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Drawings & Figures:
UP0.0, UP1.0, UP1.1, UP2.0, UP3.1

and Figures 1,2 & 3
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Introduction 

Bouchaine Vineyards, Inc. is located at 1075 Buchli Station Road, Napa, CA (APN 047-320-031).  
The property owners are seeking to modify their Use Permit to allow for improved efficiency of 
winery operations and improved visitor experience.  In response to a July 24, 2015 revised 
submittal of the Use Permit Major Modification and Variance Application, the Napa County 
Department of Planning, Building, & Environmental Services requested some additional analysis 
consistent with the Water Availability Analysis (WAA) Guidance Document adopted in May of 
2015. 

This report is intended to supplement the primary WAA document being revised and re-
submitted by Firma Design Group.  Specifically, the report addresses two aspects of the WAA 
requirements: Tier I- a site specific estimation of the average annual recharge and drought 
condition recharge available to the project site, and Tier II- an analysis of the potential for well 
interference at neighboring wells located within 500-ft of the project wells.   

Limitations 

Groundwater systems of Napa County and the Coast Range are typically complex, and available 
data rarely allows for more than general assessment of groundwater conditions and delineation 
of aquifers.  This analysis is based on limited available data and relies significantly on 
interpretation of data from disparate sources of disparate quality.  Drillers' reports and water 
quality data available for this assessment were made available to us by the property owner.  
Additionally, groundwater resources in the Carneros Region have not been studied in detail the 
way they have in the neighboring Napa and Sonoma valleys.  This places a limitation on the 
development of site specific WAAs such as this one in that no regional analysis is available to 
provide overall context for the WAA.        

Background 

The Bouchaine Vineyards, Inc. parcel is located in the Carneros region of Napa County about 6.5 
miles southwest of the city of Napa.  The parcel is located in the southeastern portion of a large 
(~12 square miles) region underlain by the Huichica Formation (Ph) (Figure 1).  The Ph is a 
relatively undeformed stratified sedimentary deposit consisting of gravel, sand, reworked tuff, 
clay and conglomerate (Weaver, 1949).  Groundwater resources in the Carneros region have 
not been studied in detail, however LSCE (2013) reviewed drillers' logs in the area and 
described the deposits as mostly clay with thin sand and gravel beds and the wells as tending to 
be relatively shallow and low yielding.  No recent groundwater elevation monitoring data is 
available, however LSCE (2011) describe groundwater hydrographs from the 1960s and 1970s 
for three wells in the Carneros region; one well indicates a trend of declining elevations and the 
other two show relatively stable elevations. 
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Upon completion of the proposed project there will be three active and three inactive wells on 
the project parcel (Figure 2, Table 1).  Wells 1 and 3 will provide potable water for domestic and 
process water uses; Well 6 will be completed to provide additional domestic/process water 
supply (upon completion of building permit for the water system improvements).  Wells 2 and 4 
will no longer be in use in the proposed project scenario, and Well 5 was drilled but never 
completed, and will be abandoned.  Driller's logs were obtained for the three active wells, Wells 
1, 3, and 6.  Well 1 was completed in 1971 to a depth of 162-ft, Well 3 was completed in 1990 
to a depth of 500-ft, and Well 6 was completed in 2014 to a depth of 180-ft (Table 1).  All three 
driller's reports indicate relatively thin layers of primarily clay deposits with varying amounts of 
sand and gravel. 

 
Figure 1: Location of the project parcel, extent of the project recharge area, and surficial geology from California 
Geological Survey (CGS) 2010, the Huichica Formation is represented by the brown-orange areas with the 
symbol Ph, and the stream layer is from the National Hydrography Dataset (NHD).  
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Figure 2: Locations of project wells and neighboring wells. 
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Table 1:  Well completion details for project wells 1, 3, and 6. 

 

Recharge Analysis 

The Soil Water Balance (SWB) model developed by the U.S. Geological Survey (Westenbroek et 
al. 2010) was used to produce a spatially distributed estimate of annual recharge in the vicinity 
of the Bouchaine Vineyards, Inc. parcel.  This model calculates runoff based on the Natural 
Resources Conservation Service (NRCS) curve number approach and calculates Actual 
Evapotranspiration (AET) and recharge based on a modified Thornthwaite-Mather soil-water-
balance approach (Westenbroek et al. 2010).  The project aquifer recharge area was defined by 
the drainage area up-gradient of the project wells.  This entire area is underlain by the Huichica 
Formation and is approximately 927 acres in size.     

This approach simulates recharge from infiltration of precipitation only.  Significant additional 
recharge may occur through streambed infiltration, groundwater inflows from outside the 
defined project recharge area, and/or from excess irrigation, however quantifying these 
recharge components is beyond the scope of this analysis. 

Model Development 

The model was developed using a 10-meter resolution rectangular grid and water budget 
calculations were made on a daily time step.  Key spatial inputs included a flow direction map 
developed from the USGS 10-meter resolution Digital Elevation Model, a land cover dataset 
developed through interpretation of aerial photography (Figure 3), a distribution of Hydrologic 
Soil Groups (A through D classification from lowest to highest runoff potential), and Available 
Water Capacity (AWC) developed from the NRCS Soil Survey Geographic Database (SSURGO) 
(Figure 4).   

A series of model parameters were assigned for each land cover type/soil group combination 
including a curve number, a maximum infiltration rate, an interception storage value, and a 
rooting depth (Table 2).  Curve numbers were assigned based on standard NRCS values.  Results 
from the aquifer analysis discussed below were used to estimate the hydraulic conductivity (K) 
of the aquifer material which was used to define the maximum infiltration rate as 0.9 ft/day 
(10.8 in/day).  Interception storage values and rooting depths were assigned based on literature 
values and previous modeling experience.  Infiltration rates for hydrologic soil groups A through 
D were applied based on Cronshey et al. (1986) (Table 3) along with default soil-moisture-
retention relationships based on Thornthwaite and Mather (1957) (Figure 5).   

Date Drilled 1971 1990 2014

Depth 162 500 180

Screened Interval(s) 22 - 162
80 - 140, 220 - 300, 

360 - 500
60 - 180

Well 1 Well 3 Well 6Well Details
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Daily precipitation, and daily minimum and maximum air temperature data were compiled for 
the Napa State Hospital climate station which is located ~5.3 miles northeast of the project 
parcel (Figure 6).  This station was selected because it is the best available climate station in 
proximity to the project site with a long and continuous period of record.  Based on  

Figure 3: Land cover map used in the SWB model. 
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Figure 4: Soil map used in the SWB model.  
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the PRISM dataset which describes the spatial variations in long-term precipitation for the 
continental U.S., the 1980 to 2010 mean annual precipitation at the climate station location 
was 26.8 inches versus 24.0 inches for the project recharge area (PRISM, 2010).  The 
precipitation data was scaled down by a factor of 0.89 to account for the difference in 
precipitation between the station location and the project recharge area.  Water Year 2010 was 
selected to represent average water year conditions for the analysis because it represents a 
recent year with near long-term average precipitation conditions (25.7 inches at the scaled 
Napa State Hospital station).  The model was also evaluated for water year 2014 to represent 
drought conditions.  Water year 2014 precipitation was 17.5 inches or approximately 73% of 
long-term average conditions. 

 

Table 2: Soil and land cover properties used in the SWB model. 

 

Table 3: Infiltration rates for NRCS hydrologic soil groups (Cronshey et al., 1986). 

 

 

Land Cover C Soils D Soils

Growing 

Season

Dormant 

Season C Soils D Soils

water 100 100 10.8 0.000 0.000 0.00 0.00

developed - low intensity 82 86 10.8 0.010 0.005 2.00 1.80

pasture 74 80 10.8 0.080 0.015 1.00 1.00

vineyard 75 81 10.8 0.080 0.015 2.00 1.90

Curve Number

Interception Storage 

Values Rooting Depths (ft)
Maximum 

Infiltration 

Rate 

(in/day)

Soil Group

Infiltration 

Rate (in/hr)

A > 0.3

B 0.15 - 0.3

C 0.05 - 0.15

D <0.05
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Figure 5: Soil-moisture-retention table (Thornthwaite and Mather, 1957). 



Bouchaine Vineyards Water Availability Analysis  

10 

 

Figure 6: Daily precipitation and minimum and maximum air temperature used in the SWB model. 

 

Results 

The simulated Water Year 2010 (average water year) recharge results indicate that recharge 
varied across the project recharge area from ~1.2 to ~9.9 inches with the exception of areas 
classified as water where the model assumes zero recharge (Figure 7 and Table 4).  Spatially 
averaged over the project recharge area, the 25.7 inches of precipitation was partitioned as 
follows: Actual Evapotranspiration (AET) = 11.0 inches, Runoff = 10.8 inches, and Recharge = 3.9 
inches.  The simulated water year 2014 (dry water year) recharge results indicate that recharge 
varied across the project recharge area from zero to 5.8 inches (Figure 8 and Table 4).  Spatially 
averaged over the project recharge area, only 0.7 of the 17.5 inches of precipitation was 
recharged.   

The recharge results can also be expressed as a total volume by multiplying the calculated 
recharge by the project aquifer recharge area of 927 acres (Figure 1).  This calculation yields an 
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estimate of total recharge of 54.1 ac-ft during the drought conditions of water year 2014 and of 
301.3 ac-ft for the average water year of 2010.      

Water budget estimates are available for several larger watershed areas nearby including the 
Santa Rosa Plain, the Napa River Watershed above Napa, and the Sonoma Valley.  Comparisons 
to these water budgets are useful for determining the overall reasonableness of the results 
although one would not expect precise agreement owning to significant variations in climate, 
land cover, soil types, and underlying hydrogeologic conditions.  

The simulated Water Year 2010 average AET for the project recharge area represents ~43% of 
the precipitation.  This is somewhat lower than the results from neighboring watersheds where 
mean annual ET was estimated to be equivalent to between 45% and 52% of mean annual 
precipitation (Farrar et. al., 2006, Luhdorff and Scalmanini, 2013; Woolfenden and Havesi, 
2014).  The simulated Water Year 2010 runoff for the project recharge area represents ~42% of 
the precipitation.  This agrees well with the results from neighboring watersheds where mean 
annual runoff was estimated to be equivalent to between 35% and 43% of mean annual 
precipitation.  The simulated water year 2010 groundwater recharge for the watershed 
represents ~15% of the precipitation.  This agrees well with the results from neighboring 
watersheds where mean annual recharge was estimated to be equivalent to between 7% and 
17% of mean annual precipitation (Farrar et. al., 2006, Luhdorff and Scalmanini, 2013; 
Woolfenden and Havesi, 2014). 

 

Table 4: Summary of water balance results from the SWB model. 

 

inches
% of 

precipitation
inches

% of 

precipitation

Precipitation 25.7 17.5

AET 11.0 43% 8.9 51%

Runoff 10.8 42% 7.9 45%

Recharge 3.9 15% 0.7 4%

WY 2010 WY 2014
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Figure 7: WY 2010 recharge simulated with the SWB model. 
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Figure 8: WY 2014 recharge simulated with the SWB model. 
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Aquifer Tests 

Single well constant rate pump tests were performed in February of 2014 at Well 6 and in June 
of 2014 at Wells 1 and 3.  The tests were 8 to 9 hours in duration and groundwater elevation 
measurements were taken at 5 to 30 minute intervals throughout the pumping period and for 
an additional 8 to 9 hour recovery period.  Pumping rates were 5, 6, and 10 gpm at Wells 1, 3, 
and 6 respectively (Table 5).   

The aquifer test data were analyzed using AQTESOLV and a type curve matching approach was 
used to estimate aquifer properties.  Time drawdown data for the three tests are shown in 
Figure 9.  Total drawdown after 8-9 hours of sustained pumping ranged from 3.8-ft at Well 3 to 
12.8-ft at Well 6.  The driller's logs indicate the presence of some clay-rich materials above or 
within the upper portions of the screened intervals at all three wells.  This suggests that 
groundwater beneath the project parcel occurs under confined or partially-confined conditions.   

Four mathematical solutions were applied in AQTESOLV, the Theis (1935), Cooper-Jacob (1946), 
and Papadopulos-Cooper (1967) methods for confined aquifers and the Hantush-Jacob (1955) 
method for a leaky confined aquifer.  No previous estimates of the Storage Coefficient (S) for 
the Huichica Formation in the Carneros region are available.  Farrar et al., (2006) estimated that 
S ranged from 1.5e-6 to 1.5e-4 in areas underlain by the Huichica Formation and the 
lithologically similar Glen Ellen Formation.  Given the uncertainty in an appropriate value of S, 
each solution was employed to estimate Transmisivity (T) using a range of plausible S values of 
1e-6 to 1e-3.   

The T estimates resulting from the aquifer test analyses range from 75 to 240 ft2/day at Well 1, 
from 293 to 527 ft2/day at Well 3, and from 147 to 421 ft2/day at Well 6 (Table 6).  The mean T 
values were 160, 410, and 284 ft2/day at wells 1, 3 and 6 respectively.  The wide range in T 
estimates are not surprising given the heterogeneity in sediment textures indicated in the 
drillers' logs and the poorly constrained aquifer S.   

Table 5: Overview of aquifer tests performed on Wells 1, 3, and 6. 

 

Pumping Rate (gpm) 5 6 10

Duration of Test (hrs) 8 8 9

Duration of Recovery (hrs) 8 8 9

Maximum Drawdown (ft) 11.6 3.8 12.8

Well 1 Well 3 Well 6
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Figure 9: Time/drawdown data from the aquifer tests performed on Wells 1, 3, and 6. 
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Table 6: Aquifer test results for Wells 1, 3, and 6. 

 

Well Interference Analysis 

The closest neighboring wells to the project parcel that have been identified by Firma Design 
Group are located to the north (Figure 2).  The closest project well is Well 1 which is 286 and 
447-ft away from the two neighboring wells.  Well 6 is 366-ft from one neighboring well and 
Well 3 is more than 500-ft from the closest neighboring well.  The mean estimates of T and the 
low-end estimate of S was used to solve Equation 1 (Cooper and Jacob, 1946) to determine the 
amount of drawdown at each neighboring well resulting from 24 hours of continuous pumping 

Solution

Theis 188 1.00E-03 Drawdown and Recovery

Theis 240 1.00E-06 Drawdown and Recovery

Hantush-Jacob 188 1.00E-03 Drawdown and Recovery

Hantush-Jacob 240 1.00E-06 Drawdown and Recovery

Papadopulos-Cooper 84 1.00E-03 Drawdown and Recovery

Papadopulos-Cooper 137 1.00E-06 Drawdown and Recovery

Cooper_Jacob 75 1.00E-03 Drawdown Only

Cooper_Jacob 128 1.00E-06 Drawdown Only

MEAN 160

Theis 339 1.00E-03 Drawdown and Recovery

Theis 523 1.00E-06 Drawdown and Recovery

Hantush-Jacob 340 1.00E-03 Drawdown and Recovery

Hantush-Jacob 527 1.00E-06 Drawdown and Recovery

Papadopulos-Cooper 299 1.00E-03 Drawdown and Recovery

Papadopulos-Cooper 480 1.00E-06 Drawdown and Recovery

Cooper_Jacob 293 1.00E-03 Drawdown Only

Cooper_Jacob 477 1.00E-06 Drawdown Only

MEAN 410

Theis 327 1.00E-03 Drawdown and Recovery

Theis 420 1.00E-06 Drawdown and Recovery

Hantush-Jacob 147 1.00E-03 Drawdown and Recovery

Hantush-Jacob 238 1.00E-06 Drawdown and Recovery

Papadopulos-Cooper 328 1.00E-03 Drawdown and Recovery

Papadopulos-Cooper 421 1.00E-06 Drawdown and Recovery

Cooper_Jacob 147 1.00E-03 Drawdown Only

Cooper_Jacob 241 1.00E-06 Drawdown Only

MEAN 284

Transmisivity 

ft2/d (T)

Storage 

Coefficient (S)
Notes

W
el

l 1
W

el
l 3

W
el

l 6
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at Wells 1, 3, and 6.  Pumping rates were assumed to be consistent with the yields used during 
the pump tests (5-10 gpm).  

For the purposes of evaluating well interference potential, the low end value of 1e-6 was used; 
this is a conservative assumption since a lower value of S will result in a larger zone of influence 
surrounding a pumping well.   The predicted drawdowns at the closet neighboring well ranged 
from 1.8 to 4.6 feet and from 1.6 to 3.8 feet at the farther neighboring well.  The largest 
drawdowns resulted from pumping at Well 6 (Table 7).   

    s = 2.3Q/4пT log (2.25Tt/r2S)    (Equation 1) 

where s = drawdown in feet, Q= pumping rate in ft3/day, T = Transmisivity in ft2/day, t = 
duration of pumping in days, r = distance from the pumping well in feet, and S is the Storage 
Coefficient  

These values are all significantly less than the 10 to 15-ft maximum drawdown criteria specified 
in the county WAA Guidance Document.  Although pumping durations in excess of 24 hours are 
not expected, it is useful to note that longer duration pumping results primarily in the 
expansion of the radius of influence rather than in increases in the magnitude of drawdown.  
For example, pumping at Well 6 continuously for 100 days would only increase the drawdown 
at the closest neighboring well to 7.1-ft.  Sustained pumping at significantly higher pumping 
rates than those assumed here is likely not possible owning to the yield limitations of the wells, 
however it is worth noting that Well 6 could be pumped continuously for 24 hours at a rate as 
high as 22 gpm before drawdown at the closest neighboring well would exceed 10-ft.   

Table 7: Estimated drawdown at neighboring wells 1 and 2 after 24-hours of continuous pumping at the project 
wells (see Figure 2 for well locations). 

 
 

 

  

N1 N2 N1 N2

1 286 447 4.0 3.6

3 540 852 1.8 1.6

6 366 755 4.6 3.8

Project 

Well

Distance from Project 

Well (ft)

Estimated Drawdown 

(ft)
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Summary 
Tier I - Recharge Estimation 

Application of the Soil Water Balance (SWB) model to the project recharge area revealed that 
average water year recharge was ~3.9 inches/yr or 301.3 ac-ft/yr.  During drought conditions, 
recharge was significantly lower at ~0.7 inches/yr or 54.1 ac-ft/yr.  These recharge estimates 
are conservative in that they represent recharge from infiltration of precipitation only.  
Significant additional recharge may occur through streambed infiltration, groundwater inflows 
from outside the defined project recharge area, and/or from excess irrigation.  

Tier II - Well Interference Analysis 

The well interference analysis indicates that the magnitudes of drawdown at neighboring wells 
at expected pumping rates and durations will not exceed 4.6-ft, significantly less than the 10 to 
15-ft criteria specified in the Napa County WAA Guidance Document.  This evaluation is based 
on analysis of the drawdown resulting from pumping each of the project wells individually at 
the pumping rates noted herein. 
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