Attachment I

Hydrology Report

Pura Vineyards Project
Ground Water Hydrology Report

FEBRUARY 2022
HYDROGEOLOGICAL REPORT

PURA VINEYARDS
KELSEYVILLE, LAKE COUNTY, CALIFORNIA

Prepared for:
Pura Industries
100 Shoreline Hwy, Bldg B. Ste. 100
Mill Valley, CA 93941

Prepared By:

© Kimley-Horn and Associates, Inc. 2022
Kimley-Horn Project No. 197456001

Hydrogeological Report
Pura Vineyards, Lake County, California
February 2022 - Project No. 197456001

FEBRUARY 2022
HYDROGEOLOGICAL REPORT
PURA VINEYARDS
KELSEYVILLE, LAKE COUNTY, CALIFORNIA

Prepared for:

Pura Industries
100 Shoreline Hwy, Bldg B. Ste 100
Mill Valley, CA 93941

1

Hydrogeological Report
Pura Vineyards, Lake County, California
February 2022 - Project No. 197456001

Contents
1.0

2.0

INTRODUCTION................................................ERROR! BOOKMARK NOT DEFINED.
1.1

WATER USE D EMAND ESTIMATES ..............................................................................5

1.2

EXISTING ON-SITE WATER WELLS..............................................................................5

HYDROGEOLOGIC SETTINGS ................................................................................... 6
2.1
2.2

AQUIFER IDENTIFICATION .........................................................................................6
SURFACE AND SUBSURFACE GEOLOGY .......................................................................6
2.2.1
2.2.2
2.2.3
2.2.4
2.2.5
2.2.6

DACITE OF BENSON RIDGE (PLEISTOCENE ) (HEARN) (DBR) 220.09 ACRES............... 6
RHYOLITE OF COLE CREEK (PLEISTOCENE ) (HEARN)(RCC) 49.85 ACRES................. 6
COLLUVIUM (HOLOCENE ) (HEARN) (CO) 30.69 ACRES ......................................... 6
FLOWS AND DOMES (HEARN) (DOF) 6.34 ACRES................................................ 6
ALLUVIUM (HOLOCENE ) (HEARN)(AL ) 5.08 ....................................................... 6
KELSEY TUFF MEMBER (NAMED BY RYMER1 1981, FORMERLY AQUIFER ASH OF HEARN
AND OTHERS , 1976) (HEARN) (KK ) 0.95 ACRES ................................................. 6
2.2.7 KELSEYVILLE FORMATION, UNDIVIDED (NAMED BY RYNER, 1981; INCLUDES
PYROCLASTIC AND LAKE DEPOSITS OF S HAUL V ALLEY AREA OF HEARN AND OTHERS,
1976) (PLEISTOCENE) (HEARN)(K) 0.66 ACRES................................................. 7
2.2.8 ANDESITE WEST OF SHAUL VALLEY (PLEISTOCENE ) (HEARN) (AWS) 0.60 ACRES ....... 7
2.2.9 TERRACE DEPOSITS, UNDIVIDED (PLEISTOCENE ) (UNIT 2) (HEARN)(T2) 0.54 ACRES ... 7
2.2.10 BIG VALLEY FAULT ..................................................................................... 7

3.0

2.3
2.4
2.5

SURFACE SOILS.....................................................................................................7
SUBSURFACE HYDROGEOLOGY .................................................................................8
CLIMATE D ATA.......................................................................................................8

2.6
2.7

PRODUCTION ZONE ................................................................................................9
WATER BEARING ZONE THICKNESS ............................................................................9

2.8
2.9
2.10

CONFINING LAYERS ................................................................................................9
ON-SITE AND NEARBY WELLS ...................................................................................9
LOCAL STREAMS OR SPRINGS ................................................................................. 10

SURROUNDING DEVELOPMENT ............................................................................. 12
3.1

SURROUNDING LAND USE....................................................................................... 12

3.2

BENSON RIDGE FACILITY........................................................................................ 12

4.0

CUMULATIVE IMPACT AREA ................................................................................... 13

5.0

EXISTING AND PROJECTED GROUNDWATER USE ............................................... 14

6.0

5.1
5.2

EXISTING PROJECT AREA WATER D EMAND................................................................. 14
CALCULATED WATER D EMAND ................................................................................ 14

5.3
5.4

EXISTING OFF-SITE WATER DEMAND ........................................................................ 14
PROJECTED OFF-SITE WATER D EMAND ..................................................................... 14

GROUNDWATER AVAILABILITY ANALYSIS ............................................................. 16
6.1

AQUIFER STORAGE CAPACITY.................................................................................. 16

6.2
6.3

VINEYARD’S WATER BUDGET .................................................................................. 16
CIA’S WATER BUDGET .......................................................................................... 18

7.0

WATER QUALITY...................................................................................................... 19

8.0

WELL EVALUATION AND DRAWDOWN ANALYSIS ................................................. 20
2

Hydrogeological Report
Pura Vineyards, Lake County, California
February 2022 - Project No. 197456001

9.0

CONCLUSIONS AND RECOMMENDATIONS............................................................ 21

REFERENCES...................................................................................................................... 22

3

Hydrogeological Report
Pura Vineyards, Lake County, California
February 2022 - Project No. 197456001

F IGURES
Figure 1

Pura Vineyards Location Map

Figure 2

Existing On-Site Water Well

Figure 3

Calif ornia Groundwater Basins

Figure 4

Geologic Map

Figure 5

Nearby Registered Wells

Figure 6

Surf ace Water Bodies

Figure 7

Cumulative Impact Area

Figure 8

Water Well Locations

Exhibits
Exhibit 1

Existing Water Well Construction and Lithology

Exhibit 2

Well Completion Reports in the Vicinity of the Vineyard

APPENDIXS
Appendix A

Well Completion Report

Appendix B

Well Yield Test Log

Appendix C

Soil Report

Appendix D

Theis Calculations

4

Hydrogeological Report
Pura Vineyards, Lake County, California
February 2022 - Project No. 197456001

1.0

INTRODUCTION

The f ollowing Hydrogeologic Report was prepared to document the subsurface hydrogeologic conditions
and groundwater availability within the vicinity of the Pura Vineyards (“Vineyard” or “project area”) (Figure
1). The project area is located southeast of Kelseyville, CA and is comprised of 5 contiguous parcels totaling
314.8 acres. The Lake County property appraiser identifies the project area parcels as APNs 007-018-02,
007-018-04, 007-018-11, 007-029-04, and 007-029-05. Pura Vineyards intends to replace approximately
14.85 acres of vineyards on the Site with 14.85 acres of cannabis cultivation. The remaining vineyards on
the Site are intended to remain in production and independent of the proposed cannabis production.
Lake County Board of Supervisors Ordinance 3106 specifies that due to the on-going drought conditions
throughout the County, land use approval is contingent upon demonstrating that suf ficient groundwater
quantities are available for the intended land use. The proposed commercial cannabis production f acility
(cannabis f acility) will occupy parcels numbers 007-029-04 and 007-029-05. The remaining parcels (007018-02, 007-018-04, and 007-018-11) will be used to meet Lake County’s requirement that 20 acres of land
be set aside for every acre (1-acres) of cannabis cultivation. Together, the commercial cannabis production
f acility and the additional parcels comprise the project area. The cannabis facility has a projected total
outdoor canopy area or 646,820 square f eet (sqft) or approximately 14.84 acres.

1.1

WATER USE DEMAND ESTIMATES

Water use demand f or the cannabis f acility varies and is governed by the lif e stage of the current crop.
Early in the growing season, when the plants are young, a maximum daily water use demand for cultivation
is approximately 25,000 gallons per day (GDP). During the summer months, when the local temperatures
increase and plants mature, the maximum daily water use demand for cultivation at the cannabis facility is
estimated to be up to 375,000 GDP. During a single growing season, the cannabis facility is expected to
use 25,652,000 gallons of groundwater each year, which equates to approximately 78.72 acre f eet/year
(AF/year). Additional water use at the cannabis f acility for non-cultivation operations is estimated to be
approximately 720,720 gallons per year (gpy) or roughly 2.21 AF/yr. The total water use demand f or all
f acility operations equates to 26,372,720 gpy or 80.93 AF/yr.

1.2

EXISTING ON-SITE WATER WELLS

Kimley-Horn was provided a well completion report for an existing water well located on the project site.
The well is located on APN 007-029-05 and is identified as WE-1664. WE-1664 (on-site production well)
was constructed in April 1999 and completed to a depth of 635 f eet with an 8.32-inch casing. A review of
Water Well Completion Reports (WWCR) by California Department of Water Resources (CDWR) identified
an additional well (western well) on the western portion of the project area. It is Kimley-Horn’s understanding
the western well will not be utilized to meet the demands of the proposed cannabis f acility. The western
well is located on APN 007-018-02 and is identif ied by permit number WE-4585. This 6-inch diameter
domestic supply well was completed on June 5, 2015 and has a total depth of 593 f eet. The approximate
well locations are depicted on Figure 2. PDFs of the well completion report is included in Appendix A.
Lithology and construction information for the on-site wells are provided in Exhibit 1.
In 2020, Russ and Cramer Enterprises conducted a specificity capacity test to evaluate the yield of well
WE-1664. The corresponding drawdown data is presented in Appendix B.
Additional water wells in the vicinity of the project area are discussed in Section 2.9.
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2.0

HYDROGEOLOGIC SETTINGS

The f ollowing is a discussion of the localized hydrogeologic setting in the vicinity of the Vineyard.

2.1

AQUIFER IDENTIFICATION

According to the March 2006 Lake County Groundwater Management Plan (LCGMP), completed for Lake
County Watershed Protection District (LCWPD) the Pura Vineyards site is underlain by the Clear Lake
Volcanics and to a lesser degree the Big Valley Groundwater Basin (Figure 3). The two existing wells on
the Site were completed into the Clear Lake Volcanics. The Clear Lake Volcanics and Big Valley
Groundwater Basin are further discussed below.

2.2

SURFACE AND SUBSURFACE GEOLOGY

The landscape of Lake County is dominated by Mt. Konocti, a dormant volcano, which is apart of the Clear
Lake Volcanic Field. The Pura Vineyards Site is located within the Clear Lake Volcanic Field on the western
f lank of Mt. Konocti. The geology in the immediate area of the Site consists of a complex of faulted igneous
rocks from late-Pliocene to early Holocene volcanic activity (Figure 4). The US Geological Survey (USGS)
has mapped f aults across the Site, which are depicted on Figure 4. The northwest to southeast trending
f ault located on the western boundary of the Site is known as the Big Valley Fault. Further discussion of the
geologic units and tectonic f eatures underlying the Pura Vineyards Site is provided in the f ollowing sections.
2.2.1

Dacite of Benson Ridge (Pleistocene) (Hearn) (dbr) 220.09 acres

Volcanic flows resulting in dacite containing biotite. Cooling of the dacite occurred gradually resulting in the
f ormation of distinct crystals. Contains inclusions up to 4 feet in diameter. These f lows originated from the
South Peak and possibly additional vents on Benson Ridge and east of Shaul Valley. The maximum
thickness of this unit is 980 feet.
2.2.2

Rhyolite of Cole Creek (Pleistocene) (Hearn)(rcc) 49.85 acres

Volcanic f lows of rhyolite containing biotite. This rhyolite is concentrated in f ine-grain volcanic rocks and
ash and has a maximum exposed thickness of 260 f eet.
2.2.3

Colluvium (Holocene) (Hearn) (co) 30.69 acres

Slope deposits of silt, sand, and coarser pieces of older rocks. This unit is only mapped in areas where
extensive or overlies a critical contact of bedrock units.
2.2.4

Flows and Domes (Hearn) (dof) 6.34 acres

Characterized by low viscosity volcanic flows and high viscosity volcanic domes.
2.2.5

Alluvium (Holocene) (Hearn)(al) 5.08

Flood-plain, channel, and lake deposits of clay, silt, sand, and gravel. Locally may include youngest part of
the basin deposits of Clear Lake.
2.2.6 Kelsey Tuff Member (named by Rymer1 1981, formerly aquifer ash of Hearn and others,
1976) (Hearn) (kk) 0.95 acres
6
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The upper section of the Kelsey Tuff Member consists of approximately 4 feet of ash, small volcanic rocks,
and vesicular andesite. The lower section consists of 1.5 feet of clay and silt. In the Shaul Valley, the lower
part contains subangular to subrounded f ragmented dacite up to 1 f oot in diameter. It is speculated the
source vent for the volcanic rock was a cinder cone in the vicinity of Mount Konocti. The Kelsey Tuff Member
occurs roughly 100 to 130 f eet beneath the eroded top of the Kelseyville Formation. It is classified as a
major aquif er as deep as 230 f eet below a majority of the southern Big Valley (Soil Mechanics and
Foundation Engineers, Inc. 1967). The total outcrop thickness of the Kelsey Tuff Member is between 1 and
6 f eet.
2.2.7 Kelseyville Formation, undivided (named by Ryner, 1981; includes pyroclastic and lake
deposits of Shaul Valley area of Hearn and others, 1976) (Pleistocene) (Hearn)(k) 0.66 acres
Fluvial deposits originating f rom lakes and rivers and consist of all grain sized f rom ash to cobbles.
Fractured rock is predominantly f rom Franciscan assemblage rocks and serpentinite with minor amounts
of dacite. This formation was initially deposited in an ancestral Clear Lake basin and is likely from 0.35 and
0.45 Ma. The thickness of the Kelseyville Formation is approximately 1275 feet.
2.2.8

Andesite west of Shaul Valley (Pleistocene) (Hearn) (aws) 0.60 acres

Bomb and block tephra, small flows, and dikes of sparsely porphyritic andesite. Vented from the dikes that
cut the rhyolite of Cole Creek (rcc) and rhyodacite of Mount Olive. Vesicular blocks of this andesite, up to
1 f oot in diameter are 5-10 percent of the mudflow deposit of mixed biotite rhyolite and andesite that overlies
the rhyolite of Cole Creek (rcc). Maximum thickness about 5 meters.
2.2.9

Terrace deposits, undivided (Pleistocene) (Unit 2) (Hearn)(t2) 0.54 acres

Comprised predominantly of pebble to boulder sized material with minor amounts of sand. Four terraces
f rom the Pleistocene, between 11,700 to 2.5 MA were mapped in riverine systems in the vicinity of the
project area. In Cole Creek, the gravel is a mixture of volcanic rock and erosion tolerant gravels from the
Kelseyville Formation. The Terrace deposits have a maximum thickness of 16 feet.
2.2.10 Big Valley Fault
According to the USGS, the Big Valley Fault crosses the southern and western portions of the project area
(Figure 4). This f ault originated in the late Quaternary period and is reportedly well constrained and has a
reported slip rate of 0.2 to 1.0 millimeter per year (mm/year). Within the last 200 years displacement along
the f ault has reportedly occurred in the vicinity of the Pura Vineyards Site.

2.3

SURFACE SOILS

According to the United States Department of Agriculture (USDA) Natural Resources Conservation Service
(NRCS), there are six (6) dif ferent types of soil across the Vineyard Site (Appendix C). A concise
description of the soil types is provided below.
1 – Benridge-Konocti association (112): The Benridge-Konocti association consists of well drained, high
runof f class soil derived primarily f rom volcanic ash. These soils have 15 to 30 percent slopes with an
average depth to water greater than 80 inches and are not considered prime farmland.
2 – Benridge-Konocti association (113): The Benridge-Konocti association soils are well drained and
commonly f ound within high runoff areas. Volcanic ash is the parent material f or the soil, which is not
classified as prime farmland.
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3 – Bottlerock-Glenview-Arrowhead complex: The Bottlerock-Glenview-Arrowhead complex has 30 to 50
percent slopes and is not classified as prime farmland. The soils are reportedly well drained and in the very
high runoff class. Soils in this series are derived from weathered obsidian.
4 – Kidd-Forward complex: The Kidd-Forward complex is not classified as prime f armland. Soils in this
series contain 5 to 30 percent slopes and are derived f rom weathered rhyolite. These soils are reportedly
are well drained and runoff is low.
5 – Konocti-Benridge complex: The Konocti-Benridge complex consists of soils derived f rom weathered
andesite. These soils have slopes f rom 50 to 75 percent, are considered well drained, and have a runoff
classification of high. The soils in the Konocti-Benridge complex are determined to not be prime farmland.
6 – San Joaquin variant fine sandy loam: The San Juaquin variant is a fine sandy loam complex that is well
drained and determined to have a medium runoff class. These soils are not considered prime farmland and
have slopes from 0 to 5 percent. Additionally, these soils originated from volcanic rock alluvium.

2.4

SUBSURFACE HYDROGEOLOGY

The Pura Vineyard is predominantly located within the Clear Lake Volcanics which is where the existing
on-site production well is located (Figure 2). The Big Valley Groundwater Basin comprises the
southwestern corner of the site and constitutes approximately 7% of the total project area. According to the
Lake County Groundwater Management Plan, the amount of groundwater available within the Clear Lake
Volcanics is highly variable and depends on the size, openness, frequency, and interconnection of fractures
and joints encountered in the formation.
The Pura Vineyards Site lies between two mapped fault systems, the Big Valley Fault to the west and the
Konocti Bay Fault System to the east. The Big Valley Fault crosses the western and southern portions of
the Vineyards (approximately 524 f eet west of well WE-1664) while the Konocti Bay Fault System is located
approximately 0.7 miles east and consists of multiple f aults. A third f ault mapped by the USGS traverses
the central portion of the Site approximately 0.4 miles north of well WE-1664. Little to no detailed information
is available regarding this third fault.
The regional f aulting affects the localized hydrogeology. The f ractured bedrock results in secondary porosity
within the water-bearing units. Additionally, the f aults can create hydrogeologic boundary conditions that
dictate localized groundwater flow regimes.

2.5

CLIMATE DATA

The nearest weather station with historical climatological data is located in Clearlake, according to the
Western Regional Climate Center (WRCC). Annual average precipitation at the Clearlake station is
approximately 27.48 inches per year based on data collected f rom October 1954 to June 2016.
Approximately 720.9 AF/year of precipitation is anticipated to fall on the project area during a normal year.
Drought conditions have dominated the project area and surrounding areas over recent years. Kimley -Horn
assumes 60 percent of normal rainfall during drought conditions. This equates to 432.5 AF/year of rainfall
on the project area during drought conditions.
Appendix A of Title 23 of the California Code of Regulations (23 CCR), Chapter 2.7 provides tables for the
calculation of annual potential evapotranspiration for different areas of California. The Lower Lake area of
Lake County where the Vineyards is proposed, is estimated to have a mean annual potential
evapotranspiration of approximately 45.4 inches per year.
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2.6

PRODUCTION ZONE

The f ractured rock within the Clear Lake Volcanics, between the Big Valley Fault and the Konocti Bay Fault
Zone, comprises the primary aquif er beneath the Pura Vineyards Site. Boring logs f or well MW-031
associated with the Benson Ridge Facility (Section 3.1) document the localized lithology in the project area
as f ractured dacite to a depth of at least 455 f eet (1,402 f eet NAVD 88). Based on the f ractured nature of
the geologic units above and comprising the aquif er, the aquif er is presumed to be unconfined. The
thickness of the Clear Lake Volcanics varies and is underlain by the Franciscan Formation. Near Mount
Konocti, approximately 2.1 miles east of the project area, the Clear Lake Volcanics are over 4,000 f eet
thick, according to the 2006 LCGWMP. Additionally, a well drilled near the intersection of Red Hills Road
and Highway 29, approximately 3.6 miles southeast of the project site, the formation is 1,600 feet thick . A
water well construction log f or Test Hole #1 located approximately 2.1 miles southeast of the on-site
production well indicated the Clear Lake Volcanics appear to be greater than 700 f eet thick. Test Hole #1
is roughly located at a similar elevation as the on-site production well.
According to the Lake County Groundwater Management Plan (2006), “…groundwater in the Clear Lake
Volcanics occurs primarily in fractures, joints, and within weathered zones that formed in between volcanic
eruptions. Additionally, the amount of groundwater available to a well in the formation is highly dependent
on the size, openness, frequency, and interconnection of fractures and joints encountered in the well.
Theref ore, the hydrogeologic properties of the Clear Lake Volcanics vary from one location to the next.

2.7

WATER BEARING ZONE THICKNESS

According to information f rom well construction logs from deep wells constructed on and around the Site
(Appendix A), the Clear Lake Volcanics formation at the Pura Vineyards site is greater than 635 feet thick.
At the Site, the static water level is approximately 500 f eet below land surf ace. According to 6 well
construction logs summarized in Table 2, average thickness of the aquifer is 101 f eet thick. Theref ore, a
conservative estimate of the aquifer thickness is approximately 100 feet at the Pura Vineyards Site.

2.8

CONFINING LAYERS

The Clear Lake Volcanics comprise the underlying geologic unit and aquifer. The aquif er is presumed to
be unconf ined due to the f ractured nature of the volcanics and f aulting in the local area. The Franciscan
Formation forms the fractured bedrock in the majority of Lake County (LCGWMP 2006).

2.9

ON-SITE AND NEARBY WELLS

Kimley-Horn reviewed the Well Completion Report Map Application available through the Calif ornia
Department of Water Resources (DWR). Registered wells are not individually georeferenced in the map
application. Instead, they are ref erenced by section, township, and range. Well density for the Sections at
and surrounding the Site are outlined in the table below:
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Table 1
NEARBY WELLS
Section, Township,
and Range
S25 T13N R09W
S24 T13N R09W
S23 T13N R09W
S19 T13N R08W
S26 T13N R09W
S30 T13N R08W

Number of Registered
Wells
33
14
20
6
26
9

Number of Production
Wells
1
1
3
NA
1
1

Number of
Domestic Wells
11
11
16
1
25
2

Wells listed in this database include domestic, production, agricultural, and dry wells. This includes wells
located on the Pura Vineyard property, such as WE-4585 and WE 1664. WE-4585 is located on the western
side of the project area and has a total depth of 593 f eet. The reported static water level in the well is 405
f eet. Testing performed in August 2015 estimated the yield of the well to be 25 gallons per minute. This well
will not be used for cannabis cultivation. Well WE-1664 was installed in 2020 on the southern portion of the
project area. The well was constructed to a depth of 598 f eet and has a reported static water level of
approximately 500 feet. The specific capacity estimated for the well is 721.9 feet 3/day/foot.
Well WE-3486, located approximately 1,230 feet north of the project area, has a total depth of 500 feet and
a static water level of 380 f eet based on the well completion report (Appendix A). Locations of the four (4)
identified wells were determined based on location diagrams included in the completion reports (Appendix
A). Wells with a completion depth of 300 f eet or greater bls and whose approximate location could be
determined are depicted on Figure 5. Also depicted on Figure 5 are shallow monitoring wells located on
the Benson Ridge Facility.
Kimley-Horn also reviewed available water well inf ormation f rom the DWR sustainable groundwater
management act (SGMA) Data Viewer and the Calif ornia Water Boards Ground Ambient Monitoring and
Assessment Program (GAMA) online databases. Twelve (12) water wells associated with the Benson Ridge
Facility (Section 3.2), which is less than 0.25 miles to the east of the project area. These wells range in
depth f rom 11 f eet to 435 f eet. Well completion logs able to be obtained f or these wells are included in
Appendix A.
Two (2) water wells were identified on the SGMA Data Viewer online portal in the immediate vicinity of the
project area. Well completion report WCR1979-004728 is georeferenced on the northern corner of the
project area. However, the well completion report (Appendix A) states this was a dry well with a total depth
of 263 f eet bls. Additionally, the location of the well depicted in the diagram provided in the completion
report cannot be definitively determined but the approximate location appears to be contradictory of the
georeferenced location. The second water well is georeferenced on the southern adjacent property and is
associated with well completion report WRC1979-004726. This well is an observation well and was
completed to a depth of 159 f eet bls. Depth to water inf ormation was not provided in the well completion
report.

2.10

LOCAL STREAMS OR SPRINGS

Data f rom the United States Fish and Wildlife Service (USFWS) and the National Wetland Inventory (NWI)
conf irmed the presence wetlands, ponds, and riverine systems are located in the vicinity of the project site
(Figure 6). A f reshwater emergent wetland is located approximately 1,900 f eet east of the project site. A
f reshwater pond is located approximately 1,050 f eet southwest of the Pura Vineyard Site. A f reshwater
f orested / shrub wetland associated with McIntire Creek, is located approximately 1,060 f eet south of the
10
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Vineyard. A riverine system is located to the south, southwest, and west of the vineyards and is associated
with the Cole Creek. Wetlands, lakes, ponds, riverine systems, and other mapped f eatures in the NWI
database are not located on the project site.
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3.0

SURROUNDING DEVELOPMENT

The project area is situated within an area consisting of rural residential and agricultural development. A
singular regulated f acility, identified as the Benson Ridge Facility, is lo cated on the eastern adjacent
property.

3.1

SURROUNDING LAND USE

Properties north of the Pura Vineyards Site consist of orchards, vineyards, and rural land use. The Benson
Ridge Facility is located on the eastern adjacent property and is followed by undeveloped vegetated land.
Rural land use and a small greenhouse cultivation operation are located to the south of the proposed f acility
and are f ollowed by State Highway 29 South. Rural land use is predominant to the west of the Pura
Vineyards Site and is followed by State Highway 29 South.

3.2

BENSON RIDGE FACILITY

The Benson Ridge Facility, located at 7620 Highway 29, Kelseysville, CA, 95451, is listed in the California
Department of Toxic Substance Control (DTSC) database. According to DTSC, this facility received liquid,
sludge, and solid waste from the geothermal industry in the Geysers area. A Waste Consolidation Area,
located at the f acility, is used to contain roughly 103,000 cubic yards of waste, subsoils, and solidification
agents. Since December 1992, the f acility has been in post-closure Detection and Corrective Action
Monitoring. Currently, semi-annual groundwater monitoring is conducted in March and September at the
f acility. Shallow and deep groundwater bearing zones are monitored and are associated with the corrective
action and detection programs respectively.
On August 21, 2021, a Semi-Annual Groundwater Monitoring Report was completed for the Benson Ridge
Facility. Groundwater samples collected during the March 2021 sampling event f rom the perched
groundwater zone (corrective action program) exceeded the background concentration limits (CL) for
sulf ate, total dissolved solids, boron, and sodium. As the perched zone monitoring network is also used as
recovery wells, static conditions did not exist and groundwater f low cannot be inf erred. However, data
collected prior to the sampling event suggests the perched groundwater f lows to the south. This is
consistent with topographic gradient.
Analytical data for groundwater samples collected from the deep monitoring wells was compared to the CL
f or their respective wells. The report stated “Over thirty years of groundwater monitoring at the Benson
Ridge facility have shown no impacts to the deep zone groundwater. It would be appropriat e that the deep
zone monitoring program could be reduced or discontinued and the wells designated for beneficial use”.
Groundwater flow in deep water bearing zone is calculated to be to the south.
Groundwater contamination plume?
Well construction and boring logs for selected wells associated with the Benson Ridge Facility monitoring
network are included in Appendix A and discussed in Section 2.4 and Section 6 and included in Exhibit
2.
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4.0

CUMULATIVE IMPACT AREA

Water f or the proposed cannabis cultivation will be sources f rom on-site water wells. The Cumulative
Impact Area (CIA) f or this investigation is defined as the area influenced by the projected groundwater use
and existing groundwater demand within the vicinity of the Pura Vineyard project. Local topography,
hydrology, hydrogeology, and existing groundwater usage are important components when determining the
CIA.
The CIA f or the Vineyard project was delineated based on the localized topography, and
geology/hydrogeology. The northern boundary of the CIA was determined by topography and the location
of a tributary to Cole Creek. The Konocti Bay Fault Zone mapped by USGS constitutes the eastern
boundary of the CIA. The southern and western extents of the CIA are def ined by the location of Cole
Creek. The extent of the CIA is depicted on Figure 7. The delineated CIA encompasses and area of
approximately 2,375 acres. Including the f ive Pura Vineyard parcels there are 92 parcels within the CIA.
Portions of the Clear Lake Volcanics and the Big Valley Groundwater Basin are included within the CIA. As
the Clear Lake Volcanics is the dominant component of the CIA, Clear Lake Volcanic aquifer characteristics
were utilized for the analyses summarized in Section 6.1.
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5.0

EXISTING AND PROJECTED GROUNDWATER USE

Kimley-Horn evaluated the current and projected water demand within the CIA. Water use demands for the
proposed Vineyard were calculated by Kimley-Horn based on information provided by Pura Industries.

5.1

EXISTING PROJECT AREA WATER DEMAND

The project area was previously used as a vineyard f or the cultivation of grapes. Approximately 15 acres
of vineyard are being removed and replaced by the proposed cannabis facility.

5.2

CALCULATED WATER DEMAND

As stated in Section 1.1, the total water use demand f or f acility operations equates to approximately
26,372,720 gallons per year or 80.93-acre f eet per year. This includes water demands for both cannabis
cultivation and non-cultivation operations.

5.3

EXISTING OFF-SITE WATER DEMAND

The CIA encompasses all or portions of 87 off-site properties. These properties are utilized for a mixture of
uses including single-family dwellings, vineyards, and orchards. It can be presumed that each of the 87 offsite properties is serviced by their own respective water well. The amount of groundwater extraction for offsite properties cannot be verif iably quantified. However, estimates can be extrapolated based on size of
dwellings, property use, and application of usage rates for the identified development types (Table 2).
Land use f or each parcel within the CIA was determined by aerial imagery. For estimation purposes,
residential structures are surmised to be 3-bedroom houses. For parcels not completely within the CIA
boundary, the total estimated water usage was included regardless of the land use distribution throughout
the parcel. Agriculture on parcels within the CIA was observed to primarily consist of grape cultivation and
orchard production. The agricultural production was not observed to cover the entirety of the parcels.
However, the entire acreage of applicable parcels was used to calculate the existing water demand for the
agricultural production.

5.4

PROJECTED OFF-SITE WATER DEMAND

Future water demand for undeveloped parcels was presumed to be equivalent to a 3-bedroom residence.
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Table 2
Summary of Existing / Projected Groundwater Use
Description
Cannabis Production
Non-Production operations
Grape Cultivation1
Single Family Dwellings –
Domestic Use 2
Single Family Dwellings –
Nonessential Use 3
Grape Cultivation 1
Orchard Dry Farming 4

Existing
Future Development
(acre-feet/year)
(acre-feet/year)
On-Site Groundwater Use
0
78.72
0
2.21
30.7
-7.55
Off-Site Groundwater Use

Total
(acre-feet/year)
78.72
2.21
23.2

36

21

57

12

7

19

147.7
0
1.9
0
Total Groundwater Use
228.3
101.43

147.7
1.9

Totals
329.73
Notes:
1
: Usage rate of 0.5 AF/year per acre of grape cultivation (295.4 acres)
2
: Usage rate of 0.25 AF/year per bedroom
3
: Usage rate of 0.25 AF/year per dwelling
4
: Usage rate of 0.01 AF/year per acre utilizing dry farming techniques (189.9 acres)
5
: This accounts for the removal of 15-acres of current vineyard which will be replaced by proposed Pura
Vineyards Site.
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6.0

GROUNDWATER AVAILABILITY ANALYSIS

Kimley-Horn estimated the groundwater availability f or the CIA based on the prevailing hydrogeologic
conditions and the projected water use demands.

6.1

AQUIFER STORAGE CAPACITY

The LCWPD estimated the specific yield of the Clear Lake Volcanics to range f rom 0 to 15 percent. A
conservative estimate of 7 percent was used in this analysis. The CIA encompasses a total area of 2,375
acres. Wells within the CIA which are presumed to target the lower water-bearing zone (>200 feet deep),
based on well depth, were reviewed. The six (6) correspond wells are summarized on Exhibit 2.
Approximate top of casing elevations were calculated with Google Earth Pro and topographic maps.
Average static depth to water and aquif er depth is 385 f eet and 486 f eet respectively. Given the above
parameters, the calculated storage capacity of the aquifer within the CIA is 16,792 AF. As stated in Section
1.1, the calculated water use demand of the Vineyard is 80.93 AF/y ear. The calculated water use of the
Vineyard is less than on-half of a percent of the stored groundwater within the CIA. The total existing and
projected water demand within the CIA, approximately 329.73 AF/year, is less than two (2) percent of the
estimated groundwater in storage.

6.2

VINEYARD’S WATER BUDGET

To estimate the water balance of the project area, Kimley -Horn compared groundwater recharge to the
calculated water use demand for the Vineyard. Precipitation is presumed to constitute the primary source
of inf low into the underlying aquifer. The primary outflow of the aquifer is assumed to be evapotranspiration.
Secondary sources of inflow and outflow to the groundwater are considered to be relatively equal. Based
on the above assumptions, the below f ormula was used to calculate groundwater recharge beneath the
project area.
According to the National Oceanic and Atmospheric Administration (NOAA) and the National Integrated
Drought Inf ormation System (NIDIS), Lake County, CA is currently in severe drought and January 2022
was the 9th driest January on record over the past 128 years. During drought conditions, 60 percent of the
average precipitation can be assumed.
Recharge = P – (ETA + R + E CI + S)
Precipitation (P)
As stated in Section 2.5, the Clearlake weather station recorded an average rainf all of 27.5 inches per
year. Total annual precipitation over the project area is equivalent to 721.4 AF/year during a year with
average precipitation and 432.9 AF/year during a year effected by drought.
Actual Evapotranspiration (ETA)
Appendix A of Title 23 of the California Code of Regulations (23 CCR), Chapter 2.7, as stated in Section
2.5, determined Lower Lake area of Lake County is estimated to have a mean annual potential
evapotranspiration of approximately 45.4 inches per year. This equates to an estimated 1,191 AF/year of
potential evapotranspiration.
Kimley-Horn calculated actual evapotranspiration (ETA) f or the project area using a site specific model as
described in A Guide to Estimating Irrigation Water Needs of Landscape Plantings in California (UC
Cooperative Extension, 2000). Acreage of varying vegetation types were calculated using GIS. A landscape
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coefficient was calculated f or each vegetation type including the proposed cannabis production area. Based
on the variability of the species coefficient depending on cannabis subtype, highly conservative estimates
were used f or the species and density coefficient. Each landscape coefficient was multiplied by the potential
evapotranspiration to get landscape evapotranspiration (ETL). ETL was multiplied by acreages f or the
identified vegetation types to calculate ETA f or the project area. Actual evapotranspiration f or the project
area was calculated to be 135.65 AF/year.
For ease of calculation, conservative assumptions and coefficients were utilized. Assumptions made within
the calculation include constant year-round evapotranspiration rates were assumed f or the cannabis and
grape production
Runoff (R)
Type curves f or various surf aces were calculated by the Sonoma County Water Agency in the Flood
Management Design Manual, March 2020 (FMDM, 2020) (Appendix XX). Based on soil data reviewed
and summarized in Section 2.3 (Appendix XX), the majority of the slopes across the p roject area are
greater than 20 percent. For conservative estimates, the entire project area was assumed to be greater
than 20 percent slopes. Based on the project area estimates, the run-off coefficient of 0.47 was determined
by the FMDM. The annual precipitation volume was multiplied by the run-of f coefficient to estimate the
annual outf low run-off volume. The run-off volume for a year with average rainfall equates to 339.1 AF/year
while 203.4 AF/year is estimated during years of drought.
Canopy Interception Losses (ECI)
Canopy interception loss, as defined by Helvey and Patric 1965, is rainfall retained on standing vegetation
and evaporated without dripping off or running down the stems . Studies conducted by Helve and Patric
excluded grassland and other land surfaces without tree canopy cover. The interception loss coefficient is
multiplied by the average rainf all and drought conditions f or areas over the Vineyard with canopy cover.
Canopy interception loss within the project area equates to 12.75 AF/year during years with average rainfall
and 8.46 AF/year during years with drought conditions.
Spring Flow (S)
Springs are not located within the project area. As such, spring f low discharge is not incorporated in the
groundwater recharge analysis.
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Water Budget Results
Table 3
Pura Vineyard’s Water Budget
Description

Inflow/Outflow

Precipitation
Actual Evapotranspiration
Run-of f
Canopy Interception
Springs

Inf low
Outf low
Outf low
Outf low
Outf low
Total

6.3

Volume
(acre-feet/year)
Average Precipitation
+721.4
-146.05
-339.1
-12.75
0
+223.5

Volume
(acre-feet/year)
Drought Conditions
+432.9
-146.05
-203.4
-8.46
0
+74.99

CIA’S WATER BUDGET

Groundwater recharge potential f or the entirety of the CIA was calculated (minus the project area as this
was calculated in Table 4). Conservative assumptions applied in the project area water budget calculations
were similarly applied in the for f igures within Table 5.
Table 4
CIA’s Water Budget
Description
Precipitation
Evapotranspiration
Run-of f
Canopy Interception
Springs

Inflow/Outflow
Inf low
Outf low
Outf low
Outf low
Outf low
Total

Volume
(acre-feet/year)
Average Precipitation
+4,721.3
-966.5
-2,030.2
-129.49
0
+1595.11

Volume
(acre-feet/year)
Drought Conditions
+2,832.8
-966.5
-1,217.1
-85.94
0
+563.26
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7.0

WATER QUALITY

Groundwater quality in the Clear Lake Volcanics is unavailable according to the Lake County Groundwater
Management Plan. However, the Calif ornia Department of Health Services (DHS) provided information
during the preparation of the LCGWMP which indicated iron, aluminum, and manganese were detected
above surface water quality levels (SWQLs) in the Clear Lake Volcanics. The location of the groundwater
samples with elevated concentrations was not provided.
Semi-annual groundwater monitoring is conducted at the Benson Ridge Facility on the eastern adjacent
property. Groundwater monitoring is conducted on the perched and deep water bearing zones beneath the
f acility. The deep monitoring wells and the on-site production well roughly target the same water bearing
zone. In 30 years of monitoring, the deep water bearing zone has never show signs of groundwater
contamination. The perched water bearing zone is continuously pumped and discharged into lined basins
at the f acility.
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8.0

WELL EVALUATION AND DRAWDOWN ANALYSIS

The on-site production well, WE-1664 was installed in April of 1999 to a depth of 598 f eet below land
surf ace. In May 2020, a specific capacity test was perf ormed during which the well was pumped
continuously at a rate of 225 gallons per minute (gpm) f or 4.5 hours. During the test, the well experienced
a maximum of 60 f eet of drawdown. The corresponding specific capacity of the well was estimated to be
3.75 gpm per f oot of drawdown. This data was used to estimate a transmissivity value f or the aquifer of
approximately 795 feet2/day.
The average water use demand f or the project is approximately 72,250 gallons per day. This equates to
approximately 50 gpm. Kimley-Horn used to the Theis drawdown equation to estimate the drawdown and
radius of influence for the pumping well based on the average daily demand (Appendix D). Drawdown in
the well is estimated to be approximately 11 f eet, which correlates with the estimated specific capacity. At
a radial distance of 200 feet from the well, drawdown in the aquifer is estimated to be less than 1-foot.
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9.0

CONCLUSIONS AND RECOMMENDATIONS

Kimley-Horn has prepared the f ollowing conclusions and recommendations f or the proposed cannabis
production f acility, identified as Pura Vineyards, located approximately 2.5 miles southeast of Kelseyville,
CA:
•

Based on published hydrogeologic data f or Clear Lake Volcanics, the deep aquifer will be able to
meet the water use demands for the proposed cannabis production facility. We anticipate that the
existing on-site production well installed south of the production f acility is suf ficient to meet the
proposed water use demands.

•

The current water use within the CIA is 228.3 AF/year. The future water use demand within the CIA
which includes cannabis cultivation is 101.43 AF/year.

•

The estimated groundwater availability of the CIA is 16,792 AF. The f uture water use demand
accounts for 2% of the total groundwater availability in the CIA.

•

Under drought conditions, the proposed groundwater demand for Pura Vineyards is approximately
12% of the total recharge available to the CIA (638.25).

•

The proposed cannabis cultivation will result in a net increase in the water use demand for the CIA.
The availably groundwater within the CIA is capable of sustaining the proposed increase.
Furthermore, it is not anticipated that the increased demands will adversely impact other legal users
of the groundwater resource or sensitive environmental receptors.

•

Pura Industries may want to install a second well in the f uture to provide redundancy f or the
irrigation system.
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FIGURES

Big Valley Groundwater Basin

EXHIBIT 1

Exhibit 1
On-Site Wells
Well ID
WE-1664
WE-4585

Construction Date
April 1999
August 2015

Construction Type
Irrigation
Domestic

Lithology
White volcanic rock
Red volcanic rock
Pink volcanic rock

Top (ft bls)
0
460
500

Casing Diameter (in)
8.32
6

Approximate Elevation (ft)
1957
1784

Top of Screen (ft bls)
555
433

WE-1664

Notes:
Elevation:
bls:

estimated using Google Earth Pro
below land surface

Bottom of Screen (ft bls)
635
593

Depth (ft bls)
635
593

WE-4585
Base (ft bls)
460
500
635

Lithology
Sandy silt
Tan volcanic rock
Pink/tan volcanic rock
Tan volcanic rock with
fractures from 480 ft to
bottom

Top (ft bls)
0
3
37

Base (ft bls)
3
37
53

53

600

EXHIBIT 2

Exhibit 2
Water Wells in the Vicinity of Pura Vineyards
Well Permit No. Approximate
/ Well ID
Elevation (ft)
WE-4585
WE-3486
WE-1664
MW-32
MW-31
MW-13

1783
1650
1958
1874.25
1857.61
1780.47
Averages

Top of
Screen
(ft bls)
433
400
555
365
415
352

Bottom of
Static Depth to
Screen (ft Depth (ft bls)
Water (ft bls)
bls)
593
500
635
385
435
362

593
500
635
385
435
370
486.33

405
380
500
326
385
312.5
384.75

Estimated
Groundwater
Elevation (ft)

Aquifer
Thickness
(ft)

1378
1270
1458
1548.25
1472.61
1467.97
1432.47

188
120
135
59
50
57.5
101.58

Notes:
Elevations for wells MW-13, MW-31, and MW-32 have been surveyed
Aquifer thickness is equal to well depth minus static depth to water and is therefore limited by the depth of the wells.

APPENDIX A

APPENDIX B

DRINKING WATER SECTION

WELL YIELD TEST LOG
Name of PWS:

Russ/Cramer Enterprises

Well Name:

7602 Hwy 29 Kelseyville, CA, 95451
1

Depth to Pump (ft):

588’ + pump
Static Water Level (ft): Static - 500’, Depth of well - 598’
1

Date
5/6/20
5/6/20
5/6/20
5/6/20
5/6/20
5/6/20
5/6/20
5/6/20
5/6/20
5/6/20

Time
14:30
15:00
16:00
17:00
18:00
18:30
19:00
19:10
19:20
19:30

1

rev 1/26/09

Elapsed
Time
(Hrs.;Min.)
00:00
00:30
01:30
02:30
03:30
04:00
04:30
04:40
04:50
05:00

Pumping
Rate (gpm)
225
225
225
225
225
225
225
0
0
0

Water
Level1
(feet)
500’
550’
560’
560’
560’
560’
560’
555’
525’
500’

Measured from the established ground surface.

2 of 4

Drawdown2
(feet)
Comments
0’
Clear & Gassy
start of perforations
50’
60’
Clear & Gassy
Clear & Gassy
60’
60’
Clear & Gassy
60’
Clear & Gassy
Clear & Gassy
60’
55’
Recovery
Recovery
25’
Recovery
0’

2

Water level minus static level.
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Preface
Soil surveys contain information that affects land use planning in survey areas.
They highlight soil limitations that affect various land uses and provide information
about the properties of the soils in the survey areas. Soil surveys are designed for
many different users, including farmers, ranchers, foresters, agronomists, urban
planners, community officials, engineers, developers, builders, and home buyers.
Also, conservationists, teachers, students, and specialists in recreation, waste
disposal, and pollution control can use the surveys to help them understand,
protect, or enhance the environment.
Various land use regulations of Federal, State, and local governments may impose
special restrictions on land use or land treatment. Soil surveys identify soil
properties that are used in making various land use or land treatment decisions.
The information is intended to help the land users identify and reduce the effects of
soil limitations on various land uses. The landowner or user is responsible for
identifying and complying with existing laws and regulations.
Although soil survey information can be used for general farm, local, and wider area
planning, onsite investigation is needed to supplement this information in some
cases. Examples include soil quality assessments (http://www.nrcs.usda.gov/wps/
portal/nrcs/main/soils/health/) and certain conservation and engineering
applications. For more detailed information, contact your local USDA Service Center
(https://offices.sc.egov.usda.gov/locator/app?agency=nrcs) or your NRCS State Soil
Scientist (http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/contactus/?
cid=nrcs142p2_053951).
Great differences in soil properties can occur within short distances. Some soils are
seasonally wet or subject to flooding. Some are too unstable to be used as a
foundation for buildings or roads. Clayey or wet soils are poorly suited to use as
septic tank absorption fields. A high water table makes a soil poorly suited to
basements or underground installations.
The National Cooperative Soil Survey is a joint effort of the United States
Department of Agriculture and other Federal agencies, State agencies including the
Agricultural Experiment Stations, and local agencies. The Natural Resources
Conservation Service (NRCS) has leadership for the Federal part of the National
Cooperative Soil Survey.
Information about soils is updated periodically. Updated information is available
through the NRCS Web Soil Survey, the site for official soil survey information.
The U.S. Department of Agriculture (USDA) prohibits discrimination in all its
programs and activities on the basis of race, color, national origin, age, disability,
and where applicable, sex, marital status, familial status, parental status, religion,
sexual orientation, genetic information, political beliefs, reprisal, or because all or a
part of an individual's income is derived from any public assistance program. (Not
all prohibited bases apply to all programs.) Persons with disabilities who require
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alternative means for communication of program information (Braille, large print,
audiotape, etc.) should contact USDA's TARGET Center at (202) 720-2600 (voice
and TDD). To file a complaint of discrimination, write to USDA, Director, Office of
Civil Rights, 1400 Independence Avenue, S.W., Washington, D.C. 20250-9410 or
call (800) 795-3272 (voice) or (202) 720-6382 (TDD). USDA is an equal opportunity
provider and employer.
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How Soil Surveys Are Made
Soil surveys are made to provide information about the soils and miscellaneous
areas in a specific area. They include a description of the soils and miscellaneous
areas and their location on the landscape and tables that show soil properties and
limitations affecting various uses. Soil scientists observed the steepness, length,
and shape of the slopes; the general pattern of drainage; the kinds of crops and
native plants; and the kinds of bedrock. They observed and described many soil
profiles. A soil profile is the sequence of natural layers, or horizons, in a soil. The
profile extends from the surface down into the unconsolidated material in which the
soil formed or from the surface down to bedrock. The unconsolidated material is
devoid of roots and other living organisms and has not been changed by other
biological activity.
Currently, soils are mapped according to the boundaries of major land resource
areas (MLRAs). MLRAs are geographically associated land resource units that
share common characteristics related to physiography, geology, climate, water
resources, soils, biological resources, and land uses (USDA, 2006). Soil survey
areas typically consist of parts of one or more MLRA.
The soils and miscellaneous areas in a survey area occur in an orderly pattern that
is related to the geology, landforms, relief, climate, and natural vegetation of the
area. Each kind of soil and miscellaneous area is associated with a particular kind
of landform or with a segment of the landform. By observing the soils and
miscellaneous areas in the survey area and relating their position to specific
segments of the landform, a soil scientist develops a concept, or model, of how they
were formed. Thus, during mapping, this model enables the soil scientist to predict
with a considerable degree of accuracy the kind of soil or miscellaneous area at a
specific location on the landscape.
Commonly, individual soils on the landscape merge into one another as their
characteristics gradually change. To construct an accurate soil map, however, soil
scientists must determine the boundaries between the soils. They can observe only
a limited number of soil profiles. Nevertheless, these observations, supplemented
by an understanding of the soil-vegetation-landscape relationship, are sufficient to
verify predictions of the kinds of soil in an area and to determine the boundaries.
Soil scientists recorded the characteristics of the soil profiles that they studied. They
noted soil color, texture, size and shape of soil aggregates, kind and amount of rock
fragments, distribution of plant roots, reaction, and other features that enable them
to identify soils. After describing the soils in the survey area and determining their
properties, the soil scientists assigned the soils to taxonomic classes (units).
Taxonomic classes are concepts. Each taxonomic class has a set of soil
characteristics with precisely defined limits. The classes are used as a basis for
comparison to classify soils systematically. Soil taxonomy, the system of taxonomic
classification used in the United States, is based mainly on the kind and character
of soil properties and the arrangement of horizons within the profile. After the soil
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scientists classified and named the soils in the survey area, they compared the
individual soils with similar soils in the same taxonomic class in other areas so that
they could confirm data and assemble additional data based on experience and
research.
The objective of soil mapping is not to delineate pure map unit components; the
objective is to separate the landscape into landforms or landform segments that
have similar use and management requirements. Each map unit is defined by a
unique combination of soil components and/or miscellaneous areas in predictable
proportions. Some components may be highly contrasting to the other components
of the map unit. The presence of minor components in a map unit in no way
diminishes the usefulness or accuracy of the data. The delineation of such
landforms and landform segments on the map provides sufficient information for the
development of resource plans. If intensive use of small areas is planned, onsite
investigation is needed to define and locate the soils and miscellaneous areas.
Soil scientists make many field observations in the process of producing a soil map.
The frequency of observation is dependent upon several factors, including scale of
mapping, intensity of mapping, design of map units, complexity of the landscape,
and experience of the soil scientist. Observations are made to test and refine the
soil-landscape model and predictions and to verify the classification of the soils at
specific locations. Once the soil-landscape model is refined, a significantly smaller
number of measurements of individual soil properties are made and recorded.
These measurements may include field measurements, such as those for color,
depth to bedrock, and texture, and laboratory measurements, such as those for
content of sand, silt, clay, salt, and other components. Properties of each soil
typically vary from one point to another across the landscape.
Observations for map unit components are aggregated to develop ranges of
characteristics for the components. The aggregated values are presented. Direct
measurements do not exist for every property presented for every map unit
component. Values for some properties are estimated from combinations of other
properties.
While a soil survey is in progress, samples of some of the soils in the area generally
are collected for laboratory analyses and for engineering tests. Soil scientists
interpret the data from these analyses and tests as well as the field-observed
characteristics and the soil properties to determine the expected behavior of the
soils under different uses. Interpretations for all of the soils are field tested through
observation of the soils in different uses and under different levels of management.
Some interpretations are modified to fit local conditions, and some new
interpretations are developed to meet local needs. Data are assembled from other
sources, such as research information, production records, and field experience of
specialists. For example, data on crop yields under defined levels of management
are assembled from farm records and from field or plot experiments on the same
kinds of soil.
Predictions about soil behavior are based not only on soil properties but also on
such variables as climate and biological activity. Soil conditions are predictable over
long periods of time, but they are not predictable from year to year. For example,
soil scientists can predict with a fairly high degree of accuracy that a given soil will
have a high water table within certain depths in most years, but they cannot predict
that a high water table will always be at a specific level in the soil on a specific date.
After soil scientists located and identified the significant natural bodies of soil in the
survey area, they drew the boundaries of these bodies on aerial photographs and
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identified each as a specific map unit. Aerial photographs show trees, buildings,
fields, roads, and rivers, all of which help in locating boundaries accurately.
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Soil Map
The soil map section includes the soil map for the defined area of interest, a list of
soil map units on the map and extent of each map unit, and cartographic symbols
displayed on the map. Also presented are various metadata about data used to
produce the map, and a description of each soil map unit.
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Warning: Soil Map may not be valid at this scale.

Wet Spot

Enlargement of maps beyond the scale of mapping can cause
misunderstanding of the detail of mapping and accuracy of soil
line placement. The maps do not show the small areas of
contrasting soils that could have been shown at a more detailed
scale.

Other
Special Line Features
Water Features
Streams and Canals
Transportation

Please rely on the bar scale on each map sheet for map
measurements.

Rails
Interstate Highways

Source of Map: Natural Resources Conservation Service
Web Soil Survey URL:
Coordinate System: Web Mercator (EPSG:3857)

US Routes
Major Roads

Maps from the Web Soil Survey are based on the Web Mercator
projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such as the
Albers equal-area conic projection, should be used if more
accurate calculations of distance or area are required.

Local Roads
Background
Aerial Photography

Mine or Quarry
Miscellaneous Water

This product is generated from the USDA-NRCS certified data as
of the version date(s) listed below.

Perennial Water
Rock Outcrop

Soil Survey Area: Lake County, California
Survey Area Data: Version 18, Sep 6, 2021

Saline Spot
Sandy Spot

Soil map units are labeled (as space allows) for map scales
1:50,000 or larger.

Severely Eroded Spot
Sinkhole

Date(s) aerial images were photographed:
4, 2017

Slide or Slip
Sodic Spot

Sep 18, 2016—Nov

The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor
shifting of map unit boundaries may be evident.
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Map Unit Legend
Map Unit Symbol

Map Unit Name

Acres in AOI

Percent of AOI

112

Benridge-Konocti association,
15 to 30 percent slopes

2.8

0.9%

113

Benridge-Konocti association,
30 to 50 percent slopes

241.6

76.7%

118

Bottlerock-Glenview-Arrowhead
complex, 30 to 50 percent
slopes

21.1

6.7%

148

Kidd-Forward complex, 5 to 30
percent slopes

24.9

7.9%

151

Konocti-Benridge complex, 50
to 75 percent slopes

24.4

7.7%

203

San Joaquin variant fine sandy
loam, 0 to 5 percent slopes

0.1

0.0%

314.8

100.0%

Totals for Area of Interest

Map Unit Descriptions
The map units delineated on the detailed soil maps in a soil survey represent the
soils or miscellaneous areas in the survey area. The map unit descriptions, along
with the maps, can be used to determine the composition and properties of a unit.
A map unit delineation on a soil map represents an area dominated by one or more
major kinds of soil or miscellaneous areas. A map unit is identified and named
according to the taxonomic classification of the dominant soils. Within a taxonomic
class there are precisely defined limits for the properties of the soils. On the
landscape, however, the soils are natural phenomena, and they have the
characteristic variability of all natural phenomena. Thus, the range of some
observed properties may extend beyond the limits defined for a taxonomic class.
Areas of soils of a single taxonomic class rarely, if ever, can be mapped without
including areas of other taxonomic classes. Consequently, every map unit is made
up of the soils or miscellaneous areas for which it is named and some minor
components that belong to taxonomic classes other than those of the major soils.
Most minor soils have properties similar to those of the dominant soil or soils in the
map unit, and thus they do not affect use and management. These are called
noncontrasting, or similar, components. They may or may not be mentioned in a
particular map unit description. Other minor components, however, have properties
and behavioral characteristics divergent enough to affect use or to require different
management. These are called contrasting, or dissimilar, components. They
generally are in small areas and could not be mapped separately because of the
scale used. Some small areas of strongly contrasting soils or miscellaneous areas
are identified by a special symbol on the maps. If included in the database for a
given area, the contrasting minor components are identified in the map unit
descriptions along with some characteristics of each. A few areas of minor
components may not have been observed, and consequently they are not
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mentioned in the descriptions, especially where the pattern was so complex that it
was impractical to make enough observations to identify all the soils and
miscellaneous areas on the landscape.
The presence of minor components in a map unit in no way diminishes the
usefulness or accuracy of the data. The objective of mapping is not to delineate
pure taxonomic classes but rather to separate the landscape into landforms or
landform segments that have similar use and management requirements. The
delineation of such segments on the map provides sufficient information for the
development of resource plans. If intensive use of small areas is planned, however,
onsite investigation is needed to define and locate the soils and miscellaneous
areas.
An identifying symbol precedes the map unit name in the map unit descriptions.
Each description includes general facts about the unit and gives important soil
properties and qualities.
Soils that have profiles that are almost alike make up a soil series. Except for
differences in texture of the surface layer, all the soils of a series have major
horizons that are similar in composition, thickness, and arrangement.
Soils of one series can differ in texture of the surface layer, slope, stoniness,
salinity, degree of erosion, and other characteristics that affect their use. On the
basis of such differences, a soil series is divided into soil phases. Most of the areas
shown on the detailed soil maps are phases of soil series. The name of a soil phase
commonly indicates a feature that affects use or management. For example, Alpha
silt loam, 0 to 2 percent slopes, is a phase of the Alpha series.
Some map units are made up of two or more major soils or miscellaneous areas.
These map units are complexes, associations, or undifferentiated groups.
A complex consists of two or more soils or miscellaneous areas in such an intricate
pattern or in such small areas that they cannot be shown separately on the maps.
The pattern and proportion of the soils or miscellaneous areas are somewhat similar
in all areas. Alpha-Beta complex, 0 to 6 percent slopes, is an example.
An association is made up of two or more geographically associated soils or
miscellaneous areas that are shown as one unit on the maps. Because of present
or anticipated uses of the map units in the survey area, it was not considered
practical or necessary to map the soils or miscellaneous areas separately. The
pattern and relative proportion of the soils or miscellaneous areas are somewhat
similar. Alpha-Beta association, 0 to 2 percent slopes, is an example.
An undifferentiated group is made up of two or more soils or miscellaneous areas
that could be mapped individually but are mapped as one unit because similar
interpretations can be made for use and management. The pattern and proportion
of the soils or miscellaneous areas in a mapped area are not uniform. An area can
be made up of only one of the major soils or miscellaneous areas, or it can be made
up of all of them. Alpha and Beta soils, 0 to 2 percent slopes, is an example.
Some surveys include miscellaneous areas. Such areas have little or no soil
material and support little or no vegetation. Rock outcrop is an example.
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Lake County, California
112—Benridge-Konocti association, 15 to 30 percent slopes
Map Unit Setting
National map unit symbol: hf52
Elevation: 1,000 to 4,500 feet
Mean annual precipitation: 30 to 35 inches
Mean annual air temperature: 57 degrees F
Frost-free period: 140 to 200 days
Farmland classification: Not prime farmland
Map Unit Composition
Benridge and similar soils: 40 percent
Konocti and similar soils: 20 percent
Konocti and similar soils: 20 percent
Minor components: 20 percent
Estimates are based on observations, descriptions, and transects of the mapunit.
Description of Benridge
Setting
Landform: Hills, mountains
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Upper third of mountainflank, side slope
Down-slope shape: Concave, linear
Across-slope shape: Convex, linear
Parent material: Volcanic ash
Typical profile
H1 - 0 to 6 inches: loam
H2 - 6 to 21 inches: gravelly clay loam
H3 - 21 to 63 inches: gravelly clay
H4 - 63 to 68 inches: gravelly clay
Properties and qualities
Slope: 15 to 30 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Runoff class: High
Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20
to 0.57 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Moderate (about 8.6 inches)
Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4e
Hydrologic Soil Group: C
Ecological site: R015XY014CA - Loamy Mountains 20-40"ppt
Hydric soil rating: No
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Description of Konocti
Setting
Landform: Hills, mountains, ravines, ridges
Landform position (two-dimensional): Shoulder, backslope, summit
Landform position (three-dimensional): Upper third of mountainflank, side slope,
nose slope
Down-slope shape: Concave, linear
Across-slope shape: Convex, linear
Parent material: Residuum weathered from andesite
Typical profile
H1 - 0 to 8 inches: cobbly loam
H2 - 8 to 16 inches: stony loam
H3 - 16 to 32 inches: very stony sandy clay loam
H4 - 32 to 39 inches: very stony sandy loam
H5 - 39 to 49 inches: bedrock
Properties and qualities
Slope: 15 to 30 percent
Depth to restrictive feature: 39 to 43 inches to lithic bedrock
Drainage class: Well drained
Runoff class: High
Capacity of the most limiting layer to transmit water (Ksat): Very low to moderately
low (0.00 to 0.06 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Low (about 4.1 inches)
Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4e
Hydrologic Soil Group: C
Ecological site: R015XY009CA - Hills 20-40"ppt
Hydric soil rating: No
Description of Konocti
Setting
Landform: Hills, mountains, ridges, ravines
Landform position (two-dimensional): Shoulder, backslope, summit
Landform position (three-dimensional): Upper third of mountainflank, side slope,
nose slope
Down-slope shape: Concave, linear
Across-slope shape: Convex, linear
Parent material: Residuum weathered from andesite
Typical profile
H1 - 0 to 4 inches: stony loam
H2 - 4 to 11 inches: stony loam
H3 - 11 to 28 inches: very stony sandy clay loam
H4 - 28 to 38 inches: bedrock
Properties and qualities
Slope: 15 to 30 percent
Surface area covered with cobbles, stones or boulders: 0.1 percent
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Depth to restrictive feature: 28 to 32 inches to lithic bedrock
Drainage class: Well drained
Runoff class: High
Capacity of the most limiting layer to transmit water (Ksat): Very low to moderately
low (0.00 to 0.06 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Low (about 3.1 inches)
Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4e
Hydrologic Soil Group: C
Ecological site: R015XY009CA - Hills 20-40"ppt
Hydric soil rating: No
Minor Components
Konocti, variant
Percent of map unit: 4 percent
Hydric soil rating: No
Steeper slopes
Percent of map unit: 4 percent
Hydric soil rating: No
Rock outcrop
Percent of map unit: 4 percent
Hydric soil rating: No
Gentler slopes
Percent of map unit: 4 percent
Hydric soil rating: No
Unnamed
Percent of map unit: 4 percent
Hydric soil rating: No

113—Benridge-Konocti association, 30 to 50 percent slopes
Map Unit Setting
National map unit symbol: hf53
Elevation: 1,000 to 4,500 feet
Mean annual precipitation: 30 to 35 inches
Mean annual air temperature: 57 degrees F
Frost-free period: 140 to 200 days
Farmland classification: Not prime farmland
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Map Unit Composition
Benridge and similar soils: 40 percent
Konocti and similar soils: 30 percent
Konocti and similar soils: 15 percent
Minor components: 15 percent
Estimates are based on observations, descriptions, and transects of the mapunit.
Description of Benridge
Setting
Landform: Hills, mountains
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Upper third of mountainflank, side slope
Down-slope shape: Concave, linear
Across-slope shape: Convex, linear
Parent material: Volcanic ash
Typical profile
H1 - 0 to 6 inches: loam
H2 - 6 to 21 inches: gravelly clay loam
H3 - 21 to 63 inches: gravelly clay
H4 - 63 to 68 inches: gravelly clay
Properties and qualities
Slope: 30 to 50 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Runoff class: High
Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20
to 0.57 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Moderate (about 8.6 inches)
Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 6e
Hydrologic Soil Group: C
Ecological site: R015XY014CA - Loamy Mountains 20-40"ppt
Hydric soil rating: No
Description of Konocti
Setting
Landform: Hills, hills, mountains, ridges
Landform position (two-dimensional): Backslope, shoulder, summit
Landform position (three-dimensional): Upper third of mountainflank, side slope,
nose slope
Down-slope shape: Concave, linear
Across-slope shape: Convex, linear
Parent material: Residuum weathered from andesite
Typical profile
H1 - 0 to 8 inches: cobbly loam
H2 - 8 to 16 inches: stony loam
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H3 - 16 to 32 inches: very stony sandy clay loam
H4 - 32 to 39 inches: very stony sandy loam
H5 - 39 to 49 inches: bedrock
Properties and qualities
Slope: 30 to 50 percent
Depth to restrictive feature: 39 to 43 inches to lithic bedrock
Drainage class: Well drained
Runoff class: High
Capacity of the most limiting layer to transmit water (Ksat): Very low to moderately
low (0.00 to 0.06 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Low (about 4.1 inches)
Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 6e
Hydrologic Soil Group: C
Ecological site: R015XY014CA - Loamy Mountains 20-40"ppt
Hydric soil rating: No
Description of Konocti
Setting
Landform: Hills, hills, mountains, ridges
Landform position (two-dimensional): Backslope, shoulder, summit
Landform position (three-dimensional): Upper third of mountainflank, side slope,
nose slope
Down-slope shape: Concave, linear
Across-slope shape: Convex, linear
Parent material: Residuum weathered from andesite
Typical profile
H1 - 0 to 4 inches: stony loam
H2 - 4 to 9 inches: stony loam
H3 - 9 to 28 inches: very stony sandy clay loam
H4 - 28 to 38 inches: bedrock
Properties and qualities
Slope: 30 to 50 percent
Surface area covered with cobbles, stones or boulders: 0.1 percent
Depth to restrictive feature: 28 to 32 inches to lithic bedrock
Drainage class: Well drained
Runoff class: High
Capacity of the most limiting layer to transmit water (Ksat): Very low to moderately
low (0.00 to 0.06 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Low (about 3.0 inches)
Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 6e
Hydrologic Soil Group: C
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Ecological site: R015XY014CA - Loamy Mountains 20-40"ppt
Hydric soil rating: No
Minor Components
Steeper slopes
Percent of map unit: 3 percent
Hydric soil rating: No
Rock outcrop
Percent of map unit: 3 percent
Hydric soil rating: No
Konocti, variant
Percent of map unit: 3 percent
Hydric soil rating: No
Unnamed
Percent of map unit: 2 percent
Hydric soil rating: No
Unnamed
Percent of map unit: 2 percent
Hydric soil rating: No
Unnamed
Percent of map unit: 2 percent
Hydric soil rating: No

118—Bottlerock-Glenview-Arrowhead complex, 30 to 50 percent slopes
Map Unit Setting
National map unit symbol: hf58
Elevation: 1,500 to 3,000 feet
Mean annual precipitation: 40 inches
Mean annual air temperature: 55 degrees F
Frost-free period: 150 to 200 days
Farmland classification: Not prime farmland
Map Unit Composition
Bottlerock and similar soils: 40 percent
Glenview and similar soils: 20 percent
Arrowhead and similar soils: 15 percent
Minor components: 25 percent
Estimates are based on observations, descriptions, and transects of the mapunit.
Description of Bottlerock
Setting
Landform: Hills
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Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Concave
Across-slope shape: Convex
Parent material: Residuum weathered from obsidian
Typical profile
H1 - 0 to 5 inches: very gravelly loam
H2 - 5 to 19 inches: very gravelly loam
H3 - 19 to 39 inches: very gravelly sandy clay loam
H4 - 39 to 63 inches: very gravelly clay
Properties and qualities
Slope: 30 to 50 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Runoff class: Very high
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to
moderately high (0.06 to 0.20 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Low (about 4.8 inches)
Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 6e
Hydrologic Soil Group: C
Ecological site: F005XZ010CA - Very Deep Gravelly Mesic Hills 40-60"ppt
Hydric soil rating: No
Description of Glenview
Setting
Landform: Hills
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Concave
Across-slope shape: Concave
Parent material: Residuum weathered from obsidian
Typical profile
H1 - 0 to 1 inches: very gravelly loam
H2 - 1 to 6 inches: gravelly loam
H3 - 6 to 15 inches: clay loam
H4 - 15 to 65 inches: gravelly clay
H5 - 65 to 75 inches: bedrock
Properties and qualities
Slope: 30 to 50 percent
Depth to restrictive feature: 65 to 69 inches to lithic bedrock
Drainage class: Well drained
Runoff class: High
Capacity of the most limiting layer to transmit water (Ksat): Very low to moderately
low (0.00 to 0.06 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
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Frequency of ponding: None
Available water supply, 0 to 60 inches: Moderate (about 8.4 inches)
Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 6e
Hydrologic Soil Group: C
Ecological site: F005XZ010CA - Very Deep Gravelly Mesic Hills 40-60"ppt
Hydric soil rating: No
Description of Arrowhead
Setting
Landform: Hills
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Convex
Across-slope shape: Convex
Parent material: Residuum weathered from obsidian
Typical profile
H1 - 0 to 1 inches: very gravelly sandy loam
H2 - 1 to 8 inches: gravelly sandy loam
H3 - 8 to 14 inches: gravelly sandy clay loam
H4 - 14 to 31 inches: very stony clay
H5 - 31 to 41 inches: bedrock
Properties and qualities
Slope: 30 to 50 percent
Depth to restrictive feature: 31 to 35 inches to lithic bedrock
Drainage class: Well drained
Runoff class: High
Capacity of the most limiting layer to transmit water (Ksat): Very low to moderately
low (0.00 to 0.06 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Very low (about 2.6 inches)
Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 6e
Hydrologic Soil Group: C
Ecological site: F005XZ006CA - Mesic Hills <40"ppt
Hydric soil rating: No
Minor Components
Steeper slopes
Percent of map unit: 10 percent
Hydric soil rating: No
Unnamed, cobbly
Percent of map unit: 10 percent
Hydric soil rating: No
Unname, severely eroded
Percent of map unit: 5 percent
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Hydric soil rating: No

148—Kidd-Forward complex, 5 to 30 percent slopes
Map Unit Setting
National map unit symbol: hf67
Elevation: 400 to 4,500 feet
Mean annual precipitation: 30 to 60 inches
Mean annual air temperature: 48 to 55 degrees F
Frost-free period: 145 to 260 days
Farmland classification: Not prime farmland
Map Unit Composition
Kidd and similar soils: 60 percent
Forward and similar soils: 20 percent
Minor components: 20 percent
Estimates are based on observations, descriptions, and transects of the mapunit.
Description of Kidd
Setting
Landform: Hillslopes, mountains
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Center third of mountainflank, side slope
Down-slope shape: Convex
Across-slope shape: Convex
Parent material: Residuum weathered from rhyolite
Typical profile
H1 - 0 to 9 inches: gravelly loam
H2 - 9 to 16 inches: gravelly sandy loam
H3 - 16 to 26 inches: bedrock
Properties and qualities
Slope: 5 to 30 percent
Depth to restrictive feature: 16 to 20 inches to lithic bedrock
Drainage class: Well drained
Runoff class: Low
Capacity of the most limiting layer to transmit water (Ksat): Low to high (0.01 to
5.95 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Very low (about 1.9 inches)
Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 6e
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Hydrologic Soil Group: D
Ecological site: F015XY015CA - Loamy Mountains >40"ppt
Hydric soil rating: No
Description of Forward
Setting
Landform: Mountains, hillslopes
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Center third of mountainflank, side slope
Down-slope shape: Concave
Across-slope shape: Concave
Parent material: Residuum weathered from rhyolite
Typical profile
H1 - 0 to 9 inches: loam
H2 - 9 to 25 inches: gravelly sandy loam
H3 - 25 to 60 inches: bedrock
Properties and qualities
Slope: 5 to 30 percent
Depth to restrictive feature: 25 to 29 inches to paralithic bedrock
Drainage class: Somewhat excessively drained
Runoff class: Low
Capacity of the most limiting layer to transmit water (Ksat): Very low to moderately
low (0.00 to 0.06 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Low (about 3.1 inches)
Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 6e
Hydrologic Soil Group: B
Ecological site: F015XY010CA - Hills >40"ppt
Hydric soil rating: No
Minor Components
Aiken
Percent of map unit: 10 percent
Hydric soil rating: No
Rock outcrop
Percent of map unit: 5 percent
Hydric soil rating: No
Unnamed, steeper slopes
Percent of map unit: 5 percent
Hydric soil rating: No
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151—Konocti-Benridge complex, 50 to 75 percent slopes
Map Unit Setting
National map unit symbol: hf6b
Elevation: 1,000 to 4,500 feet
Mean annual precipitation: 30 to 35 inches
Mean annual air temperature: 57 degrees F
Frost-free period: 140 to 200 days
Farmland classification: Not prime farmland
Map Unit Composition
Konocti and similar soils: 40 percent
Konocti and similar soils: 30 percent
Benridge and similar soils: 15 percent
Minor components: 15 percent
Estimates are based on observations, descriptions, and transects of the mapunit.
Description of Konocti
Setting
Landform: Hillslopes, mountains
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Mountainflank, side slope
Down-slope shape: Concave
Across-slope shape: Convex
Parent material: Residuum weathered from andesite
Typical profile
H1 - 0 to 4 inches: stony loam
H2 - 4 to 9 inches: stony loam
H3 - 9 to 28 inches: very stony sandy clay loam
H4 - 28 to 38 inches: bedrock
Properties and qualities
Slope: 50 to 75 percent
Depth to restrictive feature: 28 to 32 inches to lithic bedrock
Drainage class: Well drained
Runoff class: High
Capacity of the most limiting layer to transmit water (Ksat): Low to moderately high
(0.01 to 0.57 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Low (about 3.0 inches)
Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7e
Hydrologic Soil Group: C
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Ecological site: R015XY014CA - Loamy Mountains 20-40"ppt
Hydric soil rating: No
Description of Konocti
Setting
Landform: Hillslopes, mountains
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Mountainflank, side slope
Down-slope shape: Concave
Across-slope shape: Convex
Parent material: Residuum weathered from andesite
Typical profile
H1 - 0 to 8 inches: cobbly loam
H2 - 8 to 16 inches: stony loam
H3 - 16 to 32 inches: very stony sandy clay loam
H4 - 32 to 39 inches: very stony sandy loam
H5 - 39 to 49 inches: bedrock
Properties and qualities
Slope: 50 to 75 percent
Surface area covered with cobbles, stones or boulders: 0.1 percent
Depth to restrictive feature: 39 to 43 inches to lithic bedrock
Drainage class: Well drained
Runoff class: High
Capacity of the most limiting layer to transmit water (Ksat): Low to moderately high
(0.01 to 0.57 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Low (about 4.1 inches)
Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7e
Hydrologic Soil Group: C
Ecological site: R015XY014CA - Loamy Mountains 20-40"ppt
Hydric soil rating: No
Description of Benridge
Setting
Landform: Hillslopes, mountains
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Mountainflank, side slope
Down-slope shape: Concave
Across-slope shape: Concave
Parent material: Residuum weathered from andesite
Typical profile
H1 - 0 to 6 inches: loam
H2 - 6 to 21 inches: gravelly clay loam
H3 - 21 to 63 inches: gravelly clay
H4 - 63 to 68 inches: gravelly clay
Properties and qualities
Slope: 50 to 75 percent
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Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Runoff class: High
Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20
to 0.57 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Moderate (about 8.6 inches)
Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7e
Hydrologic Soil Group: C
Ecological site: R015XY014CA - Loamy Mountains 20-40"ppt
Hydric soil rating: No
Minor Components
Unnamed
Percent of map unit: 5 percent
Hydric soil rating: No
Konocti, variant
Percent of map unit: 5 percent
Hydric soil rating: No
Sodabay
Percent of map unit: 5 percent
Hydric soil rating: No

203—San Joaquin variant fine sandy loam, 0 to 5 percent slopes
Map Unit Setting
National map unit symbol: hf80
Elevation: 1,300 to 1,500 feet
Mean annual precipitation: 25 to 35 inches
Mean annual air temperature: 57 degrees F
Frost-free period: 155 to 205 days
Farmland classification: Not prime farmland
Map Unit Composition
San joaquin, variant, and similar soils: 85 percent
Minor components: 15 percent
Estimates are based on observations, descriptions, and transects of the mapunit.
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Description of San Joaquin, Variant
Setting
Landform: Terraces
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Alluvium derived from volcanic rock
Typical profile
H1 - 0 to 21 inches: fine sandy loam
H2 - 21 to 25 inches: clay
H3 - 25 to 30 inches: indurated
H4 - 30 to 65 inches: stratified loamy sand to fine sandy loam
Properties and qualities
Slope: 0 to 5 percent
Depth to restrictive feature: More than 80 inches; 25 to 30 inches to duripan
Drainage class: Well drained
Runoff class: Medium
Capacity of the most limiting layer to transmit water (Ksat): Very low (0.00 to 0.00
in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Very low (about 2.9 inches)
Interpretive groups
Land capability classification (irrigated): 4e
Land capability classification (nonirrigated): 4e
Hydrologic Soil Group: B
Hydric soil rating: No
Minor Components
Wolfcreek
Percent of map unit: 5 percent
Hydric soil rating: No
Unnamed
Percent of map unit: 5 percent
Hydric soil rating: No
Unnamed
Percent of map unit: 5 percent
Landform: Depressions
Hydric soil rating: Yes
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APPENDIX D

THEIS DRAWDOWN ANALYSIS
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