June 10, 2021

MEMORANDUM
To:

Ryan Rhoades, Mendocino City Community Services District

From:

Michael Maley, PE, PG, CHg

Re:

ADMINISTRATIVE DRAFT - Mendocino 2020 Groundwater Management Update

Todd Groundwater is pleased to submit this technical memorandum documenting the 2020
Groundwater Management Update for the Mendocino City Community Services District (MCCSD or
District).

1.

SCOPE

The scope of for the Mendocino 2020 Groundwater Management Update is based on an agreement
between MCCSD and Todd Groundwater dated September 21, 2020, and authorized by MCCSD on
October 18, 2020. The update covers the period since the last update performed for MCCSD that went
through 2014. The scope consists of the following tasks:
•
•
•
•
•

Evaluate groundwater conditions based on collected local groundwater and climate data .
Include a description of the characteristics of the Mendocino Headlands Aquifer.
Tabulate local metered pumping data for the model updates.
Update the Mendocino Groundwater Model with data from WY2015 through WY2020 to assess
recent groundwater conditions.
Provide an initial assessment of potential groundwater conditions for the current water year
(WY2021).

This technical memorandum summarizes the results of the above scope of work. The results of the 2020
Groundwater Management Update were presented at the March 29, 2021, MCCSD Board Meeting. An
earlier presentation to provide background on the Mendocino Headlands Aquifer and prior technical
work was given to the Groundwater Advisory Committee on November 10, 2020.
To better evaluate groundwater conditions in the context of California’s climate, data are evaluated over
a water year defined as the period from October through the following September. This period captures
the cause-and-effect relationship on groundwater conditions of the typical rainy winter season followed
by the low rainfall and higher pumping during the summer. A water year is differentiated from a
calendar year in this report by adding the “WY” prefix to the year.

2.

STATEMENT ON THE CURRENT WY2020 AND WY2021 DROUGHT

Starting in WY2020, a historically severe drought has taken hold of the Mendocino area and much of
Northern California. Mendocino County Board of Supervisors declared a countywide drought state of
emergency on April 20, 2021. The County drought declaration requests all local water suppliers to
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implement their local water shortage contingency plans. On April 21, 2021, Governor Gavin Newsom
declared a drought emergency in Mendocino and Sonoma counties. The governor’s order is more
focused on the Russian River and gives the state Water Resources Control Board the power to curtail
some users’ rights to divert water from the river to preserve supply for homes and other priority users.
In Mendocino during WY2020, the total precipitation was 20.43 inches (51% of average) for the water
year. A Stage 4 Water Shortage 1 was declared in May 2020 due to low precipitation, but that was later
reduced to a Stage 2 Water Shortage based on higher than anticipated groundwater levels attributed to
water conservation measures. For WY2021, a total of 17.76 inches of precipitation fell from October
through May (46% of average for this period). A Stage 4 Water Shortage was again declared in May
2021.
The combined two-year total precipitation for WY2020 and WY2021 is 38.19 inches through May 2021.
This total puts WY2020 and WY2021 in line to be the lowest two-year precipitation total in the 120-year
history of precipitation data collected in Mendocino. The lowest two-year total prior to the current
situation was 41.90 inches in 1932-1933 and 45.36 inches in 1976-1977. Figure 1 compares the monthly
precipitation for WY2019 through WY2021 (through May) and WY1975 through WY1977 2. The threeyear graphs provide the preceding average rainfall year to compare with the two-year drought
conditions. The 1976-77 drought is remembered as having severe impacts in Mendocino County that
resulted in the development of the Coastal Groundwater Development Guides under the Mendocino
County General Plan. Based on these comparisons, the current drought in Mendocino is of historic
proportion and is on track to become the driest two-year period in over 120 years.
Furthermore, the average depth to groundwater in May 2021 is 17.54 feet, which is 1.5 feet lower than
the May depths that occurred in other recent drought years when dry well issues occurred (see Section
4.2). As a result, groundwater levels in WY2021 may reach the lowest levels seen in Mendocino since
the historic 1976-1977 drought. If this occurs, the number of dry wells in Mendocino is anticipated to be
higher than those seen during the droughts of the past 20 years.
The primary mechanism available to the community to keep as many of these wells operational as
possible is water conservation. As will be discussed in more detail in Section 5, the water use by local
residences and businesses has significantly declined even though the population has remained relatively
stable. This is considered to the result of long-term water conservation efforts taken by the community
to permanently lower their water usage through changes in water use practices and investment in water
conserving appliances and fixtures. This change in water use is likely helping the community limit the
impacts of recent drought on the water supply. As discussed in Section 3, water conservation helps to
delay the onset of the depressurizing event that leads to wells going dry, but only significant rainfall can
rectify the situation.
The following discussion provides background for understanding the groundwater aquifer in Mendocino
and provides an assessment of groundwater conditions over the period from WY2015 through WY2020.
Ongoing groundwater conditions for WY2021 are unfolding now; however, the precipitation data clearly
indicates that the area is undergoing a historically severe multi-year drought.

Stages of water shortage are declared by the MCCSD and are generally based on rainfall. A Stage 4 Water
Shortage is considered a severe water shortage emergency and requires residents and customers to reduce their
water use by 40% and includes other District-wide temporary conservation measures.
2
Fort Bragg station used for WY1975-WY1977 because MCCSD monthly rainfall data for this period is unavailable
1
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3.

BACKGROUND

MCCSD was established in 1971 as a first step towards addressing the community’s wastewater and
water issues. Figure 2 shows the limits of the MCCSD service area. The first action of the District was to
implement a wastewater treatment facility and collection system in 1975.
3.1

Local Groundwater Management

In 1990, MCCSD took over groundwater management authority from Mendocino County and adopted a
Groundwater Management Plan. The Groundwater Management Plan contains a Groundwater
Extraction Permit Ordinance (MCCSD Ordinance 2020-1) that establishes groundwater allotments based
on the size and type of development on the parcel and requires a hydrological study prior to the
issuance of a groundwater extraction permit. MCCSD’s current groundwater management policies are
to promote water conservation measures, to increase the use of reclaimed water to reduce
groundwater extraction, and to actively collect and analyze groundwater conditions on a regular basis.
Limited groundwater resources in the Mendocino Headlands have led to severe water shortages during
the dry summer months for residents with marginal wells, especially during periods when significant
droughts have impacted the area. The District developed a Water Shortage Contingency Plan (WSCP)
that provides guidelines for implementing water conservation measures during drought years (Questa,
2006, 2009). In the WSCP, winter precipitation was correlated to summer groundwater conditions and
the timing of rainfall was found to be significant so that a wet spring may ease the impacts to
groundwater, whereas a dry spring can exacerbate conditions (Kennedy/Jenks, 2006). As a result, the
WSCP requires tracking both total rainfall for the water year starting in October and a spring (February
through May) subtotal (Questa, 2006, 2009). In May 2020, the WSCP was reauthorized by MCCSD
(MCCSD, 2020) by MCCSD Ordinance 2020-2.
3.2

Mendocino Headlands Aquifer

The Town of Mendocino is located on the Mendocino Headlands along the Pacific Coast (Figure 2). The
Mendocino Headlands Aquifer consists of hard, dark-colored rock (Franciscan Complex or bedrock)
containing numerous fractures overlain by sand layers (terrace deposits). The terrace deposits are
marine sands that represent former beach and near shore environments (DWR, 1985). The terraces
form an essentially flat surface that covers the underlying Franciscan Complex. The terraces are also
overlain by a 1-to-4-foot thick sandy organic soil horizon (DWR, 1985). Figure 3 shows a photograph of
the northern headlands to illustrate the relationship between the soil, terrace deposits and the bedrock.
The terrace deposits are distributed over much of the Mendocino Headlands area (Figure 4). The sandy
terrace deposits have relatively high infiltration rate so they act as highly efficient recharge areas. In
addition, the distribution of the perennially-saturated areas of terrace deposits (Figure 4) plays a key
role in sustaining the water supply throughout the Mendocino Headlands Aquifer. Four marine terraces
found on the Mendocino Headlands:
•

The Caspar Point is the youngest terrace (about 100,000 years old) and occurs between
elevations of 40 to 80 feet (DWR, 1985). The Caspar Point is found closest to the current
coastline along the western Headland area including much of the State Park land and averages
about 10 feet thick. This terrace is composed of medium-grained loose sand with few fines.

•

The Jughandle Terrace is the second youngest terrace (about 200,000 year old) and occurs
between elevations of 80 to 160 feet (DWR, 1985). The Jughandle Terrace underlies much of
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the Downtown and southern Headland areas and averages about 20 feet thick with maximum
thicknesses of up to 35 feet. This terrace is composed of fine-grained and silty sand.
•

The Railroad Terrace is the third youngest terrace (about 300,000 year old) and occurs between
elevations of 160 to 200 feet (DWR, 1985). The Railroad Terrace underlies much of the area in
the northern Headland area (DWR, 1985). This terrace is composed of fine-grained sand but has
a higher percentage of silt and clay than the younger terraces.

•

The Fern Creek Terrace is highest and oldest terrace (about 400,000 years old) and occurs
between elevations of 300 to 400 feet (DWR, 1985) in the area east of Highway 1. The Fern
Creek Terrace ranges up to 15 feet thick that is composed of fine-grained silt and clayey sand
(DWR, 1985).

Underlying the terrace deposits is the bedrock unit composed of the Franciscan Complex Coastal Belt
that consists of interbedded greywacke sandstone and shale (DWR, 1985). The Franciscan Complex has
a very low primary porosity (i.e., void space in the rock); however, it contains significant secondary
porosity due to pervasive rock fracturing that is the result of both local surficial weathering and regional
geologic stresses. The degree of fracturing is thought to decrease with depth and distance from the
coastline (DWR, 1985).
Precipitation is the primary source of groundwater recharge for the Mendocino Headlands Aquifer via
direct infiltration through the soil. During a rainfall event, the precipitation is partitioned into either
runoff or infiltration. Runoff flows as surface water towards streams, culverts or other drainages where
it eventually discharges to the Pacific Ocean. The precipitation that infiltrates through the soil will
accumulate in the underlying aquifer as recharge. In contrast, areas where the Franciscan Complex
outcrops or is covered by only a thin veneer of soil will have relatively low infiltration rates so these
areas tend to be poor recharge areas.
The physical setting of the Mendocino Headlands influences groundwater flow in the area. Unlike
typical California groundwater basins which contain alluvial sediments surrounded by low permeability
bedrock that holds the water in the basin, the Mendocino Headlands Aquifer is surrounded by cliffs. As
a result, a major portion of the annual groundwater outflow is through the springs along the cliffs
(Questa and ETIC, 2004; Kennedy/Jenks, 2006).
Due to the physical characteristics of the Mendocino Headlands Aquifer, the aquifer has limited ability
to store groundwater over an extended period of time. This leaves Mendocino water supply vulnerable
to a single and multi-year droughts. Conversely, these same characteristics allow the aquifer to recover
quickly from a drought with just one season of average to above average precipitation (Questa and ETIC,
2004; Questa, 2006, 2009; Kennedy/Jenks, 2006, MCCSD, 2020). Therefore, groundwater conditions in
Mendocino are closely associated with year-to-year precipitation.
3.3

Mendocino Water Supply

Groundwater is pumped from privately-owned wells at individual residences and businesses. There are
over 300 private water supply wells within the District boundaries (Figure 5). The highest density of
pumping wells is found in the southern portion of the Mendocino Headlands in the downtown area
where commercial development is most concentrated. Well depths typically range between 40 to
200 feet, with most new wells in the range of 100 to 150 feet. A few older wells are as shallow as 20 to
25 feet. Shallower wells may be completed solely in the terrace deposits. Flow rates to wells are quite
variable, but typically range from 1 to 10 gallon per minute (gpm) with only a few wells able to reach
20 gpm.
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Most wells in Mendocino produce water from the fractured bedrock; however, there is no known or
predictable pattern to the rock fracturing. As a result, wells which produce water up to 10 gpm may be
located less than 200 feet from wells which are only capable of producing water at 1 gpm. As shown on
the Figure 6 schematic, the more reliable water wells intercept multiple fracture zones in the bedrock
and are well connected to groundwater in the terrace deposits, such as Well 1 in the center of the
figure. Wells 2 and 3 will likely not provide as much water as Well 1. Well 4 only extends into the terrace
deposits and is dependent upon water availability in those soil deposits. Water supply reliability issues
can occur in shallow wells once groundwater levels drop below the level where the well can sustain the
level of pumping necessary to meet its water supply requirements.
The higher porosity of the terrace deposits allows groundwater to slowly seep from the terrace deposits
into the low-porosity fractured bedrock. The terrace deposits act as a reservoir that both recharges and
pressurizes the underlying fractured bedrock aquifer throughout the year (DWR, 1985; Questa and ETIC,
2004; Kennedy/Jenks, 2006). The low permeability of the fractured rock restricts its ability to transmit
groundwater which limits the natural outflow rate to the springs, thus allowing groundwater to remain
in the aquifer through the summer months. The pumping wells essentially intercept groundwater that
would otherwise have discharged to the ocean through the springs along the cliffs. This is illustrated in
Figure 7. Therefore, sustaining groundwater levels in the terrace deposits is an important aspect for
maintaining the Mendocino water supply because these groundwater levels sustain both the
groundwater supply and pressure necessary to pump wells.
3.4

Prevalence of Dry Wells

Because of low well yields, most properties employ storage tanks and the community has implemented
significant water conservation measures. Even so, some wells run dry in the late fall months. When this
happens, water is trucked in to replenish storage tanks for the affected properties. This practice
becomes more widespread during periods of drought.
The vulnerability of a water well for potentially going dry during drought conditions is attributed to
several factors. The primary cause is that during drought periods, low groundwater levels in the terrace
deposits results in both less recharge, but more importantly, lower pressures in the underlying fractured
bedrock. This situation leads to higher instances of dry or underperforming wells in Mendocino during
drought periods. Poor well design, pump installation and maintenance issues can also reduce well
performance.
In 2014, the District conducted a well survey to collect more specific data on the effects of drought on
local residents. The survey received a 72% response rate from District well owners. Based on that
survey, about 15% of the reported wells went dry during some period in 2013 or 2014. Of the reported
dry wells, about 78% were located in the downtown area west of Highway 1 and these properties
accounted for about 97% of the reported total volume of imported water during this period. A second
area with multiple dry wells is located south of Little Lake Road about a quarter mile west of the
Mendocino K-8 School. Over half (57%) of all dry wells are shallow wells (depth <35 feet), and 33% of all
the shallow wells reported went dry. In contrast, deeper wells (depth >35 feet) represented 35% of all
dry wells, but less than 10% of deeper wells went dry. These results indicate that shallow wells are
generally more vulnerable to drought conditions than deeper wells.
The primary mechanism available to the community to keep as many of these wells operational as
possible is water conservation. Water conservation reduces pumping and that action helps to delay the
onset of the depressurizing event that leads to wells going dry. Once a portion of the aquifer has
become so depressurized due to low groundwater levels that it is unable to sustain pumping, there is
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little more that can be done at that time to help this situation. The primary mechanism for water well
recovery is the return of higher groundwater levels following the next significant rainfall.

4.

LOCAL GROUNDWATER DATA ASSESSMENT

As part of the groundwater management program, MCCSD collects precipitation and groundwater
levels. The following discussion provides a summary of these data with respect to ongoing groundwater
management for WY2015 through WY2021.
4.1

Precipitation

MCCSD maintains a weather station that has annual precipitation records since 1901 and monthly
records since 1991. Average annual rainfall for Mendocino is about 40 inches based on local
precipitation records extending back to 1901 (Figure 8). Rainfall in Mendocino is highly seasonal with,
on average, over 80% of annual rainfall occurring between November through March, and 97%
occurring between October and May. Precipitation in June through September is typically minimal. The
following summarizes recent climatic conditions based on the MCCSD precipitation station data for each
year since WY2015:
•

WY2015 had 31.1 inches of total rainfall (78% of average) for the water year and6.7 inches of
spring rainfall (40% of average). A Stage 2 Water Shortage was in effect for most of WY2015.

•

WY2016 had 44.5 inches of total rainfall (111% of average) for the water year and 14.4 inches of
spring rainfall (86% of average). Drought conditions did not occur in WY2016.

•

WY2017 had 57.3 inches of total rainfall (143% of average) for the water year and 22.3 inches of
spring rainfall (133% of average). Drought conditions did not occur in WY2017.

•

WY2018 had 32.5 inches of total rainfall (81% of average) for the water year and 15.5 inches of
spring rainfall (92% of average). Drought conditions did not occur in WY2018.

•

WY2019 had 45.6 inches of total rainfall (114% of average) for the water year and26.8 inches of
spring rainfall (160% of average). Drought conditions did not occur in WY2019.

•

WY2020 had 20.4 inches of total rainfall (51% of average) for the water year and 5.6 inches of
spring rainfall (33% of average). A Stage 4 Water Shortage was declared in May 2020 due to low
precipitation, but that was later reduced to a Stage 2 Water Shortage based on higher than
anticipated groundwater levels attributed to water conservation measures.

•

WY2021 (through May) has had 17.76 inches of total rainfall (46% of average for the period) for
the water year and, 6.5 inches of spring rainfall (39% of average). A Stage 4 Water Shortage was
declared in May 2021 based on precipitation criteria.

The Mendocino area experienced an extended drought period from WY2012 through WY2015
characterized by significantly below average rainfall. Precipitation was near normal to wet during from
WY2016 through WY2019. WY2020, however, marked a return to severe drought conditions. The twoyear total for WY2020 and WY2021 (to date) puts this period on track to be the driest two-year
precipitation total in the 120-year history of precipitation measurements for Mendocino (Figure 8).
4.2

Groundwater Level Trends

Since October 2002, MCCSD has collected monthly groundwater levels from a network of 24 wells
located across the District as shown on Figure 9. From 1996 to 2002, groundwater levels were collected
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from a network of 7 wells. MCCSD compiles these data and uses an average depth to groundwater
(DTW) graph in presenting these data to the Board of Directors and posts this graph on their website.
This has been a convenient format to present the groundwater elevation data to illustrate the general
trends in the groundwater levels as opposed to showing individual hydrographs for each well. Figure 10
(upper graph) shows the average depth to water measurements from the 24 wells for the period from
2002 through 2021, and the average measurements for the seven wells from 1996 to 2002.
The lowest groundwater levels generally occur in the Fall prior to the first substantial rainfall of the wet
season. Groundwater levels appear to start to rise after about 9 inches of precipitation (DWR, 1985).
Groundwater levels continue to increase in response to each rainfall event throughout the main rainy
season from January through April. Groundwater levels typically reach maximum levels in March or
April. Following the last large rainfall event in April or early May, groundwater levels begin their
summer decline in response to continued pumping and little to no rainfall. Groundwater levels continue
to decline until the first substantial rain event, and then the pattern repeats itself for the following year.
During droughts, the highest groundwater levels during the winter months are several feet lower than
the same months in above average rainfall years. These trends continue into the late summer and early
fall where the average DTW may drop below 20 feet (Figure 10 upper graph). The other drought factor
is the distribution of the rainfall. During years with low springtime rainfall, the highest average DTW will
occur one or months earlier than in normal or wet rainfall years. When the seasonal decline in
groundwater levels begins early, both the magnitude and duration of average DTWs reaching drought
levels is extended.
During drought periods, there is a higher prevalence of dry or underperforming wells that require
property owners to purchase water that is delivered to their location. Comparing the average DTW
hydrograph (top of Figure 10) to drought conditions shows a general correspondence to a significant
increase in the number of dry wells when the average DTW level for the 24 monitoring wells is 20 feet or
greater. This is shown on Figure 10 (upper graph as the orange-colored area below the depth of 20 feet.
This appears to be the threshold where desaturated terrace deposits reach the point where there is
insufficient groundwater to sustain pumping in the more poorly situated wells that have a history of
vulnerability to going dry.
During severe droughts, the average DTW falls below 20 feet and stays at those levels for extended
periods. These are the periods when the number of dry wells increases to include wells that are
typically able to sustain groundwater pumping throughout the year. This comparison illustrates the
sensitivity of the Mendocino Headlands Aquifer to relatively small changes in groundwater levels of just
a few feet. Once the average DTW reaches 20 feet, the number of wells that go dry rapidly increases
with each additional foot of decline. These periods occurred during the major droughts in WY2008,
WY2009, WY2013, WY2014, WY2015, and WY2020 (Figure 10 upper graph).
For WY2021, data are available through May. Figure 10 (upper graph) shows that the maximum
groundwater level in WY2021 occurred in March, but at one of the lowest levels in the 20-year
groundwater level history. Figure 10 (lower graph) compares the average DTW for the month of May
from 2003 through 2021. This shows that the average DTW for WY2009, WY2013, WY2014, WY2015,
and WY2020 was about 16 feet. In WY2021, however, the average DTW is 17.54 feet, which is 1.5 feet
lower than the drought years listed above where dry well issues occurred. The groundwater level data
assessment for WY2021 indicates that groundwater levels may reach the lowest levels seen in
Mendocino likely since the historic 1976-1977 drought. If this occurs, the number of dry wells in
Mendocino is anticipated to be higher than those seen during the droughts of the past 20 years.
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5.

METERED PUMPING DATA

One of the requirements of the Stage 4 Water Shortage declared in WY2014 was to install meters on
remaining unmetered water connections. The District provided Todd Groundwater with the monthly
metered totals and updated information on estimated water use.
5.1

Metered Accounts

MCCSD requires the reporting of monthly metered pumping volumes from each customer account. In
2020, approximately 68% of the District’s monthly meter readings are from residential property owners,
12% from commercial lodging providers (e.g. hotels, bed and breakfast), 10% from commercial
businesses, and 8% are from mixed residential and commercial properties. The remaining 2% of the
readings are from schools and for various miscellaneous uses.
MCCSD has established water allotments to equitably allocate the groundwater resource to all
developed parcels. Allotments are based on the size and type of parcel development to ensure that each
developed parcel has a proportionate share of the groundwater supply. When a Stage 3 Water Shortage
Emergency is declared, customers allotments are reduced by 20%, and during a Stage 4 Water Shortage
Emergency customers allotments are reduced by 40%. Once the water shortage emergency has ended,
customer allotments are increased back to their full permitted rate.
From WY2016 through WY2019, customer participation in metered reading ranged from 86% to 89% of
total customer accounts; however, in WY2020, customer participation dropped to 68%. In WY2015,
which was the year following the requirement for all accounts to have meters, customer participation
was 76%.
In tabulating the metered pumping volumes, gaps in the reported meter readings were interpolated.
Since the reporting included the total pumping recorded by the meter, the pumping could be distributed
over the period since the last reported reading. Accounts where no meter readings were reported
(about 2% of total customer accounts) were assumed to be using their full allotment except for those
accounts specifically designated as inactive. Pumping by accounts that did not report data in WY2020
was assumed to be the same volume as the equivalent month in WY2019.
5.2

Metered Groundwater Pumping

Groundwater pumping over the past six years, when full metered pumping data are available, ranged
from 65 acre-feet per year (AFY) in WY2015 to 74 AFY in WY2017 (Figure 11, top graph) with a six-year
average of 70 AFY. The lowest pumping was in WY2015 and WY2020. Since these were drought years,
this likely represents active water conservations measures taken by the community in response to
MCCSD water shortage declarations and possibly inactive dry wells. The highest pumping occurred in
WY2017 and WY2019. These were two wet years and is interpreted to represent the level of
groundwater pumping that occurs without enforced water shortage restrictions and without droughtrelated impacts to well production.
The metered pumping data can be evaluated to assess seasonal variations in groundwater pumping.
Figure 11 (bottom graph) shows the average monthly percentage of the total annual pumping over the
6-year period. These data show a typical pattern with the lowest water use occurring in winter months
(December and January) and the highest groundwater use occurring in the summer months (June to
September). From October to May, the average monthly percentage ranges from 6.9% to 8.3%. From
June to September, the average monthly percentage ranges from 9.2% to 10.5%. About 40% of the total
2020 GW Update
Mendocino City CSD

8

TODD GROUNDWATER

ADMINISTRATIVE DRAFT
annual groundwater pumping occurs during June through September. This is likely due to increased
outdoor water use and summer tourist activities.
Groundwater pumping can also be assessed by customer account type. Figure 12 (upper graph) shows
that annual total groundwater pumping (in gallons) for each of the main customer account types. These
include:
•
•
•
•
•

Residential water use accounted for approximately 41% of the total water use
Visitor Accommodation water use accounted for approximately 25% of the total water use
Commercial water use accounted for approximately 24% of the total water use
Mixed Use water use accounted for approximately 8% of the total water use
Public accounts water use accounted for approximately 2% of the total water use.

In general, the water use pattern by customer account stays generally consistent over the period from
WY2015 through WY2020. A slight anomaly in WY2020 may be attributed to COVID-19 stay-at-home
public health advisories where residential use went up slightly and commercial and visitor
accommodation water use decreased due to residents and potential visitors staying at home.
Groundwater pumping by customer account type was also evaluated over the summertime period (June
through September). Figure 12 (lower graph) shows that summertime total groundwater pumping (in
gallons) for each of the main customer account types. The residential, mixed use and public accounts
show little variation over the six-year period. The commercial and visitor accommodation accounts
show lower water use in WY2015 and WY2020. This may reflect water conservation measures by these
users in response to water shortage declarations by MCCSD; however, WY2020 may also be affected by
COVID-19 stay-at-home public health advisories as well.
Groundwater pumping can also be assessed by comparing the average metered pumping to the total
groundwater allotment for WY2015 through WY2020. Over this period, the metered pumping data
averaged about 70.1 AFY which is about 25% of the 276 AFY of groundwater allotments permitted by
MCCSD. A breakdown of this comparison by customer account type is as follows:
•
•
•
•
•

Residential customers used an average of 28.7 AFY, which is about 33% of their groundwater
allotment
Visitor Accommodation customers used an average of 17.8 AFY, which is about 19% of their
groundwater allotment
Commercial customers used an average of 16.7 AFY, which is about 25% of their groundwater
allotment
Mixed Use customers used an average of 5.8 AFY, which is about 24% of their groundwater
allotment
Public customers used an average of 1.1 AFY, which is about 23% of their groundwater
allotment.

On a District-wide basis, the WY2015 to WY2020 metered pumping relative to the permitted
groundwater allotments is summarized as follows:
•
•
•
•

90% of accounts average less than 60% of annual allotment
80% of accounts use less than 60% of allotment during the summer months
92% of accounts use less than 80% of allotment during the summer months
4% of accounts use their full allotment in summer or don’t report pumping.

The results of the tabulation of the metered groundwater pumping show that the average pumping is
well below the permitted allotment on average across the District. Since a Stage 4 Water Shortage
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requires customers to restrict water use to 60% or less of their groundwater allotment, the community,
on average, already meets that requirement. Because there is not a strong variation between wet and
drought years with respect to the percentage of the allotment used, it is assumed that current water use
reflects permanent water conservation measures due to more water efficient appliances and fixtures,
timely fixing of water leaks, and other reductions in indoor and outdoor water use.
5.3

Historical Change in Water Use

Prior to District-wide reporting of groundwater pumping starting in WY2014, groundwater pumping was
assumed to be closer to the full permitted groundwater allotment. Groundwater pumping estimates for
Mendocino has evolved (see Table 1 in Section 6) and shows a general decline in pumping over time.
The assumptions used to estimate pumping over this period are summarized below:
•
•
•
•

From WY1998 through WY2001 pumping was estimated at 252 AFY based on MCCSD estimated
water demand and historical MCCSD wastewater treatment facility (WTF) inflows.
From WY2002 through WY2012 pumping was estimated to range from 263 to 191 AFY based on
MCCSD water demand estimates.
From WY2013 through WY2014 pumping was estimated to range from 144 to 115 AFY by using
the groundwater model as a method to estimate the pumping required to achieve the best
statistical match to measured groundwater levels.
From WY2015 through WY2020 pumping was based on tabulating metered pumping records
provided by the District. During this time, pumping ranged from 73 to 63 AFY.

WTF inflows provide an independent method to evaluate changes in water use in the community. WTF
inflows are a measure of indoor water use that enters the wastewater collection system. However, the
WTF inflows are also affected by leaks in the collection system that may allow water to enter or exit the
system. Also, the WTF data does not provide any information about outdoor water use.
In reviewing the WTF inflow data, the data show a clear declining trend over time. Figure 13 shows
annual WTF inflows from 1980 to 2020. The variability in the data is likely to represent leakage. The
larger spikes in inflow in 1983, 1998, 2006, and 2019, which are high rainfall years, are considered to
represent stormwater entering into the wastewater collection system.
For the period from 1980 to about 1999, the WTF inflow rates are relatively stable where MCCSD
treated approximately 36 million gallons of wastewater per year. However, starting in about 2000,
there is a declining trend. In WY2020, MCCSD treated approximately 20 million gallons of wastewater.
From 2000 to 2020, a linear regression analysis indicates that WTF inflows decreased by about 30% to
40%. This is considered to represent water conservation measures in indoor water use. If comparable
reductions in outdoor water use occurred over this same period, then the total water conservation is
consistent with the change from the estimated groundwater pumping of 252 AFY in the 1990s to 70 AFY
in WY2015 to WY2020.

6.

GROUNDWATER MODEL UPDATE

The Mendocino Groundwater Model was originally constructed in 2004 as part of a state grant to the
District (Questa and ETIC, 2004). The Model has been updated periodically since 2006 to evaluate
drought conditions (Kennedy/Jenks, 2006, 2014 and 2015: Todd Groundwater, 2016) and assess
available groundwater pumping capacity in the District (Kennedy/Jenks, 2008, 2009, and 2010). The
procedures used for this Model update follow the same methods as previous updates. The Mendocino
Groundwater Model was updated using the MODFLOW-NWT (Niswonger, et al., 2011) version of the
2020 GW Update
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model first developed in WY2015 (Kennedy/Jenks, 2015). For the Model update, the primary data and
methods used are summarized as follows:
•

Monthly rainfall totals are the primary input for estimating groundwater recharge. Rainfall data
are collected on a daily basis by MCCSD.

•

Initial pumping rates are estimated by MCCSD, and pumping is distributed to individual parcels
based on the land use. Updated well locations and land use data were used for WY2015.

•

Monthly groundwater elevations measured by MCCSD at 24 wells located throughout the
District are used to evaluate model calibration.

•

Data input and model calibration followed the procedures used and documented in the initial
model study (Questa and ETIC, 2004).

•

The eastern boundary condition was changed from a constant head to a specified flux following
the same procedures as were used for the modeling to assess drought conditions for the WSCP
(Kennedy/Jenks, 2006). This was done to better estimate groundwater inflows during the
drought. The model output was updated for WY2015 through WY2020.

Simulations were run for the WY1998 through WY2020 period. A simulated groundwater contour map
is provided on Figure 14 for September 2017 to illustrate high groundwater level conditions at the end
of the wettest year of the WY1998 through WY2020 period. Conversely, Figure 15 provides a simulated
groundwater contour map for September 2020 to illustrate low groundwater level conditions at the end
of the driest year of the WY1998 through WY2020 period. In both cases, groundwater flow is from the
highland areas east of Mendocino towards the headland cliffs surrounding the town where it discharges
to the Pacific Ocean via springs. The highest groundwater elevations are observed in the upland area to
the east. On the peninsula, a groundwater ridge exists that runs essentially east-west down the center
of the peninsula to the north of the main business district. The general groundwater flow direction is
from this ridge towards the cliffs. In general, groundwater flows for both years are consistent with the
general groundwater flow pattern for the Mendocino Headlands.
6.1

Groundwater Model Water Budgets

A hydrologic budget or water budget is a quantitative statement of the balance of the total water
inflows and outflows from the aquifer over a given time period. Recharge or inflow to the Mendocino
Headlands Aquifer is primarily derived from percolation of precipitation. Discharge is primarily from
well pumpage and natural outflows (springs, stream discharge, and evapotranspiration). The difference
between inflow and outflow represents the change of groundwater in storage, which affects the
groundwater levels. An increase in groundwater in storage leads to higher groundwater levels whereas
decreased storage results in lower groundwater levels.
The model results for the annual hydrologic budget from WY1998 through WY2020 are presented in
Table 1. As discussed in Section 4.1, -average to above average rainfall occurred in WY2016 and
WY2019 following a period of extended drought from WY2012 through WY2015. Between WY2016 and
WY2019, groundwater recharge was generally above the 23-year average. WY2020 marked a return to
severe drought conditions. Groundwater recharge was the lowest calculated for the 23-year historical
period. Groundwater recharge is more than 15% lower than the either of the two previous lowest
recharge occurrences in WY2001 or WY2009.
Groundwater pumping for the WY2015 through WY2020 Model update is based on metered pumping
data. As discussed in Section 5, metered pumping is lower than that estimated for previous years.
2020 GW Update
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However, even with reduced groundwater pumping, WY2020 produced the single year greatest
decrease in groundwater in storage calculated over the 23-year historical period.
A review of the water budget results shows that there is a correlation between precipitation recharge
and natural outflow. Figure 16 a comparison of precipitation recharge to the natural outflow of seepage
from springs along the headland cliffs and evapotranspiration (ET) of plant consumptive use of shallow
groundwater. A linear regression analysis shows the natural outflow varies proportionally to
precipitation recharge. This makes sense conceptually because precipitation is the primary source of
recharge for the Mendocino Headlands. When precipitation recharge is high, the higher groundwater
levels in the terrace gravels increase the hydraulic pressure, or head, in the aquifer resulting in a higher
driving force to induce higher groundwater flow towards the springs along the cliffs. Conversely, when
groundwater levels are low, the hydraulic pressure in the aquifer is lower resulting in a lower driving
force resulting in less groundwater flow towards the springs along the cliffs. Due to the physical setting
of the Mendocino Headlands Aquifer, the amount of spring outflow and ET is directly proportional to the
precipitation for that year.
Table 1:

Model-based hydrologic budget summary (in acre-feet per year) for
WY1998 through WY2015
INFLOW (acre-ft)
OUTFLOW (acre-ft)

Water Year

1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
23-year Average
Percent of Total

Ground
water
Recharge

1,589
1,390
1,148
738
1,083
1,370
1,165
1,237
1,589
1,013
895
702
1,379
1,284
945
866
781
850
1,213
1,547
1,001
1,384
641
1,122
98%

2020 GW Update
Mendocino City CSD

Ground
water
Inflow

15
17
19
26
22
18
20
18
15
21
24
24
17
18
18
16
15
16
16
16
16
16
16
18
2%

Total
Inflow

Natural
Seepage

1,604
1,407
1,168
764
1,105
1,388
1,185
1,255
1,603
1,034
919
725
1,396
1,301
964
882
795
866
1,229
1,563
1,017
1,400
657
1,140

957
830
694
524
729
816
751
730
983
671
643
454
768
826
648
643
513
645
801
1,065
744
910
615
737
64%
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ET

355
297
223
130
202
297
225
266
367
193
166
115
282
286
192
148
124
147
258
373
249
352
144
234
20%

Pumping
Wells

252
252
252
252
263
234
238
201
200
192
191
195
194
194
193
144
115
63
68
73
71
71
64
173
15%

Total
Outflow

1,564
1,379
1,169
906
1,194
1,346
1,214
1,197
1,550
1,055
1,000
763
1,244
1,305
1,033
935
752
855
1,127
1,511
1,064
1,334
823
1,144

Change in
Storage

39
28
-1
-142
-89
42
-28
59
53
-22
-81
-38
152
-4
-69
-53
43
11
102
53
-47
67
-166
-4
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6.2

Groundwater Model Performance

To assess the groundwater model performance for the updated data, a statistical comparison was made
of the difference or residual between measured and simulated groundwater elevations. For the WY2015
through WY2020 update, model update statistics were generally consistent with previous results. A
summary of this statistical comparison is as follows.
•

The residual mean is computed by dividing the sum of the residuals by the number of residual
data values. The closer this value is to zero, the better the calibration especially for the water
balance and change in aquifer storage. The residual mean is -3.2 feet.

•

The absolute residual mean is the arithmetic average for the absolute value of the residual and
provides a measure of the overall error in the model. The absolute residual mean is 6.2 feet.

•

The residual standard deviation evaluates the scatter of the data. A lower standard deviation
indicates a closer fit between the simulated and observed data. The standard deviation for the
calibrated model is 7.6 feet.

•

The scaled absolute residual is the ratio of the absolute residual mean divided by the range of
observed groundwater elevations. This ratio helps to put the variation of the residuals into
perspective with respect to the scale of the groundwater basin. This ratio for the Mendocino
Model is 0.020, which puts the statistical variability at about 2% of the range. A ratio that is well
below 0.10 is generally considered to represent a well calibrated model (ESI, 2020).

The statistical parameters are well within generally accepted norms for a calibrated groundwater model
(ESI, 2020); therefore, the model results are still considered to have an appropriate level of accuracy for
continued use for the purposes of supporting-the District’s ongoing groundwater management.
However, it recommended that the District consider updating the model to fine-tune the calibration at
some point.
This recalibration will primarily consist of updating the model aquifer parameters to better align with
the new metered pumping data. Since the previous calibration was based on pumping allocations rather
than measured pumping volumes, the variability in calibration indicates that the new metered
groundwater pumping data provides better spatial distribution of pumping across the District. These
refinements to the model may help better understand the complex and sensitive hydrogeologic
interactions within the Mendocino Headlands Aquifer during drought conditions.

7.

EFFECTIVENESS OF WATER CONSERVATION MEASURES

The Model provides a mechanism to evaluate the effectiveness of water conservation during the recent
drought. For this analysis, multiple model scenarios are run using various groundwater pumping rates.
Five scenarios were used to assess the effectiveness of water conservation. The setup of these
scenarios is summarized below:
•
•
•

Metered Pumping Scenario - uses the actual pumping based on the WY2020 pumping volumes
submitted to MCCSD.
100% of Pumping Allocation Scenario – assumes that all properties pump at their allotted
pumping allocation for the entire year.
80% of Pumping Allocation Scenario – assumes that all properties pump 80% of their allotted
pumping allocation for the entire year to represent Stage 3 Water Conservation pumping rates.
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•
•

60% of Pumping Allocation Scenario – assumes that all properties pump 60% of their allotted
pumping allocation for the entire year to represent Stage 4 Water Conservation pumping rates.
No Pumping Scenario – assumes that no pumping occurs in the Mendocino Headlands Aquifer to
provide an upper boundary for groundwater conditions.

Figure 17 presents a set of line graphs that represent the simulated average DTW for the 24 monitoring
well locations monitored by MCCSD. The blue area on Figure 17 represents the average DTW based on
measured data from the 24 monitoring well locations.
The results show a good comparison of the simulated average DTW for the metered pumping data to
the measured data. The three scenarios based on percentages of pumping allotments show simulated
average DTW that are well below the 20-foot threshold discussed in Section 4.2. The 100% of Pumping
Allocation Scenario (called Full Allocation Scenario on Figure 17) represents a condition with no water
conservation measures and results in a simulated average DTW about five to six feet lower than the
measured data. These levels would be well below measured average DTW over the past 20-years and
would likely represent a situation where widespread dry wells would occur. This scenario may be
representative of conditions that occurred in 1976-1977.
The 60% of Pumping Allocation Scenario, representative of Stage 4 Water Conservation pumping rates,
would result in a simulated average DTW about two to three feet lower than the measured data. These
levels would also contribute to higher numbers of dry wells than occurred in WY2020. This indicates
that the more permanent water conservation measures taken by the community have resulted in
significant improvements in the groundwater conditions in Mendocino.
The No Pumping Scenario provides an upper bound on what water conservation measures can produce.
No pumping in the aquifer would result in a simulated average DTW about one to two feet higher than
the measured data. Although this increase is significant in that groundwater levels stay about the
20-foot threshold (Section 4.2), this also suggests that much of the water conservation capacity has
been achieved. However, this comparison also emphasizes the importance in maintaining the water
conservation measures that have been implemented to date. Another consideration in evaluation of
the effectiveness of water conservation is what happens to the water that is conserved. Table 2
provides an annual water budget summary for each of the model scenarios.
Table 2:

Model-based hydrologic budget summary (in acre-feet per year) for
Effectiveness of Conservation Measures Scenarios
INFLOW (acre-ft)
OUTFLOW (acre-ft)

Water Year

100% of Pumping
Allocation Scenario
80% of Pumping
Allocation Scenario
60% of Pumping
Allocation Scenario
Metered Pumping
Scenario
No Pumping Scenario
2020 GW Update
Mendocino City CSD

Ground
water
Recharge

Ground
water
Inflow

Total
Inflow

16

657

641

16

641

ET

Pumping
Wells

Total
Outflow

Change in
Storage

558

119

222

899

-242

657

572

125

178

875

-218

16

657

588

132

133

853

-196

641

16

657

615

144

64

823

-166

641

16

657

638

158

0

795

-138

641

14

Natural
Seepage
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As noted above, the physical setting of the Mendocino Headlands Aquifer being surrounded by cliffs
allows a significant portion of the annual recharge to discharges out of the cliffs through springs. In
comparing the water budgets for the different scenarios, we can see that the natural outflows, natural
seepage from the springs and consumptive use of shallow groundwater by vegetation, are inversely
proportional to changes in pumping. Likewise, the change in groundwater in storage also varies with
pumping.
Since less pumping leaves more water in the aquifer, the water budget data show that this extra volume
is proportional to increases in natural outflow and increases in groundwater in storage. Another way to
think of this is that for every gallon of groundwater that is conserved, about one-half gallon will be
available in the aquifer the following year. With current groundwater use at about one-third of the
100% pumping allocation, this represents a significant volume of water that will help to delay and
reduce the effects of the drought conditions.

8.

CONCLUSION

The overall conclusion the 2020 Groundwater Management Update is that the water conservation
measures required under the WSCP are generally being implemented by local residents and businesses,
resulting in higher groundwater levels across most of the District. Through the implementation of the
WSCP, MCCSD has performed sustainable groundwater management during the recent droughts.
However, continued extreme drought conditions in WY2021 will result in additional water level declines.
Even with water conservation measures, these historic drought conditions suggest that additional wells
will go dry in WY2021 than in the other recent droughts and more imported water will be required.
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