WATER CONSUMPTION ANALYSIS
Author: L. Hammack
Water security for both humans and the ecosystem is a concern for residents, water utilities,
and agencies tasked with managing and recovering salmonid populations. Securing sufficient
freshwater supply for homes and livelihoods is an ongoing challenge in this coastal watershed,
and in some cases, historically stable wells and springs are becoming unreliable. As noted
previously, streamflow volume and connectivity in the summer appear to be primary factors
limiting salmonid survival and population viability. Anecdotal evidence indicates that summer
stream flows have been decreasing, and climate change scenarios indicate that drought
conditions may occur more frequently.
Measurably increasing streamflows to improve salmonid rearing conditions and water
supply sustainability requires that the following methods be integrated and applied in a
concentrated manner in critical rearing reaches:
•

water conservation practices;

•

water storage projects; and

•

reduction in riparian water diversions.

To support development of long-term strategies for water security in the watershed, an
inventory of water supplies and water demands by types of water use was performed to
characterize and quantify water consumption patterns. This section describes how the
residents of Salmon Creek use water and how that demand is distributed and supplied
throughout the watershed. The different freshwater supplies are characterized and impacts of
their use on ecosystem function are discussed.

Water Demand
Consumptive water demand in the Salmon Creek Watershed was assessed through a multipronged, land use based approach. Through this process, 14 land use based water use types
were defined and mapped (Figure 4). Because the amount of water and seasonal usage
patterns vary among types of agricultural use, the commercial agriculture properties were
broken out into 4 categories:
•

pasture land for livestock—cattle and sheep are currently the primary grazing
animals in the watershed;

•

dairies;

•

vineyards; and

•

non-irrigated orchards.

Residential units are associated with most, but not all, agricultural properties, and this
distinction was made for demand accounting purposes. Developed rural residential parcels
were determined through the County Assessor’s Parcel database.
Four communities have water utilities that serve customers treated and metered Salmon
Creek water—Freestone, Bodega, Salmon Creek, and Bodega Bay. Part of the town of
Occidental is in the Salmon Creek Watershed, but Occidental uses Russian River water. The
parcels served by metered water are distinguished from the other residential properties, and
their consumptive demand was calculated separately. Several other miscellaneous water use
types were defined, including schools and church camps, and data on water demand for these
uses was collected where possible.

Parcel Types Map. Water use types as defined by land use within the Salmon Creek watershed. Note the
distribution pattern of rural residential in the upper watershed and along the ridgelines, with large livestock
ranches in the lower watersheds and valley bottoms. This distribution is linked to vegetation, slope, and water
supply availability. Vineyards are located primarily on ridge tops, out of the frost zone.

As expected, freshwater demands in the Salmon Creek Watershed are primarily for residential
and agricultural uses. Residential water use accounts for 73% of the total consumptive demand
and is comprised of potable indoor uses and outdoor irrigation with some non-commercial
livestock, which can be served with non-potable supply. Vineyards and livestock-based
ranches are the two primary commercial agricultural land uses in the watershed, accounting
for 8% and 12% of total water demand, respectively. Community water systems for
Freestone, Bodega, and Salmon Creek make up 5% of the total demand, while Bodega Bay—
through an inter-basin transfer—utilizes approximately 1%. The three communities supplied
wholly by local wells and springs have a small number of commercial properties that are
constrained by water supply availability.
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Distribution of land uses and their comparative percent usage of overall annual water demand within the
Salmon Creek Watershed. Note that residential water demand is disproportionately higher than agricultural
demand, especially given the proportion of the watershed acreage each utilizes.

Total annual water demand for each subwatershed area and the whole Salmon Creek
Watershed is summarized in the Annual Water Demand table. Consumption criteria were
developed for different water use categories using methodologies and applied to parcel
counts, livestock counts, and vineyard acreages. Residential demands are based on one
household per parcel. This is likely an underestimation of the number of households, as many
larger parcels in the watershed have multiple houses.
Livestock numbers for the entire watershed were roughly estimated by GRRCD staff and a
daily water consumption by species applied. A more accurate accounting of the livestock type
and distribution densities within subwatershed reaches would further refine the demand
estimates and provide better data for water conservation planning. The family livestock
ranching and dairy operations are increasingly difficult to sustain as economically viable
livelihoods due to loss of local support services and competition from large corporate farms.
These agricultural operations, with their large parcel sizes and multiple generations of families,
are crucial to maintaining the cultural and ecological integrity of the Salmon Creek Watershed.

Estimated consumptive annual water demands by water use category for the Salmon Creek Watershed, listed
by subwatersheds for water conservation planning purposes (data presented from demand inventories
produced by V. Porter). One acre-foot is equal to approximately 326,000 gallons.
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Vineyard calculations were based on actual acreages mapped from 2009 aerial photographs
and application of a 2 acre inch per year irrigation rate. The Salmon Creek Watershed has
supported vineyards since the early 1800s when the Russians farmed the Freestone Valley.
The recent interest in low-production, single-vineyard, high-end wines has renewed vineyard
development in the watershed. For example, in the Joy Road area, which covers the upper
Salmon Creek, Fay Creek, Tannery Creek, and Thurston Creek watersheds and is considered
a Sonoma County water-scarce area, there has been a 70% (approx.) increase in the number of
acres in vineyard since 1974 and a 22% increase since 2000. A number of vineyards that are
currently being developed in the upper Salmon Creek and Bodega Valley subwatersheds are
not included in this analysis.

Acreage and location of vineyards in the Salmon Creek Watershed as of 2009. The vineyards are concentrated
in the eastern portions of the watershed and on ridgetops–areas less affected by summer fog. Frost protection
measures are not currently employed at vineyards within the watershed due to the milder coastal climate,
although a few vineyards in the valley bottoms do experience frost losses.

The total annual consumptive water demand for water uses in the Salmon Creek Watershed is
estimated to be approximate 393 acre-feet (128 million gallons). As discussed above, this
estimate is likely low, although reasonable given the assumptions and high quality data
utilized. It is interesting to note that permitted surface water diversion and storage rights in
the watershed exceed the estimated demand (424 acre-feet versus 393 acre-feet), and the
permitted diversions only account for a small portion of the supplies used to satisfy the
existing demands. As an explanation for this discrepancy, we postulate that the permitted
water diversions and storage volumes are not currently being utilized fully for consumptive
uses. See the section below for a description of water sources and the distribution and/or
utilization of freshwater supplies by water use type.

Water Supply
All consumptive water uses, as well as the needs of the wildlife and plant communities, must
be met by water supplies within the Salmon Creek Watershed. Consumptive water demands
are met by storage of rainfall runoff (ponds and roofwater catchment tanks), the annually
recharged shallow groundwater table, bedrock aquifer storage, and direct streamflow
withdrawals.
The geology and hydrogeology of a watershed largely determine the type of water supply
available and utilized for a given parcel. In the uplands, along the ridgetops and steep canyons
where the rural residential parcels are predominantly clustered, water sources are primarily
groundwater wells and springs. However, the dominant geologic formation, Franciscan
mélange, is a poor aquifer with typical yields averaging less than 3 gallons per minute

(Kleinfelder 2003). The Franciscan mélange’s metamorphic and sheared rocks are
impermeable, carrying and storing water only along fracture zones. The Wilson Grove
sandstone formation, locally capping the mélange, is a better, more consistent aquifer, but it is
limited in extent and storage capacity. Riparian parcels typically extract water supplies directly
from their watercourses through shallow wells or in-channel cisterns, as these sources are
consistent and easily developed. Many parcels in Freestone Valley, Bodega Valley, and lower
Salmon Creek have deep (80+ feet) wells tapping the alluvial fill aquifer. The location,
production, and quality of water in the valley alluvial aquifer are inconsistent.
Groundwater supplies in the upper watersheds are unpredictable. Residents in the area report
that wells on neighboring parcels range from 25 gallons per minute to nominal amounts.
Many residents report that their groundwater wells experience dramatic seasonal changes in
production rates, with many requiring holding tanks to compensate for reduced pressure in
the summer (pers. communications 2010). Other residents are forced to truck water in during
the dry months. Studies of the Joy Road area document that groundwater wells and springs
commonly experience diminished or intermittent production with perpetual use and adjacent
extraction pressures (Kleinfelder 2003; Sonoma County 1974). Kleinfelder (2003) also
documented that between the 1970s and 2000 the depths of new wells increased to follow a
lowering water table and that this trend correlates to development rates, indicating an
overdraft condition in the aquifer.

Geology of the Salmon Creek Watershed. Groundwater supplies from all of these formations are
unpredictable and inconsistent. The Wilson Grove formation has high permeability but limited capacity as an
aquifer. Springs typically occur along the interface between the impermeable Franciscan mélange and the
Wilson Grove above it. The Quaternary alluvium filling the valleys along mainstem Salmon Creek and the
lower portions of the tributaries provides seasonal groundwater storage for summer streamflows.

Springs are another common water source in the uplands. Anecdotal evidence indicates that
springs in the uplands of Coleman Valley and Finley Creek are consistent and have not seen

depletions in production associated with surrounding development pressures (pers.
communications 2010). However, springs found lower in the watershed, down-gradient from
rural residential concentrations, have decreased production since the 1960s and 1970s when
development of the uplands took place.
The vast majority of vineyards are using pond water captured during the rainy season,
i.e., most are not pumping from groundwater during the irrigation season (pers.
communication, Kurt Beitler 2010). The ponds fill within the first few storms; the water is sandfiltered and used for irrigation. Some vineyards truck in water, especially during initial
establishment of the vines. Vineyards in the Freestone Valley use a combination of pond
storage, direct riparian diversions, and spring sources for their water supplies.
Water sources along the riparian corridors include direct diversions, pond storage, and
riparian wells (both deep and shallow infiltration-gallery wells). Riparian and upland spring
sources tend to be preferentially developed compared to groundwater when possible, as they
are more consistent and often have better water quality. Direct diversions for consumptive
water supplies can have localized impacts to habitat conditions and cumulatively can reduce
streamflow volumes within a reach during the dry season.
Observations of community supply wells in the riparian corridor indicate that there is
immediate water table response to pumping in the summer dry season and chronic effects to
streamflow and instream habitat in drought conditions (PCI 2006; PCI 2010). Storage ponds,
which collect winter rainfall runoff for use in the summer, negate the need to directly extract
riparian water during the dry season.

Bringing It All Together: Sustainable Supplies and Healthy Streamflow
Author: L. Hammack
Inadequate summer dry-season water supplies are a result of the Mediterranean climate
conditions and water demand pressures. Water shortages can often be offset by storage of
excess winter precipitation.
Watershed-wide water consumption data was divided into monthly demands for different
water use types. The water demand for each water use type was further broken out by
potable and non-potable use volumes. Riparian direct diversions were estimated based on
known water use type supplies (metered parcel use in Bodega and Bodega Bay, a proportion
of rural residential use, and livestock demand) and the State Board’s water right dataset. The
figure below illustrates the results of this monthly demand analysis and compares it to
average monthly streamflow volumes.
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Monthly water demands versus streamflow volumes in Salmon Creek. This illustrates conceptually the
contrast between extractive demands and available water supplies. It also illustrates the potential volume of
water that could be available for instream flows if current direct riparian diversions were converted to winter
storage supplies.

Streamflows in mainstem Salmon Creek and its tributaries decline dramatically from July
through October, with August and September flows often becoming intermittent or stopping
altogether. This summer period is also the period of highest demand—vegetable gardens,
landscaping, and higher livestock water needs occur during the warm, dry season. Along the
stream courses these non-potable water demands are often met with direct riparian diversions
or upland springs that directly feed first order tributaries.
Replacing these direct diversion extractions with stored winter precipitation or runoff could
correspondingly increase water available for instream flows by the levels shown on the
chart above.
Withdrawals from groundwater and springs that are not directly connected to the stream
system do not have an immediate and localized impact on streamflows during the summer
but do reduce the amount of water available for summer base flows in the watershed overall
and within individual subbasins.
Practices to increase groundwater infiltration will help maintain and improve groundwater
supplies, while using stored winter rainfall and runoff will reduce the need to use extractive
supplies to support non-potable water uses. Installation of winter storage projects for nonpotable water uses could increase the water directly and indirectly available for instream flows
by the levels shown on the chart above.
Practices to reduce direct diversions, as well as increase groundwater supplies, are likely to
have the most impact on dry-season streamflows within localized reaches of their
subwatershed. The subwatershed map below indicates areas that are currently considered
high priority salmonid rearing reaches. Water conservation and water storage projects

concentrated in these reaches will have the most immediate impact on summer flows and
salmonid survival.

Subwatersheds in Salmon Creek Watershed with known salmonid-rearing reaches circled. Implementation of
water conservation practices and winter rainfall storage projects that will protect and increase summer
streamflows in these reaches are high priority.

