INFORMATION, IF IT EXISTS. 

NAME M:iEan & Wf.111alB, Ji:c. 
(PERS!lll, - OR CORPORAIJONJ (IYPB) OR PRIN1EJl) 

94558 

CITY 1/Zl /05 
C-57 LICENSED WATER CONIRACTOR DATE SIGHED 

DWR 188 REV. M-03 IF ADDmONAL SPACE IS NEEDED, USE NEXT CONSECUTIVEJ. y NUMBERED FORM 

STATE 39ds2 
C-57 UC£NSE NUMBER 

&i OSP 03 78838 



Well #10

ORIGINAL 

R• "4 J.g ff 

J .J\fliller 
FERRELL, TIJ,:OTHY LEE 

STATE OF CALIFORNIA Do not fill in 

File with DWR 
THE RESOURCES AGENCY: 

No. 103155 .- • -,f , . 

DEPARTMENT OF WATER RESOURCES 

•

e of Intent Xo \VATER \VELL DRILLERS 'REPORT 
Penn.it No. or Date_ ______ _ 

jl I l_t-. •-•-

( 12) 'WELL 
1
LOG: • T~ dJ'ptb 29 5 ft. Depth of romp]eted w•ll 2 95 ft. 

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

U 25 topsoil clay 

(3) TYPE OF WORK: 

Xew Well iX Deepening D l-----~~------,,9----------------­
Reconstruction D 1--,-,.-----_,.,i)o-----,._,,,.-'-s"E,-~-------------­
Reconditioning 

• 
\\c"ELL LOCATIOX SKETCH 

( 5) EQUIP!\.IE~l: 

Rotary ~ 

Cable □ 

Steel D 

From 
ft. 

0 

(9) WELL SEAL, 

Reverse 

Air 

Horizontal \Veil 

Domestic 

Irrigation ~ 
rial 

ft. Was surface sanitary seal pro\--:ided? Yes QC 

\Vere strata sealed agairut pollution? Yes CJ No ~ Interv•a,_ ____ Jt 

!\.{ethod of sea • 

( 10) WATER LEVELS, 
Depth of first water, if knO\\HL--~.h.:1...1.~-----------" 

Standing level after well completio ft. 

(11) WELL TESTS, 
Was well test made? Yes xx Xo D If yes, by whom? Drillers 
Tn>e of test Pump - Bailer D Air lift ~ 

Depth to water at start of t;; 100 ft. At )2J.Qv'\OO .fro:ru. 
~e 4 al/min after ours Wa~9t~~ra 

1-:,::V-orlc::--,-tart--,--~;-;;;-Sr,-:Cl9:-;,,;-----:Co:-m-p::]et--:----s--;,;---:,,g,--;:o,,, 

WELL DRILLER'S STATEME'.'IT, 
This well was dn1led under my jurisdiction and this report i.<; hue to the best of my 

k,10wledge a-#,elief· ~ -~• 
S1G:,.,~ ~12 ~ PA I 

(Well Driller) 

KAME Doshi er-Greo-san Ori l 1 i ne: Tn c, 
( Pen;on, firm, or corporation) ( Typed or p"mftedJ 

Adw~, 5365 Na,-,a-VaJlejo Hwy, 
·~cal analysis made? Yes D No OXIf yes, by whom?·-------~ City Valleio, Ca 

License :,;o 29L,,001 
Zip 9~-590 
J /4/73 Was electric log made? Yes O No ~ If yes, attach copy to this report D'lte of this repori 

DWR 188 (REV. 7-761 IF ADDITIONAL SPACE IS NEEDED. USE NEXT CONSECUTIVELY NUMBERED FORM 



Well #11
ORIGINAL 

File with DWR 

Xotice of Intent Xo, _________ _ 

L-0e&_ Permit Ko. or Date, _______ _ 

STATE OF CALIFORNIA :3 f &/H 
THE RESOURCES AGENCY 

DEPARTMENT OF WATER RESOURCES 

WATER \VELL DRILLERS REPORT 

Do not fill in 

No.34198 

(12) WELL LOG: Total depth 2 8 Q ft Depth of completed "fl:•so:: 

fmm ft. to ft. Fonnation ( Describe by color, character, size or material) 

0 - Top soil 

(2) LOC,ATI0'.11 OF WELL (Seeinstck,;~),#27-330-09 
County Na pa Owner's Well Xumber, ______ -t---4-1L---~>--""---111:'..e.~._l:ua!.lli,!1;Ll,_QJ[!.\L _______ _ 

sandstone & small rock 

\\'ell address if different from above,_,,Sc,accm=e.,_ _____________ -t-----1~----~L__J.;I::_e~~r...,.2..biilc!S_J[J;!_!e.!f_ _____ _ 

o, 
1 • ..... , 

,.. 
1t>\' 

'fptl.' 

' 

{ 5 J EQUIPME:\1: 

Rotary ~ 

Cable C 

Other n 
Air 

( 7 J CASIXG INSTALLED 

Steel~ 

(9) WELL SEAL: 

(3) TYPE OF WORK, 
~ew Well ~ Deepening CJ 

f-----___:~..,__-------,,,-----------
0 h----"s"I.-------=-~?------------

Reconstruction 

Reconditioning 

Horizontal Well C p.~~.;,...,-------~~c-'~!J--------------------
Destruction C (Descnbe 
destniction materials 
procedures in Iteai 

Dome.stic 

Jmgatio~ 

Industrial"'"'\.\ 

Well ~ 

Was surface sanitary seal provided? Yes ~ No O If yes, to depth~_2_0_~ft. 

\Vere strata sealed against pollution? Ye;; C Xo ~ Interva~----= 

~ethod of sealin \Vork start 19 Complet 19 

(10) WATER LEVELS, WELL DRILLER'S STATE~IEI\T, 
Depth of first water, if know~--~~-------------•ft.. This tcell was drilled under my jurisdiction and this report i,; tme to the best of my 

-"Standlru,!:!!!~-ci"..!'~":C''~l..!•~ft!ce!.'..!"::!"'ccllc.'c!":!m~p~lec!ti,!!·0~==2==============~ft'-.-< knou:ledge and ;,lief/')/, J /J ~ ... 
( 11) WELL TESTS, S1cxED (;,/..:: ),,!_ l,t¥'..._A,(,,{,,. IJvn,,,,, 
Was well test made? Yes~ Xo O If ye5, by whom? Driller (Well Drillerj 

Type of,~, Pump:J!'.: Baile< CJ An- lift [j ;\.n!E McLean & Williams Well Drilling 
4~.!. ft. At end of te;;t 200 ft 878 ErirsoC~~tof.OrpA~o~h\I~ or printed) Depth to water at start of te<t 

10 ozalimin aft"r Discharge 

Chemical analysis made? Yes CJ 
Yes 0 

2 hours \\'ater temperatur~-----1 Address_.:::..,c._:::_-"'-':::._-"_::::::_::..:__.::c._:,,:...:_::::::::..,::_ __________ _ 

Zip 94558 
D'l.te of this report 10-3-7 7 

Xo ~ If yes, hr wbo!Il? _______ -; 

Xo ~ If yes, attach copy to this report 

c1ty Napa, CA 
Lioerne Xo 2 7 23 21 

IF ADDITIONAL SPACE IS NEEDED. USE NEXT CONSECUTIVELY NUMBERED FORM 4301&-9~01-1600),(cw..,:i©-ros? 



Well #12
I 

ORIGINAL STA'fE PF CALIFORNIA DWft:1:€ ?"LX DA-"?T FILJ- ·r I 

FIie with DWR WELL COMPLETION REPORT IO e ,Ill! Qi loUJ 31, L I L - I '· • 
Page_!._ of_!_ ReftN' to lnstf'u&tion Pamph_lei _____ ..,:...• ... "'-we.t.. NO./STATIOM NO. • 

Owner'sWellNo .. _9_2_.:._21_1_0___ 'No 391066 1...-..L....J.I_IL...J....-'-'I\ II J I J I\] 
- , Ended Apribl 9 2 • LATITUDE LONG1tUDE ~~~------- I Local Permit Agency Napa County I J • I I I 

• ,---P_e_rm1_1_N_o._-_-_-_-_=3:0:6=5G..:~c...O_L_O_G_I_C_L_O_G_~p-erm1 __ 1_o_a_1_e::::::3:::-:::2:...,'--;9:2:::::::::;;;; ... ,,..;:;;:;.--,;,.·';:-.,... __ ,Al!_ELL OWNER--'~------,, 1 
Ofl!ENTATION (L) .JL V1!1mCAL _ HORIZONrAL - AHGLE - (8PECIFY) 

DEl'TII TO FJ8ST WATER ___ (Ft) BELOW SUBFACE t . 

~=" DESCRIPTION \\~ 
Ft. to Ft. Dese1ibe 'l11lll8'lial. grain siv.e, color, eu;./-. \\ . \. 

-,_••~.-.=) :;'""' \\ \, i:-;.~ V ~ . 
' 

1----'-' __ _.' __ •• .:.,~-:·~.;'\'\.O·~~"---'-'' ---------------!; 
' 
' 

' 
•' 

' 
' 
' 
' 

MODIFIOATION/REPAIR 

-=­_ _,_ 
U.W"GEOI.OGICLOG'? 

I;; PLANNED USE(S) • 
i5 (L) 

- IIONITO!!ING 

WATER SUPPLY 

.x...­

---
.1------+j--+------------I ' 

' ' 
' 

----

• 

. 
' 
' 
' 
------------------i--------SOUTH-------1 

Ia..tmre or D=ribe D!stam:e of Well from I.andrnml,, 
=h"" Road,, Butlding,,_F.....,-. etc. ' ' 

' PLEASE BE ACCUBATE i, COMPLETE. 

' 

- "'mST WELL" 

- CA'IHODIC PAOTEC-
TION 

-Oll!ER-

' 
' 
' 

' DR!l.UNG Ai 1---~•--~~----------....;,, ______ -1METHOO B9ta:,;:yr FLUDl-::-::=:::-=-,------
__ ......;: ___ :-------------------1-wATER LEVEL & YIELD OF COMPLETED WELL -' . 

' -----i'----------------------1 ~~ ~ATIC <;O (Ft.) & DATE MEASURED 4-1-92 
1---..!. •'----'-------------------! ESTIMATED YIELD' 

1 
(GPM) & TEST TYPE air lift ' 

TOTAL DEPTH OF BOBJNG __ 3_l_S_ (Feet) TEST LENGTH __2___ (Hn,.) TOTAL DIIAWDOWN 260 (FIJ 

TOTAL DEPTH OF COMPLETED WELL 315 (Feet) • May 'IIIJt b. ,,p,,_,,,;,,,, of a '1JJd/Hmg-unm yield. 

CASING(S) DEFTH ANNULAR MATERIAL 
DEPTH 

FROM SURFACE 

Ft. to ft. 

0 ' 40 
' 

40 ' 320 
' 
' 
' 
' 
' 

BORE• 
HOLE 
DlA. -
ll. 
n 

TYPE/ ✓ \ 

! i ~1 ~ MATERIAL/ 
GRADE 

i,! 
X F480 PVC 

X 
n 

INTERNAL GAUGE 
DIAMETER OR WALL - THJCJ<NESS 

:, C.<UU 
.. .. 

SLOT SIZE 
IF ANY -

J,U..l.,cro 

FROM SURFACE TYPE 
___ _, CE- BEN, 

Ft 

u 
.,, 

to Ft. 

' ~, 
' 
' ~~n 

! 

' ' 
' 
' 

MENT TONllE Fll.l. 
(") (") (") 

X 

CERTIFICATION STATEMENT 

ALTER PACK 
(TVPE/S!ZE) 

ATTACHMENTS (") 

_ Geologic Log 
I, the undel'lllgned, certify that this report Is complete and accurate to the - of my knowledge and bellet. 

_ wen Conabi.U.lllut1 Diagram 

_ Geopt,ya!oal Log(oJ 

FISCH BROS DRILLING INC, 
NAME,_(P"EHSllN,=::,-;;;;;,..;OR~CORPOl!A"""""'llON)""""'(rn'ED=""OR"'°'l'RINIElla...=-) -------------------1 

_ SoU/Water Cheffilcal AnaiyS88 
5001 Gravenstein Hwy No. 

AllORESS 

Sebastopol ca. 95472 
CIIY - O!lle, ________ _ 

ATTACH ADDITlONAL INFORMATlON. rF IT EXISTS. Signed WEll 
4-15-92 

l!VE DAlE SIGNED 

DWR188REV. 7-00 IF ADDITIONAL SPACE IS NEEDED, USE NEXT CONSECUTIVELY NUMaERED FORM 

STAIE llP 

399226 



Well #13
ORIGINAL STATE OF CALIFORNIA 'o-i:%JjE ONLY - Dr NOT FILJ, 'f I .. C11foW!J bi j L I FIie With DWR WELL COMPLETION BEPORT 

_____ ST_A_:re~ WEU. NO./STAlION NO~ 

• 

Refer to ln,tnction Pamphlet 

75943 

' ' '"<~~\:j .,. . 
' ' ' ' ' ' 
' ' 
' ' 
' ' . 

' 
' ' ' ' 
' ' 
' ' . 
' ' ' ' . 
' ' 
' ' 

I, I, I, l[JI, I, I, ID 
LAffltJDE 

I I I I I I I 
I 

• 

LONGITUOE 

I 

-DESTROY_ -.,,...,_ 
UntW"'GEOLOGtOLOG'? 

Ii;< PLANNED USE(S) • 
i1i (L) 

- MONITORIN8 

_WATER~~ 

. .:k""'-

----
--

- "TWr WEU." 

- CA1HOlllC PROTEC-
TION 

-0111ER-l 

' ' 
' ' ' ' 

DRlLLING A . Al • 
---;------------------;METHOD "'4b A.U1D-,-1W,J,':# ...... ""::=c-:---
----i-------------------l- WATER LEVEL & YIELD OF COMPLETED WELL -' ' 

' ' 
' ' 
' 

. 
DEPTH OF STATIC ~ £ ~,., -~.., -------------------,-----1 WATER LeVEL ',t (FIJ & DATE MEASURED - y~ 

--~'------:;-:,--..,.--------------t ESTIMATEC YIELD' - (GPM) & TEST TYPE-/l -~ E_ 
TOTAL DEPTH OF BORING 

I ..,-I} 
~ . 

TOTAL DEPTH OF COMPLETED WELL 
(F~~d 

(Feet) 

TEST LENGTH _2._ (Ifni.) TOTAL DRAWDCWN I 1'4- (Fl.) 

• Mqy 1Wt b, ,.,,,.,.,,.,,;.., of a 'Wdl's lung-term ,;.Id. 

CASING(S) DEPTH 
FROM SURFACE 

ANNULAR MATERIAL 
DEPTH 

FROM SURFACE 

A. to Ft 

: 
. 
' 

BORE­
HOLE 
DIA. -

1 

MATERIALJ 1NTERNA1. 
DIAMETER GRACE --

,, I 6. ,;r.i, ? 
., C 

GAUGE 
OR WALL 

THICKNESS 

. ., t),:,, 

ti 

. 

SLOT SIZE 
IF ANY -

.-_ .. 

LL. 
/ ,_. 

FL 10 Fl. 

' 

' ' 
~ ! 

TYPE 
CE- BEN· 

MENT TONllE F1Ll 
(L) (") (") 

Fll.TER PACK 
(TYPEJSIZE) 

~=='iAi:iTMT~A:CciiafiMii"EE°NN°TTSs7(~":il-':::::::::::::;-;::==========~ciEiiRTTii1FFJI1<c:"tATION STATEMENT 
'· the nlj<I cvrtlly the! !hi\ repqrt Is 00 opl~ acouratp ~ the beat of fflY knowledge and beHel. I 

- GeologlcLag u .. ~--t"i l I I fl IW\ \ t "' ..,\ ,,'(' \ \ \. IA n. .•" 
_ WeD Conatructkm OJagram ~ " 

- _,Log(s) '\~,•'71 'JT. ~.::-:.;-;:_~~ _""" t-111" . I\/_ 1tl \ ("o.. • rh1_, <,'St{ 
_ SolllWaterChemlcalAnafyses f l'C..- J.-alli 7 '-1 

-""""---- 1- c...r a ~ u~,~ "'"~ --ivr..11 
ATTACH ADDmONAL INFORMATlON. IF IT EXISTS. ~ BEPBf.8ENTATM DA1E SIGNED • C-l>J NUMBER 

DWR188BEV, 7-90 IF ADDITIONAL SPACE IS N , USE NEXT CONSECUTIVELY NUMBERED FORM 



Well #14
ORIGINAL STATE OF CAlJFORNIA 
FIie with DWR WELL COMPLETION REPORT 
Page __ of __ 

Owner's Well No. • _ ~ -~ ~ 5 2 8 4 2 4 
Refev to Instruction Pamphlet 

Date Work ~v~ '7ifPJ, (\iecl j'.' -• ~!~~~-ii?-:tJi4-i W:rmi0~ 0.as-1/9 ° , 
I 

LAllllJl)I! LONGITUl)ll 

I I I I 

• 

_ /. GEOLOGIC LOG • • .\ (· • 

OAmNTATION (L) lr.£.. VERTICAL - ~ts ANGLE - (OPEOIFYl ]I 

DEPTH TO FillST WATER~(Fl) BELOW SUBFACE : : :~ 

,WF.t.rt'n\wNER 11---------, 

~~ DESCRIPTION , \\\_'· iJ 
M,_ to .Ft. ' IJeuribe-l..-:nlgraitJnb,.,.,J..letc.__.--.{,\ \.,,--- ·-

11 . .._ ,- ~ ;_: Wt;_·~L\_._/a,'i'_. UATIUN ---------! 
I} : ,,,, J : ~ .. ,\\lh\ C....•n I .R __ ........ •r~H.>,,,,a·::../ i.d.1::...:0

-: .c ~-- ••• .--,:~, /' 

' 
~~~~I r, \ '-'- .. •.•' ,"•.J \_ 

' ' ·>.'·,r .. : 
y 

. 
' ' ' ' . ' ' ' 
' ' 
' ' 
' ' 
' ' 
' ' 
' ' 
' ' 

MOOIPtCATIONIREPAJR 

--

- =----UndeT"GEOLOGfOLOG'? 

t; • PLANNED USE(S) • 
~ (L) 

- MONITORING 

WATBRSUPPLY 

- -- """"' :x-
--

_ "TEST WELL" 

. 
' ' --t----------------J~-----SOUTH-------1 _ CA1HODlC PRO'TEC­

TION 
_OlHl!R_) ' ' . 

' ' 
' ' 
' ' 

Illumate °' Destrlbe DisUmce of Well from Laodmatb 
such as Rotuls. Buildings. Fenc:ea. Rftiers, etc. 
PLEASE Bl! ACCUBATE i, COMPLilTE. 

' ' 
' ' 
' ' 

~ 4'4"CA-# FLUID M Up/) 
1---+---+-------------------1_ WATER LEVit& YIELD OF COMPLETED WELL -
1-----:----:.-----------------IDEPTH OF STATIC .-.. C: •~ Q,, 

' ' 
' ' . 

1-------~-------------------IWATEII LEVEL •l!<'. (Ft.) & DATE MEASURED €/,c -= 
1----'-----'--~-.-,,<?s,-------------IESTIMATED YIELD. PC (ro>M) & TEST TYPF A-In LEIF'?'"= 
TOTAL DEPTH OF BORING ..;..1, " '\ . (liq,!),. TEST LENGTH 4 (Hr&.) TOTAL DAAWDOWN / (iQ(Ft.) 

TOTAL DEPTH OF COMPLETED WELT. dLJ ~ (Feet) • May mt be re/)1eSelltaU'1)e of a we/l's long,-term :,idd. 

DEPTH BORE• FROM SURFACE HOLE TYPef ✓\ 

DIA. 

! I ~I ~ Ft. to Ft. 
_, 

i;! 
t'J • ,, '()!u- 1' ' 
~~ ' >() f/f' },, 

lJ'() : ~ '"'O r" . 
' 
' 
' 
' . 

ATTACHMENTS (., ) 

- Geologic Leg 

_ wen Construction Dfagram 

__ Lcg(o) 

CASING(S) DEPTH 
FROM SURFACE 

ANNULAR MATERIAL 

MATERIAL/ 
GRADE 

~~ ~ ~.: 
I f - I/ 

INTERNAL GAUGE 
DIAMETER OR WALL 
-) THICKNESS 

< "Ob 
1, " II / I 

SLOT SIZE 
IF ANY 
(Inches) 

5,,--

...... 

TYPE 
t-------1 CE· BEN· 

FL to 

A ' ' ,, .., 
' 
' . 
' ' 
' 
' . 

Ft. ., ., 
,,A,., 

MENT TONITE FILL 
(") (L) (") 
V 

_ .CERTIFICATION STATEMENT 

FIi.TEii ~ACK 
(TYPE/SIZE) 

I, the u,g,irm~•(d/"'lrtlfy that lht,lrepor ts OOJ"flete ~ aco!/1' l'f lo pie best of my knowledge and belief. 

NAME~ ,, "-A \ i P I I c-- L )Y', I , 'VI n "',A 
• v·~-. .,. llON)r(IYPEO OI ~"J t'.l '"-:. _/1) 

- Son/Water Chemlcal Analyses 

- 0thsr 

ATTACH ADD1110NAl. INFORMATION. IF Tr EXISTS. 

1xr1•1 'J Prl\A,,11\A I ,,,Pol~t lAj { 4.q .. _, \lt' 

1 A~~~=~~~l.:'.'.==-~""~t:1/':::>~.,· d h • ..r. ·-11-qqTE "V/{)t,77 
L- i\ II TE C-5 

DWR lSSBEV. 7-110 IF ADDlllONAL SPACE IS NEEDED, USE NEXT CONSECUTIVELY NUMBERED FORM 



Well #15
ORIGINAL 
File with DWR 

Page __ of __ 

On,ner's \Veil No. 

Loeal Permit 

STATE OF C:\LJFOR:\IA 

WELL COMPLETION REPORT 
Refer to In.1trnclio11 Pamphlet 

No. 710226 -"" 

- DWR USE ONLY DO NOT FILL !N 

STATE wELl.tSTATION NO. 

~-~11]~1 ~~II] 
LATITUDE LONGITUDE 

APN/TRS/OTHER 
Pcrniit NO. lJ'°--=-''--1---'-'"-"'"lf--CI-----

' I 

ORIENTATION ( .:::::'..) 

DEPTH FROM 
SURFACE 

" '" "' I ' 
f.1 

' ' 
_L..,r.;1-11 \ ;, - .. ' 

• ' 

• ' 

•O "OGIC LOG 

VERTICAL ~ HORIZONTAL __ ANGLE~SPE IFY) 
DRILLING ,_ -. I - · • '\ ...,., 
METHOD y \._---> \ CI._ y -'-' FLUID~~~==~-

DESCRIP ~ON 
Describe materiftl, g,-]· 1 si;::,e, color, etc. 

lJHll/YI( If" ,, 11 I I 
1 r /\ "--,,. AA , , n-.• V\Alt, t 

t ' 

" 
Addr~• 

Citv~ I \~IN'i~O......~.,.----------------
Co~nty _,s,l'""'-..nft',0-YC":"._ _____ =..-~...-...----,..-r-~ 
APN Book __ _.,_ IIPage ___ Parcel ~·1- ",l{l -() ~ 

1 
l WELL LOCATION-----------! .. 

Township ____ Range ____ Section ___________ _ 

Latitude NORTH Longitude ~=-~·=~-~=w=ES=T 
DEG. MIN. SEC. DEG- MIN. SEC 

~~~~~..t,.,LU,!l.ct_.;t-.__-;-___________ --1f------ LOCATION SKETCH ACTIVITY (.:::::.) -
NORTH ------+-~---< __.J( NEW WELL 

I \I' i lt"'( \ 1 ,:--\I "' -~ 
' . ' L ' .. "" ' . ._,., 

' _, 
' ... , 'IV/\ - - ' 

' ' 
' ' . 
' ' 

' 
' ' 

' 
' • 
• ' 
' ' 
' 

' ' 
' ' ' 
' ' 
' ' 

' 

~ /\I\< 

' 1-.l 110 -"') 

IV l 

'\ a.. y 

MODIFICATION/REPAIR 
_ Deepen 

_ Other (Specify) 

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

PLANNED USES ( .:::'..) 
WATER SUPPLY 

Domestic _ Pubhc 
=:J{ ltrigation _ Industrial 

' . 
' ' 

-~-------------------1---------SOOTH----~'-<f--l 

MONITORING _ 

TEST WELL_ 

CATHODIC PROTECTION _ 

HEAT EXCHANGE _ 

DIRECT PUSH _ 

INJECTION_ 

VAPOR EXTRACTJON _ 

SPARGING _ 

REMEDIATION _ 

OTHER (SPECIFY) _ 

' • 
' 

' • 
' . 
• ' 
' ' 
' ' . 
' ' 

Ilfostmtc vr Describe Dhlaucc ofWdl (mm Hoods, Builtliug.s, 
F,,uces, Riwr:i', etc. /1/UI 11tt11d1 11 map. Vse addi1io1wl paper if 
m'ccssanI PLEASE BE ACCURATE & COMPLETE. • 

WATER LEVEL & YIELD OF COMPLETED WELL 

DEPTH TO FIRST WATER ~ (Ft.) BELOW SURFACE 

DEPTH OF STATIC /;, ,/~ '7 
WATER LEVEL 7' /) (Ft.) & DATE MEASURED /() -, J -0 
ESTIMATED YIELD. /t> (GPM) & TEST TYPE A1A Let-T 

TOTAL DEPTII OF BOHI~G • "<C\l ~ 
TOTAL DEPTH OF COMPLETED \\'ELL~ (Feet) 

TEST LENGTH _1__ (Hrs.) TOTAL DRAWDOWN Oha (Ft.) 

,. A1ny not be representnth·e of II we/l's long-term yield. 

DEPTH BORE-
FROM SURFACE HOLE TYPE(:::'..) 

CASING (S) 

DIA. 
::!: 

oc w 
~ ·o ~ 

(Inches) z z~ ~ 
Ft •o Fl :, oc 812 ~ w 0 

00 ·5 
~ 

MATERIAL/ INTERNAL 
GRADE DIAMETER 

(Inches) 

GAUGE SLOT SIZE 
OR WALL IF ANY 

THICKNESS (Inches) 

DEPTH 
FROM SURFACE 

n ,o Ft 

ANNULAR MATERIAL 
TYPE 

CE- BEN-
MENT TONJTE FILL FILTER PACK 

(TYPE/SIZE) 
(:::'..) (:::'..) (:::'..) 

0 ' 

' -:lV lo.V ~ l~;HT1i _s-,. ~(>O 0 
. 

;/¥ 
__,, 

• 
1& ' t) ,·-. ' ',( I ' 

I• ,, - ju ' ,00 D~ r... R, •v~/ 
~(J ;~ &CJ • r ~ 

A 

( ' /I I ' "7 ;i - ' 
-

' ' 

' ' 
' ' 
' ' ~===-1Al'iTnT'AA:Cc1uu~irnii"Niii·r'i'ss·t1:::✓~1-====1r======~=====--,cc"EifRirTr1iiF111CAcAT~Irio»N'''S'i'T•AT'i'Eic~i:i1iE'-Ni'ir:"--=::::::=========:::! 

I, the t'.rn re'f\ignfd( ce~fy that this re ort is Cf>mple\e ;nd a~ate to t~ bi5tjf my knowledge and belief. 
Geologic Log 

Well Construction Diagram 

Geophysical Log(s) 

_ Soil/Water Chemical Analyses 

_ Other __________ _ 

ATTACH ADDITIONAL INFORMATION, IF IT EXISTS. 

NAME--t'ci\ t'l w, .. , .... I/ ~Y'1 ,I, V"I" 
(P SON, FIRM, OR .... n A[ION) .YPED OR PRINTED~ a/\ f\/ /VU r -,--; 

~ 71 ~ - a .r ,Yn fn;(..I H'l \ ,._ nq.._. i:.. JI-- • q LI:;-,.~~ 
..WDR[SS , 

Signed t?-f'L~U- • 
WEtl DRILLER/AUTHORIZED REPRESENTATIVE 

CITY ,, r STATE~ 5< J ,_ 
r,_ /..-<Y:l L/ (o I 

DATE SIGNED 7J UCENSE NUMBER 

IF ADDITIONAL SPACE IS NEEDED, USE NEXT CONSECUTIVELY NUMBERED FORM 

·------------------------------------·-------------



Well #16
ORIGINAL ST.-\TE OF l. \I.IFOH:\l:\ DWR USE ONLY ~· DO NOT f=1LL IN 

File with DWR WELL COMPLETION REPORT 
Page ~-1- of~1 _ 

Owner's \Yell -'io. --.-,_-~=~=-------- No. 71Q53 4 
llah- II o,l lk~an _1_0_-_1_7_-_0_0 ___ Ended __ 1_0_-_2_7_-_0~0 __ 

Local l'crmit Agt'm·~ Napa County Environmental Mgmt. 
P<·rniit \:o9-~6~-~1~1-6~4-2 ________ Permit Date --9~--1~9_-~0~0~-----~ 

H,f,·1· lo /11,tn1,·/i,,,, l',1111j,ld,·1 STATE WELL NO STATION NO 

~I --~11-=1 ~ ~-~11 J 
LATITUDE LONGITUDE 

APN/TRS!OTHER 

GEOLOGIC LOG H'VT l {)Hll\.:T."U 

ORIENTATION (.:C:::.) __x_ VERTICAL -- HORIZONTAL __ ANGLE __ (SPECIFY] 

DRILLING 

DEPTH FHOM 
METHOD FLUID 

SURFACE DESCRIPTIO'\ 
F, I Dr·scrilw 11wlrrial. grain si.:.c. color. l'ic CHY STATE ZIP 

'" 
F, 

n An 
,_ ____ ,._ WELLeJs!OC~IO'.\ 

' ' :\<kln.•ss Dry Cre R 
; 190 ' 40 ' blue sandv volcanic rock City Nana 

190 ' 440 ' 85% clav/ 15% shale Coimty Nana 

' ' -\P~ Book 27 Pagt' 070 Pan:t·l 36 
' 

' ' Township Ha11•rc Sl·di(rn 
' ,, 

' ' I,atitudc 0 0 NORTH I ,ongitudt· 0 0 WEST 
' DEG MON SEC DEG MON SEC 

' ' LOCATIO, SKETCH ACTl\'ITl (::::....) -
' 0 NORTH J{_ NEW WELL 

' 0 
MOO!FICA T!QNiR EI' AIR 

' 
' 0 - Deepen 

_ Other (Spec,fy) 

' ' ' 
' 0 _ DESTROY (Describe 

' 0 
Procedures ilna· Materials 
U1Jde1 .. GEOLOGIC LOG'"! 

' 0 

' PL:\'\:'\:ED CSES (::::....} 

' ' WATER SUPPLY 

' x- Oomes1'c _ Puhl1c 

' ' lrngat,cn _ lndustnal 
' ~ ~ 

0 ' 
w w w < MONITORING _ s ~ 

' 0 TEST WELL -

' ' CATHODIC PROTECTION _ 

0 0 
HEAT EXCHANGE _ 

0 

' Ol=!ECT PUSH _ 

' 0 

' INJECTION_ 
0 0 

' 
VAPOR EXTRACTION _ 

' 0 SPARGING _ 

0 ' 
SOUTH REMEDIATION _ 

, lll11s/n//1· "r /J,vrilw J)i,lmwc,,f\\",-// Ji·,,111 n,,ri/,. J-imlt!i11:,, 
OTHER (SPECIFY) _ 

0 ' 
1-~·,w,·., HruT,. de. mu/ al/r1d1 ,1 m,

1
,_ I:,,. ,11/dili,,1wljwl'cr i/ 

' 
,,,.,-,·.,.wry. PLEASE BE ACCTR,\' f; & COMI'LET '.·. 

0 0 

' WATER LE\'EL & YIELU OF CO\IPLETEU WELL 
' 0 

' 0 
DEPTH TO FIRST WATER .5L._ (Ft.) BELOW SURFACE 

' 0 
DEPTH OF STATIC 

18 10-27-00 
' 

WATER LEVEL (Ft.) & DATE MEASURED 

' 0 120 air lift ESTIMATED YIELD • (GPM) & TEST TYPE 

TC ff.\l. l)l-:l'TII OF BOHI\C 440 rFt'l'l:, TEST LENGTH _2 __ (Hrs.) TOTAL DRAWDOWN N/A '"' 
TOT\I_ l)Fl'TII OF (.()\[Pl.l•:n:n \H:LL 198 :F('f'li ~ .\J,~r not he represt'llfati,·t' of 11 ;;·d/:1· /rmg term yield. 

DEPTH CASIT\G (S} DEPTH A\"'\:t:L\R \IATERIAL 
FROM SURFACE 

BORE-
TYPE ( ✓) FROM SURF ACE HOLE TYPE 

DIA. ~ :§ ~ w MATERIAL/ INTERNAL GAUGE SLOT SIZE CE- BEN-±2 ~ (lllches) 
~ 

Q GRADE DIAMETER OR WALL IF ANY MENT TONffE FILL FILTER PACK 
~ Oo 

Fl Oc Ft 0 Oo g (Inches) THICKNESS (Inches) " lo F< (TYPE/SIZE) 
w 0 (.::::'..) ( ,: I (.::::'..) 

n ' '"' 1< 0 0 28 X concrete 
60 ' 320 10 28 0 40 X chips 

320 ' 440 9 40 0 52 X cement 
' 52 ' 250 X #6 sand 

n 0 t;R V PVC' l>AAn i; <::rn> -71 250 ' 440 X =a m-avel 

"" ' 1QR X PVC F480 6 SDR-21 .032 0 

-\TTACff.\l'E'\:TS ,✓} CERTIFICATIO'\: STATEMENT 

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

__ Well Construction Diagram NAME HUCKFEWI' WELL DRILLING 
,PERSON. FIRM. OR CORPORATION) (TYPED OR PRINTED) 

- Geophysical Log(s) 

- S011/Water Chemical Analyses 21l0 PPnm, Lane Na= CA 94559 
ADDRESS 

LV>..- JA I ( ' ID 
CITY STATE ZIP 

-- OIiier 

Signed "' 'VT 10 28 00 439 746 
ATTACH ADDITIONAL INFORMATION. IF IT EXISTS 

WELL DRILLER/AUTHORIZED R[vRE TATIV~ DATE SIGNED C-~7 LIC[NSE NUMBfR 

l)\\ll I'>\ 111-:\ 11 \I~ IF ADDITIONAL SPACE IS NEEDED, USE NEXT CONSECUTIVELY NUMBERED FORM 



Well #17

' 

ORIGINAL ST_.f,t;_~tf..!.IF<)B:\IA DWR USE ONLY - DO NOT 1=1LL IN 

File with DWR WELL COMPLETION REPORT 

~~~llJ~I ~~llJ 
LATITUDE LONGITUDE 

I I I I I I I I I I I I I I I 
APN/TRSiOTHER 

" fvRTlr ,n.vN.An " 

~1Alt: 

, 
' 

' . . 
IL J-._:...L' ) 

I -
-- J 

~ 

~-

~-

-

~-· 
T(Jl_\! 

TllT\! 

' _,_ , 
)1~ '\I\, I 

' 

:r / 

' , 
' 

' ' 

I 

',.4 ,_ 
~ 

-f-.. ,_ 
-- l:l 

J 

MODIFICATION/REPAIR 
_ Deepen 

_ Other (Specify) 

_ DESTFOY (Oescnbe 
Procedures and Ma/er,a/s 
Under "GEOLOGIC LOG') 

PLA~\:ED USES (c:::'._) 
WATElj..SUPi>LY 

~--~------------------;~ ~ I 
~--~------------------J; :{' \. 'v-1' .p L 

' 
' ' 

....k"'E>omesl1c _ Public 

!rrigatic,n _ Industrial 

' 
' 

' 
' 

' 
' 
' 

' 
' 

' 
' 
' 
' 
' 

' 

' 
!JLl'TII 

DIJ'Tl! 

DEPTH 

' ' 
i~ fY..~,'/€'?. ,..,...,_4"' 

l 

' 
' 

' 
' 

' 
' 
' 
' -~~------------------------t---------SOUTH ----------1 

MONITORING _ 

TEST WELL_ 

CATHODIC PROTECTION _ 

HEAT EXCHANGE _ 

DIRECT PUSH _ 

INJECTION_ 

VAPOR EXTRACTION_ 

SPARGING _ 

RIC.MEDIATION _ 

OTHER (SPECIFY) _ ' 
' 
' 
' 
' 
' 
' 

JIO <lF BOHI\C: , Fvt'll 
<lF < '()\11'1,E rED \\T:1.1. "1 ft} :Fcdi 

CASl'SiG IS} 

l{f11.,tr11/e or Oncrilil' /Jisltml"I' of \\di ~<JIJ/ Roo_d,·. Huildin/,'c~ 
h'IIO'S, Rn('r\. l'fc 11!1{! 11/111ch ti map. Vsc adrhrwiw/ ))II/HT if 
m·,-,._,,_,m-y. Pl,EASE BE ACCURATE & COMl'l.ETE. 

WATER LE\'EL & YIELD OF COMPLETED WELL 

DEPTH TO FIRST WATER 1.L- (Ft.) BELOW SURFACE 

DEPTH OF STATIC "'S , f, I 
WATER LEVEL_-<.fL~~-~(Ft.) & DATE MEASURED ,C>~ 7-<J 
EST I MA TED YIELD • 50 (GPM} & TEST TYPEa;: J "/=;'t: 
TEST LENGTH ~ (Hrs.) TOTAL DRAWDOWN 2 1)0 (Fl.) 

".\l,z)' 1101 be representnth·e of11 ,:·1,Jl'f long-term yield. 

A'.\''.\TLAR :\IATERIAL 
BORE-FROM SURFACE HOLE TYPE(:::'..) 

DEPTH 
FROM SURFACE TYPE 

DIA. ~ ~ 
rr ~ MATERIAL/ ·o (Inches) z Ze " GRADE 

~ ~ Oo 
F< w F< 

" 
Oo 

0 " CJ l? J( y // Ir, .r r. ;_, 
'21 , qo )i-.Z. ,,; / c• 
,r,1 ' ·:{ /I') f:J.! v' " I 

INTERNAL GAUGE SLOT SIZE 
DIAMETER OR WALL IF ANY 

(Inches) THICKNESS (Inches} 

L: "7 tJO 
(• , C 

"' " 
-- "'-- -~·· 

,J I 

~ ,z... 

Ft to Ft 

;; , , '3 

' ') J ' ~/0 
' -
' , 

CE- BEN-
MENT TONITE FILL 

(:::'..) (:::'..) (:::'..) 

I 

FILTER PACK 
(TYPE/SIZE) 

' ' ~===-,1,r'rr';17c'r11ji,JIEE''C'\TT'ss~,-::✓~. -====;-;=============---;cc·EEiiRTTllfir'JiicS:AT~l"O"'-<'<S::;T:-;A::;T,;E;;,:;-IE"'"KTT-'-=:::=:::::=::::':======~ 
I, th_:> ~ignr cf~~ ~is~or: c(m leJ\~u~\ tt ~e ;;~f my knowledge and belief. 

NAM;-TlJ. 
Geologic Log 

.l ~E~_ 7FIRM, R ~· R~_TIONJ llnD ot: PRINTED) 1 • _/ '( v qt1C cv 
_l)C I " ../ r fr \IV1 r 1\/l - /'\ r"' ">rl ti · '1J.:;lj 

Well Construction Diagram 

Geophysical Log(s) 

Soil/Water Chemical Analyses 

0/her __________ _ 

ATT.4CH ADDITIONAL /N,~QRMATION. IF IT EXISTS. 
L IJRILLER/AIJM-11 R , 

IF ADDITIONAL SPACE 1S NEEDED, USE NEXT CONSECUTIVELY NUMBERED FORM 



Well #18
ORIGINAL STATE OF CALIFOR'.\L-\ DWR USE ONLY DO NOT F!LL IN 

File with DWR 

Pagc_1_of_1_ 
WELL COMPLETION REPORT 

Refer tu Ins/ r11clio11 Pamphlet 

Owner's \Veil ~o. ___________ _ No.777416 
Date \\"o,-k Began 10 14 99 , Ended 10-28-99 

I .ocal Perlllit Agency Napa County Envirornnental Mgmt. 
Pcrn,;t '-Jo. 96-11354 Pcrn1;1 Date ~1~0~-~0~4~-~9~9~------

STATE wll No.1S ATlON NO. 

l~-~11 J ~I ~~I l J 
LATITUDE LONGITUDE 

APN/TRS/OTHER 

GEOLOGIC LOG --·-- - ---·----

ORIENTATION ( ~ ) _x_ VERTICAL __ HOR\ZONTAL __ ANGLE __ (SPECIFY) 

DRILLING rotary METHOD FLUID 
DEPTH FROM 

DESCRIPTION SURFACE 

H. m H. /Jescrilw material, grai11 si:::e, color, etc. 

0 40 hrown ,-,1~" 
WELL LOCATION 

' ' Address c~= 

40 ' 60 ' =avel City 
60 ' 100 ' 50% sandstone/ 50% shale County Na= 

100 ' 200 ' 60% sandstone/ 40% sahle APN Book 27 Page 330 Parcel 10 
200 ' 300 ' 85% shale/ 15% sandstone Township Range Section 

' ' Latitude ,. ' NORTH Longitude ' ' WEST 

OEG/o)~N SEC DEG- MIN. SEC. 
' ' OC ION SKETCH ACTIVITY (:::::..) -

' ' 

(~~ 
K_ NEW WELL 

' ' MODIFICA T!ON/REPAIR 

' ' _ Deepen 
_ Other (Specify) 

' ' 
' ' - DESTROY (Describe 

' ' 
Procedures and Materials 

~1.bOtW~ 
Under "GEOLOGIC LOG") 

' ' PLANNED USES (::::..) 

' ' -......, ~TER SUPPLY 
_ Domestic _ Public 

' ' _ Irrigation _ Industrial 
~ ~ 

' ' "' ~151 "' w « MONITORING _ 

" j 
w 

' ' L 
TEST WELL_ 

' ' 
CATHODIC PROTECTION _ 

' ' - HEAT EXCHANGE _ 

' DIRECT PUSH _ 

' ' INJECTION_ 

' ' VAPOR EXTRACTION_ 

' ' SPARGING _ . SOUTH REMEDIATION _ 
' ' lllustrnte or Describe Uistauce vfWelltrom Ror.ds, B11ildi11{!.S, 

' OTHER (SPECJFY) _ 

' ' 
Fences, Rn:ers, etc. mul attach a mt,. 'se additimwlfapcr if 

' 
wee.miry. PLEASE BE ACCURA E & COMPLET . 

' ' WATER LEVEL & YIELD OF COMPLETED WELL 
' ' DEPTH TO FIRST WATER ___!!Q__ (Ft.) BELOW SURFACE . 
' ' . DEPTH OF STATIC

56 10-28-99 ' ' WATER LEVEL (Fl.) & DATE MEASURED . 
' ' ESTIMATED YIELD • 8 (GPM} & TEST TYPE air lift 

TClT.·\I, l)El'TII OF HOHl\"C 3QQ (FePt) TEST LENGTH _2 __ (Hrs.) TOTAL DRAWDOWN N/A (Ft.) 

TllT.\I. !JU'Tll OF CO\IPLETED \\"ELL 202 tfcd) * )1/ny not be representative of n we/l's long-term yield. 

DEPTH CASIKG (SI DEPTH ANNULAR MATERIAL 
BORE-

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

z ~ ~ MATERIAL/ INTERNAL GAUGE SLOT SIZE CE- BEN-w •O FILTER PACK (Inches) z w z~ "' GRADE DIAMETER OR WALL IF ANY MENT TONITE FILL 
~ ~ Oo 

H 
'" 

Ft. 0 Oo ~ (Inches) THICKNESS (Inches) Ft. to Ft. (TYPE/SIZE) 
00 0"' (::::..) (::::..) (::::..) 

0 ' 25 10 0 ' 241§ X =ncrete 
25 ' 300 9 24 ' 300 X nea ara\el 

' ' 
0 ' A? If PVC' 1"AAfl <; ~no .?1 ' 

A? ' ?fl? V mm =rnn " -- -- n11 ' . 
' ' 

:\ TT ACHMENTS ( ✓ ) CERTIFICATION STATEMENT 

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

_ Well Construction Diagram NAME HUCKFELDT WELL DRILLING 
(PERSON, FIRM, OR CORPORATION) {TYPEO OR PRINTEO) 

_ Geophysical Log(s) 

_ Soil/Water Chemical Analyses 2110 p~nnu Lane N~-~ ra OACCO 

ADDRESS l)a,, -lL ,;' ~I#-- CllY STATE ZIP 
_ Other 

11-03-99 439-746 
Signed I 

ATTACH ADDITIONAL INFORMATION, IF IT EXISTS. WEll DRlllER/AUTHORIZH 11EPRESE ATIVE OATE SIGNEO C-57 UCENSE NUMBER 

IF ADDITIONAL SPACE IS NEEDED, USE NEXT CONSECUTIVELY NUMBERED FORM 



Well #19
ORIGINAL STATE OF CALIFORNIA DWR USE ONLY DO NOT FILL IN 

File with DWR WELL COMPLETION REPORT 
Pagc _1_ of_1_ 

5-17-0/
0

• 778362 
STATE WELL NO./STATION NO. 

1-1--IIJ~I ~~i~II J Owner's \Vell No. ____________ _ 

Datt' \\.or!..: Bcgan _;5_-_1~5",-co-'0~1-~=' Ended 
l..oeal Pi'nlli~ Agene\' Napa County Environmental Mgmt. 

LATITUDE LONGITUDE 

Pi·nnit ~n. 96-11809 Permit Date __ 5_-_1_5_-_0_1 ______ _ APN/TRS/OTHER 

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

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

 

 

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

    

 

 

 

 

 

 

 

 

 
                                          Figure 4: Soil-moisture-retention table  
                 (Thornthwaite and Mather 1957).  
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The SWB model utilizes daily precipitation and mean daily temperature data derived from climate 
stations.  To account for the spatial variability of these parameters, daily precipitation and mean 
daily temperature were input as gridded (spatially-distributed) time-series.  The gridded 
precipitation time-series was created using data from 15 weather stations in Napa County, and 
the gridded mean temperature time-series was created using data from 8 stations (Table 3).  
These stations were selected based on completeness of the records and to provide station data 
representative of the range of climates experienced in the county.  Data was obtained from the 
California Data Exchange Center (CDEC), the National Climatic Data Center (NCDC), and from 
Napa One Rain. 

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

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

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

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

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

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

 
 

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

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

Angwin1 Precip & Temp 42.54 44.64 105% 25.04 59%

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

Berryessa1 Precip & Temp 28.97 28.16 97% 13.97 48%

Calistoga2 Precip 39.41 41.75 106% 18.18 46%

Knoxville Creek1 Temp Only - - - - -

Lake Hennessey3 Precip Only 34.09 26.52 78% 13.92 41%

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

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

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

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

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

Petrified Forest3 Precip Only 42.39 46.6 110% 22.84 54%

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

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

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

Sugarloaf Peak3 Precip Only 32.20 26.16 81% 17.12 53%

WY 2010 WY 20141981 - 2010 Mean 

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

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

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

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

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

 

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

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

SWB LSCE SWB LSCE SWB LSCE

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

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

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

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

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

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

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

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

Mean AET, 2010 

(% Precip)

Mean Runoff, 

2010 (% Precip)

Mean Recharge, 

2010 (% Precip)
Mean Precip, 

2010 (in)
HUCUSGS Gage



DRAFT  October 3, 2019 

 

Page 19 of 36  

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

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

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

Expressed as a percentage of the annual precipitation, AET ranged from 55% in the Saint Helena 
Creek watershed to 121% in the Jackson Creek watershed (Table 8).  These very large AET rates 
caused significant decreases in soil moisture.  Decreases in soil moisture ranged from 9% of 
precipitation in the Saint Helena watershed to 36% in the American Canyon Creek watershed.  
Surface runoff ranged from 7% of precipitation in the American Canyon Creek watershed to 41% 
in the Saint Helena Watershed.  Recharge ranged from 18% in the Milliken Creek Watershed to 
5% in the Jackson Creek and Wragg Canyon watersheds. 
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Figure 10: Water Year 2010 precipitation simulated with the Napa County SWB model. 
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Figure 11: Water Year 2010 AET simulated with the Napa County SWB model. 
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Figure 12: Water Year 2010 runoff simulated with the Napa County SWB model. 
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Figure 13: Water Year 2010 recharge simulated with the Napa County SWB model. 
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Figure 14: Water Year 2010 change in soil moisture content simulated with the Napa County SWB model. 
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Figure 15: Water Year 2014 precipitation simulated with the Napa County SWB model. 

'-
ft' 

,,&, : 
·•~''\; . j,t, 

~ . 
,.. .._ \ C~Y. 

, 1:.-f,4 ;t:'~ ... ,., 
:F- T/ ,'.' 

• • (f 

,. , ]:,: 
' . ' \ 

' 
,.,i4'. ~ 
f'Ji •• 

'p f /, . ·•' .-:.,.: ' -
' .:I ... ,, • 
-- . 

c-alistoga 
• 

Total Precipitation (in/yr) 

- >1 0 - 30- 35 -10 - 15 - 35-40 

D 15 • 20 - 40-45 
□ 20-25 - 45-50 

□ 25.30 - > 50 

Angwin • 

C•I WI 

\ ;:: ;; 
OV,'Y1t•~I.II ' 

r ,,.,,,✓~, ... -. ' 

~ - _..,;:. WN~'/(;,11f1 X•U.':> ~.,..,,.., ....... i'a.:i· 
T ,' 

·, ' 
' I 

L ff U I\' ;,; it Y ! 

11, .... .,.~ f1 (; L !. (.; •l' l 
~~ : 

,._.,.. ... c,.,., I 
,... ~ ii·· - - \ 

"'"' .~;.;.;,·• 1· -----·-. 

__ , ,/ \ 
l: 
/ 
I 

<o ' 
' ';;:. • .. m, 
...P,. 

~ ~~·, __ ,;. / / 

,.__ / 
r,•~ /•, . ,-·-

/ ,// I ":~io~•e 

t,~.d1c•ld 
/ ✓--

,) /- ·. ·, 
' 

. ~~- ' • • ~ : · - ,;•' •• -• · "} " ;1,~11 •,, 

... l'tJirc. ro ,..,,U r, 

~- ,... \ ,,1,..\t~::i ~ 
\ :f.,{;,,.; 

- ~ _i §' 

r. \ ' j 
• -. $\; .. '1~,l,t, ..... ~At~.J 

I -r~\ ( 

N 

0 s 10 A Miles 

; 

i 
I 
' 



DRAFT  October 3, 2019 

 

Page 26 of 36  

 

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

 

 

 

 

 

 

 

 

 

 

Name
Drainage 

Area (mi2)

Precipitation 

(in)
AET (in)

Surface 

Runoff (in)
Recharge (in)

Soil Moisture 

Change  (in)

American Canyon Creek 10.8 24.1 16.3 3.7 4.7 -0.6

Bucksnort Creek 1.9 47.9 24.5 12.1 11.1 0.1

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

Capell Creek 43.0 31.1 19.1 7.4 5.0 -0.6

Carneros Creek 29.7 28.0 18.6 5.2 5.5 -0.6

Chiles Creek 32.0 34.6 21.1 7.1 6.8 -0.5

Dry Creek 28.8 37.0 22.2 7.2 8.4 -0.5

Hunting Creek 12.0 33.7 19.0 9.7 5.7 -0.8

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

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

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

Ledgewood Creek 6.4 21.8 16.9 3.4 3.3 -1.8

Lower Eticuera Creek 44.0 30.0 17.7 8.1 4.7 -0.7

Lower Napa River 45.0 31.7 19.9 5.6 6.7 -0.6

Lower Pope Creek 31.8 33.9 18.0 9.7 6.5 -0.6

Maxwell Creek 35.1 34.7 19.6 8.7 6.9 -0.6

Middle Napa River 60.3 39.9 22.8 8.5 9.2 -0.5

Milliken Creek 29.7 30.9 16.9 6.6 7.9 -0.6

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

Saint Helena Creek 7.7 53.3 25.2 13.5 14.4 0.1

San Pablo Bay Estuaries 19.5 23.9 8.1 13.8 2.3 -0.3

Tulucay Creek 34.2 26.1 16.7 4.6 5.4 -0.7

Upper Eticuera Creek 25.6 31.2 17.2 8.6 6.1 -0.8

Upper Napa River 44.6 44.7 23.6 10.6 10.8 -0.4

Upper Pope Creek 21.7 44.5 22.7 10.5 11.5 -0.3

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

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

 

 

 

 

 

 

 

 

 

 

Name
Drainage 

Area (mi2)

Precipitation 

(in)
AET (%)

Surface 

Runoff (%)
Recharge (%)

Soil Moisture 

Change  (%)

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 

 

 

 

 

 

 

 

 

 

 

Name
Drainage Area 

(mi2)

Precipitation 

(in)
AET (in)

Surface 

Runoff (in)
Recharge (in)

Soil Moisture 

Change  (in)

American Canyon Creek 10.8 10.1 12.3 0.7 0.7 -3.6

Bucksnort Creek 1.9 28.8 17.6 11.5 2.6 -3.0

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

Capell Creek 43.0 15.8 14.8 3.1 1.1 -3.1

Carneros Creek 29.7 15.0 14.7 4.6 2.0 -3.7

Chiles Creek 32.0 18.3 16.5 3.7 1.5 -3.3

Dry Creek 28.8 21.5 16.5 6.8 2.5 -3.7

Hunting Creek 12.0 16.7 15.4 3.1 1.6 -3.4

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

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

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

Ledgewood Creek 6.4 12.2 13.9 1.7 0.8 -4.3

Lower Eticuera Creek 44.0 14.9 14.0 2.6 1.3 -3.1

Lower Napa River 45.0 19.4 15.9 5.0 2.2 -3.6

Lower Pope Creek 31.8 17.8 14.5 4.5 2.0 -3.2

Maxwell Creek 35.1 18.3 15.9 3.8 2.0 -3.3

Middle Napa River 60.3 21.3 16.5 6.6 2.5 -3.7

Milliken Creek 29.7 18.7 13.7 4.5 3.4 -2.9

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

Saint Helena Creek 7.7 32.2 17.8 13.2 4.1 -3.0

San Pablo Bay Estuaries 19.5 10.4 6.0 5.6 0.5 -1.6

Tulucay Creek 34.2 14.6 13.5 2.6 1.7 -3.3

Upper Eticuera Creek 25.6 15.5 14.1 2.5 2.1 -3.2

Upper Napa River 44.6 22.9 16.2 6.9 3.3 -3.5

Upper Pope Creek 21.7 25.6 16.8 8.5 3.5 -3.2

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

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

 

 

 

 

 

  

Name
Drainage Area 

(mi2)

Precipitation 

(in)
AET (%)

Surface 

Runoff (%)
Recharge (%)

Soil Moisture 

Change  (%)

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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