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MEMORANDUM 

June 28, 2021 

To: Mr. Drew Aspegren 
Napa Valley Vineyard Engineering (NVVE) 
Sent via email (nvvedla@comcast.net) 

Job No. 633-NPA02 
From:  Anthony Hicke and Richard C. Slade 

Richard C. Slade & Associates LLC (RCS) 

Re: Results of Theoretical Water Level Drawdown Calculations for 
Tier 2 Water Availability Analysis, Well Interference Calculations 
Atlas View II Vineyard 
4300 Atlas Peak Rd 
Napa County, California 

Introduction 

This Memorandum presents the RCS calculations regarding a Tier 2 Water Availability Analysis 
(WAA), Well Interference Calculation for the Atlas View II vineyard (subject property) in Napa 
County, California.  This document was prepared for Napa Valley Vineyard Engineering, Inc. 
(NVVE) to provide well interference calculations in conformance with NVVE’s compliance with 
Napa County Tier 2 WAA requirements, as described in the Napa County WAA Guidelines 
Document (WAA, 2015). 

The subject property is comprised by a single parcel and is located at 4300 Atlas peak Road in 
the Atlas Peak area of Napa County (County).  RCS understands that NVEE has prepared and 
submitted to Napa County a Tier 1 WAA (Groundwater Recharge Estimate) for the project.  As 
part of that submission, NVVE was notified by the County that offsite wells owned by others are 
located within 500 feet of the onsite Irrigation Well #1.  As a result, Napa County reviewers asked 
that a “Tier 2” WAA analysis be prepared for the proposed project to estimate the magnitude of 
the water level interference that might be induced in this offsite well by virtue of the future pumping 
of Irrigation Well #1 to meet the irrigation demand of the proposed Atlas View II Vineyard Project. 
RCS was retained by NVVE solely for the purposes of preparing the Tier 2 WAA (Well Interference 
Calculation) for Irrigation Well #1.  In this Memorandum, RCS does not opine on the Tier 1 WAA 
by NVVE; the data upon which this Tier 2 WAA analysis relies was provided by NVVE.  Further, 
NVVE provided the specific set of pumping rate and well performance details necessary for the 
calculations; RCS has not independently verified those assumptions, but only used the inputs as 
requested by NVVE. 

Exhibit D-2
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Provided in the Appendix of this Memorandum is a map provided by NVVE (titled “Exhibit B” by 
NVVE) that shows the location of the existing “Irrigation Well #1” on the subject property and the 
approximate locations of the nearby offsite well in question (these wells lie to the south of Irrigation 
Well #1).   

Additonal data provided by NVVE to RCS for this project includes the following: 

• The Atlas View II WAA document prepared by NVEE, dated March 29, 2019, including 

various exhibits. 

• A driller’s log for onsite Atlas View II Irrigation Well #1 (the project well). 

• Well permits, location maps, and a driller’s log and a well destruction report for the offsite 

wells (both existing and destroyed) located south of the Atlas View II property.   

• Data collected during a short-term pumping test of Irrigation Well #1 performed by Ray’s 

Well Testing Service dated September 29, 2014. 

Figure 1, “Well Location Map,” shows the boundary of the subject property superimposed on a 
USGS topographic map of the area.  This approximate parcel boundary was adapted from the 
County Assessor’s parcel data, which are freely available on the County GIS website.  Also shown 
on Figure 1 are locations of: the project well (Irrigation Well #1); the two other onsite wells 
(Irrigation Well #2 and #3); and two offsite wells, one to the north of the property, and one to the 
south of the property.  Note that the distance from onsite Irrigation Well #1 to the nearest offsite 
well to the south is approximately 255 ft.   
 
Local Geologic Conditions 

Figure 2A, “Geology Map,” illustrates the types, lateral extents, and boundaries between the 
various earth materials mapped at ground surface in the region by others. Figure 2B, Geology 
Map Explanation” describes the geologic materials shown on Figure 2A.  Specifically, Figures 2A 
and 2B have been adapted from the results of regional geologic field mapping of the Eastern 
Sonoma and Western Napa Counties (2007)1, as published by the United State Geological Survey 
(USGS).  As shown on Figures 2A and 2B, the key earth materials mapped at ground surface in 
the area, from geologically youngest to oldest, include the following: 

a. Landslide deposits.  Landslide deposits2 (map symbol Qls) are shown to occur at 
ground surface and to underlie the vast majority of the subject property.  These 
deposits consist of debris flows and “block slump” landslides.  These deposits are 
generally fractures and can be more loosely consolidated than the source geology 
materials due to the downslope movement of the material as a landslide mass.  Based 
on geologic mapping, and based on driller’s descriptions of drill cuttings in the onsite 
wells, it is likely that the landslide deposits are comprised of volcanic rock and ash 
material from the Sonoma Volcanics which are exposed at higher elevations to the 
west of the subject property. 

 
1 Graymer, R. W., Brabb, E. E., Jones, D. L., Barnes, J., Nicholson, R. S., & Stamski, R. E., (2007). Geologic map and map 

database of eastern Sonoma and western Napa Counties, California.  US Geological Survey Science Investigations Map 2956 
2 Note that it was not a part of our Scope of Hydrogeologic Services for this project to study, investigate, analyze, determine, or 

opine on the potential activity of landslides, and/or on the potential impact that landslides might have on any of the onsite structures, 
or to any onsite and/or offsite wells used for the subject property. 
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b. Sonoma Volcanics.  The Sonoma Volcanics are comprised by a highly variable 
sequence of chemically and lithologically diverse volcanic rocks.  The rock types 
shown on Figure 2A include hard lava flows of andesitic composition (map symbol 
Psvasl), general volcanics, tuff, and sediments (map symbols Tsvt), and pumiceous 
tuff of Atlas Peak (Tsvat). As mentioned above, the majority of the geologic materials 
within the landslide deposits are likely comprised of the Sonoma Volcanics.   

c. Great Valley Complex.  The geologically older (Cretaceous- and Jurassic-aged) Great 
Valley Complex rocks are exposed on the eastern edge of the property and those 
exposures continue to the east of the property.  These rocks consist mainly of 
well-consolidated to cemented thickly bedded sandstone, conglomerate, siltstone, and 
shale.  These geologically older rocks are considered to be the bedrock of the area 
and are interpreted to directly underlie the volcanic rocks and landslide deposits at 
depth beneath the subject property. 

Site Visit 

On February 11, 2021, an RCS geologist visited the subject property with Mr. Aspegren of NVVE.  
The basic purposes of the site visit were to obtain current water level measurements and GPS 
locations for the onsite wells.  Below is a summary of the data obtained during the site visit.  

a. Irrigation Well #1. –A static (non-pumping) water level could not be measured in this 
well. A blockage inside the well casing was located only a few inches from the top of 
the wellhead and prevented the water level measuring device from descending further 
into the well casing.  GPS coordinates were determined and were used to plot this well 
location on Figure 1. 

b. Irrigation Well #2 – A static (non-pumping) water level of 53.13 ft below the wellhead 
reference point was measured; the reference point was 1.13 ft above ground surface.  
Figure 1 shows the location of Irrigation Well #2 derived using GPS coordinates 
collected during the site visit.   

c. Irrigation Well #3 – This well could not be located by Mr. Aspegren during the site visit; 
gates from adjacent properties apparently prevented access to road that led to the 
onsite Irrigation Well #3.  No water level data or GPS location data could be collected 
for this well. 

d. RCS could not, and did not, attempt to access any offsite property other owned by 
others than the subject property; RCS did not attempt to visit any offsite wells; RCS 
observed onsite wells only.  

Key Well Construction Data  

A DWR Well Completion Report (i.e., driller’s log) is not available for the Irrigation Well #1, but a  
well permit application from 1973 was provided. In addition, limited well construction data and 
testing information were provided in pumping test summary report submitted by Ray’s Well 
Testing Service (RWTS) for a short-term pumping test performed in Irrigation Well #1 in 
September 2014.  Both of these documents were provided to RCS by NVVE.  A driller’s log for 
the offsite neighboring well to the south was also provided by NVVE.  Details available on those 
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logs are discussed below, and the original forms from which the data below were derived are 
provided in the Appendix.   

 

 

A. Irrigation Well  #1 Data 

• A Napa County well drilling permit application dated October 4, 1973 that reportedly 
corresponds to Irrigation Well #1 shows that this well was constructed with 8-inch 
diameter steel casing set to a depth of 200 ft bgs; casing perforations are between the 
depths of 60 ft bgs and 200 ft bgs.   

• Limited descriptions of geologic material encountered while drilling the well are shown 
on the 1973 well drilling permit, but the simplistic terminology used by the driller, 
coupled with the known surficial geology of the area, make interpretation of the driller 
descriptions spurious at best.   

• According to the RWTS documentation, Irrigation Well #1 is constructed of 8-inch 
diameter steel casing with a 6-inch diameter steel liner.  The depth of the well could 
not be measured by RWTS because their measuring device could not pass the depth 
setting of the pump at 180 ft bgs.  

• On September 29, 2014, the static water level in Irrigation Well #1 was reported by 
RWTS to be 62 ft bgs.  On the well drilling permit dated October 4, 1973, a static water 
level of 35 ft bgs was reported.  

B. Irrigation Well #2 Well Data 

• A driller’s log for Irrigation Well #2 dated March 13, 2018, shows the well to be 
constructed of 5-inch diameter PVC well casing set to a depth of 159 ft bgs. 

• A static water level of 47 ft bgs was measured in Irrigation Well #2 on March 6, 2018, 
as shown on the driller’s log.  

• The borehole for the well (drilled before the well was completed) was drilled to a depth 
of approximately 600 ft bgs.  Based on RCS interpretation of the driller’s descriptions 
the depth of the volcanic rocks in the borehole might extend to a depth of 
approximately 375 ft bgs, whereupon these rocks are directly underlain by shale of the 
Great Valley Sequence.  

C. Neighboring Wells to the South  

Three WCRs for boreholes drilled on the neighboring property to the south were provided to RCS 
by NVVE, as follows: 

1) WCR e0083250 permit number E09-00006, drilled to 420 ft bgs in January 2009 

2) WCR e0083249, permit number E09-00006, drilled to 600 ft bgs in February 2009 

3) WCR e0102664, permit number E09-00513, drilled to 700 ft bgs in November 2009 
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Of the three WCRs, only 1) and 3) listed above were shown on the driller’s logs to have been 
completed into wells; the borehole associated with 2) WCR e0083249 was reported to have 
been destroyed.  This is somewhat corroborated by Mr. Aspegren’s assertion that “the well” 
associated with permit E09-00006 was destroyed, but it does appear that two wells were 
drilled under that E09-00006 permit.  Hence, only two wells are described below.  The 
locations of those two offsite wells are shown on Figure 1.  Construction details for the two 
existing wells to the south include: 

• Well WCR e0083250 construction: 

o A casing diameter of 6-inch PVC was reported on the log 

o Perforations in the well exist between the depths of 65 ft bgs to 155 ft bgs, and 
295 ft to 395 ft bgs; the bottom of the well casing is also reported to be 395 ft 
bgs.   

o The reported static water level depth on February 2, 2009 was 62 ft bgs.   

o Descriptions of the drill cuttings as listed on the log suggests that the entire 
length of the borehole to a depth of 420 ft may have been drilled within rocks 
of the Sonoma Volcanics. 

• Well WCR e0102664 construction: 

o Based on a map shown on the driller’s log, this well is located roughly 40 ft 
south of Well WCR e0083250 

o The well was constructed using 6-inch diameter PVC casing to a depth of 600 
ft bgs. 

o Perforations intervals were placed between the depths of 90 ft bgs to 190 ft, 
230 ft to 540 ft, and 560 ft to 580 ft bgs. 

o The reported static water level depth on January 1, 2010 was 106 ft bgs.   

o Based on RCS interpretation of the driller’s descriptions of drill cuttings, the 
Sonoma Volcanics may extend to a depth of approximately 590 ft in this 
borehole. 

Pumping Test Data by RWTS for Irrigation Well #1 

A 4-hour-long pumping test of Irrigation Well #1 was performed by RWTS on September 29, 
2014.  The test performed was a constant head test, in which the pump was turned on, and 
the pumping rate for the well was decreased over time by the pumper in an attempt to maintain 
a constant pumping water level in the well.  Before pumping in the well began, a static water 
level measurement of 62 ft was reported.  The pumping rate was decreased from an initial 
rate of 26.7 gpm at the beginning of the test.  As reported by RWTS “the recharge rate at the 
end of the test was 18.4 gallons per minute”.  At this pumping rate, water level drawdown was 
reported to be 118 ft below the static water level in the well, i.e., at a depth of 180 ft bgs.  This 
depth is equal to the reported depth of the installed pump.  A total of 15 water level 
measurements were collected during the pumping test.  No water level recovery data were 
provided. 
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Proposed Irrigation Well #1 Pumping Rate for the Project 

As discussed in the Tier 1 WAA by NVVE, available data reportedly indicate that “the driller’s logs 
and a production test… for the three irrigation wells [on the subject property]… indicate a total 
production of 27.9 gallons per minute (gpm). At 27 gpm, the irrigation wells will need to operate 
about 14 hours to meet vineyard demand on a peak day.”   

Based on this information, NVVE has determined that Irrigation Well #1 would need to pump at a 
rate of 18.4 gpm (the same rate at which Irrigation Well No. 1 was pumping at the at the end of 
the constant head pumping test) for 14 hours during a peak irrigation day.  This assumes that the 
“recharge rate” of 18.4 gpm posited by RWTS is feasible for 14 hours of continuous pumping; 
such a pumping duration was not tested by RWTS. 

Tier 2 WAA Well Interference Calculations 

As shown on Figures 1 and 2A, there are two offsite wells located within 500 ft to the south of the 
project well.  The closest of the two wells (WCR e0083250) lies roughly 255 ft from onsite Irrigation 
Well #1 and is the shallower of the two offsite wells.  Therefore, to present a conservative analysis, 
RCS evaluated potential theoretical water level values at this nearest offsite well, which also 
happens to be the shallower of the two nearby offsite wells within 500 ft of Irrigation Well #1.  Any 
theoretically-calculated impacts estimated for the nearer of the two wells (at 255 ft from Irrigation 
Well #1) will be greater than possible impacts estimated for wells that are further than 255 ft from 
Irrigation Well #1.  

Theoretical Drawdown in Offsite Well by Virtue of Pumping Irrigation Well #1 

To calculate the theoretical amount of water level drawdown interference that might possibly be 
induced in the offsite Well (WCR e0083250) by the future pumping of the project well, and to help 
satisfy requirements of the County’s Tier 2 WAA, RCS used the AQTESOLV software to perform 
a “predictive simulation” of the potential (theoretical) water level drawdowns that might occur in 
the region due to future pumping by Irrigation Well #1.  Below is a list of the inputs/assumptions 
used as part of the theoretical drawdown calculations: 

● Inherent Theis Assumptions – For the subject simulations, RCS used the Theis 
(1935)/Hantush (1961) solution in the AQTESOLV software.  The Theis (1935)/Hantush 
(1961) solution assumes numerous conditions about the aquifer system, including that 
aquifer is homogeneous and isotropic (the same in all directions) and that the aquifer is of 
infinite areal extent. 

● Well Penetration – For the purposes of the simulation, the project well is assumed to be a 
“partially penetrating” well, and the Offsite Well (WCR e0083250) is assumed to be the 
“fully penetrating” well, as the depth of the offsite well is screened to a deeper depth (395 
ft bgs) than the project well (200 ft bgs).  AQTESOLV documentation states that “the 
screens of a fully penetrating well extend over the entire aquifer’s saturated thickness”. 

● Aquifer Thickness – The thickness of the saturated Sonoma Volcanic rock aquifer system 
near the project well is estimated to be approximately 333 ft.  This represents the vertical 
distance from the SWL water level in Irrigation Well #1 (about 62 ft brp) as of September 
29, 2014), and the 395-foot depth to the bottom of perforations in the nearest neighbor Well 
(WCR e0083250).  Note that during the RCS site visit, although no water level data could 
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be collected from Irrigation Well #1, a static water level of approximately 53 ft was 
measured in Irrigation Well #2.  Hence, 62 ft  is a deeper water level, and is a reasonable 
estimate of the current static water level in the well.   

● Transmissivity and Storativity – Important aquifer parameters such as transmissivity (T) 
and storativity (S) are required in order to calculate theoretical water level drawdown 
impacts that might result in nearby wells by the future pumping of the project well.  These 
parameters are typically determined using data collected during a pumping test of a well.  
Transmissivity is a measure of the rate at which groundwater can move through an aquifer 
system, and therefore it is essentially a measure of the ability of an aquifer to transmit water 
to a pumping well.  Transmissivity is expressed in units of gallons per day per foot of aquifer 
width (gpd/ft).  Storativity (S) is a measure of the volume of groundwater taken into or 
released from storage in an aquifer for a given volume of aquifer materials; storativity is 
dimensionless and has no units.  Storativity calculations can only be made using actual 
amounts of water level drawdown, if any, monitored in an observation well during a 
pumping test of another well; storativity cannot be calculated using water level drawdown 
data acquired solely from the pumping well. 

To perform the required calculations, it was first necessary to calibrate the theoretical 
equations by simulating the 4-hour period of continuous pumping in Irrigation Well #1, 
(similar to the constant head pumping test that was performed in the well by RWTS in 2014) 
by attempting to reproduce the water level drawdown values that were manually recorded 
in this onsite well by the RWTS pumper at that time.  Because no water level observation 
data were monitored in any nearby water level observation well during the pumping period 
of Irrigation Well #1 (the pumping well), a value for storativity could not be directly 
calculated.  A storativity3 value of 3.3x10-4, which represents a dimensionless value, is 
assumed for the local aquifer system.  Note that this is considered to be a conservative 
assumption for storativity for the local volcanic rocks. 

An iterative process was used to estimate the transmissivity value used in the AQTESOLV 
simulation.  A transmissivity value of 488 gpd/ft (65 ft2/day)4 was found to provide 
theoretical drawdown values of 118 ft when pumping Irrigation Well #1 for 14 hours at a 
rate of 18.4 gpm; this is the same drawdown value reported by RWTS.   

Using the parameters described above, the predictive water level drawdown simulation was 
performed to include the nearest offsite Neighbor Well (the observation well).  Figure 3, 
“Theoretical Drawdown Calculations, Predictive Simulation” has been prepared to show the 
theoretically-calculated water level drawdown values in Irrigation Well #1 (the pumping well) and 
also in the Neighbor Well (the observation well) that might occur after pumping Irrigation Well #1 
for the assumed continuous period of 14 hours and at a constant pumping rate of 18.4 gpm (the 

 
3 In Appendix F, Table F-3 of the WAA Guidance document (WAA 2015), the specific storage value for “rock, fissured” ranges between 

1x10-6 and 2.1x10-5 (ft-1).  Multiplying these specific storage values by the estimated aquifer thickness of 333 ft yields a range of 
dimensionless storativity values between 3.3x10-4 and 7.0x10-3.  Therefore, using an S value of 3.3x10-4 is a conservative assumption 
for this analysis.  In addition, because the well is constructed into landslide deposits derived from Sonoma Volcanics rocks (which 
may be more fractured than in-situ Sonoma Volcanics), the actual storativity value for those materials could actually be higher than 
this assumption. 
4 In Appendix F, Table F-4 of the WAA Guidance document (WAA 2015), the hydraulic conductivity value for “Fractured Basalt (e.g., 

Sonoma Volcanics)” is shown to range from 10-2 and 102 ft/day.  Hydraulic conductivity is equal to transmissivity of an aquifer divided 
by the aquifer thickness.  Assuming the aquifer thickness of 333 ft described herein, and a transmissivity of 65 ft2/day, a hydraulic 
conductivity or 2x10-1 ft/day is calculated, which falls within the range of representative values shown on Table F-4. 
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rate necessary, according to NVVE, to meet the portion of the future project groundwater 
demands for the project).   

In this scenario, the offsite well to the south (the observation well) is assumed to be not pumping 
during the pumping period for Irrigation Well #1.  As shown on Figure 3, the results of the 
predictive simulation for theoretical water level drawdown values during future pumping of 
Irrigation Well #1 are presented as follows: 

● Irrigation Well #1 (pumping well) – After pumping at a future rate of 18.4 gpm for a 
continuous period of 14 hours, the theoretical water level decline (i.e., self-induced water 
level drawdown) of 118 ft is calculated for this well using an assumed transmissivity value 
of 488 gpd/ft (65 ft2/day). 

● Offsite Well to the south (observation well) – A theoretical water level drawdown 
interference value of about 6.5 ft is predicted as a result of the future pumping of Irrigation 
Well #1 at 18.4 gpm for 14 continuous hours.   

The calculated theoretical water level drawdown interference value of 6.5 ft estimated for the 
offsite neighboring well by virtue of pumping Irrigation Well #1 at a rate of 18.4 gpm for 14 hours 
is less than the acceptable value defined in the “Default Well Interference Criteria” shown on 
Table F-1 of the May 12, 2015 Napa County WAA Guidelines (WAA 2015).  Those drawdown 
criteria in the WAA Guidelines (WAA 2015) show that water level drawdown interference is not 
considered significant by the County if the induced drawdown interference is less than 10 ft for 
offsite wells that have a casing diameter less than six inches (the casing diameter of the offsite 
well is 6 inches). 
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FIGURE 2B
GEOLOGY MAP EXPLANATION

Symbol Description Age Explanation

Qls Landslides Holocene to Pleistocene
Includes debris flow and block slump landslides. Only 
landslides larger than 50,000 square meters are shown.

Psvasl Andesite lava flows of Stags Leap Pliocene
Included within Andesite of Stags Leap Volcanic Center 
(4.3 - 4.35 Ma, Sweetkind and others, 2011).

Tsvt Sonoma Volcanics, tuff and sediments Pliocene, Miocene
Light-colored tuff locally interbedded with sediments similar 
to the Petaluma Formation. Locally subdivided.

Tsvat White pumiceous tuff of Atlas Peak Pliocene, Miocene Local subdivision of Tsvt.

KJgv Great Valley Sequence, undivided Late Cretaceous to Late Jurassic
Marine shale, sandstone, and conglomerate; coeval with 
and structurally overlying the Franciscan Complex.

KJgvm Melange in the lower Great Valley Sequence Late Cretaceous to Late Jurassic Structurally disrupted mudstone and sandstone.

Reference:
Preliminary Geologic Map of the Napa and Bodega Bay 30' x 60' Quadrangles, California
(Wagner, D.L., and Gutierrez, C.I., 2017)
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Theoretical Drawdown Calculations
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14 Hours/18.4 gpm/T=488 gpd/ft
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Results of Theoretical Water Level Drawdown Calculations for  
Tier 2 Water Availability Analysis, Well Interference Calculations   
Atlas View II Vineyard 
4300 Atlas Peak Rd 
Napa County, California Vicinity St. Helena, Napa County, California 
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Irrigation Well #1
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Irrigation Well #2
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Irrigation Well #3
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Offsite Well to South
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Offsite Well to South (Not Completed)
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Offsite Well to South






