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Glossary
Aggrade—to raise the grade or level of a river valley or stream bed by depositing sediment.
Alluvial—relating to alluvium (sediments deposited by running water such as a river or stream).
Discharge—the volume of water flowing through a river or stream channel.
Ecological processes—the physical, chemical, and biological actions or happenings that connect biological
organisms and their environment. Fundamental ecological processes include the water cycle, the energy cycle, the
mineral cycle, and community dynamics.
Environmental flow objectives—metrics that describe the quantity, timing, and quality of river or stream flows
needed to sustain freshwater and estuarine ecosystems and the human uses that depend on these ecosystems.
Evapotranspiration—the process by which water moves from the ground to the atmosphere by evaporation from
the soil and by exhalation of water vapor from plants.
Forbearance—refraining from exercising a legal right, in this case the right to divert water.
Functional flows—different aspects of natural flow patterns and amounts that are important to protect in order
to support ecological processes and native fish and wildlife.
Groundwater—water held underground in the soil or in pores and crevices in rock.
Hydrograph—a graph or plot that shows the rate of water flow over time, at a specific point or stream or river
cross-section.
Hydrology—the scientific study of the movement, distribution, and management of water.
Incision— the process of downcutting in a stream channel which leads to a decrease in the elevation of the stream
bed, and often disconnection of the stream from the historical floodplain.
Infiltration—the process by which water on the ground surface enters the soil.
Intermittent—a stream that ceases to flow during very dry periods.
Machine learning—a process by which computers develop protocols for performing tasks without being explicitly
programmed to do so.
Pool connectivity—a state when a river or stream’s pools are connected by flow through adjacent stream features
such as riffles.
Pressure transducer—a gauge that measures the pressure of a fluid, in this case water pressure, to measure
water height in streams and (with additional site-specific data) to measure streamflow.
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Rating curve—a graph of discharge versus stream depth (stage) for a particular point on a stream, usually
at a gauging station, where the stream discharge is measured across the stream channel with a flow meter.
Numerous measurements of discharge are usually made over a range of stream depths, after which discharge
at non-measured intervals is calculated by using the relationship between discharge and stream depth during
measurement events.
Riffle—a shallower, faster moving section of a stream, usually with a gravelly or rocky bottom.
Salmonid—a fish of the salmon family, which includes salmon, trout, chars, graylings, and freshwater whitefishes.
Staff plate—a measuring device similar to a large ruler that allows measurement of water depth (stage).
Stage—the water level or depth above some arbitrary point, usually with the zero height being near the riverbed.
Streamflow depletion—a process by which pumping groundwater from wells can lead to reductions in
streamflow.
Surface water—water that collects on the surface of the ground, for example, streams, rivers, lakes, and
wetlands.
Transpiration—the process by which plants exhale water vapor through their leaves, stems, or flowers.
Water year—a term commonly used in hydrology to describe a time period of 12 months starting on October 1
and ending the following September 30.

Mill Creek Collaborative Water Management Plan

IX

Overview and Executive Summary
of the Collaborative Water Management Plan
The Navarro River Flow Enhancement Partnership, established in 2014 to enhance streamflow conditions in the
Navarro River watershed, prepared this Collaborative Water Management (CWM) Plan. The Partnership includes
the Mendocino County Resource Conservation District, The Nature Conservancy, and Trout Unlimited, with funding
support from the California Wildlife Conservation Board (WCB), The Nature Conservancy, the S.D. Bechtel, Jr.
Foundation, and the California Salmon and Steelhead Coalition. The Partnership aims to (1) restore more natural
flows in rivers and streams within the Navarro watershed; (2) support conditions to increase the viability of juvenile
coho salmon and steelhead trout and returning adult fish; and (3) increase water supply reliability for water users.
Working with landowners on a voluntary basis, the Partnership conducts local outreach and education, monitors
fish and streamflow, analyzes water use and needs, and develops and implements streamflow and habitat
restoration projects in the Navarro watershed.
In 2018, in collaboration with conservation groups and agencies, the Partnership developed the CWM framework to
provide a watershed- and community-based approach to increase water supply reliability for people and improve
critical stream flows for water-dependent species and ecosystems. The foundation of the CWM approach is
providing support and incentives for landowners to implement water management practices and improvements in
a collaborative, voluntary manner, and leveraging existing water management policies, funding opportunities, and
tools to do so.
Also in 2018, the Partnership was funded by the WCB to develop a pilot CWM Plan in the Navarro watershed. The
Partnership selected the Mill Creek sub-watershed for its pilot because: 1) previously funded WCB conservation
planning work identified Mill Creek as one of the most important sub-watersheds in the Navarro watershed to
engage in flow enhancement actions; 2) Mill Creek was identified by State and Federal fisheries agencies as an
important waterway for the recovery of coho salmon and steelhead trout populations; 3) streamflow data indicate
that dry season baseflow is impacted by diversions, as well as by other causes; and 4) there is community support
for flow restoration projects. This Mill Creek CWM Plan is a roadmap for prioritizing and implementing voluntary
streamflow improvement projects with multiple public benefits in the Mill Creek watershed. None of this work
would have been possible without the cooperation and stewardship of the Mill Creek community.
The goal of the Mill Creek CWM Plan is to improve streamflow for coho salmon and steelhead trout while supporting
water supply reliability for landowners. Low streamflow during the dry season was identified as a key factor that
limits the restoration of coho salmon and steelhead trout populations in the Navarro watershed by State and
Federal agencies charged with their recovery. While streamflow is naturally low during California’s dry season, low
flows may be further reduced due to historic and current land use practices and growing water demands from
human settlement resulting in increasing diversions from streams and wells. Drought and the predicted effects of
climate change will also contribute to depressed dry season streamflow that not only impacts fish and other wildlife
habitat but also negatively impacts water supply reliability for landowners who depend on diversions from streams
or springs, or from near-stream wells.
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Drawing from analyses of streamflow conditions, fish habitat needs and water
use estimates, the purpose of the Mill Creek CWM Plan is to identify and prioritize
restoration actions and provide information to support voluntary, collaborative
efforts among the Navarro River Flow Enhancement Partnership, landowners, and
agencies to improve dry season streamflow.
These actions include storage and forbearance projects, rainwater capture, implementation of water conservation
measures, coordination of stream diversions, managed groundwater withdrawals, groundwater infiltration
and upland recharge, as well as habitat improvement projects such as the addition of large wood to the stream
channel, flow releases from reservoirs and ponds, forest thinning and fuels reduction, and carbon farming.
Because there is no single reason that streamflow is reduced in the dry season in Mill Creek, no single restoration
action or project can fix the problem. Multiple flow enhancement strategies and projects will need to be
implemented within the watershed to substantially improve dry season conditions, and each member of the
community can play a role in improving streamflow and water security.
Section 1 introduces the Navarro River Flow Enhancement Partnership and describes the collaborative water
management approach, earlier outreach, data collection and water use analyses in the Navarro River watershed,
and the selection of Mill Creek watershed to develop a management plan.
Section 2 describes conditions in the Mill Creek watershed, including climate, hydrology, land use, and human
water demand. This section also includes a basic hydrologic evaluation that compares rainfall, discharge, and
human water use on annual, seasonal, and monthly scales. The evaluation concludes that there is enough water
available in the watershed to meet human water needs while improving water management practices to benefit
salmonids.
Section 3 estimates human water use in the Mill Creek watershed to help identify potential projects to improve
water supply reliability. The analysis suggests that streamflow enhancement projects that reduce demand or
modify the timing of direct diversions can increase the dry season streamflow. This is particularly important going
forward, as longer dry season duration and more frequent droughts are predicted due to climate change. Working
with landowners to shift their water source from the dry season to the wet season, for example, will have a greater
impact in the future on both the health of the creek and on the reliability of the water source for the people who
live in the watershed.
Section 4 provides a brief overview of salmonids in the Navarro River basin and their historical presence within the
Mill Creek watershed, describes recent population monitoring efforts for salmonids, and discusses the impacts of
streamflow on habitat. Though current population numbers are much lower than historical numbers, the Navarro
watershed and Mill Creek in particular still support adult spawning and rearing of juvenile coho salmon and
steelhead trout. Recovery plans for coho salmon and steelhead trout recommend eliminating summer streamflow
depletion and promoting winter water storage as high-priority recovery actions.
Section 5 provides an overview of studies conducted in the watershed and lists flow objectives established for the
Mill Creek watershed based on wetted habitat surveys, the California Environmental Flow Framework objectives,
and other studies conducted in the watershed. Ecological management goals in Mill Creek include protecting
habitat conditions and flow conditions that all life stages of coho salmon and steelhead trout need to survive and
thrive and improving dry season conditions by maintaining pool connectivity where possible. Analyses found that
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median dry season baseflow is likely altered in four of the five study areas in Mill Creek, with present-day values
likely lower than historical ones. Potential causes of alteration include surface water diversion during the dry
season; near-stream groundwater pumping during the dry season; drought; altered groundwater hydrology, due
to stream channel incision; altered upland groundwater infiltration processes, due to historical land management
practices (such as altered drainage due to roads and skid trails); and increasing evapotranspiration, due to climate
change and/or altered forest conditions from past harvest activity. The section also covers environmental flow
objectives that serve as voluntary restoration goals.
Section 6 recommends strategies to achieve the Partnership’s primary goals of improving dry season baseflows
in order to maintain pool connectivity within Mill Creek. Strategies to reduce or eliminate dry season water
diversions from Mill Creek include voluntary efforts, such as storage and forbearance projects; rainwater capture;
implementation of water conservation measures; and coordinated diversion. Additional restoration actions
include managed groundwater withdrawals, groundwater infiltration and upland recharge, as well as habitat
improvement projects such as the addition of large wood, flow releases from reservoirs and ponds, forest thinning
and fuels reduction, and carbon farming.
Section 7 provides an overview of permitting considerations for streamflow enhancement projects, such as water
rights permits and other state and county permits that may be necessary, such as Lake and Streambed Alteration
Agreements and grading permits. It also discusses tools that may be useful to ensure that water remains instream,
such as instream dedications using California Water Code 1707. Further, it covers agreements that can support
collaborative water management activities, such as forbearance agreements, conservation easements, and
watershed charters. Monitoring progress toward restoration goals is another important project consideration, and
the section includes a monitoring framework for the Mill Creek CWM Plan.
Section 8 provides recommendations for implementing the Mill Creek CWM Plan. It describes the Partnership’s
approach to provide support and technical assistance with developing new projects, acquiring funding to support
those projects, providing pre-construction preparation and permitting support, coordinating information
distribution and ongoing outreach, reassessing program goals and objectives over time, and assessing needs to
sustain the program.
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Introduction
1.1 The Navarro River Flow
Enhancement Partnership
In 2014, the Mendocino County Resource
Conservation District, The Nature
Conservancy, and Trout Unlimited formed
the Navarro River Flow Enhancement
Partnership1 to help improve streamflow
conditions in the Navarro River watershed.
The Partnership works with landowners to
support their voluntary implementation
of streamflow enhancement projects
that benefit coho salmon and steelhead
trout while improving the reliability of the
water supply for landowners. In 2016, the
Partnership was awarded grant funding
from the Wildlife Conservation Board
(WCB) Stream Flow Enhancement Program.
Under this grant, the Partnership evaluated
streamflow improvement needs in the
watershed and prioritized stream reaches for restoration, conducted outreach in the Navarro River watershed
community to raise awareness about dry season streamflow impacts on fish habitat and water supplies, developed
water storage and groundwater infiltration demonstration projects with local landowners, and developed a
Collaborative Water Management framework.
The Partnership was awarded a second WCB grant in 2018 to finalize the scoping and planning work funded
through Phase I and to pilot development of a Collaborative Water Management (CWM) plan for one tributary
in the Navarro River watershed. In spring 2021, the Partnership was awarded a third WCB grant to support
implementation of the Mill Creek CWM Plan and to develop a CWM Plan for the North Fork Navarro sub-watershed
over the next three years.

1.2 Collaborative Water Management Approach
California’s rivers and streams provide critical habitat for fish and wildlife, as well as water supplies that sustain
rural farms and communities. However, meeting the water needs of nature and people has become increasingly
challenging. Much of California has a Mediterranean climate, in which most precipitation occurs in the winter and
spring, followed by a long dry period in the summer and fall. This natural cycle of wet and dry seasons shapes the
hydrology of California rivers and means that available surface water supplies are often at their lowest during the
dry season, when human water use demand is highest. This mismatch in the timing of water availability and use is

1

https://mcrcd.org/resources/flow-enhancement
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compounded by impacts to streamflow caused by legacy land use issues, increasing water supply demands, and
climate change, which is increasing the frequency and severity of droughts. As a result, many of California’s rivers
and streams experience critically low flows or dry up during the dry season. These streamflow conditions threaten
the health of streams and survival of salmonids, as well as other fish and wildlife. Depressed streamflow also
reduces water supply reliability for farms and communities that depend on streams to meet their water needs.
California’s rural watersheds need flow enhancement strategies and techniques that foster collaboration among
water users, support habitat for fish and wildlife, and improve water security for communities. This is particularly
true in watersheds that do not have large dams or centrally distributed water supply systems that regulate
streamflow and water diversions. These decentralized watersheds, which are common in rural, coastal California,
are home to vibrant communities and agricultural economies as well as vitally important freshwater ecosystems.
Traditional approaches to flow enhancement and water management often fail to address the needs of people and
nature in these areas because dozens, if not hundreds, of diversions or wells are mostly managed and regulated
independently of one another. A collaborative approach to water management is needed to address the dispersed
nature of water diversions in rural areas, and to sustainably manage water supplies to better meet the needs of
people and the environment. This approach may be particularly beneficial where: 1) increasing streamflow during a
specific time period would preserve or enhance important aquatic habitat, 2) significant participation among water
users within a watershed community is needed to measurably improve flow and water supply reliability, and 3)
neighbors are willing to participate in a collaborative effort.

1.3 Purpose of the Mill Creek CWM Plan
The purpose of this plan is to provide information and strategies needed to support a long-term collaborative effort
with the Mill Creek community, the Partnership, and resource agencies in order to improve streamflow conditions
for salmon and steelhead and water supply reliability for water users. This plan integrates information gathered
through the Navarro River Partnership’s activities in concert with the voluntary participation of willing landowners,
as well as the work of other researchers. The plan provides flow objectives that serve as non-regulatory restoration
goals aimed at improving salmonid survival and describes restoration actions for different areas in the Mill Creek
watershed to help reach those flow objectives.

1.4 Previous Navarro Watershed Planning and Selection of Mill Creek
As part of the 2016 grant from the WCB, the Partnership reviewed existing natural resource management plans,
collected data, and identified and prioritized opportunities for flow and water management projects in the Navarro
River watershed. This effort included establishing a voluntary network of 16 stream gauges throughout the basin
to better understand streamflow conditions. The team estimated human water use and needs using GIS mapping.
They also identified the Navarro basin sub-watersheds with the greatest short-term potential to benefit salmon and
steelhead trout by improving dry season streamflow. This work was completed by integrating State and Federal
recovery priorities, water quality and flow data, and information on water need and use. Mill Creek was identified as
one of the highest priority watersheds in this analysis.

2
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Mill Creek watershed was selected to develop a CWM Plan for the following reasons: 1) the Phase 1 WCB
conservation planning work identified Mill Creek as one of the most important sub-watersheds in the
Navarro watershed to engage in flow enhancement actions; 2) Mill Creek was identified by State and
Federal fisheries agencies as being important for the recovery of coho and steelhead populations; 3)
streamflow data and analyses indicate that baseflow is reduced by dry season diversion, in addition to
other causes; and 4) community support for flow restoration projects.

Figure 1. Location of Mill Creek and the Navarro River watersheds.

Mill Creek Collaborative Water Management Plan

3

1.5 Mill Creek Community and History
Indigenous peoples inhabited Mill Creek and Anderson Valley for millennia. The people that lived around the
Boonville area west to Navarro are called Tabahtea (Tah-bah-tay) and spoke the Northern Pomo language.
They inhabited the area for up to five thousand years. Earlier indigenous peoples lived in the area for
thousands of years before them. There were four major Pomo village sites in Anderson Valley, Katuuli was
one of them. Katuuli (Ca-tool-i) was fifty yards south of the old town of Christine in the Mill Creek watershed.
Today, the Mill Creek community is composed of approximately 200 rural residences, several agricultural
landowners, one winery, and a handful of small businesses. Residences are generally located around the
two main roads in the watershed, Nash Mill Road and Holmes Ranch Road. The majority of land in the
watershed is undeveloped, forested land. Nearly all water used by the community is obtained from local
sources, such as springs, wells, and streams.
Most areas developed for residences were formerly part of one of two large ranches, the Nash Ranch and
the Holmes Ranch2. The Nash Ranch was on the east side of Mill Creek, and the property was primarily
owned by the Nash family, along with the Pinoli and the Thomas families. The Nashes bought the
approximate 3000-acre ranch in the 1940s. Before that, the land was originally homesteaded by the Scott
family. In the early days, Southern Pacific Railroad built a spur of the railroad that went up Mill Creek to
Hungry Hollow and Meyer Gulch that transported logs to the town of Christine, which was located near
the modern-day Highway 128 crossing on Mill Creek. Some of the old railroad trestle crossing piers and
remnants from the old rail line can still be found in the watershed. After the Nashes acquired the property,
they continued to log in the watershed
through the 1950s and 1960s, and also
ran cattle, sheep, and horses on open
range up until the 1970s. Starting in
the 1970s, the land was broken up into
smaller parcels of 40 to 160 acres and
sold for rural residential development.
On the west side of Mill Creek, the
Holmes Ranch was owned primarily by
the Guntleys, although the Holmes family
owned the property for a short period.
The ranch was broken up into smaller
parcels in the late 1960s and early 1970s.
Numerous mills were built in the
lower and middle sections of the watershed during periods of logging. The main channel of Mill Creek
was sometimes dammed at these mill sites to create a holding pond for storage and processing of logs.
Logging decks were sculpted into the hillsides to allow for additional storage of uncut logs. Ruins from these
operations are visible today at a number of locations. 3
2
3

The historical information about the ranches comes from personal communication with resident landowner Doug Nelson.
The historical information comes from personal communication with Zac Robinson.
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Figure 2. Mill Creek watershed.
Since the 1970s and 1980s, the number of people living in the Mill Creek watershed has grown, but the total
population is likely only several hundred people. Landowners and residents in the Mill Creek community care
deeply about their watershed and have expressed support for flow enhancement activities that help restore
streamflow to support fish and improve water security for people.

2. Watershed Conditions
This section describes the basic land use, climate, and hydrology of Mill Creek. The creek is a tributary to the
Navarro River, located southeast of Fort Bragg and approximately 120 miles north of San Francisco (Figure 1). From
its headwaters west of Ukiah, the creek flows west and south until it reaches its confluence with the Navarro River,
near the town of Philo (Figure 2). For planning purposes, the watershed was divided into five main study areas
(Upper, Middle, and Lower Mill Creek; Meyer Gulch; and Little Mill Creek) for modeling and analysis as well as a sixth
small area just above the confluence with the Navarro River, called Mill Creek Mouth, that has a unique hydrologic
character (Figure 3). Dividing the watershed into smaller units allowed management activities and plans to be
tailored to meet the unique needs of each area.
Mill Creek Collaborative Water Management Plan
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Figure 3. Mill Creek study areas.

2.1 Land Use
The Mill Creek watershed drains an area of approximately 7,766 acres, about four percent of the Navarro River
watershed. The majority of the watershed is undeveloped forested land (82%), with some areas of grassland (14%)
and agriculture (4%) (Figure 4). Development in the Mill Creek watershed is mostly vineyards and residences, with
some orchards, areas of cannabis cultivation, and one small vegetable farm. Land use among the five study areas
varies: Upper Mill Creek has the largest forested area, Meyer Gulch area has the largest area of rangeland, and
Lower Mill Creek has the largest area of agricultural production.
Roughly 3,500 people live in the Navarro River watershed, with approximately 200 residing in the Mill Creek subwatershed. According to ENTRIX et al. (1998), commercial timber harvesting, grazing, viticulture, orchards, and
tourism are principal economic enterprises in the Navarro watershed. The majority of Mill Creek is rural residential
land, followed by vineyards and wineries, grazing, and cannabis cultivation. Timber harvesting started in the
Navarro River watershed during the mid-1800s. A second logging phase occurred in the late 1930s to the early
1950s, when large tracts of redwood-dominated forest along the mainstem Navarro River were re-harvested
(Adams 1971, as cited in ENTRIX et al. 1998). Timber harvesting remains an active land use today. Sheep and cattle
have been grazed in the Navarro River watershed since the 1870s (NCRWQCB 2000).
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Figure 4. Mill Creek watershed land use.

2.2 Climate
The Mill Creek watershed has a Mediterranean climate, with warm, dry summers and falls and cool, wet winters and
springs. Typical summer temperatures recorded in the nearby town of Philo, California, range from 54 to 88 degrees
Fahrenheit, and winter temperatures range from 40 to 58 degrees Fahrenheit. Precipitation occurs almost exclusively
as rainfall during the winter and spring. Though the Partnership does not operate a weather station in Mill Creek, the
PRISM precipitation model indicates that the Mill Creek watershed receives 30–45 inches of rainfall each year (Figure
5). According to the model, the upper headwaters experience the most rainfall, around 45–50 inches per year, and the
valley experiences the lowest rainfall, around 30–35 inches per year.
Rainfall recorded at a weather station in west Ukiah4 from 1963 to 2019 showed that average annual rainfall during
this time was 48+ inches. However, rainfall can be highly variable from one year to the next in this area. During the
56-year period of record, annual rainfall varied from as little as 22.5 inches (1977) to as much as 88 inches (1983), with
extended periods of drought and periods of high precipitation (Figure 6). Rainfall data recorded at a weather station
in Boonville5 over the past 10 years showed that average annual rainfall in the valley was 41.6 inches (Figure 7) and
ranged from as little as 22.5 inches (2014) to as much as 62.9 inches (2017).
4
5

The National Climatic Data Center station, USC00049124, to the east of the eastern boundary of the Mill Creek watershed
Community Collaborative Rain, Hail, and Snow Network (CoCoRaHS) station# CA-MD-3
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Figure 5. Average annual rainfall in the Mill Creek sub-watershed and Navarro River watershed, based on PRISM
data.
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Figure 6. Total annual precipitation (inches) recorded at the Ukiah NCDC station (USC00049124), 1963–2019.

Figure 7. Annual precipitation in the Navarro River watershed during water years (WY) 2010–2020, collected at
the CoCoRaHS Boonville Station CA-MD3. The red dashed line represents the 10-year average of rainfall collected
at the station (41.6 inches).
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2.3 Hydrology
The following is a brief description of the Mill Creek watershed’s hydrologic character. Section 5 provides a
more in-depth explanation of the watershed’s gauge network, data collection methods, and recent streamflow
conditions recorded in the watershed, as well as the results of several hydrologic studies.
Annual streamflow conditions in Mill Creek are characteristic of coastal California streams, with higher flow during
the wet winters and springs, and lower flow during the dry summers and falls. Streamflow typically occurs as a
series of high flow events, during and immediately after rainstorms, followed by periods of decreasing flow. Like
many streams in coastal California, Mill Creek experiences a prolonged period of low streamflow in the dry season,
May–October (Figure 8).
Comparing total monthly streamflow from water years (WYs) 2014 and 2017 demonstrates how dramatically
streamflow conditions can vary between seasons and in different types of WYs (Figure 9). 2014 was a dry year and
the watershed did not experience many storms until February. As a result, streamflow was very low throughout
the fall and most of the winter season. In contrast, streamflow in 2017 began increasing in mid-October following
the first storm of the year, and it continued to rise and fall throughout the fall, winter, and spring during a series of
large rainstorms. However, while streamflow can vary significantly between years, it is consistently highest during
the winter (even during drought years, like 2014) and lowest during the late summer and fall. At the Partnership’s
gauge sites in Mill Creek, as much as 90% of the annual streamflow volume typically occurs between November
and April.

Figure 8. Streamflow conditions in Lower Mill Creek in 2018.
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Figure 9. Mill Creek streamflow conditions in WYs 2014 and 2017.

2.4 Summary and Implications
The region’s Mediterranean climate means that the Mill Creek watershed experiences wet periods with significant
rainfall and streamflow, and dry periods with little rainfall and low streamflow. The watershed also experiences
noteworthy periods of drought and prolonged low streamflow conditions, during which streamflow is very
low or absent in portions of the stream. By developing flow enhancement projects that move the timing of
diversion to the winter season and reduce summer water demands, resource managers can help landowners
and the ecosystem become more resilient during dry years, which are likely to be more frequent in future, due
to climate change. Other types of streamflow enhancement projects (such as groundwater recharge) can also be
implemented to support dry season flows.
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3. Human Water Need
The Partnership estimated human water need in the Mill Creek watershed in order to understand when and where
people need water and help inform the development of restoration strategies. Human water need was estimated
using remote sensing and applying standard water use rates, and estimates were calculated annually and during
the dry season to understand how the timing of demand compares with the timing and availability of supply.
Previous work in the watershed showed that stream diversions and other water management practices may have
significant impacts on dry season streamflow conditions (CEMAR 2015, Woltemade 2020). This section includes
water use estimates for the five main study areas and a comparison of rainfall, streamflow, and human water
use. This information was prepared using many assumptions which may not be accurate at the individual farm
or residence scale and is therefore not likely to be accurate at that scale. Rather, the analysis is meant to capture
general patterns at the watershed scale, and the relative roles different land uses may play in water use in the Mill
Creek watershed, and to help assess water availability in the watershed to meet human water need and identify
opportunities to change water management practices to benefit both landowners and salmonids.

3.1 Assessing Water Use in Mill Creek Watershed Using Remote Sensing
For this plan, human water use was assessed on an annual scale and for the dry season (May through September).
Human water use was estimated using remote sensing techniques, using ArcGIS software and NAIP imagery from
2018 (Figure 10). These data were used to estimate whether local sources can meet water demand on an annual,
seasonal, and monthly scale.
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Figure 10. Digitized land use in the Mill Creek watershed, to estimate human water use.
Agriculture. Agricultural coverage was digitized using aerial imagery from 2018 to estimate the total acreage of
vineyards, orchards, and other crops in the watershed, and then total agricultural water need was calculated
based on regional per-area estimates of water use. For vineyards, average per-acre water need was used as
described in a University of California Cooperative Extension report specific to the Navarro River watershed, which
reported an average of 0.2 acre-feet (AF) of water per acre of vineyard (McGourty et al. 2013). This report also
assumed that each acre of orchard in the Navarro watershed uses an average of 2.2 AF of water annually. Other
crops (not including cannabis) were also assumed to use 2.2 AF of water per acre of crops annually. For cannabis,
estimates by Bauer et al. (2015) were combined with the estimate that each cannabis plant uses an average
of 6 gallons per day during the growing season (June–October). For greenhouses, those water use rates were
applied year-round, and assumed one plant per every 12 ft 2 after Bauer et al. (2015). Because cannabis irrigation
demand is likely significantly less during cooler times of year, and recent work (Dillis et al. 2020) has shown that
both greenhouses and outdoor cultivation use less water than in Bauer et al. (2015), these results are likely an
overestimate of water use for cannabis in Mill Creek.
Mill Creek Collaborative Water Management Plan
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Residential and Commercial. All structures in the Mill Creek watershed were identified as either agricultural,
residential, residential storage (e.g., garage or shed), or commercial. For all those identified as residential or
commercial, a standard water use value of 355 gallons per day per structure was assigned for a five-month dry
season period (152 days), and 155 gallons per day for a seven-month wet period (213 days). These dry season and
wet season values are based on nearby water use estimates, modified for limitations likely encountered in the
Navarro watershed. For example, the city of Ukiah estimates that average household water use is approximately
225 gallons per day per person in the dry season (and 75 gallons per day per person in the wet season), though
this may reflect household water use with a central water provider. The 355-gallon (Trout Unlimited et al. 2013)
estimate used for this analysis is less than half the water use described elsewhere for the upper Mattole. Water
use estimates used here also account for considerably greater water use in the dry season than in the wet season
(a 130% increase in the dry season), which is common in California (for example, Ukiah estimates a 200% increase
in the dry season) (CEMAR 2015).
Industrial (wineries). Winery water needs were only calculated for those that appeared to be affiliated with
vineyards (based on proximity and parcel ownership). Winery water use is a function of production: University of
California Davis researchers estimate that, on average, 6 gallons of water are used to make each gallon of wine
(Oberholster 2011). Data were also used from a report on wine production in the Napa appellation, which found
that 460 gallons of wine were produced per acre of vineyards (Stonebridge Research Group 2012). Together, these
numbers indicate that wineries require approximately 2,750 gallons of water to make wine from an acre of grapes
(i.e., 0.008 AF of water per acre of vineyards). This approach assumes that wine production is limited to only
those grapes grown near the winery and may underestimate total winery water use. However, estimates of wine
production correspond well with figures provided by the wineries (on their websites).

3.2 Human Water Need Estimates for the Mill Creek Watershed
Human water need for the Mill Creek watershed was estimated based on the water-use rates described above
(Table 1). The watershed contains 149 rural residential buildings that use a total of approximately 41 AF of
water per year. The sole winery located in the watershed uses approximately 0.2 AF annually, based on the
individual winery’s estimates (listed on the company’s website). The watershed has approximately 317 acres of
vineyards, requiring approximately 63 AF of water annually for irrigation; 5.7 acres of other crop types, requiring
approximately 6 AF of water annually; and 7 acres of cannabis, requiring approximately 25 AF of water annually.
Figure 11 shows the total estimated water use by category in the Mill Creek watershed, on an annual and dry
season scale.
Table 1. Estimated annual water use in the Mill Creek watershed by land use type.
Mill Creek

Vineyards

Other Crops

Cannabis

Residential

Wineries

Land use quantities (area in
acres* and number**)

317*

7.7*

7*

149**

1**

Annual water use (AF)

63

6

25

41

0.2

Dry season water use (AF)

63

6

12

25

0.1
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Figure 11. Estimated annual and dry season water use by land use type in the Mill Creek watershed.

3.2.1 Comparing human water needs with surface water available in the Mill Creek
watershed
Comparing the human water needs in the Mill Creek watershed with average annual rainfall and streamflow
provides an initial assessment of whether these needs can be met through the water resources available, on an
annual scale.
As described in Section 2, Mill Creek receives a considerable amount of rainfall in an average year, approximately
43 inches, which equates to approximately 115,553 AF of water falling in the basin in an average year. To generate
a basic average annual discharge for the watershed, discharge was scaled using a simple drainage basin area-ratio
transfer based on historical streamflow records measured at the United States Geological Survey (USGS) Navarro
gauge6. This is a standard approach used by the State Water Board7.
The analysis indicates that water use comprises only a small fraction (less than 1%) of the total discharge available
during an average year (Figure 12). However, comparing human water use on a seasonal and monthly scale with
measured discharge from a project gauge shows that dry season water need is significantly greater than total dry
season discharge in Mill Creek in an average or a dry year (Figure 13). In the late dry season, human water need
on a monthly scale was significantly more than total monthly discharge in all types of years (Figure 14). Note that
this analysis is a worst-case scenario; for example, it assumes that all dry season water needs are met with direct
diversion of surface water in the dry season, but many landowners in Mill Creek meet their water needs with
groundwater wells or use stored water that is captured in the wet season. Still, this comparison highlights the
importance of not only scale but also the timing of water available for human use within the Mill Creek watershed.

6

USGS station 11468000

7

See Appendix B of the State Water Resources Control Board’s Policy for Maintaining Flows in Northern California Coastal Streams (SWRCB 2014).

Mill Creek Collaborative Water Management Plan

15

Figure 12. Comparison of average annual discharge and estimated human water need in the Mill Creek watershed.

Figure 13. Comparison of total dry season (June–October) discharge in Mill Creek in a dry, average, and wet
year and estimated average human water need during that same season.
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Figure 14. Comparison of total monthly discharge in Mill Creek in a dry, average, and wet season and monthly
estimated human water need during those same months

3.2.2 Comparing human water needs by study area
The Mill Creek water budget analysis conducted by Woltemade (2020) looked at estimated human water need on
a study area scale to evaluate how need varies throughout the watershed. This analysis took into consideration
the potential source of water used for each land use type and estimated the total amount of water needed from
surface water and groundwater sources8. For conventional agricultural water use, estimates of water source to
supply irrigation water were based on grower surveys (McGourty et al. 2013), with 84% of irrigation water coming
from storage ponds (filled in winter or spring with surface water), 13% from direct diversion of stream water in
the dry season, and 3% drawn from wells. For cannabis, water use was assumed to be sourced from wells (73%)
and direct diversion (27%), after Zipper et al. (2019) and Dillis et al. (2019). For residential and commercial uses,
water sources were assumed to be sourced from private groundwater wells. Figure 15 shows the total estimated
annual water use by category from Woltemade (2020) in the Mill Creek watershed study areas.

8

Details on the methods can be found in the Potential to Increase Dry Season Streamflow via Water Management Strategies in the Mill Creek Watershed,
Mendocino County, California report (Woltemade 2020) (Appendix 1).
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Figure 15. Total estimated annual water use by category in the Mill Creek watershed study areas.

3.2.3 The Mill Creek water use survey
In 2020, the Partnership conducted a water use/water need survey with landowners in the Mill Creek
watershed who have riparian properties. A total of 17 Mill Creek community members responded to the survey.
Respondents indicated that they care about water security and providing habitat for salmon and were concerned
about the impact of drought and climate change on water supply, as well as the sustainability of groundwater.
■

The highest rated concerns in the survey were providing habitat for salmon, the sustainability of
groundwater, and managing water supply as the creek becomes more impacted by drought and climate
change.

■

Most respondents have a water storage tank and a plan for managing water overflow.

■

The most common uses of water among respondents are for domestic uses, gardening, and fire protection.

■

■

Respondents are most interested in learning more about rainwater catchment and instream habitat
restoration as water supply strategies.
Most respondents’ water sources have not gone dry. However, most respondents refrain from pumping
during the summer and fall (May–October).
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3.2.4 Applying human water need estimates to the CWM Plan
Understanding where water need is greatest and for what it is needed can help resource managers and
community members prioritize where and what types of projects to develop and implement for streamflow
enhancement in the Mill Creek watershed. For example, water demand for conventional crops is greatest in
the lower reaches of Mill Creek. Streamflow enhancement projects in this area could work with agricultural
landowners to improve water management practices, in particular increasing winter water storage and reducing
or eliminating dry season water diversion. In the middle and upper portions of the watershed, residential water
needs comprise a large portion of overall water needs. Projects developed in these areas could focus on tank
storage and other residential water use management practices. In the upper Mill Creek watershed, cannabis
cultivation uses a larger portion of the water. Projects in this area could focus on irrigation efficiency and water
storage. In addition, large areas of the upper Mill Creek watershed are undeveloped forested lands. Landscapescale projects here, such as improving groundwater infiltration, thinning the forest, and reducing channel incision,
could enhance flows downstream.

3.3 Water Rights
Records of water rights provide additional information on scale, spatial distribution, and type of human water uses
across the Mill Creek watershed, as well as the methods and basis of right used to obtain and manage water across
the landscape. There are two basic types of surface water rights in California: riparian and appropriative rights.
A riparian right entitles the owner of land immediately adjacent to a stream (or other body of water) to use a
reasonable amount of the natural flow on that land. Appropriative rights include traditional appropriative rights as
well as registrations for small irrigation use, small domestic use, and cannabis irrigation use. For more information
on water rights permitting as it pertains to streamflow enhancement projects, please see Section 7.1 9.

3.3.1 Water rights in the Mill Creek watershed
The State Water Board maintains a publicly accessible database called the Electronic Water Rights Information
Management System (eWRIMS) that lists all the water rights on file. For the Mill Creek watershed, as of August
2020, eWRIMS lists 40 water rights: 17 small domestic use registrations, 12 traditional appropriative rights, 10
riparian claims, and one cannabis small irrigation use registration (Figure 16).
Water right reporting may not be the most accurate way to estimate water need in the Mill Creek watershed, as it
may underrepresent the number of diversions or overestimate the total demand of some water right holders. For
example, appropriative water rights often have a big face value, but actual use may be less. Furthermore, many
riparian diverters in California have not filed riparian claims and do not report riparian use to the State, so they
would not be accounted for in this analysis.

9

Additional guidance on water rights can be found in A Guide to California Water Rights for Small Water Users, available here: https://www.tu.org/wpcontent/uploads/2019/05/Trout-Unlimited.-A-Guide-to-CA-Water-Rights-final-full-resolution.pdf
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Figure 16. Water rights in the Mill Creek watershed.

3.4 Summary and Implications of Human Water Use in Mill Creek
Human water use and water rights data provide important insights into water management in the Mill Creek
watershed. Despite the annual abundance of water, the seasonality of its availability is the greatest challenge
associated with ecologically sustainable management. In this watershed, vineyards and residents use the most
water annually, followed by cannabis cultivation and other types of agriculture. Residential water users can
reduce their annual water needs by storing water for potable and non-potable uses, planting drought-friendly
gardens, and following other water efficiency best practices.
In the Mill Creek watershed, there are nine reported water users with riparian rights who can divert from streams
year-round. Most of the 17 small domestic use registrants divert water from unnamed streams or springs. All
traditional appropriative water rights are located in the lower portion of the watershed and are associated with
agricultural land uses. This analysis suggests that streamflow enhancement projects that reduce demand or
modify the timing of direct diversions could lead to an increase in dry season streamflow.
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4. Salmonids and Flow-Related Habitat Impacts
4.1 Historical Salmonid Presence and Conservation Status
The Navarro River watershed historically supported at least two species of salmonids, coho salmon (Oncorhynchus
kisutch) and steelhead trout (Oncorhynchus mykiss), and likely supported Chinook salmon (Oncorhynchus
tshawytscha) at one time. Coho and Chinook salmon and steelhead trout populations in coastal California have
declined dramatically over the last 100 years (NMFS 2012, 2016). In 1996, the National Marine Fisheries Service
(NMFS) listed coho salmon in the Central California Coast (CCC) Evolutionarily Significant Unit (ESU), which includes
the Navarro River, as a threatened species under the federal Endangered Species Act, and in 2005, they were listed
as endangered. In 2000, NMFS also listed steelhead trout in the Northern California Coast ESU, which includes the
Navarro River, as a threatened species. Chinook salmon in the California Coastal ESU were listed as threatened in
1999.
Historical estimates of population sizes in the Navarro watershed are limited, spotty, and infrequent. There are no
historical estimates of Chinook salmon population size for the Navarro River, though the National Marine Fisheries
Service has set a recovery target of 787–1,576 adults (NMFS 2016). In 1965, the California Department of Fish and
Wildlife (CDFW) estimated that about 16,000 adult steelhead returned to spawn in the Navarro watershed, and the
NMFS recovery target is 7,800 adults (NMFS 2016). In 1965, CDFW estimated that approximately 7,000 adult coho
salmon returned to spawn in the Navarro watershed, followed in 1984 by an estimated 2,000, and in 1991 only 300
(NMFS 2012). The NMFS recovery target for coho salmon in the Navarro watershed is 5,700 adults (NMFS 2012).
Mill Creek Collaborative Water Management Plan
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The NMFS recovery plan for coho in the CCC ESU identifies the sub-watersheds that are core to recovery efforts
and are the highest priority sub-watersheds for restoration investment. In the Navarro watersheds, these core
sub-watersheds are the North Fork Navarro, Ray Gulch, lower Navarro River, and Mill Creek (NMFS 2012). The
NMFS Recovery Plan for steelhead also identifies high priority sub-watersheds for steelhead recovery: the North
Fork Navarro River, upper Rancheria Creek, Indian Creek, and the estuary (NMFS 2016). A recent planning effort led
by CDFW and NMFS for Mendocino County coastal watersheds, the Salmon Habitat Restoration Priorities (SHaRP)
process, ranked the watershed area that includes Mill Creek among the highest priority areas for recovery of coho
salmon on the Mendocino Coast.

Figure 17. NMFS Intrinsic Potential (IP) data for Mill Creek for coho (top panel), and steelhead (bottom panel).
NMFS assumes reaches with IP scores that are greater than or equal to 0.7 to have potential to be high quality
habitats (NMFS 2016), and these are the data shown here.
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Due to a lack of historical population data in many locations, NMFS developed a GIS-based modeling approach to
predict historical population distribution using mappable indicators of geomorphic and hydrologic processes that
are associated with suitable habitat for critical life-history stages of salmon and steelhead (Agrawal et al. 2005).10
These data are meant to represent the ‘intrinsic potential’ of stream reaches to provide suitable habitat for
salmon and steelhead. Mill Creek contains predicted high quality habitat for both coho and steelhead (Figure 17).

4.2 Current Salmonid Populations
The Navarro watershed is home to coho salmon and steelhead trout. In recent years, Chinook salmon have
only been observed sporadically in Navarro watershed, and sightings are uncommon (NMFS 2016). Steelhead
trout, although found in significantly lower numbers than in the past, still range widely throughout the entire
watershed. Steelhead numbers in the last few years have varied between 102 and 2,695 adults (Table 2). Coho
salmon are still present in the Navarro watershed, though they are more limited in their distribution than
steelhead and have only been seen in North Fork Navarro, Mill Creek, Indian Creek, Rancheria Creek, and the
lowest reaches of the mainstem Navarro in the last decade. In recent years, 0 to 572 adult coho have returned to
the Navarro watershed (Table 2).
Table 2. Estimates of adult coho salmon and steelhead trout abundance in the Navarro watershed, from the CDFW
Coastal Mendocino County Salmonid Monitoring Project.
Adult Estimates
Winter Sample Period

Coho

Steelhead

2009–2010

452

102

2010–2011

420

290

2011–2012

244

401

2012–2013

354

438

2013–2014

0

781

2014–2015

412

484

2015–2016

178

239

2016–2017

313

190

2017–2018

572

883

2018–2019

not sampled

not sampled

2019–2020

248

2,695

Mill Creek has valuable habitat for both steelhead trout and coho salmon. Surveys in the 1990s documented
juvenile steelhead rearing in Mill Creek (ENTRIX et al. 1998), and recent CDFW surveys have documented adult
coho and steelhead spawning in Mill Creek (Sarah Gallagher, CDFW, personal communication). Recent snorkel
surveys by The Nature Conservancy have documented both coho and steelhead juveniles rearing in Mill Creek,
with juvenile coho present in the lower two miles, and steelhead or rainbow trout rearing well up into the
watershed (Figure 18).

10

Data used in the model include channel gradient, valley constraint, and mean annual discharge. These values are converted to habitat suitability scores on
a scale of 0 to 1, and then a reach-specific IP value is calculated as the geometric mean of reach-specific suitability scores for each of the three characteristics
(Agrawal et al. 2005). NMFS assumes reaches with IP scores that are greater than or equal to 0.7 to have potential to be high quality habitats (NMFS 2016).
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4.3 Fisheries Monitoring
Salmon and trout monitoring in the Navarro watershed has been limited, sporadic, and inconsistent. Presence/
absence surveys for juveniles were conducted by NMFS in 1996, CDFW between 1989 and 1996, ENTRIX in 1996,
and Louisiana Pacific in the North Fork Navarro watershed in the 1990s (ENTRIX et al. 1998). In the mid-2000s,
Mendocino Redwood Company and CDFW began collaborating on adult monitoring through the CDFW-led Coastal
Mendocino County Salmonid Monitoring Project. Results from that monitoring program are presented in Table 2
above. Over the same time period, Mendocino Redwood Company also managed a juvenile monitoring program in
the North Fork Navarro River. Presence/absence juvenile surveys were conducted by The Nature Conservancy in
Mill Creek in 2016, 2017, and 2019 (Figure 18).
Figure 18. Mill Creek
reaches surveyed by The
Nature Conservancy
in summer 2016 are
shown in orange and
green. Similar salmonid
distribution was
observed in 2017 and
2019 surveys of these
same reaches.

4.4 Flow-Related Bottlenecks to Oversummer Survival
In the Navarro watershed, dry season streamflow and water quality have declined significantly over the last 50–60
years (ENTRIX et al. 1998, NCRWQCB 2000, NMFS 2012, NMFS 2016). Low streamflow during the dry season has
been identified as a key factor limiting the recovery of coho salmon at the southern end of their range, particularly
in the Navarro watershed (NMFS 2012). While streamflow is naturally low during California’s dry season, those low
flows are further decreased due to human land and water management practices in many watersheds.
Among the highest priority restoration actions to advance recovery of salmonids in the Navarro watershed,
according to the NMFS recovery plans for coho salmon and steelhead trout, are eliminating summer streamflow
depletion and promoting winter water storage to reduce the impacts of diversion during the dry season (NMFS
2012, NMFS 2016). The coho recovery plan specifically names Mill Creek as an important sub-watershed where dry
season streamflow needs to improve (NMFS 2012).
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4.5 Summary and Implications of Fisheries Habitat and Needs in Mill Creek
It is important to improve dry season streamflow in Mill Creek (NMFS 2012). Though current salmonid population
numbers are much lower than historical numbers, the Navarro watershed, and Mill Creek in particular, still
support adult spawning and rearing of juvenile coho salmon and steelhead trout. The recovery plans for coho
salmon and steelhead trout cite eliminating summer streamflow depletion and promoting winter water storage
as high-priority recovery actions. Section 6 in this document identifies and prioritizes these and other restoration
actions by study area, to help direct restoration investment to improve conditions for salmonids in Mill Creek.
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5. Streamflow Studies and Flow Restoration Objectives
5.1 Hydrologic Studies
in Mill Creek
This sub-section describes surface water
conditions in the watershed and presents
the results of eight years of streamflow
monitoring. Figure 2 shows the general
areas that were used to characterize
stream reaches, but does not show the
gauge sites, due to privacy agreements
with landowners. Most project gauges are
located on the mainstem, except for one
gauge located in an upper tributary.

5.1.1 Streamflow
Streamflow data are essential for
determining the ecological condition of
a watershed. Understanding streamflow
patterns and how humans are modifying
streamflow is an important step in
improving how a community manages
water resources to benefit humans and the
ecosystem. California’s dramatic variability
in precipitation makes streamflow
conditions highly variable between years.
Long-term streamflow records allow
resource managers to understand this
variability, identify important streamflow
connectivity thresholds, quantify seasonal
discharge, better understand changes caused by water diversion, identify priority reaches for restoration and flow
enhancement projects, estimate the benefit of flow enhancement projects, monitor the impacts of restoration
projects, and better understand issues related to salmonid survival and recovery.
No long-term gauge data exist for the Mill Creek watershed, so the data presented in this CWM Plan are limited
to the eight years of the Partnership’s gauge record. In 2013, the first gauge in the watershed was installed in the
lower reach, near the confluence with the Navarro River. In summer 2014, three more gauges were installed in
the middle and upper reaches of Mill Creek, and in summer 2020 one gauge was installed in the Little Mill Creek
tributary. Data from the gauges have shown that during the dry season, streamflow does not increase moving
downstream. In some reaches this is expected, as some loss in streamflow naturally occurs when water moves
from an upstream bedrock reach to a downstream alluvial reach, but the data also seem to show surface water
diversion, and additional streamflow may be lost due to groundwater pumping.
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Each streamflow gauge is operated following USGS standard procedures, as described in Rantz (1982). Field crews
measured streamflow at monthly intervals following protocols adapted from the CDFW Standard Operating
Procedures for Discharge Measurements in Wadeable Streams (CDFW 2013). Using measured streamflow values,
rating curves were developed to correlate the stage with discharge at each site. In addition, staff plates were
installed to detect pressure transducer drift and other factors that may cause phase shifts (i.e., changes in the
relationship between stage and streamflow) over the course of the project.

5.1.2 Dry season baseflow
Figure 19 shows a dry season hydrograph in WY2019 and illustrates the summer recessional flow pattern in a
wetter-than-average water year in Mill Creek. In late May 2019, there was a rain event that caused water levels and
streamflow in the watershed to rise. As the dry season continued, the stream receded to baseflow, derived from
groundwater inputs and local springs. In late September 2019, streamflow reached its lowest levels for the year at
0.14 ft 3/s. Dry season baseflow was maintained for the remainder of the dry season until the first rain event of the
new water year (WY2020) in late November 2019.

Figure 19. Dry season streamflow conditions in the Mill Creek watershed in a wet-type year, WY2019.

5.1.3 Impacts of water management
Gauge data shows that discharge in Mill Creek is likely impacted by water management practices. Gauge data
recorded over eight years of monitoring have shown possible water diversions in multiple years at multiple sites. For
example, Figure 20 shows possible evidence of diversions in the hydrograph in summer 2016 that caused streamflow
conditions to decrease by as much as 0.05 ft3/s within 24 hours. Groundwater pumping from shallow wells adjacent
to the creek, as well as surface water diversions from springs, may also have an impact on streamflow conditions;
however, the impacts of those management practices on streamflow are more difficult to identify in the gauge data.
These impacts may be similar to those of stream diversions or may be delayed or lessened depending on distance to
the stream and transmissivity of water between wells and the stream (Zipper et al. 2019).
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Figure 20. Mill Creek hydrograph from WY2016, showing multiple possible diversions in the stream and drops in
streamflow.

5.1.4 Impacts of recent drought on streamflow
The recent 2012–2016 drought had a measurable and profound impact on streamflow conditions and wetted
habitat in Mill Creek in the upper, middle, and lower reaches. During all five years of the drought, streamflow in the
lower reach dropped to zero by late summer and pools remained disconnected or dry until the fall. Total summer
discharge data from the gauge sites further illustrates the impact of the drought (Figure 21). It is important to
understand that dry years occur frequently in coastal California, and conditions observed during the 2012–2016
drought also occurred in more recent years, like summer 2020 and 2021. This report highlights the 2012–2016
drought because it was the most recent prolonged drought on record and therefore provides important insights
into what conditions might be during future droughts.
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Figure 21. Summer streamflow conditions in Mill Creek, WY2013–2020, showing streamflow conditions during (red)
and after (blue) the 2012–2016 drought.

5.1.5 Wetted habitat
As noted above, in some years parts of Mill Creek go dry or become intermittent (riffles dry and only disconnected
pools remain). Some reaches likely went dry even under natural conditions (see Tables 4 and 7 below). To further
explore current conditions, wetted habitat surveys were conducted during the dry season in 2019 and 2020, to
document wetted habitat available to fish during the driest time of the year. Every two to four weeks, researchers
walked the stream with a GPS unit and collected spatial data characterizing stream conditions as wet or dry.
Summer 2019 was an above-average wet year and most of the surveyed channel remained wet throughout the
dry season (Figure 22). In contrast, summer 2020 was a dry year, and a significant portion of the channel dried
out by late in the dry season (Figure 22). Out of the reaches surveyed, approximately 2% of habitat was dry in late
dry season 2019, and approximately 43% was dry in late dry season 2020 (Figure 23). The lowest portion of the
lower reach of Mill Creek is likely dry or has disconnected pools every summer due to the alluvial nature of the
reach and the channel’s elevation above the mainstem Navarro River. The middle and upper portions of the lower
reach may become intermittent in some years and not in others, due to a combination of the site’s alluvial geology
and annual rainfall conditions and human activities. The middle and upper reaches of Mill Creek are mostly
bedrock confined and, in most years, maintain flow year-round. However, in dry years these reaches may become
intermittent due to water management practices such as direct diversions and groundwater pumping in nearstream wells. While future projects may not be able to eliminate all drying in all types of water years, implementing
streamflow enhancement projects can likely reduce the length and frequency of dry reaches in the watershed.
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Figure 22. Map showing wetted habitat conditions in Mill Creek in late dry season 2019 (left) and 2020 (right).

Figure 23. Proportion of surveyed habitat in late dry season 2019 and 2020 that showed dry and wet conditions.
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5.1.6 Pool connectivity
Pool connectivity is an important metric for understanding the ecological health of a watershed because when
pools become disconnected (Figure 24), water quality (dissolved oxygen in particular) often quickly drops to
unsuitable levels for salmon and trout, and food availability also declines. A study conducted by Obedzinski et al.
(2018) examined the effects of low streamflow on juvenile salmonids rearing in four small intermittent streams
in coastal California and found that survival was negatively associated with days of disconnected surface flow
(days of disconnection), though the relationship varied by geomorphic reach type (Figure 25). Survival was lower
in alluvial reaches than in bedrock and clay reaches and showed a faster rate of decline with increasing days of
disconnection and drought condition. In all reaches, the onset of pool disconnection represented a turning point at
which water quality, water quantity, and survival declined.
Pool connectivity in the Mill Creek watershed was documented in the upper, middle, and lower reaches of the
stream (Figure 26), showing that pool connectivity decreased from upstream to downstream. This change in
conditions is likely the result of a combination of factors, including human water use activities, differences in the
reaches’ underlying geology, channel incision and alteration to groundwater hydrology, and interaction with the
mainstem Navarro River (near the confluence). Though many factors likely affect pool connectivity, monitoring
pool connectivity over an extended period may be a useful metric to gauge the success of enhancement efforts.

Figure 24. Photos showing pool disconnection in lower Mill Creek across the dry season recession.
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Figure 25. Estimated survival of juvenile coho salmon as a function of days of disconnection and average DO
levels in alluvial, bedrock, and clay reaches (Obedzinski et al. 2018).

Figure 26. Pool connectivity in Mill Creek, 2013–2020, from upstream to downstream.
32 Mill Creek Collaborative Water Management Plan

5.2 Groundwater Study in Mill Creek
Because surface water (streams and springs) and groundwater are interconnected and because groundwater is
the primary source of dry season flow in many streams in coastal California, pumping groundwater from wells
near streams can lead to reductions in streamflow (called streamflow depletion). Understanding the significance
of streamflow depletion can help advance better voluntary management practices for groundwater pumping.
Streamflow depletion in the Navarro watershed and Mill Creek was estimated by using analytical models, which
incorporate data or assumptions representing the location and timing of groundwater withdrawals, hydrogeologic
characteristics, and stream network geometry (Zipper et al. 2019, Foundry Spatial 2020).

5.2.1 Groundwater usage estimates
Hypothetical usage scenarios were developed using information from agricultural surveys, water utility data,
and other reports to represent estimated groundwater pumping rates. Data on well locations and use are not
available for Mill Creek, so it was necessary to make assumptions about well location and depth, timing of use,
pumping amounts, as well as water transmission rates between a well and the stream. These assumptions likely
diverge from actual well use and location patterns in the Navarro watershed and Mill Creek, and transmission
rates will be very site specific. Since few vineyards in the Navarro watershed use groundwater for irrigation or frost
protection purposes (McGourty et al. 2013), the analysis focused on groundwater use to meet residential demand
or for cannabis farming. Recent studies (Dillis et al. 2019) and local reporting (Zipper et al. 2019) indicate that it
is much more common for cannabis farmers and residential water users to use wells than to use streamflow. In
this case, it was assumed that ~70% of cannabis farms and ~90% of residences use well water as their primary
water source (Zipper et al. 2019). Because well locations are unknown, they were assumed to be at the center of
each parcel. Pumping timing and rates for cannabis farms were based on permit reporting data presented in Dillis
et al. (2019). Pumping timing and rates for residential water demand follow those presented above in Section 3.
Analytical depletion functions were used to calculate the timing and volume of streamflow depletion associated
with pumping wells in the watershed, following methods described in Zipper et al. (2019). All wells were assumed
to have been drilled 10 years in the past, and to have been pumping following a monthly pattern of withdrawals
for a 10-year period.

5.2.2 Results
Modeled streamflow use from residential groundwater pumping caused five times as much streamflow depletion
as cannabis farming in the Navarro watershed (Zipper et al. 2019). In this analysis, streamflow depletion from
groundwater pumping is predicted to be greatest in the dry season (Figure 27), with residential pumping predicted
to deplete streamflow by up to almost 6% in one year of pumping and up to 10% in 50 years of pumping.
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Figure 27. Streamflow depletion in the Navarro watershed from groundwater pumping for residential and cannabis
farming uses, from Zipper et al. (2019).
The streamflow depletion presented here is sensitive to uncertainties related to the estimated location, timing,
and volume of groundwater withdrawals. Therefore, these results should be considered general hypothetical
estimates for streamflow potential, and not actual, specific information about streamflow depletion. For
example, it is common in coastal California areas with fractured rock subsurface geology to have wells located
near streams or springs, but for the purposes of this model, wells were assumed to be at the center of each
parcel. If most wells in the Navarro watershed are located near streams, actual streamflow depletion potential in
the Navarro could be higher than that predicted in Figure 27. Zipper et al. (2019) found that several factors, such
as the amount of water used, the distance from a well to the closest stream, and the ease of water transmission
between a well and a nearby stream, are the best predictors of the amount of depletion caused by a well.
Furthermore, in their analysis of the entire Navarro watershed, they found that a relatively small number of wells
are likely largely responsible for well-based streamflow depletion at the watershed scale. For example, after 10
years of pumping, 17.5% of wells (those closest to streams) caused 53% of the streamflow depletion (Zipper et al.
2019). Wells that are located near streams and in alluvial material (common in valley bottoms near streams) have
the highest potential for streamflow depletion. Figure 28 illustrates this conceptually for Mill Creek.
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Figure 28. Modeled streamflow depletion potential in Mill Creek11. Colors represent areas where the following
percentages of pumped water (after one year of pumping) could come from streamflow depletion: red 100%, dark
orange 30%, medium orange 25%, light orange 15%, yellow 10%, and blue 1% (from Foundry Spatial 2020).

5.3 Environmental Flow Objectives
Environmental flows describe the quantity, quality, and timing of streamflow needed to support freshwater
ecosystems and the human communities that depend on them. Environmental flow objectives are specific
objectives related to a particular aspect of water quantity, quality, or timing. Flow objectives or recommendations
should: 1) help identify flows needed at different times of year to support a species of interest or a broad suite of
species and ecological processes more generally; and 2) balance these ecological needs with human water needs.
Thus, the term “environmental flow objectives” here refers to flow objectives that consider both ecological and
human water needs. Setting such goals helps quantify the extent to which flows are insufficient in stream reaches
that support, or historically supported, suitable habitat, and where the potential exists to enhance flows to an
ecologically significant level.

11

As noted above, actual streamflow depletion potential will vary and be highly site-specific.

Mill Creek Collaborative Water Management Plan

35

5.3.1 Ecological management goals, and other management goals
Ecological management goals in Mill Creek include protecting habitat and flow conditions that all life stages of coho
salmon and steelhead trout need to survive and thrive. As noted above, federal recovery plans for these species
have identified insufficient dry season streamflow as a limiting factor in the Navarro watershed and in Mill Creek
(NMFS 2012, NMFS 2016). For that reason, an ecological management goal was included to avoid channel drying
and pool disconnectivity in priority salmonid stream reaches in Mill Creek in the dry season.
Other management goals include increasing water security for water users in light of climate change, and meeting
water needs for agricultural and residential water demands in Mill Creek, while improving dry season conditions
for salmonids.

5.3.2 California Environmental Flows Framework functional flow metrics
The California Environmental Flows Framework (CEFF) is an approach that can be used to choose the best flow
restoration projects (California Environmental Flow Working Group 2021). CEFF was designed to provide technical
guidance to support efficient development of environmental flow recommendations that balance ecosystem and
human water needs. The CEFF provides generally protective ecological flow criteria for each stream reach in the
state, based on a functional flows approach to protect native plants and animals. It also provides a stakeholderdriven planning process for assessing those criteria, in light of flow alteration and existing human water uses,
and for developing environmental flow recommendations that account for both ecological and human needs
(California Environmental Flow Working Group 2021). Included here are the CEFF functional flow metrics for the
reaches of interest in Mill Creek (Table 3). These metrics represent different aspects of natural flows that are
important to protect in order to support ecological processes and native fish and wildlife, such as fall season pulse
flows with the first fall rains, baseflow during winter and spring, peak flows during storm events, spring flows as
the hydrograph is receding, and dry season baseflow (Yarnell et al. 2020). The CEFF guidebook defines these as
follows (California Environmental Flow Working Group 2021):
■
■

■
■

■

Fall pulse flow: First major storm event at the end of dry season
Wet-season baseflow: Sustained by overland and shallow subsurface flows in the periods between winter
storms
Wet-season peak flow: Coincides with the largest storms in winter
Spring recession flow: Represents the transition from the wet to dry season and is characterized by a steady
decline of flows over a period of weeks to months
Dry-season baseflow: Sustained by groundwater inputs to rivers

CEFF models functional flow metrics at the reach scale using reaches from the National Hydrography Dataset
(NHD) (version 1:100k Plus v2). Reaches of interest in this analysis are shown in Figure 2 and include Lower Mill
Creek (NHD 1:100k Plus v2, COMID 2664783), where gauges Na02 and Na13 are located; Middle Mill Creek (NHD
1:100k Plus v2, COMID 2664737), where gauge Na12 is located; Upper Mill Creek (NHD 1:100k Plus v2, COMID
2664723), where gauge Na11 is located; Little Mill Creek (NHD 1:100k Plus v2, COMID 2664675); and Meyer Gulch
(NHD 1:100k Plus v2, COMID 2664715).
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Table 3. CEFF Functional Flow Metrics for five reaches of interest in Mill Creek.

Flow

Flow Metric

Component

Fall pulse
flow

Wet season
baseflow

Peak flows

Spring
recession
flows

Dry season
baseflow

Predicted
Range at
Lower Mill
- Na02 and
Na13 (COMID
2664783);
median
(10 th–90 th
percentile)

Predicted
Range at
Middle Mill Na12 (COMID
2664737);
median
(10 th–90 th
percentile)

Predicted
Range at
Upper Mill Na11 (COMID
2664723);
median
(10 th–90 th
percentile)

Predicted
Range at
Little Mill
(COMID
2664675);
median
(10 th–90 th
percentile)

Predicted
Range at
Meyer Gulch
(COMID
2664715);
median
(10 th–90 th
percentile)

Fall pulse
magnitude

5.44 (1.78–33) cfs

4.59 (1.69–18.2) cfs

2.87 (1.08–10.5) cfs

0.77 (0.26–3.08) cfs 0.72 (0.21–5.19) cfs

Fall pulse timing

Oct. 27 (Oct. 9–
Nov. 14)

Oct. 27 (Oct. 9–
Nov. 14)

Oct. 27 (Oct. 9–
Nov. 13)

Oct. 29 (Oct. 8–
Nov. 19)

Oct. 29 (Oct. 8–Nov.
20)

Fall pulse
duration

3 (2–6.5) days

3 (2–6.5) days

3 (2–6.5) days

No data

No data

Wet season
baseflow
(median
magnitude)

16.9 (8.38–34) cfs

15.4 (7.88–30.8) cfs 10.8 (5.3–19.2) cfs

2.11 (1.06–3.79) cfs

1.78 (0.86–3.47) cfs

Wet season start
date

Dec. 3 (Nov. 20–
Dec. 22)

Dec. 3 (Nov. 19–
Dec. 21)

Dec. 2 (Nov. 21–
Dec. 18)

Dec. 5 (Nov. 15–
Dec. 30)

Dec. 5 (Nov. 13–Dec.
31)

Wet season
duration

117 (74–155) days

116 (75–154) days

117 (78–152) days

113 (69–159) days

111 (67–159) days

5-year flood
magnitude

893 (488–1300) cfs

818 (447–1340) cfs

482 (263–984) cfs

104 (56–171) cfs

91 (45–149) cfs

5-year flood
duration

2.5 (1–6) days

2.5 (1–6) days

2.5 (1–6) days

No data

No data

5-year flood
frequency
(number of
5-year floods/
year)

1 (1–3) occurrences 1 (1–3) occurrences 1 (1–3) occurrences No data

No data

Spring recession
magnitude

88 (22–276) cfs

78.9 (20.5–239) cfs

47.5 (13.2–132) cfs

10.7 (2.99–41.1) cfs

9.75 (2.55–39.5) cfs

Spring recession
timing

Apr. 2 (Mar. 12–
Apr. 28)

Apr. 2 (Mar. 13–
Apr. 27)

Apr. 4 (Mar. 15–
Apr. 26)

Apr. 2 (Mar. 8–May
1)

Mar. 31 (Mar. 8–May
1)

Spring recession
duration

40 (25–77) days

40 (25–76) days

39 (26–74) days

42 (24–102) days

43 (24–105) days

Spring recession
rate of change

6 (3–10) %

6 (3–10) %

6 (3–10) %

No data

No data

Dry season
(median)
baseflow

0.75 (0.34–1.4) cfs

0.71 (0.32–1.33) cfs

0.43 (0.2–0.92) cfs

0.11 (0.05–0.26) cfs

0.09 (0.03–0.23) cfs

Dry season start
date

May 24 (Apr. 26–
Jun. 22)

May 24 (Apr. 28–
Jun. 22)

May 24 (May 3–
Jun. 20)

May 28 (Apr. 25–
Jul. 5)

May 26 (Apr. 23–Jul.
6)

Dry season
duration

193 (147–239) days

192 (148–235) days

192 (149–234) days

190 (133–241) days

190 (135–242) days
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5.3.3 Dry season flow considerations
Mean monthly estimates of unimpaired flow were downloaded from The Nature Conservancy and USGS’s Natural
Flows Database12. Unimpaired flows are natural flows that are expected in the absence of diversion or other flow
alteration. The Natural Flows Database uses a modeled approach based on machine learning to predict monthly
unimpaired flows statewide for the years 1950–201513. Table 4 presents two sets of data: the modeled mean
monthly unimpaired flows for the entire model period, 1950–2015 (top panel); and the modeled mean monthly
unimpaired flows for the driest 33% of years between 1950 and 2015 (bottom panel).
Table 4. Modeled mean monthly flows for the stream reaches of interest in Mill Creek
(from the Natural Flows Database).
Mean monthly unimpaired flow (cfs) (1950–2015)
Lower Mill-Na02
& Na13 (COMID
2664783)

Middle Mill –
Na12
(COMID
2664737)

Upper Mill –
Na11
(COMID
2664723)

Little Mill Creek
(COMID
2664675)

Meyer Gulch
(COMID 2664715)

June

2.76

2.58

1.58

0.37

0.31

July

1.41

1.30

0.83

0.19

0.15

August

0.83

0.75

0.53

0.09

0.05

September

0.44

0.40

0.29

0.01

0.00

October

1.51

1.40

0.86

0.17

0.14

Mean monthly unimpaired flow (cfs) (driest 33% of years 1950–2015)
Lower Mill-Na02
& Na13
(COMID 2664783)

Middle Mill –
Na12
(COMID
2664737)

Upper Mill –
Na11
(COMID
2664723)

Little Mill Creek
(COMID
2664675)

Meyer Gulch
(COMID 2664715)

June

1.61

1.57

0.97

0.23

0.19

July

1.00

0.92

0.59

0.14

0.10

August

0.65

0.59

0.42

0.05

0.00

September

0.36

0.33

0.24

0.01

0.00

October

1.12

1.01

0.60

0.13

0.11

Pool connectivity is an important factor in juvenile coho survival through the dry season (Russian River Coho
Water Resources Partnership 2017). A primary goal for the CWM Plan is to keep pools connected by surface flow
through the dry season to increase the probability of coho survival. The timing of pool disconnection in the lower
Mill Creek reach is also significant because it could impact the ability of smolts to outmigrate from the watershed
in spring/early summer, especially during prolonged periods of drought. In order to determine the connectivity
threshold (the specific flow at which pools become disconnected) in each of the Mill Creek reaches, field
observations were collected, wetted habitat was mapped, and photo points were captured with wildlife cameras;
these data were then correlated with mean daily flow data collected in the reach.
12
13

https://rivers.codefornature.org
See Zimmerman et al. (2017) for a full description of the dataset and methods used to generate the natural flow data.
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Summer 2020 was the first year that pool connectivity was documented in Mill Creek and wildlife cameras
were installed at two ends of the Lower Mill study area. Only the lower portion of the Lower Mill study area
disconnected during the dry season in 2020. Additional years of data collection are needed to determine the
connectivity thresholds for each reach.
Table 5 shows the first iteration of connectivity thresholds identified for the study areas. Identifying a connectivity
threshold for the lower portion of the Lower Mill Creek reach is important because it is the first area in the system
that disconnects each year. This connectivity threshold could be used by resource managers as a voluntary flow
target for streamflow enhancement projects, particularly for the planning and implementation of collaborative,
coordinated flow releases in the watershed.
Table 5. Estimated connectivity thresholds for each reach in the Mill Creek watershed.
Reach

Connectivity Threshold (ft3/sec)

Associated Project Gauge

Upper Mill Creek

Not established yet

Na11

Middle Mill Creek

Not established yet

Na12

Lower Mill Creek (upper portion)

Not established yet

Na13

Lower Mill Creek (lower portion)

0.17

Na02

Pool connectivity and intermittency thresholds have also been derived in nearby watersheds, such as tributaries
to the Russian River. Intermittency thresholds vary by reach; for example, in Dutch Bill Creek, intermittency
thresholds ranged from 0.01 to 0.05 cfs across different reaches (Russian River Coho Water Resources Partnership
2017). Obedzinski et al. (2018) also found that juvenile coho salmon in Russian River tributaries were generally able
to survive when flow was around 0.1 cfs and pools remained connected by streamflow, suggesting that 0.1 cfs may
represent an important minimum survival threshold for coho salmon in their study area.

5.3.4 Flow alteration
To evaluate whether streamflow in the reaches of interest in Mill Creek is likely altered or not altered relative to
historical ranges, present-day ranges of CEFF functional flow metrics (using modeled data) were compared against
the estimated unimpaired values of those metrics (given in Table 3). Observed dry season mean monthly flows
(using Partnership gauging data) were also compared against the mean monthly unimpaired flows predicted in the
Natural Flows Database (Table 4).
Ideally, CEFF functional flow metrics should be compared against observed data to assess whether streamflow
is likely altered or not altered in particular reaches. But the Partnership has a relatively short gauging record of
only 6–7 years and did not believe that such a short data record accurately represented the range of presentday conditions. For that reason, the Partnership worked instead with a 20-year dataset of modeled present-day
conditions. These data were modeled by Upstream Tech using a machine learning approach, trained with the
existing 6–7 years of observed gauging data.
Two tests were performed to assess alteration: 1) Is the mean present-day value within the range predicted by
CEFF for that functional flow metric? and 2) Are >50% of the present-day values within the range predicted by CEFF
for that functional flow metric? If the answer to both questions is yes, then the reach is considered likely unaltered
for that functional flow metric. If the answer to the first question is no, then the reach is considered likely altered
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for that functional flow metric. If the answer to the second question is no, then there is uncertainty about whether the
reach is unaltered for that functional flow metric, and the reach is classified as ‘unclear if altered’ (Table 6).
The analysis showed that median dry season baseflow is likely altered in four of the five study areas (Table 6), with
present-day values lower than those likely present under historical conditions. The five-year peak flood magnitude
is likely altered in all five study areas, however there is reason to believe this determination is an artifact of gauging
practices. The gauging data that were used to train the Upstream Tech model have some significant limitations in the
winter season. Field data were not collected to convert water height (stage) to flow in the winter, and therefore rating
curves were not updated for this time period. Therefore, these data are asterisked in Table 6. In contrast, rating curves
are regularly updated during the dry season and there is more certainty about alteration status then, so the Upstream
Tech model was trained with accurate data for that period.
To further explore potential patterns in alteration in dry season flow magnitude, predicted unimpaired mean monthly
flows from the Natural Flows Database were compared with observed mean monthly flows using the gauging data
in the driest months (July–October) of the year. Average mean monthly flows were calculated across all years in the
observed data. Some sites had observed data beginning in 2013 and the rest started in 2014, so observed averages
were calculated for either 2013–2019 or 2014–2019.
The existing gauging record (6 or 7 years) is likely not long enough to adequately capture the full range of present-day
conditions and therefore not sufficient for an alteration analysis like that in Section 5.3.4.1. Even so, similar patterns
emerge. Mean monthly observed flows at gauged locations are generally at or below the low end of the range14 for the
Natural Flows Database, indicating that current streamflow conditions in the dry season are likely drier than they have
been in the past.

Table 6. Predicted alteration status for Functional Flows Metrics for reaches of interest in Mill Creek.

14

The 10th percentile prediction interval
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Flow
Component

Fall pulse flow

Wet season
baseflow

Peak flows

Spring
recession flows

Dry season
baseflow

Predicted
Range at
Lower Mill
- Na02 and
Na13 (COMID
2664783);
median
(10 th–90 th
percentile)

Predicted
Range at
Middle Mill Na12 (COMID
2664737);
median
(10 th–90 th
percentile)

Predicted
Range at
Upper Mill Na11 (COMID
2664723);
median
(10 th–90 th
percentile)

Fall pulse
magnitude

likely unaltered

likely unaltered

likely unaltered

likely unaltered

likely unaltered

Fall pulse timing

likely unaltered

likely unaltered

likely unaltered

likely unaltered

likely unaltered

Fall pulse
duration

likely unaltered

likely unaltered

likely unaltered

no data

no data

Wet season
baseflow
(median
magnitude)

unclear if
altered*

unclear if
altered*

likely altered
(low)*

unclear if
altered*

likely unaltered*

Flow Metric

Predicted
Range at
Little Mill
(COMID
2664675);
median
(10 th–90 th
percentile)

Predicted
Range at
Meyer Gulch
(COMID
2664715);
median
(10 th–90 th
percentile)

Wet season start unclear if altered likely unaltered
date

unclear if altered likely unaltered

likely unaltered

Wet season
duration

likely unaltered

likely unaltered

likely unaltered

likely unaltered

likely unaltered

5-year flood
magnitude

likely altered
(low)*

likely altered
(low)*

likely altered
(low)*

likely altered
(low)*

likely altered
(low)*

5-year flood
duration

likely unaltered

likely unaltered

likely unaltered

no data

no data

5-year flood
frequency
(number of
5-year floods/
year)

likely unaltered

likely unaltered

likely unaltered

no data

no data

Spring recession
magnitude

likely unaltered

likely unaltered

likely unaltered

likely unaltered

likely unaltered

Spring recession
timing

unclear if altered unclear if altered unclear if altered likely altered
(early)

Spring recession
duration

likely unaltered

likely unaltered

likely unaltered

unclear if altered likely unaltered

Spring recession
rate of change

likely unaltered

likely unaltered

likely unaltered

no data

no data

Dry season
(median)
baseflow

likely altered
(low)

likely altered
(low)

likely unaltered

likely altered
(low)

likely altered
(low)

Dry season start
date

likely unaltered

likely unaltered

unclear if altered likely unaltered

likely unaltered

Dry season
duration

likely unaltered

likely unaltered

likely unaltered

likely unaltered

likely unaltered

likely altered
(early)
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Table 7. Mean monthly average flows from observed data (many of which were drought years), compared with
estimated unimpaired mean monthly flow data from the Natural Flows Database.
July
mean
monthly
flow
observed
(cfs)

Natural Flows Database mean
monthly flow (cfs) – July
10th
percentile

Dry
years

Moderate
years

August
mean
monthly
flow
observed
(cfs)

Wet
years

Natural Flows Database mean monthly
flow (cfs) – August
10th
percentile

Dry
years

Moderate
years

Wet
years

Little Mill

no data

0.03

0.14

0.18

0.24

no data

0.00

0.05

0.09

0.15

Meyer
Gulch

no data

0.01

0.1

0.13

0.2

no data

0.00

0.00

0.04

0.09

Upper Mill 0.29
(Na11)

0.31

0.59

0.77

1.12

0.16

0.13

0.42

0.51

0.67

Middle
0.31
Mill (Na12)

0.48

0.92

1.28

1.71

0.12

0.20

0.59

0.74

0.92

Lower Mill 0.29
(Na02 &
Na13)

0.52

1

1.39

1.86

0.10

0.23

0.65

0.81

1.02

September
mean
monthly
flow
observed
(cfs)

Natural Flows Database mean
monthly flow (cfs) – September

10th
percentile

Dry
years

Moderate
years

Wet
years

October
mean
monthly
flow
observed
(cfs)

Natural Flows Database mean monthly
flow (cfs) – October

10th
percentile

Dry
years

Moderate
years

Wet
years

Little Mill

no data

0.00

0.01

0.00

0.03

no data

0.03

0.13

0.18

0.2

Meyer
Gulch

no data

0.00

0.00

0.00

0.00

no data

0.02

0.11

0.15

0.17

Upper Mill
(Na11)

0.09

0.03

0.24

0.26

0.35

0.23

0.31

0.60

0.88

1.13

Middle Mill 0.09
(Na12)

0.06

0.33

0.38

0.51

0.25

0.49

1.01

1.94

1.30

Lower Mill
(Na02 &
Na13)

0.07

0.36

0.41

0.55

0.24

0.52

1.12

2.07

1.41

0.06

10 th percentile = the lower bound or 10% interval predicted by Natural Flows Database (NFD) across all years (1950–2015).
Dry years = lowest 33% of years by runoff between 1950–2015 in the NFD.
Moderate years = 33–66% of years by runoff between 1950–2015 in the NFD.
Wet years = >66% of years by runoff between 1950–2015 in the NFD.

42 Mill Creek Collaborative Water Management Plan

Dry season median baseflow is likely altered in four of the five study areas in Mill Creek, with the exception of
Upper Mill Creek. Current mean monthly flow during the dry season also appears to be lower than predicted by
the Natural Flows Database for the three study areas in Mill Creek where there are gauging data. Potential causes
of this alteration include surface water diversion during the dry season, near-stream groundwater pumping during
the dry season, recent droughts, stream channel incision resulting in altered groundwater hydrology, altered
upland groundwater infiltration processes due to historical or current land management practices, and increasing
evapotranspiration due to climate change and/or increased evapotranspiration from altered forest conditions due
to past harvest activity.
Direct diversion from streams or springs, or near-stream groundwater pumping, have obvious potential to reduce
dry season streamflow in the Mill Creek watershed. But there are also many less obvious impacts that likely
play a role in dry season streamflow alteration from historical conditions. For example, channel incision has the
potential to alter streamflow, particularly dry season streamflow (Cluer and Thorne 2014). Channel incision is the
downcutting of streams, often as a result of land management activities such as logging, agriculture, road building,
or other development. Mill Creek is significantly incised in places; parts of the Lower Mill reach are downcut
by over 20 feet from the historic floodplain. Stream channel incision results in altered groundwater hydrology
and given that groundwater is the primary source of dry season baseflow in Mill Creek, channel incision may be
negatively impacting dry season baseflows in Mill Creek.
Historical forestry and other land management
practices have also likely altered groundwater
hydrology in the Mill Creek watershed. Road
and skid trail development, large-scale
vegetation removal, soil compaction, and
increased sediment delivery are generally
associated with historical timber management
on the North Coast of California, and all have
the potential to significantly affect groundwater
infiltration processes (Reid and Lewis 2009). A
common result of these land use practices is
“flashier” hydrographs, with higher peak flows
in the rainy season and decreased base flows in
the dry season. The decreased base flows cause
a loss of dry season rearing habitat for salmon
and steelhead (Reid and Lewis 2011, Reid 2012).
Given that over three-fourths of the Mill Creek watershed is forested and that most of it was harvested in the
early-to-mid 20th century, it is safe to assume that these historical practices have altered groundwater hydrology
and therefore dry season baseflow in Mill Creek watershed.
Greater frequency and severity of dry years and droughts due to climate may impact dry season baseflow in
Mill Creek. Asarian and Walker (2016) found that dry season streamflow had declined in northern California over
the last 50 years, with the most consistent declines in August–November. Nearly three-fourths of the sites they
evaluated demonstrating a declining trend in September streamflow. Climate projections indicate that these
reductions in dry season streamflow will continue and worsen (Naz et al. 2016, Grantham et al. 2018). For example,
Cayan et al. (2018) predict increased frequency of droughts in California under climate change. Severe droughts
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occur every 20 years now, but they expect them to occur every 10 years by 2100, with previously ‘once-in-acentury’ droughts occurring every 20 years. Therefore, they predict the lowest streamflows to be 30–40% lower by
2100 relative to historical averages. Swain et al. (2018) predict prolonged duration of dry seasons in California and
increasing frequency and severity of drought moving forward as the climate changes.
In addition to providing more frequent and more severe droughts, climate change may also play another role in
reducing dry season streamflow. Increasingly warmer temperatures in the dry season are thought to already be
increasing evapotranspiration rates of trees and other plants (Grantham 2018). Increased tree density associated
with young forests recovering from past logging activities may also contribute to higher evapotranspiration than in
the past (Grantham 2018, Coble et al. 2020).

5.3.5 Flow objectives
A recent water budget analysis of Mill Creek used minimum environmental flow objectives derived from the
above analyses as targets for salmonid survival (Woltemade 2020). Note that these thresholds are considered the
minimum necessary for survival and do not approximate unimpaired conditions or ideal conditions for salmon
and steelhead. Note also that these objectives are not regulatory thresholds, but simply restoration goals aimed at
improving salmonid survival. For this plan, minimum flows at Mill Creek mainstem sites were set at 0.1 cfs during
the dry season, which is the survival threshold identified by Obedzinski et al. (2018) in Russian River tributaries.
For the smaller tributaries, Meyer Gulch and Little Mill Creek, which commonly had natural, unimpaired flows well
below 0.1 cfs, lower thresholds were selected using the low end of the range15 predicted for the CEFF dry season
baseflow functional flow metric for dry years (0.01–0.04 cfs).
More protective dry season ecological flow objectives were also identified using the CEFF functional flow metrics
for median dry season baseflow16 (from Table 3). These are as follows: Lower Mill – 0.75 cfs, Middle Mill – 0.71 cfs,
Upper Mill – 0.43 cfs, Little Mill Creek – 0.11 cfs, and Meyer Gulch – 0.09 cfs. Note that these values do not balance
human and ecological needs but are intended to be similar to unimpaired historical conditions, to broadly protect
freshwater biodiversity and ecological processes in Mill Creek. Further, they are explicitly not intended to be
minimum bypass thresholds. They are the median values across the nearly 6-month dry season for the modeled
period (1950–2015). Modeled average unimpaired conditions at each site vary quite a bit from month to month
during the dry season, and have the typical strong recession seen over the dry season in much of California (Table
4 and Table 7), so it would not be reasonable to see these flows late in the dry season, even under unimpaired
conditions.

15
16

The 10th percentile prediction interval
The 50th percentile of daily flow within the dry season
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5.4 Summary and Implications of Flow Restoration Objectives in Mill Creek
Potential ecological management goals in Mill Creek include protecting habitat conditions and flow conditions
that all life stages of coho salmon and steelhead trout need to survive and thrive. In this context, coho salmon
and steelhead trout are considered keystone species in Mill Creek, and the Partnership anticipates that if they are
thriving, the watershed is in good health for the other species, including the human community, that depend on
it. Because federal recovery plans for salmonids have identified dry season streamflow conditions as a limiting
factor in the Navarro watershed and in Mill Creek, another ecological management strategy was included to avoid
channel drying and pool disconnectivity in priority salmonid stream reaches in Mill Creek in the dry season. This
analysis found that median dry season baseflow17 is likely altered in four of the five study areas in Mill Creek,
with present-day values lower than those likely present under historical conditions. Furthermore, mean monthly
observed flows at gauged locations are generally at or below the lower end of the range predicted by the Natural
Flows Database, indicating that current streamflow conditions in the dry season are likely drier than they have
been in the past. Potential causes of alteration include surface water diversion during the dry season, near-stream
groundwater pumping during the dry season, drought, stream channel incision resulting in altered groundwater
hydrology, altered upland groundwater infiltration processes due to historical land management practices (such
as altered drainage due to roads and skid trails), and increasing evapotranspiration from climate change and/
or altered forest conditions (due to past harvest activity). For this plan, voluntary minimum flow objectives at
Mill Creek mainstem sites were set at 0.1 cfs during the dry season, which is the survival threshold identified by
Obedzinski et al. (2018) in Russian River tributaries. For the smaller tributaries, Meyer Gulch and Little Mill Creek,
which commonly had natural, unimpaired flows well below 0.1 cfs, lower thresholds were selected (0.01–0.04 cfs).
The Partnership adopted these minimum environmental flow objectives as interim restoration goals in order to
help plan restoration actions and provide the flow conditions salmon and steelhead need to survive.

17

The 50th percentile of daily flow within the dry season
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6. Recommendations: Flow Improvement Strategies
Drawing from analyses of streamflow conditions, groundwater depletion, water need estimates, and water
budget results described above, this section provides a suite of strategies for improving dry season streamflow
conditions in the Mill Creek watershed. Landowners and residents in the watershed can engage at multiple levels of
participation to help restore flows to Mill Creek.

6.1 Previously Completed Mill Creek Fisheries Restoration Projects
Over the past twenty years, the Mendocino County Resource Conservation District and partners have worked with
landowners and road associations throughout the Mill Creek watershed to develop and implement road runoff
sediment management plans. Between 2005 and 2010, two large wood restoration projects were constructed in
the middle reaches of Mill Creek. Increasingly, due to drought and climate change the emphasis has been to look to
multiple strategies to enhance stream flow. Since 2018, three water storage projects have been installed in middle
Mill Creek to reduce the need for direct diversions. In 2020, three landowners participated in a large wood project
in the middle and lower reaches of the watershed, and three landowners participated in a coordinated diversion
management pilot project.

6.2 Flow Improvement Strategies
6.2.1 Reduce dry-season diversions from streams
Streamflow is naturally at its lowest in coastal California in the dry season, and Mill Creek is no exception. As
discussed previously, during these months, salmon and steelhead trout struggle to make do with limited amounts
of water under natural conditions. During this time, direct diversion, and potentially pumping from wells and
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springs that are adjacent to streams, can cause further stress or even dewater streams. For those reasons,
voluntary efforts are recommended to dramatically reduce or eliminate dry season water diversions from Mill
Creek. These efforts may take several forms, including projects which shift the timing of diversion from the
dry season to the wet season and include increased storage, water conservation measures, use of alternative
sources of water (e.g. rainwater catchment or graywater use), reducing individual pumping rates, or reducing
cumulative diversion rates by coordinating diversion timing amongst neighbors. These approaches are discussed
briefly here, and in much greater detail in the Collaborative Water Management Guidebook (Alford 2021).
One approach is a ‘storage and forbearance’ project, in which project partners work together to build or expand
water storage capacity for a landowner in ponds or tanks, and help them secure necessary permits, water rights,
and funding to switch from diversion in the dry season to wet season diversion and storage instead. Storage and
forbearance projects are a proven strategy that can improve habitat conditions along nearby stream reaches and
improve water supply reliability for landowners. They usually require long-term agreements with landowners
(20–25 years), which are recorded with the County. They may also require the landowner to obtain a new water
right such as a small irrigation use or small domestic use permit in order to store water and may also require
county building or grading permits. More details on water rights and other permitting, ways to protect existing
water rights, and forbearance agreements are provided in Section 7. Water storage improvements may trigger
new property tax assessments, but waivers for assessments are available.
There are additional approaches that may be helpful in reducing dry season stream diversion. For example,
conservation and water use efficiency improvements on the farm, landscape and in the home can result in
significant water savings. Examples include installing low-flow toilets, faucet and shower adaptors, drip irrigation
and timers for landscaping, fixing leaks in the home and in irrigation and other water systems, installing soil
moisture probes to guide irrigation frequency and help prevent over-irrigation, lining ponds to prevent leakage,
and using pond covers to reduce evaporation.
Alternative sources of water, such as rainwater catchment or graywater re-use, could also help meet local water
needs. For example, rainwater harvesting can have the benefit of reducing diversions from the creek during the
dry season (by offsetting dry season diversions) and reducing runoff from impervious surfaces during the winter
(reducing further channel incision). Other beneficial approaches may include reducing individual diversion rates
and pumping at a lower rate over a longer period, thereby reducing instantaneous potential for streamflow
impacts. This approach may require a new pump that allows variable rate pumping. Rotating timing of diversion
with neighbors can reduce cumulative diversion impacts by preventing neighbors from diverting all at once. This
strategy relies on cooperation amongst neighbors, and typically requires a system to facilitate cooperation and
cue timing of diversion. Many of these approaches may also be helpful in the context of managing groundwater
withdrawals (next section).
According to the water budget analysis by Woltemade (2020), eliminating direct dry season diversions for
agriculture could potentially generate up to 0.11 cfs, which would meet the minimum flow objective of 0.1 cfs for
one additional month during drought and severe drought years in lower Mill Creek18. Projects that reduce dry
season diversion, both for agricultural and residential water use, would be beneficial throughout the Mill Creek
watershed.
This analysis made certain assumptions about vineyard water management practices that may not accurately reflect local conditions in Mill Creek—
specifically that 84% of the water supply for each vineyard comes from stored water, 13% comes from direct diversion, and 3% comes from groundwater wells
(using averages for the Navarro watershed from McGourty et al. 2013). Because individual water diversion practices for vineyards likely vary in Mill Creek, the
actual potential to improve streamflow may be lower or higher than 0.11 cfs.

18
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6.2.2 Managed groundwater withdrawals
As noted, pumping from groundwater wells may negatively impact streamflow. When wells are located near
streams, particularly in alluvium, they have higher potential to cause streamflow depletion, with potentially similar
effects to those observed from surface water diversion. According to recent water budget modeling efforts, a
substantial volume of groundwater may be removed from the Mill Creek watershed via withdrawals annually,
potentially more than is sourced via direct diversion from streams (Woltemade 2020).
These modelling efforts found that shifting the timing of groundwater pumping from the dry season to the wet
season could potentially increase monthly average streamflow during the dry season by up to 0.13 cfs, with
increases of up to 0.1 cfs in drought years in the lower reach of Mill Creek (Woltemade 2020)19. It is unknown how
many vineyards in Mill Creek use groundwater for irrigation or frost protection. The practice does not appear
to be common in the Navarro watershed at large (McGourty et al. 2013), though it is common to support winery
activity. It would be helpful to survey agricultural water users in Mill Creek to identify those who use groundwater,
particularly near streams.
If vineyards are pumping well water in Mill Creek, particularly in the dry season or with wells in close proximity to
streams, it could be beneficial to work with them to develop alternative water sources, such as off-stream storage
ponds and/or tanks. Though residential wells would have a much smaller impact individually, in combination they
may be having a significant impact on streamflow, particularly if wells are located near streams or are pumping
in the dry season. These should be priority situations in which to engage and partner with landowners to do
further assessment of streamflow depletion potential and potential benefit of voluntary off-stream storage and
forbearance projects.

6.2.3 Groundwater infiltration and upland recharge
Groundwater is recharged during the wet season by rainfall and is the primary source of dry season baseflow
in many streams in coastal California. Thus, actions that enhance the recharge of groundwater through greater
infiltration of precipitation during wet months have the potential to enhance dry season streamflow. The
Woltemade (2020) water budget model showed that groundwater recharge in the Mill Creek watershed could
be a valuable tool for increasing dry season streamflow. In the absence of rainfall, dry season streamflow in Mill
Creek is derived entirely from groundwater and springs. Due to the slow movement of groundwater through the
geology, a significant amount of groundwater is stored for weeks to years and slowly released into streams in the
dry season.
Woltemade (2020) concluded that small increases in groundwater recharge can generate significant increases
in streamflow. For example, increasing groundwater recharge by 1 mm of water throughout the Upper Mill
Creek sub-watershed would increase groundwater storage by 12 AF and could increase the average Mill Creek
discharge by 0.02 cfs over the next six months. While it is unlikely that efforts to improve soil health, infiltration,
and groundwater recharge would extend over the entire land area in a sub-watershed, these estimates provide
a useful indication of the potential for this strategy to succeed. For example, improving recharge by 10 mm over
10 percent of the Upper Mill Creek sub-watershed (365 acres) could generate the same increase in streamflow
(Woltemade 2020).
These numbers rely on assumptions about groundwater use by vineyards, cannabis farmers, and residential water users that may not be universally true.
For that reason, the actual impacts of shifting groundwater pumping from the dry season to the wet season could differ from 0.13 for typical years and 0.10
cfs for drought years.
19
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Lower Mill Creek
A variety of potential groundwater recharge projects may be helpful, including efforts to improve soil health (and
thus infiltration and water holding capacity) and efforts to slow and spread runoff (such as treating gullies or
installing infiltration basins to increase the time available for infiltration to occur). This work could be combined
with fuels reduction and fire resiliency efforts (e.g., chipping thinned vegetation to increase carbon and water
storage in soils). The sub-watersheds that appear best suited to groundwater recharge are Meyer Gulch, Upper
Mill Creek, and Middle Mill Creek (Woltemade 2020). Further research is needed to determine realistic targets for
enhanced groundwater recharge. Implementing a strategic approach to develop infiltration and recharge projects
should consider the potential size (area) of each project and the potential to improve soil infiltration and water
holding capacity to increase groundwater recharge. Locating potential projects should consider existing land use,
soil type, topographic slope, geology, proximity to streams, and landowner participation.

6.2.4 Channel incision and habitat improvement projects
Preventing further channel incision and, if possible, beginning to reverse channel incision throughout the
watershed could be beneficial to streamflow. This work would include preventing and reducing downcutting
in both the mainstem of Mill Creek and its tributaries, stabilizing gully systems that drain to stream channels,
increasing stream channel roughness, and potentially aggrading the channel. Adding large pieces of wood or fallen
trees to the stream channel is a good way to increase channel roughness and help aggrade the channel bed and
has the added benefit of providing shelter and habitat for salmon and steelhead.
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Mill Creek, like many North Coast streams, currently has a low density of large wood. Recent restoration projects
have made some improvements, though the Mill Creek watershed would benefit from large wood additions in
more locations and at higher densities, particularly in the Lower Mill, Middle Mill, and Upper Mill areas. Large
wood projects need professional planning and design, and it is recommended to work with a qualified and
licensed professional forester, fisheries biologist, and equipment operator. Downstream infrastructure or other
conditions, such as bridges or bank failures, need to be considered to prevent damage to neighboring properties.
Certain approaches, such as anchoring, may be needed where there are such risks. RCDs and non-governmental
organizations such as TNC and TU can assist with project management, permitting and reporting to regulatory
agencies. Since landowners do not receive direct benefit from large wood projects, except recognition as
active stewards, it is important to develop landowner relationships early on in project planning to help clarify
landowner responsibilities, and potentially, the donation of trees. Trees in the riparian area are mostly restricted
from commercial timber harvest, but may be eligible for large wood restoration projects under certain
conditions.

6.2.5 Flow releases from reservoirs and ponds
Releasing water stored in nearby ponds and reservoirs could supplement dry season streamflow. This approach
has recently been used by restorationists in the Russian River watershed with mixed results. The flow release
projects in the tributaries to the Russian River had two primary objectives: 1) to temporarily increase flows at
critical times in the spring to facilitate smolt outmigration, and 2) to maintain late dry season flows to prevent
or shorten the disconnection of pools supporting juvenile coho salmon rearing. The recommended approach is
to release water as close as possible to the reach that needs supplementation, as releases have a limited spatial
impact due to evaporation and infiltration losses as the water flows downstream. To date, most flow release
projects have focused on securing and releasing the amount of water needed to simply keep fish alive (survival
releases), but a recent project on Porter Creek in the Russian River studied what flows are needed to promote
juvenile salmonid growth and good health (thriving releases). The required pond storage volumes, release
rates, and timing of releases are quite different for survival releases versus thriving releases. Regional evidence
suggests that maintaining pool connectivity for juvenile salmonid survival requires releases of 0.1 to 0.2 cfs
for two to six months, depending on the water year. A minimum release of approximately 0.5 cfs is needed for
optimal conditions to provide the food drift, water quality conditions, and riffle depths required for fish to thrive.
Given the intermittency data presented in Section 5.1.5, considering coho salmon and steelhead trout occurrence
data presented in Section 4, and accounting for terrain-based opportunities for large pond construction, Lower
and Middle Mill Creek are the reaches that could benefit from managed dry season flow releases. Preliminary
analysis of streamflow characteristics in these two reaches indicate that, in general, as soon as flows in the
bedrock-controlled Middle Mill Creek reach drop below 0.2 cfs, the alluvial sections of Lower Mill Creek begin to
quickly dry up and become intermittent, especially during drought years. In severe drought years, this drying
scenario begins in June and can continue through November, which would require six months of flow releases
to maintain pool rearing habitat. In average water years, the flow conditions begin to deteriorate in August and
then often recover in mid-October, which would require two to three months of flow releases. The volume of
water stored in ponds that would be needed to support survival flow releases of 0.2 cfs for two to six months is
minimally 24 AF to 72 AF, respectively (approximately 12 AF per month).
To provide dry-season streamflow conditions under which juvenile salmonids will consistently thrive in Mill
Creek, significantly larger storage volumes will be needed. As discussed in Section 5.3.4, recent dry-season mean
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monthly flows in Middle and Lower Mill Creek are well below those predicted for unimpaired conditions for dry
years. An estimated 80 to 175 AF of stored water would be needed for ecologically supportive flow releases and to
meet the protective dry season ecological flow objective stated in Section 5.3.5.
There are many challenges inherent in securing the volume of stored water needed for beneficial flow releases.
Utilizing unused water from existing agriculture water supply ponds and reservoirs is the best option, in terms of
costs, which are still considerable. However, the years when the water is most needed for ecological streamflow
releases are also the years when human needs are greatest: drought conditions. Constructing new ponds solely
for ecological releases is expensive and finding viable locations in the landscape with landowners who are willing
to give up the land for this use in perpetuity may not be possible. Other factors that need to be considered in
assessing the viability of this technique are 1) water quality conditions of the stored water (e.g., temperature,
contaminants, nutrient loads), 2) operations and maintenance needs and long-term costs, 3) the complexity of the
release rate and timing approach (which depends on secured volume related to volume needs), and 4) regulatory
requirements and constraints (see Section 7.4). Based on these factors, flow releases from reservoirs and ponds
should not be considered long-term solutions to streamflow problems. This technique may be best suited for
addressing short-term, dire conditions while the landscape-scale approaches to restoring the historic hydrologic
processes that maximized groundwater storage and recharge are enacted.

6.2.6 Forest thinning and fuels reduction to enhance streamflow
Increasingly warmer temperatures in the dry season due to climate change may increase evapotranspiration
rates of trees and other plants (Ficklin et al. 2018, Grantham 2018). Additionally, most forests of the North Coast
have been harvested one or more times in the last century. As a result, forest stands now have increased tree
density associated with young forests recovering from past logging activities and can also contribute to higher
evapotranspiration rates than in the past (Coble et al. 2020). As noted above, much of Mill Creek watershed’s
forests were harvested at least once in the last 100 years, and young, denser forests are prevalent in the
watershed. These changes have been associated with reduced dry season streamflow in forests of the Pacific
Northwest, including in California (Reid 2012, Coble et al. 2020), though the mechanisms are not well understood
(Coble et al. 2020). For example, during the dry season shallow and deep subsurface groundwater storage supply
most of the water to support trees and other vegetation as well as streamflow (Rempe and Dietrich 2018), but
the specific mechanisms of how water uptake by trees affect groundwater and streamflow are ongoing topics
of research (Coble et al. 2020). Some studies have identified higher evapotranspiration rates as a mechanism to
explain streamflow declines, but more information is still needed to characterize how evapotranspiration rates
vary across different forest stand ages, species mixes and densities, and to inform potential forest management
strategies to benefit streamflow (Coble et al. 2020). For example, thinning of young forests has sometimes been
shown to benefit streamflow but other studies have shown little or no impact, depending on stand conditions
and thinning intensity, and streamflow benefits from thinning may be short lived (Coble et al. 2020). That said,
thinning young forests (and/or prescribed burns) can have other well established benefits to watershed health
such as accelerating development of older forest-type conditions which are beneficial to wildlife (Lindenmayer and
Franklin 2002), and reducing risk of catastrophic wildfire (Miller et al. 2020). In Mill Creek, efforts to improve forest
health should be focused in Middle Mill, Upper Mill, and Meyer Gulch and Little Mill project areas, where most of
the forested land is located.
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6.2.7 Carbon farming and rehydrating
the soil sponge
The most cost-effective way to store water is in the ground.
Restoring and enhancing the land’s soil “sponge” can
increase underground water storage potential. USDA’s
Natural Resources Conservation Service states that an
increase of one percent of organic matter in the top six
inches of soil can hold approximately 27,000 gallons of
water per acre. Healthy soils can also reduce nutrient
loading and sediment runoff, increase efficiencies,
and sustain wildlife habitat. Agricultural producers and backyard gardeners can increase organic matter by
implementing climate-friendly conservation practices that sequester carbon, increase biodiversity, and improve
the productivity of their soils. Landowners can learn more about these practices by contacting their local Resource
Conservation District (RCD) or using the USDA COMET Planner tool20. Since most farms in the Mill Creek watershed
are located in the Lower Mill Creek and Middle Mill Creek project areas, work to develop carbon farm plans should
focus there, though there will likely be opportunities to work with residential landowners in other areas of the
watershed to improve the soil’s water-holding capacity. Working with a qualified soil scientist or soil conservation
professional, such as those with the Natural Resource Conservation Service or an RCD, is recommended in
developing soil health assessments, carbon farm plans, and designing projects.

6.3 Reach Prioritization for Streamflow Projects
Based on the analyses summarized in this plan, the following strategies are recommended for streamflow
enhancement projects in each study area in the Mill Creek watershed:

Lower Mill Creek
■

Implement water conservation measures

■

Reduce dry season stream diversions and increase winter water storage capacity

■

Reduce dry season groundwater pumping, particularly where wells are near streams,
and increase water storage capacity

■

Explore feasibility/benefit of flow releases from reservoirs or ponds

■

Implement channel incision and habitat improvement projects

■

Implement carbon farming to improve soil water-holding capacity

Middle Mill Creek
■

Implement water conservation measures

■

Reduce dry season stream diversions and increase winter water storage capacity

■

20

Reduce dry season groundwater pumping, particularly where wells are near streams,
and increase winter water storage capacity

COMET Planner is a USDA tool for assessing greenhouse gas impacts of conservation project: http://comet-planner.com/
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■

Explore feasibility/benefit of flow releases from reservoirs and ponds

■

Implement channel incision and habitat improvement projects

■

Implement forest thinning and fuels reduction

■

Implement carbon farming to improve soil water-holding capacity

Upper Mill Creek
■

Implement water conservation measures

■

Reduce dry season stream diversions and increase winter water storage capacity

■

Reduce dry season groundwater pumping, particularly where wells are near streams,
and increase winter water storage capacity

■

Develop groundwater infiltration projects

■

Implement channel incision and habitat improvement projects

■

Implement forest thinning and fuels reduction

Tributaries to Mill Creek (Meyer Gulch, Little Mill Creek)
■

Implement water conservation measures

■

Reduce dry season stream diversions and increase winter water storage capacity

■

Reduce dry season groundwater pumping, particularly where wells are near streams,
and increase winter water storage capacity

■

Develop groundwater infiltration projects

■

Implement forest thinning and fuels reduction

6.4 Summary and Implications of Flow Improvement Strategies in Mill Creek
Streamflow is naturally at its lowest in coastal California in the dry season, and Mill Creek is no exception. Salmon
and trout struggle to survive with limited amounts of water under natural conditions during the dry season, and
water diversions during this time for human use can cause further stress or even dewater streams. For those
reasons, voluntary efforts, such as storage and forbearance projects, rainwater capture, implementation of
water conservation measures, and coordinated diversion, are recommended to dramatically reduce or eliminate
dry season water diversions from Mill Creek. Additional restoration actions should be considered, including
managed groundwater withdrawals, groundwater infiltration and upland recharge, channel incision and habitat
improvement projects (such as the addition of large wood), flow releases from reservoirs and ponds, forest
thinning and fuels reduction, and carbon farming. Because there is no single reason that streamflow is reduced
in the dry season in Mill Creek, there is no single action to fix the problem. Implementation of multiple flow
enhancement strategies across many projects will be needed to substantially improve dry season conditions, and
each member of the community can help improve streamflow and water security.
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7. Permitting, Agreements, and Other Project
Development Considerations
This section provides an overview of permitting considerations, describes mechanisms for protecting water
instream after project implementation, and covers the monitoring of progress toward restoration goals. Many
streamflow enhancement projects will require a water right, CDFW Lake and Streambed Alteration Agreement, or
both. These permits are first discussed in general, after which permitting specifics that are relevant to individual
project types are discussed in more detail. Additional county level permits may be necessary for grading or
building tanks or ponds.

7.1 Water Rights Permitting
Some of the flow enhancement project types described above will require either a new water right or a change to
an existing water right. Projects that include seasonal storage (diversions in winter for use in summer) will require
an appropriative water right. A riparian right entitles the owner of land immediately adjacent to a stream (or other
body of water) to use a reasonable amount of the natural flow on that land. The right is inherent to ownership of
the land and cannot be lost through non-use. When water is scarce, riparian owners share the available supply.
The use of riparian rights does not require approval from the State Water Board, but each user is required to
submit a Statement of Water Diversion and Use annually. Riparian rights are senior to appropriative rights but
also have significant limitations, and water cannot be used on land that is not associated with a riparian parcel.
Importantly, under a riparian water right, water cannot be stored for more than 30 days. This prevents the storage
of water in the winter when it is most plentiful for later use in the dry season when demand is greatest. This
forces riparian water right holders to divert water during the dry months when streamflow is naturally low and is
therefore less reliable to meet water supply needs.
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Appropriative rights are created by storing a specific quantity of water at a specific location for beneficial use and
require a permit by the State Water Board. Unlike riparian rights, appropriative rights allow water to be stored and
used on non-riparian land. They are junior to riparian rights, and priority among appropriative users is established
by date (“first in time, first in right”). Appropriative rights can be lost if they are not used.
There are two types of appropriative rights: pre-1914 and post-1914. Before 1914, a water user could establish an
appropriative right by posting a notice, constructing diversion facilities, and putting the water to use. California
enacted the Water Commission Act in 1914, which established a comprehensive permit system for appropriative
rights. Since then, all new appropriative rights are created by application to the State Water Board. Post-1914
appropriative rights can be approved only after a public process in which the applicant is required to demonstrate
the availability of unappropriated water and the ability to put that water to beneficial use. New streamlined
methods for acquiring an appropriative water right include registrations that must be renewed every five years,
such as small irrigation use, small domestic use, or cannabis irrigation use registrations. The quantity of the
water right is described in a permit, license, or registration. Pre-1914 users are required to file Statements of
Water Diversion and Use annually, post-1914 users are required to file permittee or licensee reports annually, and
registration holders are required to file registrant reports annually.
The Policy for Maintaining Instream Flows in Northern California Coastal Streams (Policy) (SWRCB 2014) provides
some mechanisms for streamlining the water rights permitting process. The Policy applies to new water rights
within the North Coast Policy Area, which includes the Mill Creek watershed, and enables expedited permitting of
individual and group projects that help protect streamflow to benefit salmonids.
The Policy provides for expedited permitting of new water rights under small domestic use registrations (SDUs)
and small irrigation use registrations (SIUs). While these rights are temporary and need to be renewed every five
years, they can be processed relatively quickly, whereas new appropriative water rights can take a decade or
more to establish. An SDU allows for the direct diversion of up to 4,500 gallons per day and up to 10 AF of storage
for domestic use, more than enough to meet the annual needs of most residential water users. An SIU allows
for up to 20 AF per year of storage of surface water to irrigate crops. This type of registration is only available
within the North Coast Policy Area and cannot be used for cannabis cultivation. However, the State Water Board
also provides a special SIU for cannabis farmers, which allows diversion up to 6.6 AF per year and incorporates
the requirements of the State Water Board Cannabis Policy as general conditions, including a mandatory April–
October forbearance period.
Resource managers would benefit from working with permitting agencies and NGOs to use these pathways in
ways that can help landowners make water rights changes. More information about water rights can be found in a
recently published Guide to California Water Rights for Small Water Users21.

21

https://www.tu.org/wp-content/uploads/2019/05/Trout-Unlimited.-A-Guide-to-CA-Water-Rights-final-full-resolution.pdf
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7.2 Lake and Streambed Alteration Agreements (LSAAs/Section 1600)
Landowners undertaking many kinds of streamflow enhancement projects will also be required to notify California
Department of Fish and Wildlife as part of the Lake and Streambed Alteration Program for compliance with Fish
and Game Code Section 1600. CDFW has authority under Fish and Game Code Section 1600 to regulate any
water withdrawal that may have an impact on fish or other aquatic life. This provision states that anyone who
undertakes an activity that might “substantially divert or obstruct the natural flow of any river, stream, or lake”
is required to notify CDFW of this activity. Such notifications are particularly important in streams where low
flows are a limiting factor for salmonids and other listed species. If CDFW determines that water diversion could
have a “substantial” impact on the resource, then CDFW may require that each water right associated with the
point of diversion have a valid Section 1600 Agreement. This requirement is particularly likely to apply if a stream
or spring provides habitat for any listed species or is a tributary to such a stream. LSAAs are typically issued on
an individual, site-specific basis for a term of up to five years for each individual project or water right. An LSAA
is subject to renewal after the original agreement has expired for activities that involve ongoing impacts to the
stream channel, bed, or bank, such as water diversions. LSAA are increasingly being required separate from and in
addition to water rights, which can create challenges in rural communities where often landowners do not have a
current LSAA associated with their existing water diversions. LSAAs are also required for other restoration types,
such as adding large wood to streams.

7.3 Other Permitting Considerations for Storage and Forbearance Projects
7.3.1 Rainwater harvesting
A water right permit is not required for rainwater capture and storage projects. However, if a project reduces the
quantity of water that users typically divert in the dry season under a water right, with the intention of improving
streamflow, resource managers should ensure that reductions in water use under existing water rights are
secured instream through an instream dedication and/or forbearance agreement (see Section 7.5). Water tanks
over 5,000 gallons are required to have a building permit from the County of Mendocino. In the Mattole River
watershed, they have implemented a practice of “daisy-chaining” several 5,000-gallon tanks together to bypass the
need for a county building permit. All grant funded projects need to have a CEQA review, but most tank projects
have a small enough impact that they fall under a notice of exemption that is filed with the County. In November
2018, California citizens voted to have rainwater catchment systems exempted from assessment with their
property values.

7.3.2 Residential tank storage
Landowners who divert water from a stream, or a spring subject to regulation (e.g., one that flows off the
property), and who store winter water and forbear dry season water pumping, will require an appropriative water
right. Most residential diversions are small enough to qualify for an expedited appropriative water registration
under the SDU program. See above for building permit requirements.
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7.3.3 Agricultural reservoirs
Storage and forbearance projects with agricultural water users who divert water from a stream or a spring that
flows off the water user’s property, and who are interested in storage, also require an appropriative water right.
These water users may qualify for a SIU for diversions to storage that do not exceed 20 AF per year. County
permits, such as grading permits, are generally required for new pond construction.

7.3.4 Groundwater use
For storage and forbearance projects where the source of the water is groundwater, an appropriative water right
is likely not required, unless the well is likely connected to a subterranean stream. If water pumped from a well
is percolating groundwater (water from an upland source gradually filtering through a porous material), it is not
subject to the permitting jurisdiction of the State Water Board. However, where well water is being pumped from a
subterranean stream (e.g., a shallow well close to a stream that is capturing underflow from a stream), it is treated
like surface water. If a water user seeks to pump and store water from such a stream, the user would need to
obtain an appropriative water right for seasonal storage and use, as in the cases above.

7.4 Flow Release Projects
Implementing a flow release project or program involves a lot of planning and agency consultation to assess
potential benefit and risks, as well as permitting and setting up a robust monitoring program to ensure that the
flow release is both effective and beneficial to the stream.

7.4.1 Planning
Initial assessments evaluating the suitability and feasibility of releasing water are very important. Resource planners
and scientists should assess conditions to determine when and where stream reaches dry up during the dry season
and under what conditions, and also assess whether large ponds or reservoirs are sited near reaches that go dry, as
flow releases usually have a limited spatial impact. Assessments should evaluate how much water would be needed
over a particular period of time to achieve project goals and whether sufficient excess water is available in nearby
ponds. These assessments should incorporate information on the stream’s geologic and hydrologic character. Water
temperature (and temperature stratification) and other water quality indicators (e.g., contaminants or cyanobacteria)
in ponds are critical factors that can cause negative water quality impacts instream.

7.4.2 Permitting
Agency consultation is necessary and should include The State Water Board, Regional Water Board, California
Department of Fish and Wildlife, and the National Marine Fisheries Service. The permits required for flow
release projects may vary depending on the project. During the 2012–2016 drought, the Russian River Water
Resources Coho Partnership successfully implemented flow release projects in tributaries to the Russian River
using Voluntary Drought Initiative (VDI) agreements (RRWRCP, 2017). These agreements clarified the roles and
responsibility of the different parties involved in the project and specified the decision-making process used to
determine the terms of the flow release. The VDI program was discontinued after the state drought declaration
was terminated, but the program could be reinstated for future droughts and could be an important pathway to
assist executing timely flow releases to address dire conditions.
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7.5 Agreements and Charters to Support Project Implementation
Written agreements among landowners and other parties can be integral to successful collaboration to achieve
water management goals. Implementation of the Mill Creek CWM Plan may benefit from using a variety of
agreements, such as a watershed charter, forbearance agreements, or conservation easements. A voluntary
agreement developed among landowners and conservation entities can be a way to formally identify roles and
responsibilities and specify resource management practices. In other situations, a formal agreement may be
needed to secure a permit for a water management project. Whether or not voluntary agreements are needed
to implement the Mill Creek CWM Plan will depend on the needs and interests of participating individuals and
specific projects. The following text describes some types of agreements that may be useful.

7.5.1 Forbearance agreements
A forbearance agreement is a voluntary, legal agreement to refrain from exercising a legal right, in this case
the right to divert water during some portion of the dry season, and is a contract tied to the property deed.
Forbearance agreements have been used across coastal California and are an important tool for protecting
instream flow gains achieved through storage and conservation projects. The agreement sets the terms under
which diversions and other water management practices can be operated and those under which they must
be stopped. The terms and responsibilities are set between the agency or non-governmental organization
responsible for developing the project and the landowner and/or water user.
Forbearance terms usually include specific dates (e.g., June 15–October 15), or certain flow thresholds (e.g., 2
cfs), and are often determined by when instream flow is most needed to meet the life-cycle needs of a particular
species or to maintain ecosystem function. For example, seasonal forbearance periods for programs in Northern
California typically extend for three to five months during the driest period of the year, when instream flows
are critically low for juvenile salmonids and other aquatic species. A forbearance period can range from a single
season (or less) to permanent forbearance, for example, when it is recorded as a permanent deed restriction or
within a conservation easement. The time period of the agreement is often tied to factors such as the anticipated
timespan of the overarching program, the lifespan of the infrastructure installed to facilitate the committed
forbearance, or requirements imposed by permits or grant funding agreements. For example, grant funding
programs administered by CDFW and WCB specify that water conservation projects that receive funding for
streamflow enhancement projects include forbearance agreements with a term of at least 20 years. In these cases,
the annual forbearance period is usually 3–5 months during the driest time of the year, with an agreement to abide
by that seasonal forbearance over the 20-year period.

7.5.2 Instream dedications
In addition to entering into a forbearance agreement, a water user may file a water right change petition to
dedicate all or part of their water right to instream uses for fish and wildlife, under California Water Code Section
1707. An instream dedication offers protection and durability for the instream water restored through streamflow
enhancement projects. It helps protect the water right holder from forfeiting or abandoning their water right for
non-use and helps provide protection against other water users diverting the water. It provides legal recognition
to the State of the instream water dedication, and it allows funders, project proponents, and the landowner to
ensure that water rights which are no longer used for diversion are not lost to the next appropriator or to new
appropriators. Water users can also elect to add instream uses as a purpose of use without eliminating existing
uses such as diversion.
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7.5.3 Conservation easements
Conservation easements are voluntary, permanent, legally binding agreements that restrict the uses of, or
activities on, a property for conservation purposes. Conservation easements are often established between land
trusts (or agencies) and landowners who want to protect specific resource values of their land in perpetuity. They
can include terms that restrict or condition the diversion and use of water associated with the property, so they
can serve as a permanent forbearance agreement. Typically, a conservation easement is associated with the use of
an entire property and the suite of rights associated with it, although it can also be used as a tool for conditioning
a single aspect of the property, such as an individual water right. A conservation easement often provides
significant financial benefits for landowners because they can receive an upfront payment for the rights that they
are relinquishing under the easement, and they can lower their estate tax liability. A conservation easement is also
a mechanism for a landowner to permanently safeguard habitat values, water quality, open space, and traditional
uses on their property.

7.5.4 Watershed or tributary-scale agreements (charters)
A charter is a voluntary agreement that defines the project goals among program participants in a specified
watershed area and the tasks that they agree on to accomplish these goals. A charter ensures that all participants
have a clear understanding of one another’s roles and what is required to achieve shared objectives. A charter
can be developed to solidify working relationships and to articulate the goals and expectations of a group of
landowners working collaboratively to implement several projects at the same time. In such a situation, a charter
might facilitate the work or even be required in order for the group to receive permits. For example, a project
charter is required by the State Water Board for a group of water diverters who intend to organize themselves as
a watershed charter group and want to utilize the North Coast Policy’s Watershed Approach for processing new
water rights petitions and/or modifying existing water rights.
A group of water users can also adopt a charter to agree upon and document shared stewardship practices,
forbearance thresholds, and/or pumping schedules. A watershed or tributary charter can share best management
guidance, formalize agreements about water usage, and clarify methods to achieve watershed goals. The
development and implementation of a charter with other water rights holders can make it feasible to pool
resources to pay for any required studies and water availability analyses that are needed to modify existing
water rights and apply for new water rights associated with a storage and forbearance program. Sharing these
costs can enable the group to pay for more detailed watershed analyses and help them develop a more informed
perspective on the appropriate scale of a restoration project or diversion than could normally be achieved by a
single applicant.
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7.6 Monitoring
Streamflow enhancement projects, such
as those discussed in Section 6.2, should
be monitored to assess whether they
are achieving the desired outcomes and
to understand how streamflow in the
system changes during different types
of water years. In some cases, this may
include installing diversion or pumping
meters to evaluate whether desired
water management changes are being
met. Monitoring streamflow and water
quality conditions is also an important
way to evaluate the effectiveness of flow
enhancement projects, and to gather the
information that is necessary to develop new
projects.
Thus, a monitoring framework was
developed for the Mill Creek watershed. This
framework includes five gauging stations:
two in the Lower Mill project area, one in the Middle Mill project area, one in the Upper Mill project area, and one in
Little Mill Creek. At each gauging station, air and water temperature data, as well as water depth data, are collected
using pressure transducers and temperature loggers. Gauging stations are visited on a regular basis from spring to
fall to collect the water velocity and channel information that is needed to create rating curves and convert water
depth to flow. These data are kept confidential per landowner access agreements but are used by the Partnership
to support decision making, project development, and coordinated water diversion activities. The Partnership
anticipates continuing those uses moving forward, and also using the data in the future to assess the effectiveness
of streamflow enhancement efforts and allow adaptive management of the CWM program. For more information
on gauging, please see Section 5.1.1.
A second aspect of the monitoring framework includes wet/dry mapping to better understand the spatial extent
of dry season intermittency in the Mill Creek watershed. The approach for wet/dry mapping is described in Section
5.1.5. The Partnership used this information to begin identifying intermittency thresholds. These thresholds will
be valuable in assessing and potentially adjusting minimum flow objectives that support restoration planning and
development. Over the long term, wet/dry mapping will also be valuable in assessing progress toward restoration
goals and adaptive management and quantifying available habitat.
If flow release projects from ponds are developed in Mill Creek, it will be especially important to conduct
monitoring of release sources, as well as receiving waters, in order to reduce the likelihood that the release has a
negative impact on the aquatic ecosystem. Monitoring flow releases should include assessing the water quality of
pond or reservoir water prior to release, and monitoring dissolved oxygen, water temperature, and streamflow
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8. Plan Implementation
The implementation of the Mill Creek CWM Plan will take many years, and ongoing support from the Mill Creek
community is critical. A primary reason for fostering a collaborative, community approach is that it helps to create
a shared sense of land stewardship that can support efforts over the long term. The Mill Creek plan provides
essential information to support immediate action while also being flexible enough to accommodate the changing
needs, interests, and additional participation of residents. Opportunities to develop and implement projects
will ebb and flow over time as funding, local capacity, and needs change. The initial emphasis should be on
implementing projects that will successfully demonstrate different approaches to water management that improve
the reliability of landowners’ water supply and increase streamflow, or that make meaningful contributions toward
supporting minimum flow objectives.
In other areas where principles of collaborative water management have been implemented, local watershed
groups or public agencies, such as Resource Conservation Districts (RCDs), have been critical to success. An RCD is
both a state agency under Division 9 of the Public Resources Code and also a local public agency. It is also explicitly
a non-regulatory organization and is governed by a board of volunteer directors. RCDs often have staff who are
residents in watersheds where conservation efforts targeting flow enhancement are taking place. For example,
Mendocino County Resource Conservation District’s Navarro Watershed Coordinator lives in the Anderson Valley
and has provided local stewardship of the community relationships that are so critical to project development.
Several Mendocino County Resource Conservation District staff work at the Navarro River Resource Center
located in a shared office with the Anderson Valley Land Trust in Boonville. The Navarro River Resource Center has
been the epicenter for networking locally to promote conservation and stewardship in the Navarro watershed,
promoting and developing activities such as habitat restoration, forest health initiatives, fire preparedness, water
security planning, and carbon farm planning. The Mendocino County Resource Conservation District is also deeply
engaged in streamflow enhancement activities and will be a critical organization in supporting and implementing
this CWM Plan.
A goal of the Mill Creek CWM Plan is to create a pipeline of projects by developing relationships and proposals
for streamflow enhancement, establishing funding sources for those projects, supporting permitting and
implementation, and growing community awareness and support for future projects. The following elements can
support a collaborative effort among the Partnership, landowners, agencies, and other stakeholders to advance
the implementation of the plan.
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8.1 Continue to Develop Project Proposals
with Willing Participants
The Partnership will continue outreach activities in
the Mill Creek watershed and work with willing water
users to develop water management project proposals
and conceptual designs that help address the users’
needs in priority reaches and situations. An initial
consultation with a landowner can be very helpful
to better understand their specific water needs and
concerns and help identify specific project types that
may be beneficial. For some water users, a pond or
tank system might be the most appropriate solution
to reduce reliance on dry season water diversions.
However, such systems are costly and require permits
and possibly even additional biological studies. A simpler option can be rainwater catchment, which can generate
significant amounts of water, particularly for landscape irrigation, with fewer permitting requirements. Other
options are described in Section 6 and include the development of water conservation measures, coordination to
refine management of existing systems, rotation of diversions to reduce cumulative impacts, and development of
groundwater infiltration projects.

8.2 Seek Funding for Water Management Project Design and Implementation
Funding is essential to implement most actions listed in the CWM Plan. Some landowners may be able and willing
to pay for infrastructure and to cover operating costs but need assistance with technical capacity and permitting.
Others may need help with both. While most applicable grant programs allocate more funding for shovel-ready
projects than for project designs, the Partnership has been successful in acquiring grant funding for both types in
the Navarro watershed, and can assist landowners to acquire public funding to support streamflow enhancement
projects in Mill Creek. Potential funding programs include the WCB Stream Flow Enhancement Program and
multiple programs administered by CDFW, the State Water Board, and the State Coastal Conservancy. The Natural
Resources Conservation Service is also a source of funding for small agricultural projects that can benefit family
farms. The Integrated Regional Water Management Program also provides funding and technical assistance.

8.3 Pre-Construction Preparation
In order to get to the shovel-ready implementation phase, projects need to adhere to county building and grading
codes, California Environmental Quality Act (CEQA) requirements, and a variety of state and federal regulations.
While some projects can be accomplished without any permits, others will require permits and approvals from
multiple agencies. Establishing relationships with permitting agency staff and engaging them in an overall CWM
effort can help ensure that these staff members understand proposed projects and can provide early guidance
for achieving permit compliance. Section 7 covers permits that may be required, though each project will have its
own requirements. The Partnership can serve as an important resource for landowners and project applicants
in facilitating pre-construction preparation and permitting. In addition, a recently published CWM guidebook
provides relevant information about permitting (Alford, 2021).
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An important thing to keep in mind is that any time a state or local agency takes an action that may significantly
affect the environment, the agency must analyze and disclose those actions in a document that satisfies
CEQA—usually a Mitigated Negative Declaration, or sometimes a more extensive Environmental Impact Report.
Such actions include issuing permit approvals and providing funding through grant programs. In most cases,
local resource conservation groups or RCDs will work with local or state agencies to serve as the “lead agency”
charged with ensuring CEQA compliance for a project. RCDs can also fill this role for water management and
conservation projects conducted on private lands, by providing technical assistance, project management, or grant
management.

8.4 Coordinate Information Exchange and Ongoing Communications
Ongoing communication is an important part of CWM Plan implementation. Community meetings and other
outreach activities will be essential to build support and engagement in the Mill Creek community to advance
streamflow enhancement and implementation of the plan. Providing ongoing communication about monitoring
efforts and monitoring results is also an important way to keep residents informed and engaged. The Partnership
anticipates that public forums such as community meetings, a website, public signage, and site tours will help
convey this information to program participants and others in the community who may become interested in
participating. To that end, several community meetings have already been held, and signs have been installed
at the entrances to Nash Mill and Holmes Ranch Roads to provide information on flow conditions in Mill Creek.
When there is a coordinated diversion or forbearance schedule, it is important to provide timely information in
readily accessible formats, such as a project website or signage within the community. Targeted emails, letters,
or phone calls may also be ways to remind participating water users about the diversion schedule and important
streamflow information.

8.5 Reassess and Adapt
A CWM Plan should not be static. Conditions on the ground are
likely to change during the time that it takes to plan and implement
successive rounds of project implementation, so it is important to
continue monitoring streamflow and incorporating the data into
an adaptive management strategy. Changes in land use, climate,
ownership, water use, and other variables can influence streamflow,
and these changes may make it necessary to adjust overall CWM
program goals and objectives over time. In addition, it may become
important to incorporate factors or conditions that were not
considered earlier.

Mill Creek community flow and fish information sign.
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Mill Creek in winter

8.6 Sustaining the Program
Sustaining the Mill Creek CWM Plan effort will require long-term program monitoring, ongoing communication,
and support from water users, funders, and other program participants. For example, in the case of forbearance
projects, the effort can span 10–20 years, or more. Yet public funding is usually only available over shorter time
frames, such as 2-to-3 year grant cycles. Most grants only provide three years of monitoring funding for such
projects, and only if the monitoring is linked to implementation. For that reason, other strategies will be needed to
cover annual costs for monitoring, as well as new project development. In addition to new grants, other support
could come from landowners or county or state funds. Forming relationships with similar collaborative water
management efforts, such as the Sanctuary Forest–led effort in the Mattole and the Gold Ridge RCD–led effort in
Sonoma County, would help build learning networks and also support future initiatives that could include longrange funding, ultimately contributing to program success.
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