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March 13, 2017

Ms. Cheryl Forberg
7661 South Highway 29
Kelseyville, CA 95451

RE: WATER AVAILABILITY REPORT
FORBERG PROPERTY
APN 009-022-331
KELSEYVILLE, CA
EBA JOB No. 16-2397

Dear Ms. Forberg:

This Water Availability Report presents the results of a groundwater availability study
conducted for the property located at Assessor Parcel Number (APN) 009-022-331
Kelseyville, California (see Figure 1, Appendix A for site location). The groundwater
availability study was implemented to comply with the request by Lake County
Community Development based on the project’s proposal to convert the existing 5 acres
(AC’s) of walnuts to 5 AC’s of vineyards. The vineyard development also includes an
additional increase of 22 acres of previously undeveloped land for a total of 27 AC’s of
vineyard development. Lastly, the proposed development includes the construction of a
winery and tasting room. The purpose of this report is to determine whether there are
adequate existing and future groundwater supplies to accommodate the proposed
development demands and to estimate the effects of drawdown, if any, within the
designated cumulative impact area.  This report was prepared to meet these objectives.

1.0 BACKGROUND INFORMATION

1.1 Project Description

The existing development property, APN 009-022-331 (Project Site), is approximately
40 AC’s.  A site plan illustrating the primary site features is presented as Figure 2
(Appendix A).  As shown on Figure 2, existing site features include approximately 5
AC’s of walnuts in one block and two existing wells (identified herein as “Forberg Well 1”
and “Forberg Well 2”). Forberg Well 1 is plumbed to an approximate 1,000-gallon
aboveground storage tank (AST) and is the primary source of water for the project site.
Forberg Well 2 has been drilled on the property but is not included in this assessment.
The remainder of the property is undeveloped and characterized by hilly terrain covered
with manzanita and live oak. Ground surface elevations across the site range from
approximately 1,840 to 2,160 feet above mean sea level (MSL).
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Water supply for the orchard is currently serviced by Forberg Well 1 located in the
southwest corner of the project site (see Figure 2, Appendix A). Only limited information
on this well is available. Water from this well is pumped to the AST, whereupon the
water is used for general agricultural and domestic uses. The existing orchard is
essentially dry-farmed. The well yield was calculated in August 2016, during a limited
pumping test performed by Tom Strate Water Systems, to be approximately 20 gallons
per minute (GPM) (Appendix C). Please refer to Figure 2 (Appendix A) for the locations
of these and other wells situated within the area of study for this project. Please refer to
Appendix B for copies of Water Well Driller’s Reports (WWDRs) related to this project.

1.2 Local Hydrogeology

EBA Engineering (EBA) utilized the Geologic Map and Structure of the Clear Lake
Volcanics, Northern California - Map I1262 (USGS, B.C. Hearn. Jr., J.M. Donnelly-
Nolan, and F.E. Goff, 1995) for geologic interpretation and review. The map indicates
that the project site area is underlain by rocks associated with the Pleistocene Basaltic
Andesite of Lower Lake Road (bl), Pleistocene Rhyolite northeast of Mount Olive (rno),
Pleistocene Rhyodacite of Mount Olive (dof), and Holocene alluvium (al) which
collectively are considered part of the Regional Clear Lake Volcanics. The dominant
rock that outcrops at the project site is the Rhyodacite of Mount Olive which forms an
extensive flow of porphyritic biotite-hornblende rhyodacite. The Basaltic Andesite of
Lower Lake Road overlies the Rhyodacite of Mount Olive. Nonconformably underlying
the aforementioned volcanics are either Upper Cretaceous or Upper Jurassic
Franciscan Formation or Jurassic Serpentinite. The Franciscan Formation deposits are
described as being composed of predominantly chert, greenstone, greywacke, shale,
and metamorphic rocks of the blueschist phase, while the Serpentinite is thought to
have intruded in areas of faulting.

Based on well construction logs in the area, the Clear Lake Volcanics appear to be
greater than 700 feet thick. The Franciscan Formation, is assumed to be several
thousand feet thick.

The project site lies within the Konocti Bay Fault System which is a series of northwest
and southeast trending faults. These faults may either provide hydrogeologic boundary
conditions or provide areas with rocks that can be more highly fractured. The
interconnection of these fractures, joints, and weathered surfaces within the Clear Lake
Volcanics provide the primary aquifer at the project site. The underlying aquifer is
thought to be unconfined based on the fracture flow dynamics of groundwater flow in
volcanics. The geology observed during EBA’s site visit was generally consistent with
the USGS findings.  Please refer to Figures 3 (Appendix A) for a geologic map of the
site vicinity.

According to the Lake County Watershed Protection District’s (LCWPD’s) Lake County
Groundwater Management Plan, dated March 31, 2006 (LCWPD, 2006), the project site
is located in the Clear Lake Volcanics Groundwater Basin. Within this basin,
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groundwater yields to wells are highly variable due to nature of the volcanic fracture
systems. Volcanic deposits can range from slight to moderate with specific yields
ranging from zero to 15 percent.  The underlying Franciscan Formation materials, in
turn, may provide small quantities of groundwater and typically exhibit specific yield
characteristics of less than 3 percent.

1.3 Local Climate

According to the Western Regional Climate Center (WRCC), rainfall at the nearest
weather station with historical data is in Clearlake. This weather station has data from
1954 to 2016 and includes average precipitation totals of approximately 27.5 inches per
year (http://wrcc.dri.edu/cgi-bin/cliRECtM.pl?ca1806).  The mean annual potential
evapotranspiration (ETo) for the area is estimated to be approximately 49.4 inches per
year based on a 1999 Reference Evapotranspiration Map prepared by the California
Irrigation Management Information System (http://www.cimis.water.ca.gov-etomap.jpg).

2.0 RESEARCH

The following subsections provide a summary of the scope of research performed and
the corresponding findings used to implement the hydrogeologic assessment.  Please
note that references are made herein to the cumulative impact area for this study. A
description of the cumulative impact area is presented in Section 3.0 of this report.

2.1 Site Reconnaissance

EBA conducted a site reconnaissance of the property on February 13, 2017.  The
purpose of the site reconnaissance was to observe existing site features, site
topography, local geology, location of existing wells, measurements of depths to
groundwater, etc.  At the time of the site reconnaissance, the existing property use and
features were generally consistent with those described in Subsection 1.1 (Project
Description) of this report. As previously noted, the undeveloped portions of the property
are characterized by hilly terrain covered with live oak and manzanita. No major surface
water features were observed during the site reconnaissance.

EBA observed the locations of two (2) wells on the project site. These two (2) wells are
identified as Forberg Well 1 and Forberg Well 2. Please refer to Figure 2 for the
respective locations of these wells. Documented information related to the well
construction is not available on either well. Forberg Well 1 is reportedly 109 feet deep
while Forberg Well 2 was measured to be approximately 220 feet deep. Depth to water
was measured to be 111.50 feet from top of casing in Forberg Well 2. Forberg Well 1
was not accessible for depth to water measurements.

The reconnaissance also encompassed the observance of neighboring properties to
establish the nature of nearby developments and property uses.  Please be advised that
due to the rural nature of the property and limited public access, visual observations
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were limited to what could be seen from the property line (where readily accessible), or
at a distance from Highway 29 and Highway 175.  In general, most of the properties in
all directions from the project site were comprised of rural properties.

The site reconnaissance was supplemented with review of Google aerial imagery for the
area.  Findings from this research was generally consistent with the above findings.

2.2 Water Well Driller’s Reports (WWDRs)

WWDRs maintained by CDWR were reviewed to obtain pertinent information for the
area regarding water supply use, well completion depths, yields, etc.  The scope of the
CDWR research encompassed available records for wells located within Sections 4, 5,
and 6 of Township 12 North (T12N), Range 8 West (R8W) and Sections 19 and 20 and
Sections 28 through 33 of T13N, R8W, Mount Diablo Baseline and Meridian. The off-
site search radius was set at approximately one to two miles of the project site property
boundary as a means of obtaining available information representative of the local
hydrogeologic conditions. The results of this research identified 91 WWDRs or
boreholes (multiple logs for some properties), of which none corresponded to locations
on the property associated with the project site, 15 of which corresponded to off-site
locations within the designated cumulative impact area, 68 of which corresponded to
locations outside of the cumulative impact area, and 8 of which an accurate location
could not be determined. Table 1 below provides a summary of the well/borehole and
water supply characteristics for wells located within the cumulative impact area in which
WWDRs were available:

WWDR: Water Well Driller’s Report
BGS: Below Ground Surface
GPM: Gallons per Minute
GPM/ft: Gallons per Minute per Foot of Drawdown

(1) Total drilling depths are assumed from field measurements and pumping test data.

(2) Does not include the WWDRs that had incomplete information for the respective
measurement.

TABLE 1
RESULTS FROM WWDR RESEARCH

Description Project-Site Off-Site

Number of Water Supply Wells 2 15

Number of Dry Holes 0 3

Drilling Depths (feet BGS) 109-220(1) 110 to 700

Static Groundwater Levels (feet BGS) 93 to 112 45 to 580(2)

Reported Yields (GPM) 20 3 to 100(2)

Specific Capacity (GPM/ft) 3.6 .1 to 1.0
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As presented in Table 1, the reported yield for the project site is 20 GPM. Please be
advised that the breakdowns provided above should be considered estimates based on
interpretation of the WWDR information.  Please refer to Figure 2 (Appendix A) for a
map of the WWDR locations within the cumulative impact area.

2.3 Assessor’s Parcel Maps

County assessor’s parcel maps for the area were reviewed to assist in identifying
property boundaries and addresses.  This information, in turn, was used to establish the
number of properties within the designated cumulative impact area (described in
Section 3.0) for this study.  Findings from this exercise identified 29 properties ranging
in size from approximately 1.4 to 810 AC. Of these properties, only one (1) is associated
with the project site.

2.4 Well Yield Pumping Tests

A pumping test was performed by Tom Strate Water Systems on Forberg Well 1 on
August 22, 2016. The well exhibited a sustainable pumping rate of approximately 20
GPM with approximately 5.5 feet of drawdown over an approximate 5-hour period (290
minutes). Limited recovery data was collected, but it appears that the well fully
recovered approximately 20 minutes after cessation of pumping. Please refer to
Appendix C for a copy of the Well Test Report.

Given the known parameters from the August 2016 pumping test, EBA has evaluated
the drawdown characteristics using a hydrogeologic computer model. This modeling
suggests that less than one-foot of drawdown will occur at a distance of 100 feet from
Forberg Well 1.

It does not appear that a pumping test has been performed on Forberg Well 2.

3.0 CUMULATIVE IMPACT AREA

The “cumulative impact area” as defined for this study corresponds to the change in a
specific area resulting from the incremental impact of the project when added to other
existing groundwater uses in the area. Based on this criterion, existing development
characteristics for surrounding properties were considered, coupled with the site
hydrogeology and the nature of the proposed expansion, to estimate the cumulative
impact area for the proposed project.

An important consideration in establishing the cumulative impact area for this project is
the local topography and hydrogeology. In this regard, the northern, eastern, western,
and southern boundaries of the cumulative impact area are delineated by topographic
ridges that define the local watershed. Please refer to Figure 2 (Appendix A) for an
illustration of the established cumulative impact area as defined above. Based on the
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stated boundary designations, the overall size of the cumulative impact area is
approximately 721 AC and encompasses 29 rural properties (including the project site).

Please note that the cumulative impact area defined above includes primarily Clear
Lake Volcanics with some minor alluvial areas. Based on the geologic map for the area
(see Figure 3, Appendix A), it is estimated that the entire cumulative impact area is
underlain by Clear Lake Volcanics.  Although the northern portion of the cumulative
impact area may also encompass alluvial materials (poorly sorted deposits of silty clay,
clayey gravel, sand and gravel), its relative percentage is negligible as compared to the
Clear Lake Volcanics.  As a result, Clear Lake Volcanic aquifer characteristics were
utilized for this area in the analyses presented in the following sections.

It should be noted that the drainage basin represented by the cumulative impact area
appears to have no outlet for runoff. Precipitation within the area appears to accumulate
into seasonal ponds or vernal pools.

4.0 SUMMARY OF EXISTING / PROJECTED GROUNDWATER USE

The following subsections provide a general synopsis of both the existing and projected
water uses (including groundwater) associated with the proposed development, as well
as estimates of the off-site groundwater use on adjoining and nearby properties located
within the cumulative impact area. Please also note that the property includes two (2)
wells, however, only Forberg 1 will be utilized for water usage. Information on this well
is limited to the August 2016 pumping test.

4.1 On-Site Water Use

Existing

The current water demand at the project site corresponds to servicing a 2-bedroom
residence and approximately 5 AC of walnuts. The walnuts are reportedly dry-farmed
and are only irrigated during their initial years after planting. As such, EBA estimated
0.05 AF/yr for the irrigation of the walnuts. For the purpose of this analysis, the
estimated water demands for these various sources are as follows:

 2-Bedroom Dwelling [1]: 0.5 AF/yr(1)

 Dwelling Incidental Use [1]: 0.25 AF/yr(2)

 Walnuts [5]: 0.05 AF/yr(3)

 Total: 0.80 AF/yr

(1): Based on unit usage rate of 0.25 AF/yr per bedroom.
(2): Based on unit usage rate of 0.25 AF/yr per dwelling unit.  Incidental uses may

include landscaping, pool, and/or second unit.
(3): Assumed based on dry farming techniques with a unit rate of 0.01 AC/yr (5 AC

total).
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The respective water uses equates to a total existing annual water use for the project
site of 0.80 AF/yr.

Future

The future water demand will include 27 AC of vineyard. The corresponding water
demand for the proposed improvements at 0.5 AF/yr per acre of vineyard equates to an
estimated 13.5 AF/yr. Additionally, the future water demand will include a winery and
tasting room, with a corresponding water demand of 0.4 and 0.16 AF/yr, respectively.

 Incidental Use [1]: 0.25 AF/yr(1)

 Vineyard Irrigation [27]: 13.5 AF/yr(2)

 Winery [1] 0.4 AF/yr(3)

 Tasting Room [1] 0.16 AF/yr(3)

 Total: 14.31 AF/yr

(1): Based on unit usage rate of 0.25 AF/yr per dwelling unit.  Incidental uses may
include landscaping, pool, and/or second unit.

(2): Based on unit usage rate of 0.5 AF/yr per AC of vineyard (98 AC total).
(3): Assumed based on wineries and tasting rooms of similar size and capacity.

The respective future water uses equates to a future annual water use for the project
site of 14.31 AF/yr. This equates to a total anticipated future on-site water use (existing
plus future) of 15.11 AF/yr.

4.2 Off-Site Groundwater Use

Existing

The cumulative impact area established for this project encompasses approximately 28
off-site rural properties that are not part of the project site. Identified uses on these
properties include multiple single family dwellings, a vineyard, and some dry farmed
walnut orchards. It is reasonable to assume that each of these properties are serviced
by a water supply well.

In regards to groundwater use, the amount of existing groundwater extraction for the
various properties was estimated based on the nature of site development as
determined from the site reconnaissance and review of aerial images, size of dwellings
as determined from assessor’s information, and the employment of estimated unit
usage rates for specific types of development. The following provides a breakdown of
the estimated groundwater extraction sources and volumes:

 1-Bedroom Dwelling [2]: 0.5 AF/yr(1)

 2-Bedroom Dwelling [4]: 2.0 AF/yr(1)

 3-Bedroom Dwelling [1]: 0.75 AF/yr(1)

 4-Bedroom Dwelling [1]: 1.0 AF/yr(1)
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 5-Bedroom Dwelling [1]: 1.25 AF/yr(1)

 Dwelling Incidental Use [4]: 2.25 AF/yr(2)

 Vineyard Irrigation: 49.0 AF/yr(3)

 Walnuts: 0.65 AF/yr(4)

 Total: 57.4 AF/yr

(1): Based on unit usage rate of 0.25 AF/yr per bedroom.
(2): Based on unit usage rate of 0.25 AF/yr per dwelling unit. Incidental uses may

include landscaping, pool, and/or second unit.
(3): Based on unit usage rate of 0.5 AF/yr per AC of vineyard (98 AC total).
(4): Assumed based on dry farming techniques with a unit rate of 0.01 AC/yr (65 AC

total).

As presented above, the estimated current off-site groundwater use within the
cumulative impact area equates to 57.4 AF/yr.  In cases where the cumulative impact
area boundary does not fully encompass a parcel that contains a dwelling unit, the
corresponding water use was included regardless of the dwelling unit’s and/or water
supply well’s location.  This was done as a conservative measure.

5.0 GROUNDWATER AVAILABILITY ANALYSIS

As outlined in the introduction of this report, the primary objectives of the groundwater
availability analysis were to evaluate whether there are adequate existing and future
groundwater supplies to accommodate the proposed project and to estimate the effects
of drawdown within the designated cumulative impact area.  The following subsections
address each of these issues.

5.1 Water Supply Capabilities

Groundwater Storage Capacity

The storage capacity for the cumulative impact area was estimated by multiplying the
volume of the aquifer by its specific yield or secondary porosity volume. In this regard,
the area was estimated based on information shown on the geologic map (Figure 4),
findings from the site reconnaissance, and WWDR information.  The aquifer thickness,
in turn, was based on the average static groundwater level in the units based on WWDR
logs from locations within the cumulative impact area and the average aquifer depth,
which was calculated from producing water supply wells.  Finally, the aquifer’s specific
yield or secondary porosity volume was conservatively estimated based on documented
literature values for fractured volcanics and tuff. For example, in 90 independent
samples, the arithmetic mean of the specific yield of a volcanic tuff was 21 percent
(Weight and Sonderegger, 2000; Anderson and Woessner, 1992). As previously
mentioned, the LCWPD estimated the specific yield of the Clear Lake Volcanics to be
between 0 and 15 percent (LCWPD, 2006).  Based on this information, EBA chose a
conservative value of 7 percent for the estimated specific yield. The storage capacity
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was then calculated by multiplying the respective variables. The following provides a
breakdown of the calculations:

Clear Lake Volcanics

 Aquifer Area: 721 AC
 Average Static Groundwater Level: 267 feet BGS
 Average Aquifer Depth: 356 feet BGS
 Average Aquifer Thickness: 89 feet
 Specific Yield/Secondary Porosity: 7.0 percent
 Calculated Storage Capacity: 4,492 AF

Based on the above calculations, the storage capacity within the cumulative impact area
equates to 4,492 AF. As presented in Subsection 4.1 (On-Site Water Use), the
additional groundwater supply requirement for the 27-AC vineyard, the tasting room,
and the winery is 14.31 AF/yr.  This incremental increase represents approximately 0.3
percent of the groundwater in storage within the cumulative impact area.

Water Balance

A general estimate of water balance was determined by comparing groundwater
recharge characteristics to the projected on-site groundwater use.  In this regard, the
groundwater recharge estimate for the cumulative impact area was calculated by
assuming that precipitation represents the primary source of potential inflow into the
underlying aquifer, and evapotranspiration represents the primary outflow variable.
Whereas other secondary sources of inflow (i.e., groundwater inflow from upgradient
boundaries, recharge from irrigation, etc.) and outflow (i.e., groundwater outflow along
downgradient boundaries, discharge from surface springs, etc.) contribute to the overall
groundwater recharge characteristics, these secondary sources were assumed to be
relatively equal, resulting in no net gain or loss. Please note that this was done as a
conservative measure, since it appears as if there is no outflow from the basin from
surface runoff, given the topography caused by the numerous geologic volcanic events
in the past. Based on this conservative approach, the following equation was used to
calculate potential groundwater recharge:

Groundwater Recharge   =  P – (R + ETa)

where “P” is equal to precipitation (in AF/yr), “R” is equal to run-off (in AF/yr), and “ETa”
is equal to actual evapotranspiration (in AF/yr).  Details regarding the calculation of
each of these variables are presented below.

Precipitation (P)

The total volume of precipitation that falls within the cumulative impact area was
calculated by multiplying the annual precipitation rate (27.5 inches per year) by the size
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of the cumulative impact area (721 AC).  This equates to a total precipitation volume
within the cumulative impact area of approximately 1,651 AF/yr.

Run-off (R)

The percentage of the total precipitation that results as outflow (i.e., run-off) was
estimated by comparing the ground slopes within the cumulative impact area to type
curves for various surfaces (Sonoma County Water Agency, 1983).  In general, the
majority of the ground slopes within the cumulative impact area are greater than 20
percent. As a conservative measure, all 721 AC in the cumulative impact area were
assumed to have this slope.  The corresponding run-off coefficient (i.e., percent of
precipitation that results as run-off) for this slope conditions are 0.45.  The run-off
coefficient was then multiplied by the percentage of the annual precipitation volume that
falls within each area to determine the annual outflow run-off volume. The
corresponding results reveal annual run-off volumes of approximately 743 AF/yr.

Actual Evapotranspiration (ETa)

As previously noted in Subsection 1.3 (Local Climate), the mean annual potential
evapotranspiration (ETo) for the area is estimated to be 49.4 inches per year, which
translates to a total ETo volume of approximately 2,968 AF/yr within the cumulative
impact area.  ETa in turn, was calculated using a Water Use Classification of Landscape
Species (WUCOLS) site specific model as described in A Guide to Estimating Irrigation
Water Needs of Landscape Plantings in California (DWR, 2000). The WUCOLS model
allowed for estimation of ETa for the vineyards and native vegetation within the
cumulative impact area. In the case of areas occupied by vineyards (98 AC), ETa was
only calculated for the rainy season (October through April) as any ETa occurring during
the dry season (May through September) is offset by irrigation, the volume of which is
already accounted for as part of the water use calculations. Using this model, the
estimated ETa for the vineyards was calculated to be approximately 14 AF during the
rainy season, while the native vegetation was calculated to be 452 AF over the entire
year. The dry farmed walnuts orchards were also calculated to be 144 AF. This
translates to a total ETa of 611 AF/yr.

Using each of the calculated values in the “Groundwater Recharge” equation, the
corresponding estimated volume of water available for groundwater recharge is
approximately 297 AF/yr.  Based on the estimated groundwater supply requirement of
14.31 AF/yr for the development of the 27-AC vineyard and the winery-tasting room, this
additional groundwater use only equates to about 5 percent of the water available for
recharge within the cumulative impact area. As for the total estimated future
groundwater supply requirement (72.52 AF/yr) within the cumulative impact area
(existing plus proposed vineyard), this volume equates to 24 percent of the water
available for recharge.
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5.2 Conclusions

Based on the proposed water use and the estimates presented herein, it is concluded
that the proposed project should not have a significant impact on groundwater
availability at the project site, nor within the cumulative impact area.  This conclusion is
based on the following:

 The yield characteristics for irrigation wells in the area appear to be more than
sufficient to accommodate an increase of 27 AC of new vineyard.

 Although it is unclear what formation is being utilized by Forberg Well 1, the
sustained yield of 20 GPM under drought conditions in August 2016 would
suggest that the well is sufficient for the proposed increase of usage.

 It should be noted that the lack of geologic information for the well logs in the
area of alluvium at the project site (See Figure 3, Appendix A) provide an
opportunity for potential interaction under increased pumping conditions.
However, as previously mentioned, the area around Forberg Well 1 (and the
cumulative impact area in general), is located within a drainage basin with no
apparent outlet. As such, a significant percentage of precipitation appears to be
available for infiltration and recharge in the immediate vicinity of the Forberg 1
well.

 As presented earlier, the projected estimated annual water supply requirement
for the project site represents approximately 0.3 percent of the groundwater in
storage within the cumulative impact area and is significantly less than the
amount of potential annual groundwater recharge for the area (14.31 AF/yr
versus 297 AF/yr).  In fact, a significant positive water balance exists when
considering potential annual groundwater recharge for the project site alone
(14.31 AF/yr versus 28 AF/yr). Please note again that as a conservative
measure, these calculations assume that 100 percent of the runoff is not
available for recharge.

6.0 LIMITATIONS

This report was prepared in accordance with generally accepted standards of
professional hydrogeologic consulting principles and practices at the place and time this
study was performed. This warranty is in lieu of all other warranties, either expressed or
implied.  The conclusions presented herein are based solely on information made
available to us by others, and includes professional interpretations based on limited
research and data.  Based on these circumstances, the decision to conduct additional
investigative work to substantiate the findings and conclusions presented herein is the
sole responsibility of the Client.  This report has been prepared solely for the Client and
any reliance on this report by third parties shall be at such party's sole risk.
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7.0 CLOSING

EBA appreciates the opportunity to be of service to you on this project.  If you should
have any questions regarding the information contained herein, please do not hesitate
to contact our office at (707) 544-0784.

Sincerely,
EBA ENGINEERING

____________________________ ________________________________
Jacob Gallegos, GIT Matthew J. Earnshaw, P.G., C.Hg., QSD.
Staff Geologist                                                  Senior Geologist

Appendices: Appendix A - Figures
Appendix B - WWDR logs
Appendix C - Well Test Report
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