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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
Emerald Mountain Farms, Inc. (EMF) is seeking a Major Use Permit from the County of Lake for
a proposed Outdoor Commercial Cannabis Cultivation Operation at 1850 Ogulin Canyon Road
near Clearlake, CA on Lake County APN 010-053-03 (Project Parcel). The proposed cultivation
operation would be composed of a 34,316 ft2 outdoor cultivation/canopy area, a 15,000 ft2 outdoor
cultivation/canopy area, a 10,000 ft2 outdoor cultivation/canopy area, a 6,862 ft2 outdoor
cultivation/canopy area, a 2,384 ft2 outdoor cultivation/canopy area, a 120 ft2 Pesticides and
Agricultural Chemicals Storage Area (existing wooden shed), a 120 ft2 Security Center (proposed
wooden shed), and nine 5,000-gallon water storage tanks. The total combined outdoor
cultivation/canopy area would be 68,802 ft2.
The 78-acre Rural Lands-zoned Project Parcel is located approximately 1.5 miles east of Clearlake,
CA in eastern Lake County. The Project Parcel is accessed via Ogulin Canyon Road, a shared
private gravel access road that connect to Highway 53 approximately 1.5 miles east of the Project
Property. A metal gate across Ogulin Canyon Road controls access to the Project Property (main
entrance). Existing improvements on the Project Parcel include a groundwater well, a man-made
off stream water storage reservoir, a private residence, and a shop (metal building).
The Project Parcel consists of a series of low hills bisected by Blackeye Canyon, with elevations
ranging from 1,556 to 1,790 feet above mean sea level, and 10 and 40 percent slopes. The proposed
cultivation operation would be located on a low ridge that divides the Burns Valley-Frontal Clear
Lake watershed (HUC12) from the Grizzly Creek-North Fork Cache Creek watershed (HUC12).
An unnamed intermittent Class II watercourse at the bottom of Blackeye Canyon flows from south
to west through western half of the Project Parcel. Multiple ephemeral Class III watercourses form
on the Project Property, and either flow south into Blackeye Canyon or north into Phipps Creek
(offsite). There are two existing culverted ephemeral Class III watercourse crossings in the western
half of the Project Parcel on Ogulin Canyon Road. All proposed project disturbance would occur
more than 100 feet from surface water bodies.
The proposed outdoor cannabis cultivation areas and associated facilities are/will be accessed via
an existing private gravel access road off of Ogulin Canyon Road. 6-foot tall woven wire fences
will be erected around the proposed cultivation area(s), and privacy screen/cloth will be installed
on the fences where necessary to screen the cultivation 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,
with drip irrigation systems. All cannabis waste generated from the proposed cultivation operation
will be composted on-site within a designated secure composting area, and composted cannabis
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waste will be incorporated into the soils of the cultivation areas each year as a soil amendment.
Fertilizers/nutrients, pesticides, and petroleum products will be securely stored inside the proposed
Pesticides and Agricultural Chemicals Storage Area (existing 120 ft2 wooden shed).
An existing onsite groundwater well located at Latitude 38.980376° and Longitude -122.577846°,
will serve as the water source for the proposed cultivation operation. The cultivation season for
the proposed outdoor cultivation operation would begin on or after April 15th of each year, and
end on or before November 15th of each year. Water from the onsite groundwater well will be
stored within nine 5,000-gallon water storage tanks located adjacent to the onsite groundwater
well. Irrigation water would then be pumped from the water tanks to the drip irrigation systems of
the proposed cultivation/canopy areas.
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Figure 1 – Site Location Map
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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 months of August, with an
estimated water use of approximately 58,704 gallons per acre during the month of August.
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, with drip irrigation systems, and the total combined outdoor cultivation/canopy area would
be 68,562 ft2. Based on our experience, we estimate that the annual water use requirement for the
for the proposed cultivation operation will be approximately 4.7 acre-feet (above ground
cultivation = ~3 acre-feet per acre of canopy). Table 1 (below) presents the expected water use of
the proposed cultivation operation in gallons by month during the cultivation season (April through
November).
April

May

June

July

August

September

October

November

64,000

196,000

244,000

262,000

294,000

278,000

162,000

32,000

Table 1 – Estimated Monthly Water Use
Based on the water use estimates above, we estimate that the proposed cultivation operation would
have a maximum water use requirement of approximately 9,800 gallons per day, with an average
water demand of approximately 7,300 gallons per day during the cultivation season (~210 days).

WATER AVAILABILITY
All water for the proposed cultivation operation will come from the existing onsite groundwater
well located at Latitude: 38.980376° and Longitude: -122.577846°, near the southern boundary
of the Project Property. This groundwater well was drilled to a depth of 260 feet below ground
surface (bgs) in March of 2018, through brown gravelly clay (0-40 feet bgs), shale and sandstone
(40-200 feet bgs), greenstone (200-210 feet bgs), and Franciscan gravels (210-260 feet bgs). This
well had an estimated yield of 50 gallons per minute (gpm) at the time it was drilled
(Attachment B: Onsite Well Completion Report and Well Test). On January 14th, 2021
Cramer Enterprises (License No. 98176) conducted a well performance test of the onsite
groundwater well. During the well performance test, the water level in the onsite groundwater
well was monitored while it was pumped at +30 gpm. The static water level in the onsite
groundwater well was 105.8 feet bgs prior to the start of the well performance test. The water
level in the onsite groundwater well stabilized at 117.4 feet bgs during the well performance test
(Attachment B: Onsite Well Completion Report and Well Test). The water level within the
well recovered to 107.8 feet bgs within 10 minutes after the pumping ceased. A Specific

5

Capacity of 2.6 gpm/foot of drawdown (i.e., 30 gpm / 11.6 feet) was calculated from the well
performance test data.
The well yield test data suggests that the onsite groundwater well can produce approximately 2.6
gpm for every foot of drawdown in the well. Additionally, EMF performed water level
measurements during July and August of 2021, and the static water level in the onsite groundwater
well was found to be between 113 and 116 feet bgs. The peak anticipated daily demand for water
of the proposed cultivation operation is ~9,800 gallons, which the onsite groundwater well could
produce in 5 hours and 27 minutes when pumped at 30 gpm. Additionally, EMF proposes to
establish at least 45,000 gallons of water storage capacity on the property. The well recovery
observations of the well yield test and the recent water level measurements indicate that the onsite
groundwater well would be able to produce sufficient water for the proposed cultivation operation
without causing overdraft conditions.

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).
To estimate the groundwater recharge at the site, we first must assume that the recharge to the
aquifer is primarily through rainfall across the 78-acre Project Parcel (Lake County APNs 010053-03). Therefore, the annual precipitation available for recharge onsite can initially be estimated
using the following data and equation.
78 acres x 2.75 feet (Average Annual Precipitation for Clearlake, CA) = 214.5 acre-feet
Estimated Annual Precipitation Onsite = 214.5 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. Since the Project Property is hilly and covered in gravelly clay loam soils and vegetation,
we estimate that the long-term average precipitation that recharges groundwater within the entire
site to be approximately 10%. With this data and the precipitation data presented above, we can
estimate the groundwater recharge of the Project Property by using the following equation.
214.5 acre-feet/year (annual precipitation onsite) x 0.10 (long term average recharge) =
Estimated Groundwater Recharge = 21.5 acre-feet/year
Based on the estimated average annual recharge to the aquifer of/under the Project Parcel (~21.5
acre-feet/year) and the estimated annual water usage of the proposed cultivation operation (4.7
acre-feet/year), it appears that EMF will have enough water to meet their demands without causing
overdraft conditions.
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However, the estimates above do not account for severe drought conditions, as we have seen over
the last decade. The California Department of Water Resources ranked Water Year 2021 (October
1st, 2020 through September 30th, 2021) as the State’s fourth driest on record. During Water Year
2021, less than 10 inches (approximately 9.5 inches) of precipitation fell on the USGS Cache Creek
Precipitation Gage near Lower Lake, CA (closest USGS Precipitation Gage to the Project Parcel).
If we rerun the calculations above using this precipitation data, we can obtain the following
estimate for groundwater recharge during Water Year 2021.
78 acres x 0.8 feet (Water Year 2021 Precipitation for Lower Lake, CA) = 62.4 acre-feet
62.4 acre-feet (Water Year 2021 Onsite Precip) x 0.10 (long term average recharge) =
Estimated Severe Drought Value for Groundwater Recharge = 6.2 acre-feet
The estimated amount of water available to recharge the aquifer under the Project Property during
a severe drought year (~6.2 acre-feet) is still greater than the estimated annual water usage of the
proposed cultivation operation (~4.7 acre-feet).

POTENTIAL IMPACTS TO STREAMS & NEIGHBORING WELLS
Urgency Ordinance 3106 requires analysis of the “Cumulative impact of water use to surrounding
areas due to project” implementation. To do this, we must first identify surrounding areas and uses
that could be impacted from the project’s well pumping/water usage. As outlined in previous
sections of this report, all water for the proposed cultivation operation would come from an existing
onsite groundwater well located near the southern boundary of the Project Parcel, and the proposed
cultivation operation would have an annual water use requirement of approximately 4.7 acre-feet
(~1,532,000 gallons) per year.
An unnamed intermittent Class II watercourse at the bottom of Blackeye Canyon flows from south
to west through western half of the Project Parcel. Multiple ephemeral Class III watercourses form
on the Project Property, and either flow south into Blackeye Canyon or north into Phipps Creek
(offsite). The ephemeral and intermittent watercourses of the Project Property do not support
aquatic habitat year-round and are typically dry by May of each year, when pumping for the
proposed cultivation operation would increase to potentially significant levels. Therefore, the
potential for stream depletion as a result of the proposed onsite groundwater usage is not
considered a concern to this assessment.
The California Department of Water Resources’ Well Completion Report Map Application
indicates that there are seven groundwater wells (including the onsite groundwater well) in the
same Sections as the Project Property (Township 13N, Range 07W, Sections 12 & 13; Township
13N, Range 06W, Sections 07 & 18). However, upon further review, it is apparent that four of the
wells shown on the Well Completion Report Map Application as being located within the same
Sections as the Project Property, are actually located within Sections that over two miles east and
northeast of the Project Property. Additionally, three wells shown on the Well Completion Report
Map Application as being located in Sections over a mile north of the Project Property, were
determined to be located within the same Sections as the Project (Attachment D: Well
Completion Reports for Nearest Known Wells). Figure 2, on the next page, shows the
approximate locations of the nearest known wells to the Project Property (Figure 2 – Nearest
Known Wells Location Map).
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To evaluate potential well pumping impacts to surrounding areas and uses, the potential lateral
extent of pumping from the onsite groundwater well was estimated. Using general relationships
discussed in Groundwater and Wells, Second Edition (Driscoll 19865), we estimate the lateral
pumping influence using information from the January 14, 2021 well performance test performed
by Cramer Enterprises (License No. 984176). An approximate relationship between specific
capacity calculated from the well yield test and aquifer transmissivity was used to obtain aquifer
characteristics and estimate a potential radius of pumping influence. Transmissivity was estimated
for a confined aquifer, using the relationship of specific capacity (yield/drawdown) multiplied by
the coefficients of 1,500 (for an unconfined aquifer) and 2,000 (for a confined aquifer). To develop
the slope of the drawdown curve from the pumping well, the value of Δs (drawdown over on log
graph cycle) was calculated for a distance-drawdown relationship, where T = 528Q/Δs (Driscoll
1986, equation 9.115). The analysis is shown on the attached semi-log plot (Attachment E –
Radius of Influence Analysis).
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Figure 2 – Nearest Known Wells Location Map
Using data from the Well Performance Test Report and the general relationships outlined above,
we calculated a zone of pumping influence extending approximately 100 feet from the onsite
groundwater well for an unconfined aquifer, and approximately 1,100 feet for a confined aquifer.
The nearest known neighboring well, located at 2002 Ogulin Canyon Road (Lake County APN
010-055-43), is located approximately 1,400 feet north of the onsite groundwater well. The second
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nearest known neighboring well, located at 2122 Ogulin Canyon Road (Lake County APN 010053-02), is located over 2,300 feet east of the onsite groundwater well. Given the horizontal and
vertical separations between the onsite groundwater well and neighboring wells, it does not appear
that pumping for the proposed cultivation operation will result in well interference.

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. EMF’s proposed cannabis cultivation
operation would have up to 68,562 ft2 of outdoor cultivation/canopy area, with a total combined
estimated annual water use requirement of approximately 4.7 acre-feet (~1,532,000 gallons). Per
the Water Conservation and Use requirements outlined in the State Water Resources Control
Board’s Cannabis General Order, EMF shall implement the following Best Practical Treatment
and Control (BPTC) measures to conserve water resources:
● Regularly inspect their entire water delivery system for leaks and immediately repair any
leaky faucets, pipes, connectors, or other leaks;
● Apply weed-free mulch in cultivation areas that do not have ground cover to conserve soil
moisture and minimize evaporative loss;
● Implement water conserving irrigation methods (drip or trickle and micro-spray irrigation);
● Maintain daily records of all water used for irrigation of cannabis. Daily records will be
calculated by using a measuring device (inline water meter) installed on the main irrigation
supply line between the water storage area and cultivation area(s);
● Install float valves on all water storage tanks to keep them from overflowing onto the
ground.
With the Water Conservation and Use requirements outlined above, EMF’s proposed cultivation
operation would efficiently use water resources at all times.
To ensure both success and decreased impacts to the surrounding areas, EMF plans to reduce their
outdoor cultivation/canopy area and water usage by 10 percent, when a drought emergency has
been declared for their region. To reduce their water usage by 10 percent, EMF will not plant 6,856
ft2 or more of their proposed cultivation/canopy area. The cultivation/canopy area(s) to be left
fallow will depend on when a drought emergency is declared (before or after the proposed canopy
areas have been planted) and the phase of site/project development. Additionally, EMF will
prioritize the preferred canopy areas over less desirable canopy areas (based on cultivation
experience) when determining which canopy areas to maintain and which to leave fallow. By
implementing the Drought Management Plan outlined above, EMF would reduce their estimated
annual water demand from approximately 1,532,000 gallons to 1,378,000 gallons during periods
of drought.
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CONCLUSIONS
All water for the proposed cultivation operation will come from the existing onsite groundwater
well located at Latitude: 38.980376° and Longitude: -122.577846°, near the southern boundary of
the Project Property. This groundwater well was drilled to a depth of 260 feet below ground surface
in March of 2018, with an estimated yield of 50 gallons per minute at the time it was drilled. A
recent well performance test performed in January of 2021, indicates that the onsite groundwater
well can produce at least 30 gallons per minute. From the well performance test data we can
calculate a Specific Capacity of approximately 2.6 gpm/foot for the onsite groundwater well. The
total estimated annual water use requirement for the proposed cultivation operation is
approximately 1,532,000 gallons per year.
Based on data from the recent well performance test and the estimated water use requirement(s)
for the proposed cultivation operation, it appears that the onsite groundwater well is a sufficient
water source for the proposed cultivation operation. Based on the estimated average annual
recharge to the aquifer under the Project Parcel (~21.5 acre-feet/year) and the estimated annual
water usage of the proposed cultivation operation (4.7 acre-feet/year), 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 calculated a zone of pumping influence for the proposed cultivation operation extends up to
1,100 feet from the onsite groundwater well. It does not appear that pumping for the proposed
cultivation operation will impact neighboring wells, given the horizontal and vertical separations
between the onsite groundwater well and neighboring wells. Additionally, it does not appear that
pumping for the proposed cultivation operation will impact nearby ephemeral and intermittent
watercourses, as they are typically dry by April or May of each year, when pumping for the
proposed cultivation operation would increase to potentially significant levels.
Emerald Mountain Farms’ Drought Management Plan is to reduce their outdoor cultivation/canopy
area and water usage by 10 percent, to ensure both success and decreased impacts to the
surrounding areas during a drought emergency. The canopy area(s) to be left fallow will depend
on when a drought emergency is declared and the phase of site/project development. By
implementing their Drought Management Plan, Emerald Mountain Farms would reduce their
estimated annual water demand from approximately 1,532,000 gallons to approximately
1,378,000gallons, during periods of drought.
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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 Emerald Mountain Farms, Inc., 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.

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
AND WELL TEST

Danielle Fontenot

4 1/2” pvc

1850 Ogulin Canyon Rd
RH/Reese

105.8’
246’

16944649

240’ + pump
0035150

2 HP 230v Grundfos

0040540

x

1/14/21
13:35
13:36
13:37
13:38
13:39
13:40
13:42
13:44
13:46
13:48
13:50
13:55
14:00
14:05
14:20
14:35
14:50
15:05
15:35
16:05
16:35
17:05

1 min
1 min
1 min
1 min
1 min
1 min
2 min
2 min
2 min
2 min
2 min
5 min
5 min
5 min
15 min
15 min
15 min
15 min
30 min
30 min
30 min
30 min

0035150

0040540

30.5
30.5
30.5
30.5
30.5
30.5
30.5
30.5
30.5
30.5
30.5
30
30
30
30
30
30
30
30
30
30

112.7’
115.3’
115.7’
115.6’
115.8’
115.8’
115.8’
115.8’
115.8’
115.8’
115.8’
116.2
116.2’
116.4’
116.5’
116.6’
116.7’
116.8’
117’
117.2’
117.4’
117.4’

Recovery
17:10
17:11
17:12
17:13
17:14
17:15

117’
114’
111’
108’
107.8’
107.8’

Clear

Sulfur smell

Sulfur smell

Clear

Sulfur smell

ATTACHEMENT C
PROPOSED AND EXISTING CONDITIONS SITE PLANS
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EXISTING CONDITIONS SITE PLAN
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PROPOSED CONDITIONS SITE PLAN - PHASE I
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CULTIVATION SITE PLAN WITH CANOPY
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ATTACHEMENT D
WELL COMPLETION REPORTS FOR NEAREST KNOWN WELLS

ATTACHEMENT E
RADIUS OF INFLUENCE ANALYSIS

Radius of Influence Analysis
Well Borehole Radius (from Well Completion Report) = 7.25”/2 x 1’/12” = 0.3 feet
Specific Capacity (using data from Well Test)
30 gpm (yield) / 11.6 feet (drawdown) = 2.6 gpm/foot of drawdown
Specific Capacity (SC) = 2.6
Modified Jacob’s equation from Driscoll Appendix 16-D (Driscoll 19865)
Transmissivity Confined Aquifer T = SC x 2000; T = 5,200 gpft/day
Distance Drawdown Equation Driscoll 9.11 (Driscoll 19865) T=528Q/ Δs
Δs = 528Q/T; Δs = 528 x 10.6 gpm (peak anticipated 24-hour demand) / 5,200
Δs = 1.1’
Distance (feet)
0.1

Drawdown (feet)

2
4

1.0

10

Well Radius
0.3 feet
.1’
Δs = 1

1,000

Radius of
Influence
≈ 1,000 feet

6
8
10
12

Drawdown 4.1
feet at 10.6 gpm

100

Drawdown at
one log cycle
(3 feet)

