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INTRODUCTION
The purpose of this Hydrology Study/Report is to provide adequate information regarding the
water usage for a proposed cannabis cultivation operation and its impacts to surrounding areas.
This report was written to meet the requirements of an Urgency Ordinance requiring land use
applicants to provide enhanced water analysis during a declared drought emergency, approved by
the Lake County Board of Supervisors on July 27th, 2021 (Attachment A – Urgency Ordinance
No. 3106).

PROJECT DESCRIPTION
Akwaaba, LLC (Akwaaba) is seeking a Major Use Permit from the County of Lake, for a proposed
commercial cannabis cultivation operation at 11795 North Drive near Clearlake Park, California
on Lake County APN 010-019-15 (Project Parcel). Akwaaba’s proposed cultivation operation will
be composed of two A-Type 3 “Medium Outdoor” cultivation areas and an A-Type 2B “Small
Mixed-Light” cultivation area (with a total combined cultivation/canopy area of 83,280 ft2), a
1,800 ft2 Drying & Harvest Storage Facility (existing metal barn), and a 160 ft2 Pesticide &
Agricultural Chemicals Storage Area (proposed metal shipping/storage container). The proposed
cultivation areas will be enclosed with 6-foot tall galvanized woven wire fences, covered with
privacy screen/mesh where necessary to screen the cultivation/canopy areas from public view. The
growing medium of the proposed outdoor cultivation/canopy areas will be an imported organic
soilless growing medium (composed mostly of composted forest material) in aboveground fabric
pots. Akwaaba will use drip and micro-spray irrigation systems to deliver irrigation water to the
aboveground fabric pots, and to conserve water resources. All water for the proposed cultivation
operation will come from the existing onsite groundwater well located at Latitude: 38.99555° and
Longitude: -122.68973°.
The Project Parcel is located along the spine of Sulphur Bank Ridge, near the base of a large
peninsula that extends out into Clear Lake. The western extent of the large peninsula is known as
Sulphur Bank Point. There are no watercourses or other surface water bodies (including wetlands
and vernal pools) on the Project Parcel. Stormwater runoff from the Project Parcel flows north,
south, and east, into ephemeral drainages that discharge into Clear Lake (north and south) or Borax
Lake (east). Soils of the Project Parcel in the area of the proposed cultivation operation are
identified as the Maymen-Millsholm-Bressa complex by the NRCS Web Soil Survey (attached),
and characterized as well-drained gravelly and clay loams derived from residuum weathered from
sedimentary rock. The United States Geological Survey Map of the Santa Rosa Quadrangle (1982)
defines the area in the vicinity of the Project Property as the Franciscan Complex, composed
mostly of sandstone, shale, conglomerate, chert, greenstone, and metagraywacke. The Project
Property is not located within any of the 13 groundwater basins/source areas identified in the 2006
Lake County Groundwater Management Plan.
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Figure 2 – Surrounding Area Aerial Image
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WATER USAGE
Cannabis has often been characterized as a high-water-use plant. Bauer et al. (2015)1 and Carah et
al (2015)2 estimate that cannabis plants can consume up to approximately 6 gallons per plant per
day, whereas grapes consume approximately 3.5 gallons per plant per day in the North Coast
region of California. Other authors, however, have reported that water use requirement for
cannabis plants are similar to those of other agricultural crops, such as corn and hops, with an
estimated water use requirement of 25-35 inches per year (Hammon et al. 20153). According to a
recent study published in the Journal of Environmental Management (Dillis et al. 20204), outdoor
and mixed-light cannabis cultivation uses the most water during the month of August, with an
estimated water use of approximately 58,704 gallons per acre during the month of August.
According to Akwaaba’s Water Use Management Plan, they expect a total annual water use
requirement of 1,296,900 gallons for irrigation purposes, with the greatest daily water usage
coming in the month of August (approximately 9,776 gallons). The following table (from
Akwaaba’s Water Use Management Plan) presents the expected water use of the proposed
cultivation operation by month during the cultivation season in gallons and acre-feet, during the
cultivation season (April through November).
April

May

June

July

August

September

October

November

32,585
0.1

65,170
0.2

162,925
0.5

260,680
0.8

293,270
0.9

260,680
0.8

195,510
0.6

32,585
0.1

Akwaaba’s water usage estimates are based on an estimated water use requirement of 25 inches
per year, which is greater than the water use estimates outlined in the recent study published in the
Journal of Environmental Management (Dillis et al. 20204).

WATER AVAILABILITY
All water for the proposed cultivation operation will come from the existing onsite groundwater
well located at Latitude: 38.99555° and Longitude: -122.68973°. This groundwater well was
drilled in November of 2020, through shale, chert, and sand stone, to a depth of 660 feet below
ground surface (bgs). This well had an estimated yield of 80 gallons per minute at the time it was
drilled (Attachment B: Onsite Well Completion Report). On May 29th, 2021 an NSF/ANSI 61
compliant positive displacement mechanical brass totalizing meter and a Well Watch 670 sonic
water level meter equipped with data logging capabilities, were installed on the groundwater
well. Immediately following installation of this equipment, an 8-hour pump test was performed
to thoroughly evaluate the production capacity of the well using a small electrical pump that had
previously been installed in the well. The small electrical pump could only produce 12 gallons
per minute (gpm) at a depth of 600 feet below ground surface. During the pump test, the water
level in the well only dropped four feet and remained static for the duration of the 8-hour pump
test (Attachment C - Will Peterson Well Drilling Well Yield/Pump Test). A total of
approximately 5,760 gallons were pumped from the well during the pump test. Within 5 minutes
after pumping of the well ceased, the water level in the well rebounded to 600 feet below ground
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surface (100% recovery). A Specific Capacity of 3 gpm/foot of drawdown (i.e., 12 gpm / 4 feet) was
calculated from the pump test data.

The well yield test data suggests that the onsite groundwater well can produce approximately 3
gpm for every foot of drawdown in the well during eight hours of pumping. The well recovery
observations demonstrated that the well may be able to produce this water without causing
overdraft conditions. With the site aquifer extending to approximately 660 bgs, that calculates to
approximately 60 feet of available well drawdown (660 feet - 600 feet (static water level)). Based
on the well yield test and the Well Completion Report information, it does appear that the well can
produce much more than 12 gpm with a more powerful pump (as much as 80 gpm as indicated on
the Well Completion Report). The peak anticipated daily demand for water of the proposed
cultivation operation is ~9,776 gallons per day, which equates to a need for the water supply well
to produce at least 13.6 gpm over a 12-hour pumping period (or 6.8 gpm over a 24-hour period).
Additionally, Akwaaba proposes to establish at least 20,000 gallons of water storage capacity on
the property.

AQUIFER/GROUNDWATER RECHARGE
Groundwater recharge is the replenishment of an aquifer with water from the land surface. It is
usually expressed as an average rate of inches of water per year, similar to precipitation. Thus, the
volume of recharge is the rate times the land area under consideration times the time period, and
is usually expressed as acre-ft per year. In addition to precipitation, other sources of recharge to
an aquifer are stream and lake or pond seepage, irrigation return flow (both from canals and fields),
inter-aquifer flows, and urban recharge (from water mains, septic tanks, sewers, and drainage
ditches). The Project Parcel is located near the base of a large peninsula that extends out into Clear
Lake. The aquifer from which Akwaaba’s existing onsite groundwater well is recharged, is
composed of sandstone, and is approximately 520 feet to at least 660 feet bgs (Attachment B –
Onsite Well Completion Report).
To estimate the groundwater recharge at the site, we first must assume that the recharge to the
aquifer is primarily through rainfall across the 97-acre Project Property (Lake County APNs 010019-10 and 15). Therefore, the annual precipitation available for recharge onsite can initially be
estimated using the following data and equation.
97 acres x 2.75 feet (Average Annual Precipitation for Clearlake, CA) = 266.75 acre-feet
Estimated Annual Precipitation Onsite = 266.75 acre-feet/year
However, this estimate does not account for surface run-off, stream underflow, and
evapotranspiration that occurs in all watersheds. According to the USGS, the long-term average
precipitation that recharges groundwater in the northern California region is approximately 15
percent, but can be as low as 1.67 percent. Since the Project Property is mountainous, but covered
in somewhat excessively drained gravelly loam soils and vegetation, we estimate that the longterm average precipitation that recharges groundwater within the entire site is at least 3% (a
conservative estimate). With this data and the precipitation data presented above, we can estimate
the groundwater recharge of the Project Property by using the following equation.
266.75 acre-feet/year (annual precipitation onsite) x 0.03 (long term average recharge) =
Estimated Groundwater Recharge = 8.0 acre-feet/year
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Based on the estimated average annual recharge to the aquifer under the Project Property (~8 acrefeet/year) and the estimated annual water usage of the proposed cultivation operation (~4 acrefeet/year), it appears that Akwaaba will have enough water to meet their demands without causing
overdraft conditions.

POTENTIAL IMPACTS TO STREAMS & NEIGHBORING WELLS
We must first identify onsite and nearby surface water bodies and groundwater wells to evaluate
potential impacts from the project’s well pumping/water usage. There are no surface water bodies
on the Project Property, and the nearest intermittent or perennial watercourse to the onsite
groundwater well is Clear Lake. Clear Lake is a large perennial surface water body with over a
million acre-feet of storage. The onsite groundwater well is located over 1,000 feet from Clear
Lake, and is recharged by a confined sandstone aquifer with an estimated hydraulic conductivity
between 0.28 and 0.0003 feet per day (Freeze and Cherry, 1979, p.295). Given the relatively low
hydraulic conductivity of the aquifer, and the relatively long distance between the onsite
groundwater well and Clear Lake, it does not appear that pumping for cultivation will have any
impact on nearby surface water bodies (i.e. Clear Lake).
The California Department of Water Resources’ Well Completion Report Map Application
indicates that there are four groundwater wells in the same Section as the Project Property
(Township 13N, Range 08W, Section 12). However, upon further review, it is apparent that two
of the wells shown on the Well Completion Report Map Application as being located within
Section 12, are actually located within Sections that over two miles northwest of the Project
Property (not within Section 12). Additionally, a well shown on the Well Completion Report Map
Application as being located within Section 11, was determined to be located within Section 12
(same Section as the Project Property). All three of the wells that were identified as being located
within Section 12, are located more than 2,000 feet from Akwaaba’s onsite groundwater well, and
were drilled in 1999 to a maximum depth of 30 feet (Figure 3 – Nearest Known Wells Location
Map). The Well Completion Reports for these wells do not indicate that any of the three wells
were drilled into the confined sandstone aquifer that recharges the onsite groundwater well
(Attachment D: Well Completion Reports for Nearest Known Wells). Given the long distance
between the onsite groundwater well and the nearest known wells to the Project Property, and the
fact that the known wells were not drilled into the same aquifer as the onsite groundwater well, it
does not appear that pumping for cultivation will have any impact on neighboring wells.
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DROUGHT MANAGEMENT PLAN
The Urgency Ordinance approved by the Lake County Board of Supervisors on July 27th, 2021
(Ordinance No. 3106) requires applicants to provide a plan depicting how the applicants plan to
reduce water use during a declared drought emergency. Akwaaba’s proposed cannabis cultivation
operation will have up to 73,560 ft2 of outdoor canopy area and 9,720 ft2 of mixed-light canopy
area, with a total combined estimated annual water use requirement of 1,296,900 gallons. Akwaaba
intends to plant the mixed-light canopy areas on or around May 1st of each year (depending on
climatic conditions), and the outdoor canopy areas on or around June 1st of each year. Akwaaba
anticipates that they will be able to obtain the first of two harvests from the mixed-light canopy
areas in July of each year, with the second harvest from the mixed-light canopy areas in November.
Akwaaba anticipates that they will be able to harvest the outdoor canopy areas in October of each
year.
To ensure both success and decreased impacts to the surrounding areas, Akwaaba plans to reduce
their water usage during the second half of the cultivation season by more than 11%, by not
replanting the mixed-light canopy areas after the first harvest when a drought emergency has been
declared for their region. This reduction will occur during the hottest and driest months, when
water usage for the proposed cultivation operation is at its highest (July, August, and September).
The peak anticipated daily demand for water of the proposed cultivation operation is ~9,776
gallons per day (when not under a declared drought emergency). By not replanting the mixed-light
canopy areas during a drought emergency, Akwaaba will reduce the peak anticipated daily demand
for water of the proposed cultivation operation by approximately 1,141 gallons per day. The table
below summarizes the anticipated reduction in water usage for the proposed cultivation operation
during a drought emergency.
Estimated Water Use
During Normal
Operations (gallons)
Estimated Water Use
During Drought
Emergency (gallons)

July

August

September

October

November

260,680

293,270

260,680

195,510

32,585

230,255

259,040

230,255

172,690

2,000

By implementing the Drought Management Plan outlined above, Akwaaba will reduce their
estimated annual water demand by 148,485 gallons during the second half of the cultivation season
when available water resources are at their most scarce.
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CONCLUSIONS
All water for the proposed cultivation operation will come from the existing onsite groundwater
well located at Latitude: 38.99555° and Longitude: -122.68973°. This groundwater well was
drilled in November of 2020, through shale, chert, and sand stone, to a depth of 660 feet below
ground surface. The confined aquifer from which the onsite groundwater well is recharged, is
composed of sandstone and is approximately 520 feet to at least 660 feet below ground surface.
The onsite groundwater well had an estimated yield of 80 gallons per minute at the time it was
drilled. An 8-hour pump test was performed to evaluate the production capacity of the well in May
of 2021. From the pump test data we can calculate a Specific Capacity of 3 gpm/foot for the onsite
groundwater well. Based on well yield test data collected at the site, it appears that the aquifer
storage and recharge area are sufficient to provide for sustainable annual water use at the site and
on the Project Property.
The Project Property is not located within any of the 13 groundwater basins/source areas identified
in the 2006 Lake County Groundwater Management Plan and there are no known neighboring
wells that receive water from the confined sandstone aquifer that recharges the onsite groundwater
well. Additionally, there are no surface water bodies on the Project Property, and the nearest
perennial surface water body (Clear Lake) is located over 1,000 feet from the onsite groundwater
well. Therefore, we do not anticipate any impacts from the proposed cannabis cultivation
operation’s water usage to neighboring wells or surrounding areas.

LIMITATIONS
Realm Engineering is not responsible for the independent conclusions, opinions or
recommendations made by others based on the records review, site inspection, field exploration,
and interpretations presented in this report.
Groundwater systems of Lake County are typically complex, and available data rarely allows
for more than general assessment of groundwater conditions and delineation of aquifers.
Hydrologic interpretations are based on Well Completion Reports made available to us through
the California Department of Water Resources, available geologic maps and hydrological studies
and professional judgment. This analysis is based on limited available data and relies
significantly on interpretation of data from disparate sources of disparate quality.
It should be noted that hydrological assessments are inherently limited in the sense that
conclusions are drawn and recommendations developed from information obtained from limited
research and site evaluation. Additionally, the passage of time may result in a change in the
environmental characteristics at this site and surrounding properties. This report does not warrant
against future operations or conditions, nor does this warrant operations or conditions present or
a type or at a location not investigated.
This report is for the exclusive use of Akwaaba, LLC, their affiliates, designates and assignees,
and no other party shall have any right to rely on any service provided by Realm Engineering
without prior written consent.
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Please feel free to contact me with any questions that you may have regarding this Hydrology
Study/Report.
Sincerely,
Jason Vine, P.E. 67800

Realm Engineering
1767 Market Street, Suite C
Redding, CA 96001
530-526-7493
info@realm-engineering.com
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ATTACHEMENT A
URGENCY ORDINANCE NO. 3106

ATTACHEMENT B
ONSITE WELL COMPLETION REPORT

ATTACHEMENT C
WILL PETERSON WELL DRILLING WELL YIELD/PUMP TEST

WILL PETERSON WELL DRILLING

Quincy Jackson
11795 North Drive
Clearlake Park. CA 95424
6/1/2021
To whom this may concern,
The static water level was 600’ below surface before test began. The static level
dropped to 604’ for a drawn down of 4’ after 30 minutes @ 12 GPM.
We pumped 12 GPM for 8 hours. During the test the static never went past 604’ below
the surface. Once the pump was stopped the well recharged the static to 600’ below
surface in 5 minutes.
The static was rechecked 24 hours from the end of the test and static level was at 600’
below surface.
Feel free to call us with any questions at (707) 277-0103 or (707) 272-1121.
Sincerely,

Will Peterson Well Drilling
Lic#1009053

PO Box 695
Kelseyville, CA
95451

PHONE (707) 277-0103
FAX (707) 277-0103
EMAIL William.peterson707@yahoo.com
WEBSITE www.willpetersonwelldrilling.com

ATTACHEMENT D
WELL COMPLETION REPORTS FOR NEAREST KNOWN WELLS

ATTACHMENT E
EXISTING AND PROPOSED CONDITIONS SITE PLANS

APN:010-019-15, 010-019-10
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