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1.0

INTRODUCTION

A Hydrogeologic Conceptual Model (HCM) for the Ukiah Valley Groundwater Basin (UVGB) is presented.
The HCM has been prepared to meet the requirements listed in the Emergency Sustainable Groundwater
Management Act (SGMA) Regulations Chapter 1.5, Article 5, Subarticle 2: § 354.14 (DWR, 2014). Funding for
an Initial Groundwater Sustainability Plan (IGSP) was provided by the California Department of Water
Resources (DWR) to the Mendocino County Water Agency (MCWA). Per SGMA, the regulations for the
HCM are as follows:
a) Each Plan shall include a descriptive Hydrogeologic Conceptual Model of the basin based on
technical studies and qualified maps that characterizes the physical components and interaction of
the surface water and groundwater systems in the basin.
b) The Hydrogeologic Conceptual Model shall be summarized in a written description that includes the
following:
1) The regional geologic and structural setting of the basin including the immediate surrounding area,
as necessary for geologic consistency.
2) Lateral basin boundaries, including major geologic features that significantly affect groundwater
flow.
3) The definable bottom of the basin.
4) Principal aquifers and aquitards, including the following information:
A) Formation names, if defined.
B) Physical properties of aquifers and aquitards, including the vertical and lateral extent,
hydraulic conductivity, and storativity, which may be based on existing technical studies or
other best available information.
C) Structural properties of the basin that restrict groundwater flow within the principal aquifers,
including information regarding stratigraphic changes, truncation of units, or other features.
D) General water quality of the principal aquifers, which may be based on information derived
from existing technical studies or regulatory programs.
E) Identification of the primary use or uses of each aquifer, such as domestic, irrigation, or
municipal water supply.
5) Identification of data gaps and uncertainty within the Hydrogeologic Conceptual Model.
c) The Hydrogeologic Conceptual Model shall be represented graphically by at least two scaled cross
sections that display the information required by this section and are sufficient to depict major
stratigraphic and structural features in the basin (Figures 3, 4, and 5).
d) Physical characteristics of the basin shall be represented on one or more maps that depict the
following:
1) Topographic information derived from the U.S. Geological Survey or another reliable source (Figure
1).
2) Surficial geology derived from a qualified map including the locations of cross sections required by
this Section (Figure 2).
3) Soil characteristics as described by the appropriate Natural Resources Conservation Service soil
survey or other applicable studies (Figure 6).
4) Delineation of existing recharge areas that substantially contribute to the replenishment of the
basin, potential recharge areas, and discharge areas, including significant active springs, seeps,
and wetlands within or adjacent to the basin (Figure 7).
5) Surface water bodies that are significant to the management of the basin (Figure 8).
The source and point of delivery for imported water supplies (Figure 9).
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1.1

Purpose

The purpose of the HCM is to meet the regulatory requirements mandated by SGMA, to characterize the
extent and geometry of water-bearing subsurface geologic formations, and estimate the hydrogeologic
properties (e.g. storativity, transmissivity, and hydraulic conductivity) of the UVGB. This HCM is the
foundation for a MODFLOW-2005 model that supplements a Draft Water Budget Study prepared by LACO
Associates in December, 2017.

1.2

Geographic Setting

The UVGB underlies the Ukiah Valley and Redwood Valley, located in Mendocino County, California. The
elevation of the Ukiah Valley ranges from approximately 550 feet in the south to approximately 850 feet in
the north component of Redwood Valley. The mountains to the east and west range from approximately
1,500 feet in elevation to 3,000 feet in elevation. The ground surface slopes downward from north to south
at an average of 0.35% over the 20 miles of length. Redwood Valley has a maximum west-to-east width of
three miles and Ukiah Valley has a maximum west-to-east width of 3 miles at the town of Talmage. A
vicinity and USGS-derived topography map is provided as Figure 1.

1.3

Hydrogeologic Conceptual Model Development

The HCM was based on previous studies pertaining to geology, hydrogeology, groundwater quality,
groundwater consumption, well completion reports (WCRs), gravimeter survey data, and groundwater
elevation measurements. A consolidated description of hydrogeologic formations, principal aquifers and
aquitards, and water quality is presented in Sections 6 and 8. Hydrogeologic properties and hydrogeologic
formation geometries were estimated based on the WCRs and previous studies. Three-dimensional digital
elevation models (DEMs) for geologic formation boundaries were generated to develop for a MODFLOWNWT model as a part of the UVGB Draft Water Budget Study prepared by LACO Associates in December,
2017, and were also utilized in developing the cross sections presented in Figures 3, 4, and 5.

1.4

Significant Assumptions

The following assumptions were made during development of the model:
•
Transmissivity values derived from WCRs assume the water level stabilized during the drawdown
test.
•
The accuracy of well locations and lithology encountered on WCRs is assumed to be accurate.
•
Depth to the Franciscan formation based on gravimeter survey data is assumed to be accurate.

2.0

P R E V I O U S S T U D I E S A N D DATA C O L L E C T I O N

This section documents the compilation of existing data was from a literature review. Selected sources
provide information for key datasets of the hydrogeologic formations, including: lateral and vertical
compositional changes of the aquifer and confining beds; the thickness of the aquifer, magnitude and
direction of horizontal and vertical hydraulic gradients, the water quality, and current information on the
estimated water demand.
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2.1

Literature Review

The DWR illustrates surface water hydrology, groundwater hydrology, and geology for the Ukiah Valley in
their Recommended Water Well Construction and Sealing Standards Paper for Mendocino County. The
report describes the alluvial deposits as ranging in thickness from a few inches to over 100 feet. Streamchannel deposits were expected to range in thickness from a few inches to up to 40 feet. Terrace deposits
were estimated to range from a few feet to over 200 feet thick, and underlie alluvium layers throughout the
valley. Tertiary to Quaternary aged sediment deposits were described as 1,000 feet thick, and outcropping
near the east side of the Ukiah Valley, west of Calpella and near Coyote Valley. Large quantities of clay
and silt limit groundwater yields in the Tertiary to Quaternary aged sediments (DWR, 1958).
Charles Jennings and Rudolph Strand published a map of the Ukiah Valley geology in the Geologic Map of
California-Ukiah Sheet. The geologic map depicts the Ukiah Valley as consisting primarily of quaternaryaged alluvial deposits, surrounded by mountains mapped as the Franciscan Formation (KJf) and Undivided
Cretaceous marine deposits (K). The KJf borders the Ukiah Valley basin to the north, northwest, east, and
southeast, and the (K) to the southwest. Quaternary alluvium (Qal) occupies the center of the valley along
the Russian River. Quaternary non-marine terrace deposits (Qt) and Plio-Pleistocene non-marine formations
(Qp) flank the Quaternary alluvium on mountainous slopes and are bordered by the Franciscan and
Cretaceous formations. McNab Creek valley fill is mapped as Pleistocene non-marine formation (Qc),
which is bordered by the Cretaceous formation (Jennings, 1960).
G.T. Cardwell described the occurrence, availability, and quality of groundwater throughout the Russian
River watershed and developed geologic maps for valleys in Mendocino County in Geological Survey
Water-Supply Paper 1548. The UVGB was considered the largest groundwater basin in the Russian River
watershed. Geologic formations within the UVGB described in Cardwell’s study included undifferentiated
Franciscan and Knoxville formations (KJu), continental deposits (QTc), younger Terrace deposits (Qty),
terrace deposits (Qt), older terrace deposits (QTo), dissected alluvium (Qdal), Quaternary alluvium (Qal)
and river-channel deposits (Qrc). Franciscan and Knoxville formations were described to yield water slowly
from wells depending on the degree of fracturing. The continental deposits (QTc) were described as 1,500
feet thick near Coyote Valley dam site based on the U.S. Army Corps Survey report for flood control and
allied purposes on the Russian River. Cardwell proposed that the continental deposits may be as thick as
2,000 feet in some areas in the UVGB. Specific capacities of wells in the continental deposits were
described as less than one gallon per minute per foot of drawdown. Some wells in the continental deposits
were described to yield up to 50 gallons per minute. Alluvial terrace deposits (Qt) were described to be
derived from the Franciscan formation and have thicknesses of approximately 200 feet. Wells in the terrace
deposits were described to yield between 5 and 63 gallons per minute. Dissected alluvium (Qdal) in
McNab Creek Valley was described to be at least 60 feet thick. Alluvium and river channel deposits (Qal)
and (Qrc) were described to have thicknesses ranging from 50 to 282 feet and specific yields exceeding
100 gallons per minute per foot of drawdown were reported. Water levels were described to be between a
few feet to twenty feet below the ground surface in the alluvial units. Seasonal hydraulic head fluctuations
were described to be 15 feet. Groundwater storage in the alluvium and terrace deposits was described to
be between 75,000 and 100,000 acre-feet (Cardwell 1965), (Appendix 1).
In Farrar’s report, Ground-Water Resources in Mendocino County, groundwater conditions were described
for Ukiah Valley, Little Lake Valley, Laytonville Valley, Leggett, and nearby mountainous regions.
Groundwater availability was classified into four categories based on well yields and hydrogeologic
characteristics. Type I formations were classified as yielding 100 to 1,000 gallons per minute, Type II
formations yield less than 10 gallons per minute, Type III formations yielding only a few gallons per minute,
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and Type IV formations were described as having very poor groundwater availability. The groundwater
storage was estimated to be 90,000 acre-feet in the upper 100 feet of Type I formations based on an area
of 20 square miles and a specific yield of 8 percent. Water bearing formations included continental basin
deposits (Type III), continental terrace deposits (Type III), Holocene alluvium (Type I), terrace deposits (Type
II), and the Franciscan formation (Type IV) (Farrar, 1986). (Appendix 2).
In 2004, the DWR reported on the UVGB as an update to California’s Groundwater Bulletin 118 (the 2004
DWR Report) describing basin boundaries and hydrology, hydrogeologic information, public supply wells,
well characteristics, active monitoring data, and basin management information. Hydrogeology was
reported as recent alluvium, Pleistocene terrace deposits, Pliocene/Pleistocene alluvium, and dissected
alluvium. Groundwater storage was estimated for various formations based the G.T. Cardwell and Farrar
studies. The alluvium and younger terrace deposits are expected to have a storage capacity of 75,000
acre-feet to 100,000 acre-feet, river-channel deposits storage values are estimated at 35,000 acre-feet,
and in the older alluvium and terrace deposits on the upper elevations of the margins of the valley
approximately 45,000 acre-feet. The older continental deposits were expected to hold 324,000 acre-feet in
storage, but were described as having low usability due to low permeability. Groundwater overdraft is
expected in localized regions during the summer, but long-term groundwater data demonstrates that
overdraft is not an issue based on the quick recharge of the groundwater basin during the rainy season
(DWR 2004), (Appendix 3).
Marty Larsen and Harvey Kelsey published a geologic map of the Ukiah Valley that discretized the
groundwater basin into 15 unique geologic units. Formations included quaternary alluvium (Qal), five strath
terraces (Qt1, Qt2, Qt3, Qt4, and Qt5), Ukiah Basin deposits as described by Cardwell in 1965 as the
Continental basin deposits (QTub), three alluvial deposits in isolated valleys (QalVS underlying Vichy Springs,
QalMcN underlying McNab Ranch, and QalCR underlying Crawford Ranch), landslides (Qls), colluvium
(Qc), and two variations of the Franciscan formation, KJf and KJft (Franciscan with no alluvium cover).
Strath terraces are perched above the Franciscan formation on the western and eastern slopes uphill from
the Russian River. Younger Qt1 and Qt2 strath formations are located in closer proximity to the Russian River,
and the older strath terrace formations Qt4, and Qt5 occupy the higher elevation slopes near the interface
with the Franciscan formation. The Larsen and Kelsey map differs from the 1960 map by Jennings where the
Cretaceous bedrock to the south and west side of the UVGB is replaced with the Franciscan formation.
Quaternary alluvium and Quaternary terrace deposit thicknesses range from 15 to 30 feet. The continental
basin deposits (QTub), which underlie the Quaternary terrace and alluvial deposits, have an average
thickness of 500 feet and a maximum thickness of 750 feet. These deposits pinch out as they approach the
mountains (Larsen and Kelsey, 2005).
The Mendocino County Water Agency (MCWA) described the hydrogeology of the UVGB in their Water
Supply Assessment for the Ukiah Area Plan. The hydrogeologic formation descriptions were based on the
2004 DWR report. Water-bearing formations included: alluvium (Qal) ranging from 80 feet to 140 feet thick,
quaternary terrace (QT) with a thickness of 240 feet, and a Plio-Pleistocene terrace (QP) ranging from 170
feet to 610 feet thick (MCWA 2010), (Appendix 4).
The Russian River Independent Science Review Panel (ISRP) report described the thickness of the
continental basin deposits to be 2,000 feet thick in the center of Ukiah Valley. The continental basin
deposits were described to be constructed over a time range from 0.45 million years ago (ma) to 4 ma.
Groundwater in Redwood Valley was described to flow from the mountains towards Forsythe Creek and
the West Fork of the Russian River and subsequently down the valley to the south. A collaborative
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groundwater monitoring program was recommended to evaluate surface water-groundwater interaction
and supplement the groundwater monitoring network that will be utilized by the Groundwater Sustainability
Agency to develop the Groundwater Sustainability Plan for the UVGB (ISRP, 2016), (Appendix 5).

2.2

Ongoing Hydrogeologic Data Collection Programs

Data was compiled from ongoing hydrogeologic data collection programs to characterize surface watergroundwater interaction in the UVGB. Surface water data came from streamflow gauges and groundwater
data came from well logs and groundwater level measurements.

2.2.1

Surface Water Data Collection Programs

Currently, there are ten streamflow gauges in the UVGB. The United States Geological Survey (USGS) has
three streamflow gauges within the UVGB boundary. These streamflow gauges are located on the Russian
River, south of Talmage, and on the forks of the Russian River upstream of the confluence near Coyote
Dam. There are USGS gauges outside of the UVGB upstream of Lake Mendocino, and near Hopland that
are not within the UVGB boundary. USGS data has been collected since the early 1900s. The National
Oceanic and Atmospheric Administration (NOAA) collects data from National Marine Fisheries Service
(NMFS) gauges on the west branch of the Russian River, York Creek, Robinson Creek, and McNab Creek.
California Land Stewardship Institute (CLSI) has three gauges on McNab Creek.
The Russian River meanders for 33 miles through the UVGB. The sum of the lengths of the tributaries to the
Russian River within the UVGB boundary is 123 miles. Some streams run seasonally, and in some cases
streamflow percolates into the subsurface once it reaches the recent alluvium of the Russian River. Russian
River flows are controlled by the Sonoma County Water Agency (SCWA) for water supply storage, and the
United States Army Corps of Engineers (USACE) for flood protection at Coyote Dam (Coyote Dam created
Lake Mendocino in 1959). Lake Mendocino has a maximum capacity of 118,000 acre-feet with a water
supply capacity of 70,000 acre-feet (SCWA 2016). The Russian River drains 362 square miles by the time
flows reach USGS Gauge 11462500 RUSSIAN R NR HOPLAND CA, which is roughly 800 feet south of the UVGB
boundary. Since 1940, the average flow rate of the Russian River is 678 cubic feet per second.
According to the Russian River Independent Science Review Panel (ISRP), a panel composed of eight
members and one chairman in an effort to establish a scientific basis for the future of the Russian River, the
Russian River Channel Improvement project by the USACE during the 1950’s and 1960’s caused
entrenchment of the Russian River, decreasing the elevation of the river’s surface and increasing the
erosion potential. The construction decreased the width of the floodplain and created a trapezoidal
channel through the Ukiah Valley. The ISRP explains that channel entrenchment decreases groundwater
elevations that consequently cause tributary flows to go subsurface due to a greater hydraulic gradient
between the Russian River stage and the tributary stage after the toe of slope between the bedrock and
the alluvium geology (ISRP, 2016).
Contributions to the Russian River north of Redwood Valley consist of flows from Rocky Creek and
approximately twenty minor tributaries according to the USGS hydrography dataset (USGS 2016). Forsythe
Creek collects flows from approximately 44 square miles in the watershed along Highway 101 towards Willits
and the sub-watershed directly to the south. The Russian River picks up flows from seven minor tributaries as
it winds through Calpella along the west bank of Lake Mendocino and receives an additional 11 square

Project No. 7746.09; December 28, 2017
Page 9 of 29

Hydrogeologic Conceptual Model
Ukiah Valley Groundwater Basin | Initial Groundwater Sustainability Plan
Mendocino County Water Agency | DWR Grant No. 4600011503
miles of runoff from York Creek prior to the confluence with the Russian River East Branch flowing from
Coyote Dam. One NFMS gauge was installed on York Creek in the alluvial plain before the confluence with
the West Branch of the Russian River. Two USGS gauges, 11462000 EF RUSSIAN R NR UKIAH CA and 11461000
RUSSIAN R NR UKIAH CA, were installed on each of the Russian River forks prior to their confluence to the
main-stem Russian River. South of the confluence, the Russian River receives flow contributions from Hensley
Creek, Howard Creek, Ackerman Creek, Sulphur Creek, Orrs Creek, and two minor tributaries prior to
flowing adjacent to the city of Ukiah. York Creek is the only tributary that currently has a streamflow gauge
in the central Ukiah Valley reach of the Russian River. Ackerman Creek drains approximately 16 square
miles of watershed and Orrs Creek drains roughly 8 square miles.
Streams in the region north of Talmage have less than five square miles of contributing watershed area. The
tributaries contributing from the hills of the eastern component of the valley into the Talmage area drain
the steep topography of Cow Mountain and Red Mountain. The eastern tributaries include McClure Creek,
Mill Creek, Howell Creek, Morrison Creek, and six unnamed tributaries that are expected to receive
contributing flows from less than five square miles.
Robinson Creek drains over 20 square miles of watershed west of Talmage and parallels two minor
tributaries south of Talmage near El Roble. One NFMS streamflow gauge was installed on Robinson Creek
roughly one-half mile into the alluvial valley from the mountain-valley toe-of-slope. The final main
contributing tributary, McNab Creek, is located in the southern component of the UVGB near Hopland.
Three CLSI gauges and one NMFS gauge were installed on McNab Creek. McNab Creek contributes runoff
from approximately 12 square miles to the Russian River.

2.2.2

Groundwater Monitoring Data Collection Programs

Currently, 39 wells are included in the California State Groundwater Elevation Monitoring (CASGEM) system.
Areas of low CASGEM well density were identified for development of new monitoring wells and existing
wells that can be integrated into the CASGEM network are identified based on DWR WCRs provided to the
MCWA. In addition to the CASGEM wells, four wells are managed by the DWR, and over 436 wells have
data in the GeoTracker system from 1999 to 2016 (GeoTracker, 2016).
71 groundwater monitoring wells are currently active for environmental remediation projects according to
the GeoTracker website (SWRCB, 2016). Three additional monitoring wells are currently being monitored
biannually by the DWR, and one is offline as of 2011. Hydraulic head data is usually acquired in March,
April, or May and in October or November.
The MCWA began their involvement in groundwater resources in 1993 by contracting with the USGS to
conduct groundwater monitoring in Redwood Valley as part of a groundwater resources reconnaissance
project and to identify a possible location for a surface reservoir for the valley. The MCWA started
collaborating with the Mendocino City Community Services District (MCCSD) and Redwood Valley
Community Water District (RVCWD) after the passage of SBX 7.6. No groundwater basins within Mendocino
County have created a Groundwater Management Plan prior to the development of this Initial
Groundwater Sustainability Plan.
In October 2014, the Mendocino County Resource Conservation District (MCRCD) started incorporating
Ukiah Valley wells into the CASGEM system under contract with the MCWA. Initially, advertisements were
placed in local newspapers that requested well data contributions from local residents and farmers. In
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addition, a cold-call list of potential well owners that would be willing to contribute was developed by the
MCWA and MCRCD. Recently, advertisements have been placed in the Farm Bureau and MCRCD
newsletters. Other well owners have added their wells to the CASGEM network after being contacted
through word-of-mouth.
Of the 39 CASGEM monitoring wells, 14 wells have 1 data point, 1 well has 2 data points, 7 wells have 3
data points, 15 wells have 4 data points, and 2 wells have 5 data points. Four DWR wells have over 75 points
of data. Wells are primarily dispersed on the south side of the city of Ukiah along the river, distributed
throughout Redwood Valley, and near Highway 101 north of Ukiah.
In addition to the CASGEM and DWR monitoring programs, the California State Water Resources Control
Board (SWRCB) has an online data management system for groundwater remediation projects called
GeoTracker (SWRCB, 2016). There were a total of 436 monitoring wells within the UVGB boundary for 36
environmental remediation projects. The groundwater monitoring data included 6,546 data points
between 1999 and 2016. Some monitoring wells had multiple latitude, longitude, and elevation surveys
provided, and the most recent information was used in spatially databasing well locations.

3.0

H I S T O R I C A L G R O U N D WAT E R E L E VAT I O N
DATA BA S E D E V E LO P M E N T

The Historical Groundwater Elevation Database was developed in Microsoft® Excel and includes 479 wells
located in the UVGB. Monitoring well locations are provided in Figure 2. As described in Section 2.2.2 of this
report, historical groundwater elevation data was collected from three main sources: California Statewide
Groundwater Elevation Monitoring (CASGEM) data from the DWR, Geotracker well data from the California
State Water Resources Control Board (SWRCB), and groundwater elevation data from the DWR’s Water
Data Library. The Microsoft® Excel database includes well identification information, source data, well
location data, well status, well use, ground surface elevation, reference point elevation, total depth, and
perforated interval depths.
The CASGEM and Geotracker databases provided between one and five data points per well, while each
of the four wells from DWR provided between 78 and 98 data points. The DWR well logs provided
significantly more data points per well when compared to the well logs from the CASGEM and Geotracker
databases, there are only four relevant wells in the DWR library. These four wells are the only wells that have
accessible well logs before 1999. CASGEM databases provide data subsequent to the year 2014 and
Geotracker databases provide data subsequent to the year 1999. GeoTracker groundwater monitoring
began in 1999 and contributes data to this day; however the amount of groundwater monitoring data
submitted to GeoTracker has declined by 87% since 2012, and will continue to decline as environmental
sites are closed. The number of wells in the CASGEM program, facilitated by MCRCD for the MCWA, grew
by 200% from 2014 to 2015 and 39 data points have been obtained year to date in 2016. Additional
groundwater data can be obtained from farmers with wells that serve irrigation purposes. Hydrographs
from observation wells are provided in Appendix 6.
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4.0

WC R D ATA BA S E D E V E LO P M E N T

A WCR database was developed based on 2,490 WCRs provided to the MCWA by Eric Senter from the
DWR. The WCRs were reviewed to develop a summary of well use type (Table 1).
Table 1. Wells Drilled by Well Use Type
Well Use Type

Number of Wells

Destroy

309

Domestic

1,435

Dry Hole

18

Industrial

18

Irrigation

128

Monitoring

286

Municipal

70

Not Available

115

Remediation

65

Test Well

46

Total

2,490

Candidates for georeferencing were identified based on quality hand-drawn maps or descriptions of well
locations. Only 214 of the 2,490 WCRs were georeferenced. The WCRs that were discarded were either
outside of the UVGB boundary, lacking a site map or a location description, or illegible. Georeferencing
was conducted using Google Earth and importing .KMZ files into ArcGIS®. Data recorded from the
georeferenced wells included longitude, latitude, elevation, summaries of lithology encountered by the
well driller, estimated well yield, and drawdown. The WCR Database was developed in Microsoft® Excel.
WCRs utilized in the WCR analysis are provided in Appendix 7.
Boundaries between geologic and hydrogeologic formations were estimated based on a combination of
the information collected in the WCR Database and descriptions from Larsen and Kelsey’s 2005 publication
“Geologic maps of late Neogene and Quaternary deposits in the Ukiah Basin”, C. D. Farrar’s 1986
publication ”Ground-water Resources in Mendocino County, California. United States Geological Survey”,
and Cardwell’s 1965 publication Geology and Ground Water in Russian River Valley Areas and in Round,
Laytonville, and Little Lake Valleys – Sonoma and Mendocino Counties, California. The boundaries are
described in detail in Sections 6 and 8 of this report.
Mapped location data obtained from the WCRs presented an uneven spatial distribution of wells in the
UVGB. A map showing the wells recorded from the WCRs is provided in Figure 2. Many of the wells are
clustered in residential or agricultural areas because the majority of the wells are for domestic or irrigation
use, as shown in Table 2 below.
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Table 2. Well Use Type of Georeferenced WCRs
Well Use Type for Georeferenced WCRs

Domestic

Irrigation

Municipal

Test Well

Unknown

Industrial

Total

154

40

13

4

2

1

214

The information that was collected from the WCRs was limited in some locations. Specific areas with data
gaps are illustrated in the Ukiah Valley Groundwater Basin Data Gap Analysis, prepared by LACO
Associates in December 2016, as a part of this IGSP. Only 31% of the georeferenced WCRs recorded the
well penetrating the Franciscan formation.
Estimates for transmissivity and specific capacity were developed based on groundwater yield and
drawdown data from WCRs in the WCR Database. The specific capacity is described as the quotient of the
yield (gallons per minute) and the drawdown (feet) and has units of gallons per minute per foot of
drawdown. Transmissivity has units of square feet per day, and the values were estimated to describe
hydrogeologic properties for the varying formations in Section 8 of this report. Transmissivity values were
estimated using the methodology proposed by Driscoll in 1986 (Equation 1).
(Equation 1)
𝑇 = 𝑆𝑆 × 2000

where

𝑇 = transmissivity (square feet per day)
𝑆𝑆 = specific capacity (gallons per minute per foot of drawdown)

Transmissivity estimates ranged from 7 to 600,000 gallons per minute per foot per day.

5.0

G R O U N DWAT E R B A S I N B O U N D A RY H I S T O RY

The UVGB was first delineated by the DWR in the 1952 Water Quality Investigations Report No. 3 Ground
Water Basins in California (DWR, 1952). The 1952 report included the UVGB in the North Coastal hydrologic
study region that ranges from the Oregon border to the northern border of Lagunitas Creek in Marin
County. The groundwater basin was given identification number 1-15 and included the alluvial regions near
Ukiah, Talmage, and El Roble, but the northern border closed the basin south of Calpella. In 1975, the DWR
released California’s Ground Water – Bulletin 118, where the UVGB was moved to the San Francisco Bay
hydrologic study area and the basin identification number was updated to 2-15 (DWR, 1975). The basin was
described to have an area of 16 square miles, a depth of 470 feet, a storage capacity of 369,000 acrefeet, and a usable capacity of 35,000 acre-feet. The basin boundary was redefined and younger alluvium
was shown near Redwood Valley and the City of Ukiah, with older alluvium near Calpella and along the
eastern border of the groundwater basin. In 2003, the UVGB was returned to the North Coast region during
the Bulletin 118 update (DWR, 2003). The basin identification number was updated to 1-52, and the
boundary shape was changed to include a greater alluvial area south of Lake Mendocino and the
alluvium in the drainage of Robinson Creek. The 2003 report did not include information regarding the
groundwater basin area, groundwater budget type, well yields, monitoring, or TDS for the UVGB, which was
one of four groundwater basins with grey bars in the table of 62 groundwater basins. The southern
boundary of the UVGB borders the Sanel Valley Groundwater Basin (1-53). The interface between the two
basins is 2,163 feet across. For this IHCM, the UVGB boundary is modified based on the 2005 Larsen and
Kelsey map. The developed DWR basin boundary has inaccuracies near Lake Mendocino, Robinson Creek,
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and McNab Creek. The boundary errors are corrected in a proposed basin boundary included in Figure 2
of this report.

6.0

GEOLOGIC SETTING

The UVGB has an area of approximately 37,500 acres, is 22 miles long north to south, and is 5 miles wide
east to west. The UVGB is located mostly within the Mendocino Range in the northern part of the Coast
Ranges Geomorphic Province (Farrar, 1986; DWR, 2004). The Coast Ranges Geomorphic Province exhibits
low northwest-trending sub-parallel mountain ranges and valleys resulting from the compressional
deformation between the pacific and American plates (Fuller, 2015). Locally, the topography is controlled
by tectonic activity associated with the right-lateral Maacama Fault, a member of the San Andreas Fault
System. This local faulting is expressed in numerous north-west trending lineaments throughout the Ukiah
valley (Farrar, 1986). Geologic formations described in Section 6.1 of this report are predicated on the 2005
Larsen and Kelsey map (Figure 2).

6.1

Geologic Formations

6.1.1

Quaternary Alluvium

Quaternary alluvium primarily consists of unconsolidated gravel, sand, silt, and minor amounts of clay
(Cardwell, 1965). The Quaternary alluvium formation includes river-channel deposits that are composed of
thin surfaces of gravel, sand and silt (DWR, 1958). Older buried channels are coarser and have boulders
with a coarse sand matrix (NCHR, 2004). Quaternary alluvium is not cemented and is the least weathered
unit of any of the other older valley-fill units. Typically, the thickness of Quaternary alluvium in the valley is
less than a few tens of feet, but in some places is greater than 100 feet. The material that makes up the
Quaternary alluvium and river-channel deposits is derived mostly from the Franciscan formation, but
terrace and continental basin deposits contribute material as well. Particle size of sediment is largest along
the axis of the stream and becomes finer on the floodplain as distance from the stream axis increases
(Farrar, 1986).

6.1.2

Terrace Deposits

Terrace deposits are generally partially to loosely cemented beds of gravel, sand, silt and clay (Farrar,
1986). Older terrace deposits consist of red, gravelly clay soil, while young terrace deposits consist of sandy
or silty gravel (Cardwell, 1965). Terrace deposits in the valley are long, narrow, and elevated. The gently
inclined surfaces of terrace deposits were formed by the aggradation of eroded material, most likely from
the surrounding Franciscan formation (Farrar, 1986). These terraces have lithologic heterogeneity and the
thicknesses of clay lenses are greater in the younger terraces (Farrar, 1986).
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6.1.3

Continental Basin Deposits

Exhibit 1 – Continental Basin Deposit Outcrop near Perkins Street, Ukiah (ISRP, 2016)
Continental basin deposits contain clay in a matrix of silts, gravels, and sand. The vertical distribution of the
Continental basin deposit materials include thick clay layers that lay over and below confined aquifers
consisting of sands and gravels that provide well yields of up to 50 gallons per minute (MCWA, 2004).
According to Farrar, no wells have fully penetrated the Continental basin deposit formation in the UVGB
(Farrar, 1986). Continental basin deposit thickness ranges to a depth of up to 2,000 feet along the axis of
the valley floor. Outcrops are visible near Perkins Street on the east side of the Ukiah Valley (Exhibit 1), near
Coyote Dam, and to the north on the west side of the North Fork of the Russian River near Coyote Valley
Rancheria (Exhibit 2).
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Exhibit 2 - Continental Basin Deposit Outcrop near Coyote Valley Rancheria, Redwood Valley (Looking to
South)

6.1.4

Franciscan Formation

Franciscan formation rocks are the oldest rocks located in the UVGB. These rocks are Jurassic to
Cretaceous-aged and make up the majority of the local bedrock. These primarily meta-sedimentary rocks
were deposited in a marine environment, then underwent stress and deformation resulting from
compressional tectonism. The bulk of the Franciscan formation is composed of sandstone and mudstone
with local bodies of serpentinite, greenstone, schist, shale, chert, limestone, and mafic igneous rocks. Rocks
within the Franciscan formation are highly fractured and sheared by faulting.

6.2

Maacama Fault

The Maacama fault runs in a northwest-trending direction through the UVGB. The Maacama fault is
located at a wide transform boundary between the Pacific Plate and North American Plate. The fault was
formed 3.2 million years ago and it slips at a rate of five to eight millimeters per year on average
(McLaughlin et al, 2012). The fault originated as a northeast splay from the southern portion of the Roger’s
Creek Fault Zone. As it formed several strike slip basins were formed concurrently (McLaughlin et al, 2012).
The basins began to develop less than 4 million years ago (Farrar, 1986). The Maacama fault displays right-
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lateral motion and may have been active during Holocene time (Rexford, 1989). The Maacama fault is
mapped by the California Geological Survey as an active fault (CGS, 2017). Due to extension, volcanism
and strike-slip basin development the fault has acquired several right steps and splays during its evolution
(McLaughlin et al, 2012). Due to the migration of the Mendocino Triple Junction and the northward
movement of a major releasing bend in the San Andreas Fault, changes in basin geometry and fault
geometry are likely due to adjustments of fault zone reorganizations. The Ukiah Valley was formed as a
result of oblique pull apart extension between the en echelon and branching faults in the Maacama fault
zone (McLaughlin and Nilsen, 1982). Right lateral strike slip motion caused the crustal block to wrench apart
and downdrop, forming a graben. The graben, which is bounded by faults, continued to drop while
deposition of sediment infilled the basin (Farrar, 1986).

6.3

Geologic History

The Mendocino Range is predominantly composed of the thick, late Mesozoic and Cenozoic sedimentary
rocks of the Franciscan formation. The geomorphology, structural geology and geologic formations of the
Coast Ranges occurred as a result of tectonic activity between the continental North American Plate and
the oceanic Farallon Plate. During the Mesozoic Era subduction and underthrusting of the Juan De Fuca
Plate (a remnant of the Farallon Plate) beneath the North American Plate formed an oceanic trench at the
plate boundary. Tectonically mixed sediment accumulated as the trench uplifted and created the
mountainous terrain of the Franciscan formation (Farrar, 1986). The Franciscan formation displays irregular,
knobby topography, and landslide-topography (DWR, 2004). Although the Franciscan formation has a low
permeability, fractured zones in the Franciscan formation have low to moderate permeability (Cardwell,
1965). Fracturing in the Franciscan formation is due to faulting from active plate motion between the North
American Plate and oceanic plate. The Macaama fault formed 3.2 Million years ago as a splay of the
Roger’s Creek Fault Zone and has developed several right steps and splays due to extension, volcanism
and strike-slip basin development.

6.4

Geologic Cross Sections

Three geologic cross sections were created to illustrate the hydrogeologic boundaries in the UVGB. Figure 1
shows the cross section locations in plain view. Cross sections are presented in Figures 3, 4, and 5. Clay
layers identified from the WCRs are illustrated as brown shading on the cross sections.

6.4.1

Distinction of Formation Boundaries

As described in Section 4 of this report, two boundaries between geologic and hydrogeologic formations
were estimated based on a combination of the information collected in the WCR Database and
descriptions from Larsen and Kelsey’s 2005 publication titled Geologic maps of late Neogene and
Quaternary deposits in the Ukiah Basin, C. D. Farrar’s 1986 publication titled Ground-water Resources in
Mendocino County, California, and United States Geological Survey and Cardwell’s 1965 publication titled
Geology and Ground Water in Russian River Valley Areas and in Round, Laytonville, and Little Lake Valleys –
Sonoma and Mendocino Counties, California. The combination of Quaternary alluvium and terrace
deposits are hereafter referred to as Quaternary alluvium. The uppermost boundary is between the
Quaternary alluvium and the continental basin deposits. The second boundary recorded is between the
continental basin deposits and the Franciscan formation. Boundaries were determined by interpreting the
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log data on the WCRs and using stratigraphy to identify and record any changes in geologic units. The
boundaries between the Continental basin deposits were distinguished from terrace deposits (Quaternary
alluvium) based on increased clay presence. The vertical boundary between the continental basin
deposits and the Franciscan formation were estimated by the presence of rock. 139 WCR data points were
used to define geologic units and 747 data points were used to define clay layers.

6.4.2

Discussion/Interpretation of Geologic Cross Sections

All of the cross sections are underlain by the Franciscan formation. The Maacama Fault has resulted in a
vertical offset of the basement rock of around 100 feet in each of the cross sections. This offset was based
on cross sections developed by Larsen and Kelsey, geologic judgement, and variability in surface
topography. Continental basin deposits are divided into three subunits: high hydraulic conductivity, low
hydraulic conductivity, and undetermined hydraulic conductivity. Following the trend of the longitudinal
valley axis, the depth to the Franciscan formation becomes shallower from the northwest to the southeast.
From each cross section, the maximum thicknesses of the two aquifers was approximated and described in
Table 3 below. The continental basin deposits decrease in thickness from the northwest to the southeast of
the basin. The Qal deposits increase in thickness from the northwest to the southeast of the basin.
Table 3. Maximum Unit Thicknesses of Aquifers in Cross Sections
Qtub (Combined k values)
2,060

Qtub (K unknown)

Low K Qtub

High K Qtub

Qal

A – A’

1,560

780

400

50

B – B’

1,460

700

750

420

120

C – C’

760

560

160

220

230

Cross Section

Cross section A - A’ (Figure 3) has a width of 18,800 feet and a maximum depth of 1,220 feet below ground
surface (bgs). The Maacama Fault intersects the western side of the cross section. In cross section A - A’,
hydrogeology consists primarily of continental basin deposits. Low hydraulic conductivity continental basin
deposits are on the western side of the UVGB and high hydraulic conductivity continental basin deposits
are on the eastern side of the UVGB. Lower hydraulic conductivities generally occur at the surface based
on clay layers identified in WCRs. Higher hydraulic conductivity continental basin deposits are exposed at
the surface occurring in pockets around Forsythe Creek and the Russian River. Quaternary alluvium
deposits are slightly exposed around Forsythe Creek and the Russian River.
Cross section B - B’ (Figure 4) has a width 22,800 feet of and a depth of 740 feet bgs. The Maacama Fault
runs through the center of this cross section. Cross section B - B’ depicts primarily continental basin deposits.
High hydraulic conductivity continental deposits are present to the west of the Maacama fault and low
hydraulic conductivity continental basin deposits are present to the east of the fault. Only low hydraulic
conductivity continental basin deposits are exposed at the surface. High hydraulic conductivity continental
basin deposits occur beneath Quaternary alluvium and in small lenses within the lower hydraulic
conductivity continental basin deposits. Quaternary alluvium is exposed at the surface and around the
Russian River.
Cross section C - C’ (Figure 5) has a width of 17,400 feet and a depth of 380 feet bgs. The Maacama Fault
runs through the eastern side of the cross section. High hydraulic conductivity continental basin deposits
are present to the west of the Maacama fault with a thickness of approximately 200 feet, and to the east
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of the fault with a thickness of approximately 100 feet. Quaternary alluvium is present above the high
hydraulic conductivity continental deposits and is exposed to the surface near the Russian River.

7.0

B O T TO M O F G R O U N DWAT E R B A S I N

The depth to the Franciscan formation varies throughout the valley. The bottom of the groundwater basin
was estimated from gravimeter data provided in a Humboldt State University Master’s thesis (Erickson,
2014). Gravimeter survey data was calibrated to gravity anomaly data collected from WCRs. Continental
basin deposit fill was estimated to be in depositional contact with shallowly-dipping bedrock on the east
and west margins of the valley. The cross sections provided in the thesis study ended approximately halfway along the north-south axis of the valley, and therefore the depth to bedrock was interpolated to the
south based on depth to bedrock data from WCRs. The greatest depths to the Franciscan formation In
cross sections A – A’, B – B’, and C – C’ (Figures 3, 4, and 5), are approximately 1,950 feet, 1,350 feet, and
1,000 feet, respectively.

8.0

P R I N C I PA L A Q U I F E R S A N D A Q U I T A R D S

Two principal aquifers are identified: Aquifer I – Quaternary alluvium; and Aquifer II – continental basin
deposits. Groundwater occurs in the fractures of the Franciscan formation; however it is not a principal
aquifer. This section describes the aquifers physical properties (Hydraulic conductivity, transmissivity,
storativity, specific yield, and well yield), water quality, and the primary uses of each principal aquifer.

8.1

Aquifer I – Quaternary Alluvium

Aquifer I is the primary hydrogeologic unit for groundwater supply in the UVGB. The Quaternary alluvial
deposits provide the highest well yields and specific capacities. Summaries of the physical properties,
structural properties, general water quality, and primary use of Aquifer I are discussed in the following
sections.

8.1.1

Aquifer I – Physical Properties

The lateral extent of Aquifer I is consistent with the mapped geologic extent of Quaternary alluvium (Figure
2). The majority of the Quaternary alluvium are north-south trending units that follow river-channel deposits
of the Russian River and its east-west trending tributaries. Studies by G.T. Cardwell and Farrar estimate
alluvium and younger terrace deposits have a storage capacity ranging between 75,000 acre-feet and
100,000 acre-feet; river-channel deposits have storage values estimated at 35,000 acre-feet; and in the
older alluvium and terrace deposits on the upper elevations of the margins of the valley have a storage
capacity of approximately 45,000 acre-feet.
Quaternary alluvium is unconfined, has high hydraulic conductivity, and is frequently separated from
Aquifer II by a clay layer. Piezometric surface elevations generally fluctuate seasonally. Quaternary
alluvium formations recharge fully each year with the exception of drought conditions when precipitation is
60 percent lower than the average (Kunzler Terrace Mine, 2009). Groundwater is in both unconfined and
confined settings within the terrace deposits because terrace deposits occur continuously within Redwood
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Valley but discontinuously along flanks in the Ukiah Valley (NCHR, 2004). Aquifer I hydrogeologic properties
based on the WCR Database are provided in Table 4.
Table 4. Aquifer I Hydrogeologic Properties
Township
Range
Section

Yield
(gpm)

Drawdown
(ft)

Specific
Capacity
(gpm/ft)

Transmissivity
(ft²/day)

Hydraulic
Conductivity
(ft/day)

Screened Interval

e023583
4

15N/12W-16

100

50

2.00

540.0

-

-

1079411

17N/12W-20

15

200

0.08

20.3

-

40-240

528820

14N/12W-7

25

265

0.09

25.5

-

175-275

211109

14N/12W-10
15N/12WNN

20

75

0.27

72.0

-

-

20

2

10.00

2700.0

239872
E013767
0

14N/12W-7

1

279

0.00

1.0

15N/12W-29

0

0

-

-

105699

14N/12W-7
-

30

130

0.23

62.3

1080

32

33.75

9112.5

-

-

15N/12W-28

650

0

-

-

-

-

15N/12W-21

20

50

0.40

108.0

Log
Number

215713

156501
61330
E009755
9
451246

14N/12W-5

30

167

0.18

-

-

9-14
100-296
137-157; 177-197;
217-257

-

48.5

-

-

-

50-150

118658
E015115
1

14N/12W-14

56

330

0.17

45.8

14N/12W-25

300

10

30.00

8100.0

141377

16N/12W-4

7.5

72

0.10

28.1

0.23

22-42; 62-82

105700

17N/12W-29

5

40

0.13

33.8

0.37

43-83

211546

16N/12W-4

51

50

1.02

275.4

2.57

60-100

125320

16N/12W-3

5

4

1.25

337.5

3.59

58-78

769737

15N/12W-7

4

45

0.09

24.0

0.10

24-44; 99-159

104950

15N/12W-26

40

4

10.00

2700.0

33.75

21-60

141431

15N/12W-8

30

38

0.79

213.2

0.82

37-57

18817

15N/12W-26

4.5

60

0.08

20.3

0.17

41-101

913091

15N/12W-8

20

140

0.14

38.6

0.14

70735

15N/12W-8

70

45

1.56

420.0

1.67

0-38; 38-160
39-99; 119-139; 159199

211028

15N/12W-26

40

7

5.71

1542.9

9.63

20-40

509528

15N/12W-21

50

80

0.63

168.8

1.11

29-89

18824

15N/12W-33

75

1

75.00

20250.0

153.41

18-58

34433

15N/12W-28

70

8

8.75

2362.5

17.50

24-76

-

20-80

Average yields, specific capacity, transmissivity, and hydraulic conductivity values for Aquifer I were 100
gallons per minute, 7 gallons per minute per foot of drawdown, 1894 square feet per day, and 16 feet per
day, respectively.
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8.1.2

Aquifer I – Water Quality

According to information provided in the 2004 DWR report, water quality is generally good in the
Quaternary alluvium deposits (DWR 2004). In general the water is of bicarbonate type and ranges from
moderately hard to hard (Cardwell, 1965). Calcium-bicarbonate water is more common in the southern
part of the basin and magnesium-bicarbonate groundwater is more common in the east-central portion of
the basin (Kunzler, 2009). Analyses estimate that water is 40 percent calcium, 40 percent magnesium, and
20 percent sodium (Cardwell, 1965). Quaternary alluvium chemical water quality is similar to the water in
the Russian River, but more dissolved solids and higher chloride levels are present in groundwater. During
the baseflow season between late spring and early fall Lake Mendocino greatly influences the water
quality of the Russian River. Releases from Lake Mendocino influence specific conductance, total nitrate,
and turbidity. During the wet season, Russian River water quality is influenced by stormwater flows that
increase turbidity and suspended solid content along with surface runoff pollutants (Kunzler Terrace Mine,
2009). Total dissolved solids range from 87 to 301 milligrams per liter with an average of 166 milligrams per
liter based on a study of 20 wells penetrating Quaternary alluivum (DWR, 2004). Total dissolved solids and
sodium content is greater in terrace deposits and in Aquifer II than in Quaternary alluvium. Shallow wells
(less than 100 feet bgs) groundwater temperatures were recorded ranging from 55° to 60° F (Cardwell,
1965). A summary of Aquifer I water quality provided in Table 5.
Table 5. General Water Quality of Aquifer I
Constituent Parameter

Reported Range (units as shown)

Reference

Total Dissolved Solids

•
•
•
•

Qal range: 87- 301 mg/l
Qal avg: 166 mg/l
190.0 mg/l (KP-MW 1 1, July 2005)
190.0 mg/l (Well P6 2, October 2002)

DWR, 2004;
Kunzler Terrace Mine, 2009

Total Hardness

•

Moderately Hard to Hard Bicarbonate

DWR 2004;
Kunzler Terrace Mine, 2009

Chloride Levels

•
•
•

7.3 mg/l (KP-MW 1 1,July, 2005)
6.1 mg/l (Well P6 2, October, 2002)
6.5 mg/l (015N012W08F001M3, October, 1981)

Kunzler Terrace Mine, 2009

Electrical conductivity

•
•

250.0 (July, 2005)
293.0 (015N012W08F001M3, October, 1981)

Kunzler Terrace Mine, 2009

8.1.3

Aquifer I – Primary Uses

According to the DWR pursuant to Water Code Sections 10723.8(a)(4) and 10723.2, beneficial uses and
users of groundwater in the UVGB to include: agricultural users, domestic well owners, municipal well
operators, public water systems, land use planning agencies, surface water users, resource management,
state agencies, other government agencies, California Native American Tribes, private water companies,
Ukiah Valley Basin residents, and disadvantaged communities. Water is primarily used for irrigation,
domestic, and municipal purposes.
In 1910, irrigation began on a moderate scale in the UVGB. Between 1910 and 1940 most of the water that
was irrigated was from the Russian River. By 1940, approximately 3,200 acres had been irrigated and
shallow groundwater supplies below the alluvial plain began to be utilized (Cardwell, 1965). In 2008 it was
estimated that agricultural water consumption in the UVGB was 8,000 acre-feet per year, with 2,500 to
5,500 acre-feet per year from groundwater resources (D.J. Lewis et al., 2008). According to the DWR
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pursuant to Water Code Sections 10723.8(a)(4) and 10723.2, the agency identifies the major agricultural
users in the UVGB include the Mendocino County Farm Bureau, the Mendocino County Wine Growers
Association and landowners. Major agricultural commodities in the greater Ukiah Valley area include wine
grapes, timber, pears, apples and pasture and range. All agricultural commodities in the UVGB include
fruits and nuts, livestock production, livestock and poultry products, nursery production, and field crops
(County of Mendocino, 2016). Groundwater use for industrial purposes primarily serve sawmills and wood
product manufacturing plants. According to the California DWR pursuant to Water Code Sections
10723.8(a)(4) and 10723.2 the agency identifies the City of Ukiah as the primary municipal well operator.
Although manufacturing plants use a significant quantity of water, a vast proportion of the water is
returned to the Russian River (Cardwell, 1965).
The public and domestic supply of water in the UVGB is primarily sourced from groundwater (Cardwell,
1965). There are seven public water systems within the UVGB including Redwood Valley County Water
District, Millview County Water District, Willow County Water District, Calpella County Water District, Sonoma
County Water Agency, Russian River Flood Control and Upper Russian River Water Agency. Private Water
Companies in the area include the City of 10,000 Buddhas, Rogina Water Company and Yokayo Water
Systems. Data from domestic well owners is limited to CASGEM participants, and private well owners. In
October 2015, the Millview County Water District was reported to serve 6,300 residents who reside in the
unincorporated area north of Ukiah. Millview Creek had 1,489 service connections in 2015 with
consumption at 5,901 acre feet per year. Since the assessment the State Water Resources Control Board
has allowed the District to increase capacity to at least an additional 298 service connections (Frederiksen,
2015).

8.2

Aquifer II – Continental Basin Deposits

Aquifer II (the continental basin deposits) underlay Aquifer I. Aquifer II groundwater is generally confined by
clay layers. Continental basin deposits generally have a low hydraulic conductivity and yield less water.
Deep wells with long screened intervals are generally required to provide substantial well production rates
in the continental basin deposits (Kunzler, 2009).

8.2.1

Aquifer II – Physical Properties

The lateral extent of Aquifer II is mapped as the continental basin deposits and underlying the Quaternary
alluvium and terrace deposits (Figure 2). Vertical distribution of the continental basin deposit materials
include thick clay layers that lay over and below confined aquifers consisting of sands and gravels that
provide well yields of up to 50 gallons per minute (MCWA, 2004). Generally the aquifer is recharged in basin
margins by infiltration and percolation of streamflow and precipitation. Another source of recharge is deep
percolation of irrigation water return flows. The Franciscan formation borders and underlies Aquifer II and
provides localized recharge through fractures and shears (Fisher et al., 1965). Aquifer II capacity is
estimated to be 324,000 acre-feet, but is difficult to develop because of low permeability (Ferrar, 1986).
Aquifer I hydrogeologic properties based on the WCR Database are provided in Table 6.
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Table 6. Aquifer II Hydrogeologic Properties
Log
Number

Township
Range
Section

Yield
(gpm)

Drawdown
(ft)

Specific
Capacity
(gpm/ft)

Transmissivity
(ft²/day)

Hydraulic
Conductivity
(ft/day)

775095

16N/12W-28

12

280

0.04

11.6

0.03

260-280; 340-360;
400-440

705654
E016041
8

16N/12W-22

15

20

0.75

202.5

0.39

335-415

7

230

0.03

8.2

0.01

199-239

705663

16N/12W-17
15N/12WNN

2

130

0.02

4.2

0.01

100-160

E070302

16N/12W-16

15

340

0.04

11.9

0.01

200-355

705657

15N/12W-35

0

120

0.00

-

-

80-100; 220-260

18578

17N/12W-28

1

175

0.01

1.5

0.01

169-229

775102

16N/12W-16

8

170

0.05

12.7

0.01

137-217; 239-257

931929

17N/12W-29

15

160

0.09

25.3

0.05

140-180

36475

14N/12W-3

0

0

-

-

-

175-195

18729

17N/12W-32

8

9

0.89

240.0

0.51

80-150

210815
e025573
7

16N/12W-20

2

90

0.02

6.0

0.01

186-286

17N/12W-29

15

210

0.07

19.3

0.13

60-220

210813

16N/12W-20

8

220

0.04

9.8

0.01

278-338

156544

16N/12W-4

0

0

-

-

-

713846

16N/12W-20

13

320

0.04

11.0

0.01

83-123
260-280; 300-360;
380-400

141122

16N/12W-7

0

0

-

-

-

40-80

18702
E015942
0
E010859
6

16N/12W-16

215

110

1.95

527.7

0.42

148-400

16N/12W-33

5

0

-

-

-

23-43; 63-103

16N/12W-28

7

200

0.04

9.5

0.01

120-220

18819

14N/12W-3

0

0

-

-

-

44-104

50229
E012447
5
e020953
5

14N/12W-3

0

0

-

-

-

80-96; 96-108

15N/12W-34

20

200

0.10

27.0

0.05

120-240

15N/12W-9

90

200

0.45

121.5

0.11

150-210

264526

15N/12W-34

40

5

8.00

2160.0

3.06

42-105

65419
E011179
2

15N/12W-34

0

0

-

-

-

40-102

14N/12W-3

60

91

0.66

178.0

0.25

31-91

3003

16N/12W-7

7

135

0.05

14.0

0.03

146-206

398391

16N/12W-8
15N/112W26

20

200

0.10

27.0

0.05

200-340

0

0

-

-

-

130-160

13364
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Average yields, specific capacity, transmissivity, and hydraulic conductivity values for Aquifer II were 19.5
gallons per minute, 0.61 gallons per minute per foot of drawdown, 173 square feet per day, and 0.25 feet
per day, respectively.

8.2.2

Aquifer II – Water Quality

The groundwater in Aquifer II is generally of good mineral quality but has higher levels of dissolved solids
than Aquifer I (Fisher et al., 1965). Wells on the west side of Redwood Valleys have been reported to have
poor water quality and one well was reported to have flammable gas. Underlying Franciscan formation
water quality locally impacts Aquifer II through local recharge. Pressurized carbon dioxide gas was
encountered during drilling into Aquifer II near Coyote Valley, southwest Ukiah, and Talmage (Cardwell,
1965). Aquifer II Water quality is summarized in Table 7.
Table 7. Aquifer II - Water Quality Summary
Constituent or Parameter

Reported Range (units as shown)

Reference

Total Dissolved Solids

Qtub also generally has higher levels of dissolved solids
when compared to the Qal which averages at 166 mg/l

Fisher et al., 1965

Total Hardness

The groundwater in the Qtub is generally of good mineral
quality but contrasting to the groundwater within the Qal
and Qt it is less accessible so little data is available
describing water quality parameters.

Cardwell, 1965

Chloride Levels
Electrical conductivity

8.2.3

Aquifer II – Primary Use

Aquifer II primarily serves domestic water needs.

8.3

Franciscan Formation

The Franciscan formation is not a principal aquifer, but groundwater is contained in the fractures of this
formation and utilized by the UVGB population.

8.3.1

Franciscan Formation – Physical Properties

Wells drilled in the Franciscan formation tend to have low well yields and substantial drawdown compared
to wells drilled in Aquifer I and Aquifer II. The average specific capacity and transmissivity of wells
penetrating the Franciscan formation were 0.03 gallons per minute per foot of drawdown and 8.35 square
feet per day, respectively. Franciscan formation hydrogeologic properties based on the WCR Database
are provided in Table 8.
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Table 8. Franciscan Formation Hydrogeologic Properties
Log
Number

Township/Range
/Section

Yield
(gpm)

Drawdown
(ft)

Specific
Capacity
(gpm/ft)

Transmissivity
(ft²/day)

Screened Interval

E0182651

16N/12W-3

5

0

-

-

100-200

916438

15N/12W-23

1

200

0.01

1.4

60-80; 100-120; 140-160

775088

16N/12W-27

12

300

0.04

10.8

167-187; 247-327; 367-387

213780

14N/12W-6

3

32

0.09

25.3

34-74

23302

15N/12W-18

0

0

-

-

50-58

916508

17N/12W-20

2

163

0.01

3.3

83-143

239695

14N/12W-8

1

272

0.00

1.0

87-107; 237-257; 277-297; 317-337

56199

14N/12W-27

2

0

-

-

45-65; 105-125

e0231794

15N/12W-32

0

105

0.00

-

87-127

8.3.2

Franciscan Formation – Water Quality

Franciscan formation springs generally have high mineral content, however acceptable chemical water
quality has been encountered. Analysis of the water quality of Vichy Springs identified 4,600 parts per
million dissolved solids, 2,000 parts per million carbon dioxide, elevated Boron concentrations, 700 parts per
million total hardness, and chloride concentration of 300 parts per million at a temperature of 90° F.
Concentrations of Boron measured from 20 wells penetrating the Franciscan formation ranged between 1
and 73 parts per million. Wells that contain boron concentrations less than 14 parts per million were
reported to have no other anomalies in chemical composition, whereas wells that contain boron
concentrations greater than 14 parts per million also contain high levels of sodium chloride. Regions of
elevated levels of Boron are located in East Ukiah, North and South Talmage, North Redwood Valley,
Coyote Valley, and in McNab Creek Valley (Cardwell, 1965). Water quality contamination of Aquifer I and
Aquifer II from recharge from the Franciscan formation should be a concern during water well
development.

8.3.3

Franciscan Formation – Primary Use

The Franciscan formation primarily serves domestic water needs.

9.0

FUTURE WORK

Future work to fully address the Emergency SGMA regulations pertaining to the HCM includes creating
maps that depict the following, based on input from the UVGB Groundwater Sustainability Agency and
Technical Advisory Committee:
•
Delineation of existing recharge areas that substantially contribute to the replenishment of the
basin, potential recharge areas, and discharge areas, including significant active springs, seeps,
and wetlands within or adjacent to the basin
•
Surface water bodies that are significant to the management of the basin
•
The source and point of delivery for imported water supplies
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In addition to these maps, data gaps should be addressed by the following:
•
Characterization of hydrogeologic properties related to specific storage and specific yield by
conducting several pump tests with monitoring wells in Aquifer I and Aquifer II
•
Coupling new streamflow gauges with existing wells or new monitoring wells to quantify surface
water-groundwater interaction
•
Estimation of Aquifer I and Aquifer II total storage capacity based on specific storage and specific
yield values based on pump tests and three dimensional hydrogeologic geometry created as a
part of the concurrent Water Budget component of this IGSP
•
Incorporating high density gravimeter data for the bottom of groundwater basin section provided
in the next few years by the USGS
•
Acquire geophysical survey data along the banks of the Russian River near the southern boundary
of the UVGB.
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11. 0 LIST OF ACR OYNMS
California Land Stewardship Institute (CLSI)
California State Groundwater Elevation Monitoring (CASGEM)
Continental basin deposits (QTub)
Continental deposits (QTc)
Department of Water Resources (DWR)
Dissected alluvium (Qdal),
Franciscan and Knoxville formations (KJu),
Franciscan Formation (KJf)
Hydrogeologic Conceptual Model (HCM)
Independent Science Review Panel (ISRP),
Initial Groundwater Sustainability Plan (IGSP)
Mendocino City Community Services District (MCCSD)
Mendocino County Resource Conservation District (MCRCD)
Mendocino County Water Agency (MCWA)
National Marine Fisheries Service (NMFS)
National Oceanic and Atmospheric Administration (NOAA)
Pleistocene non-marine formation (Qc)
Plio-Pleistocene non-marine formations (Qp)
Quaternary alluvium (Qal)
Quaternary alluvium (Qal)
Redwood Valley Community Water District (RVCWD)
Sonoma County Water Agency (SCWA)
Sustainable Groundwater Management Act (SGMA)
Terrace deposits (Qt)
Ukiah Valley Groundwater Basin (UVGB)
Undivided Cretaceous marine (K)
United States Army Corps of Engineers (USACE)
United States Geological Survey (USGS)
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UVGB Vicinity and USGS Topography Map
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Cross Section A-A’
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Cross Section B-B’
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Cross Section C-C’
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NRCS Soil Map
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Recharge Area Map
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Surface Water Supply Map
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Ukiah Valley Groundwater Basin
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•

Groundwater Basin Number: 1-52
County: Mendocino
Surface Area: 37,500 acres (59 square miles)

Basin Boundaries and Hydrology
The Ukiah Valley groundwater basin, located in southeastern Mendocino
County, is approximately 22 miles long and 5 miles wide at the widest point,
and is the largest of several groundwater basins along the Russian River. The
basin is part of the Ukiah and the Redwood Valleys to the north, and their
tributary valleys. The low-lying regions of the Ukiah and Redwood Valleys
as well as those sloping areas along the valley edges that include Quaternaryand Tertiary-age sediments define the areal extent of this north-south
trending basin. The basin surface elevation varies from approximately 1,000
feet in the upper portions of the Redwood Valley, to approximately 500 feet
in the lower, southern areas of the Ukiah Valley.
The Russian River traverses the entire length of the Ukiah Valley
groundwater basin and is met by many tributaries from both the east and west
sides of Redwood and Ukiah Valleys. The main tributaries include Forsythe
Creek, which joins with the Russian River north of the city of Calpella, and
the East Fork of the Russian River, which joins the main branch of the
Russian River north of Ukiah. Lake Mendocino, a reservoir created from the
East Fork of the Russian River located between Redwood Valley and Ukiah
Valley, is also an important feature of the surface hydrology of the region.
Precipitation in the basin ranges from approximately 45 inches in the north to
about 35 inches in the south.
Ukiah is the largest city within the valley and is located on its southwest side.
Other cities include Talmage, east of Ukiah, and Calpella on the south end of
Redwood Valley. Highway 101 travels the length of the Ukiah Valley from
the south and veers west away from Redwood Valley, paralleling Forsythe
Creek. Highway 20 enters the valley from the east and intersects with
Highway 101 at Calpella.

Hydrogeologic Information
Water Bearing Formations
Groundwater-bearing units of primary importance within the Ukiah Valley
Groundwater Basin include Recent alluvium, as well as alluvium of Pliocene
and Pleistocene age. The terrace deposits and dissected alluvium of
Pleistocene age are of lesser importance with regard to groundwater
production. Underlying these deposits is moderately to highly fractured
basement rock consisting of the Franciscan and Knoxville Formations. Even
when highly fractured these formations have limited permeability, and are
considered to yield only small quantities of water locally (Cardwell 1965).
Information on water-bearing formations, hydrogeology, and storage
capacity is available from Cardwell (1965), DWR, (1965), and Farrar (1986).
Recent Alluvium. Alluvium within the basin is considered a principal
source of groundwater and consists of unconsolidated gravel, sand, silt, and
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minor amounts of clay deposited in channels and on floodplains of the
Russian River and its tributaries, on alluvial fans, and as colluvium on
interfan slopes. A subdivision of Recent alluvium includes river-channel
deposits defined by those areas where gravely stream channel deposits are
currently being deposited. River-channel deposits are generally very high
yielding loose gravels and sands; in some cases these deposits contain
boulders. Recent alluvium is thickest in the central portion of the basin and
extends from the surface to depths of 50 to 80 feet (Cardwell 1965). An
average specific yield of 20 percent was used for the alluvium in two
separate studies (Cardwell 1965, DWR 1965). Groundwater in the alluvium
generally occurs under unconfined conditions.
Pleistocene Terrace Deposits. Terrace deposits are characterized as alluvial
deposits of primarily Pleistocene age, ranging from a thin veneer of red
gravelly clay soil, to deposits of sandy or silty gravel up to 200 feet thick.
Terrace deposits generally overly the Pliocene- and Pleistocene-age alluvium
and occur discontinuously along the flanks of the Ukiah Valley and more
continuously within the Redwood Valley on both sides of the Russian River.
Groundwater in the terrace deposits is unconfined to locally confined
(Cardwell 1965).
Production from the terrace deposits is variable based on sediment thickness,
depth to water, and percentage of fine grained material; however, these
deposits generally yield enough water for domestic purposes if an
appreciable thickness of the deposit occurs below the water table (Cardwell
1965).
Pliocene/Pleistocene Alluvium. These deposits are described as continental
deposits comprised of poorly consolidated and poorly sorted clayey and
sandy gravel, clayey sand, and sandy clay. In general, thick lenses of
moderately indurated gravel interfinger with large bodies of blue sandy silt
and clay (Cardwell 1965). Overall, this alluvium has low permeability due to
the relatively high percentage of fine sediments; however, wells can produce
moderate amounts of water from these sediments if long sections of
perforated (or screened) intervals are used. Bed thickness is variable, with
the maximum thickness considered to be about 2,000 feet. Outcrops of this
formation can be seen along the entire east side of the Ukiah Valley, as well
as the southeast side of the Redwood Valley (Cardwell 1965). It is possible
that current groundwater use relies more heavily on Pleistocene- and
Pliocene-age alluvium than reflected in this basin description due to ongoing
trends in improved well construction techniques and deeper well seal
requirements. Groundwater in the older alluvium deposits is generally
confined (Cardwell 1965).
Dissected Alluvium. Dissected alluvium is gravelly sediment cemented by
carbonate precipitation located along Sulfur Creek below Vichy Springs and
along McNab Creek. These sediments yield only very limited quantities of
water (Cardwell 1965).
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Groundwater Level Trends
Based on hydrographs from DWR monitored wells, groundwater levels in the
past 30 years have remained relatively stable. During drought conditions
there is increased drawdown during summer months and less recovery in
winter months. Post-drought conditions rebound to approximately the same
levels as pre-drought conditions.
Groundwater Storage
Groundwater Storage Capacity. It is estimated that approximately 324,000
af of storage exists in the older continental deposits; however, it is probably
not usable for short-term storage purposes due to the low-permeability nature
of these deposits (DWR 1965).
Groundwater in Storage. Groundwater in storage within the alluvium and
younger terrace deposits is estimated to be about 75,000 to 100,000 af
(Cardwell 1965). Groundwater in storage within the river-channel deposits
between 10 and 50 foot depths is estimated to be 35,000 af based on an
average specific yield of 20 percent (Cardwell 1965, DWR 1965). Farrar
(1986) estimated that the quantity of groundwater stored in the upper 100
feet of the most productive area of valley fill (Type I) to be about 90,000 af
using an average specific yield of 8 percent and an area of 20 square miles.
Farrar (1986) also estimated the quantity of groundwater stored along the
margins of the valley (Type II area) and underlain by terrace deposits or thin
alluvium at 45,000 af. This estimate is based on the upper 100 feet of Type
II aquifer materials, an area of 19 square miles, and an average specific yield
of 5 percent.
Groundwater Budget (Type C)
There is not enough data available to provide an estimate of the basin’s water
budget.
Groundwater Quality
Characterization. Water quality is good in general, especially water
derived from Recent alluvium deposits; however, locally the content of
chemical constituents varies widely. Overall, water is moderately hard to
hard bicarbonate. Based on limited data, calcium-bicarbonate groundwater
occurs in the southern portion of the basin and magnesium-bicarbonate water
occurs in the east-central portion of the basin (Cardwell 1965). Quality in
the Recent formations is similar to Russian River water, with slightly higher
TDS and chloride levels. Pliocene- and Pleistocene-age formations yield
water with higher TDS and sodium than Recent-age formations. Water from
springs ranges from highly mineralized to good in quality (Cardwell 1965).
TDS values range from 108 to 401 mg/L and average 224 mg/L based on
four wells (Cardwell 1965). Electrical conductivity ranges from 450 to 759
µmhos/cm and average 605 µmhos/cm based on two wells (Cardwell 1965).
Based on analyses of 22 water supply wells in the Ukiah Valley, TDS ranges
from 87 to 301 mg/L and averages about 166 mg/L.
Impairments. Wells with high boron concentrations are located in several
areas along the Ukiah Valley edges and in the north end of the Redwood
Last update 2/27/04

California’s Groundwater
Bulletin 118

North Coast Hydrologic Region
Ukiah Valley Groundwater Basin

`

California’s Groundwater
Bulletin 118

Valley. Verbal reports indicate that (in general) poor quality water occurs on
the west side of the basin. Flammable gas was reported in at least one well.
Pressurized carbon dioxide gas was detected in two wells which probably
penetrate bedrock (Cardwell 1965). Most poor quality water is believed to
migrate into basin sediments from basement rock through fractures or faults.

Water Quality in Public Supply Wells
Constituent Group1

Number of
wells sampled2
23

Number of wells with a
concentration above an MCL3
0

Radiological

21

0

Nitrates

28

0

Pesticides

23

0

VOCs and SVOCs

22

0

Inorganics – Secondary

23

6

Inorganics – Primary

1

A description of each member in the constituent groups and a generalized
discussion of the relevance of these groups are included in California’s Groundwater
– Bulletin 118 by DWR (2003).
2
Represents distinct number of wells sampled as required under DHS Title 22
program from 1994 through 2000.
3
Each well reported with a concentration above an MCL was confirmed with a
second detection above an MCL. This information is intended as an indicator of the
types of activities that cause contamination in a given basin. It represents the water
quality at the sample location. It does not indicate the water quality delivered to the
consumer. More detailed drinking water quality information can be obtained from the
local water purveyor and its annual Consumer Confidence Report.

Well Characteristics
Well yields (gal/min)
Up to 1,200 gal/min from Recent Alluvium and less than 50 gal/min from
undifferentiated older formations (DWR 1965)
Total depths (ft)
Domestic

Range: 15 - 600

Municipal/Irrigation

Range: 36 - 115

Average: 220 (155
Well Completion
Reports)
Average: 115 (36 Well
Completion Reports)

Active Monitoring Data
Agency

Parameter

DWR

Groundwater levels

Number of wells
/measurement frequency
5 wells/semi-annually

Mendocino County
Water Agency
DWR

Groundwater levels

23 well/annually

Mineral, nutrient, &
minor element.
Coliform, nitrates,
mineral, organic
chemicals, and
radiological.

7 wells/ biennially

Department of
Health Services

Last update 2/27/04
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Basin Management
Groundwater management:

No groundwater management plans were
identified

Water agencies
Public

Mendocino County Water Agency, Hopland
PUD, Millview County WD, Redwood County
WD, Willow County WD.

Private

References Cited
California Department of Water Resources (DWR). 1965. Water Resources and Future Water
Requirements – North Coastal Hydrographic Area, Volume 1: Southern Portion
(Preliminary Edition) – Bulletin No. 142-1.
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Errata
Changes made to the basin description will be noted here.
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GEOLOGY
Geologic Setting

Mendocino County lies within the Coast Ranges geomorphic province. The
Coast Ranges comprise a group of mountain ranges extending 600 miles, from Santa
Barbara County to the Oregon border, and ranging from a few to 70 miles in
east-west dimension. The Coast Ranges lie between the Central Valley and the
Pacific Coast and trend northwest, roughly paralleling the Sierra Nevada on the
opposite side of the Central Valley. The northwest trend is seen in numerous
elongate ranges and valleys and in the linear geologic structures of this complex
province.
Mendocino County is mostly within that part of the Coast Ranges known as the
Mendocino Range.
This range is underlain almost entirely by rocks of the
Franciscan Complex. The Franciscan Complex, the geomorphic features, and the
geologic structures in the Coast Ranges are largely the result of global-scale
crustal movements (plate tectonics) that involved the underthrusting and subduction of the Pacific oceanic plate beneath the continental margin of Western
North America (Bailey and others, 1970). During Mesozoic time, an oceanic trench
paralleling the coast marked the zone along which the overlapping of the plates
occurred; this was the site of accumulation of the tectonically mixed sediments,
which were later uplifted to form the mountainous terrain of the Franciscan
Complex.

Geologic Units
The geologic units exposed at the surface can be divided into two major
groups--basement rocks and valley fill.
For this report, the term "basement
rocks" includes all the rocks of pre-Pliocene age; "valley fill" refers to
geologic units of Quaternary age or those that span Tertiary and Quaternary age.
The geologic units discussed in this report include those that lie east of the
coastal terraces and east of the San Andreas fault (fig. 4). Not including the
thin mantle of soil locally concealing geologic units, about 95 percent of
surface exposures consist of basement rocks. The valley fill is confined to
small basins along major stream courses and thin alluvium in stream channels.
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FIGURE 4. - Generalized geology of Mendocino County.
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Geology modified from California
Division of Mines and Geology
'^0.1982).

Basement Rocks
The basement rocks consist of rocks of the Franciscan Complex, a few small
patches of rocks of the Great Valley sequence superimposed on the Franciscan,
and outcrops of upper Tertiary sedimentary rocks. The incorporation of Great
Valley rocks into the Franciscan terrane may have resulted from thrust faulting,
gravity sliding, or original deposition (Maxwell, 1974). For this report, the
two units are undifferentiated because of the minor presence of Great Valley
rocks and their geohydrologic similarity to some of the lithologic units of the
Franciscan. Upper Tertiary sedimentary rocks crop out in two areas, west of
Piercy and southwest of Covelo. These rocks are present only in small areas and
are not considered further in this report.
The basement rocks as defined above underlie the entire county, with the
exception of the small sliver of land west of the San Andreas fault. The thickness of the basement rocks is unknown because of the complex structural relation
with adjacent geologic units; however, it is estimated to be about 50,000 feet
(Bailey and others, 1970).
The Franciscan Complex is a structural complex and a rock stratigraphic unit
consisting of a structural aggregation of intact blocks of bedded sedimentary
rocks in a faulted and sheared matrix of melange and broken formations. It has
been subdivided into three major northwest-trending subparallel belts named, from
west to east, the Coastal belt, Central belt and Yolla Bolly belt (Blake and
Jones, 1981). In this report the Franciscan Complex is subdivided into Coastalbelt and Central-belt rocks. Rocks of the Yolla Bolly belt lie mostly east of
the county; the few isolated outcrops within the Central belt are not
differentiated.
Coastal-belt rocks of Cretaceous and Tertiary age lie mostly west of a line
coinciding with U.S. Highway 101 and occupy about one-half of the county;
Central-beIt rocks cover the rest of the county. The Coastal-belt rocks consist
of graywacke, mudstone, and minor conglomerate. These lithologic units contain
abundant mica and potassium feldspar; low-grade metamorphism to the zeolite
facies is found locally. Coastal-belt rocks are less deformed than Central-belt
rocks. In places the Coastal belt includes undeformed blocks of graywacke in a
highly sheared matrix of mudstone, but the Coastal belt is characterized
generally by coherent rock units with a predominantly homoclinal structure
striking northwest and dipping northeast under the Central-belt rocks.
The Central belt of Jurassic and Cretaceous age is a melange (Hsu, 1968;
Fox, 1983a) consisting of a matrix of highly sheared graywacke and mudstone
enclosing coherent blocks of graywacke, chert, greenstone, serpentine, blueschist, and limestone. Although the mudstone matrix is easily eroded, the
coherent blocks are resistant to erosion. This results in a characteristic
topography of resistant knobs, house-sized to boulder-sized, projecting through
the hummocky hillsides. The grass-covered sheared mudstone units are unable to
support dense stands of trees due to the unstable ground moving downslope by
creep and debris flows.
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Valley Fill
Valley fill refers to the unconsolidated to loosely cemented gravel, sand,
silt, and clay deposited in the major valleys. The valley fill was deposited in
topographically separated structural basins. As a consequence, the units are
correlative from one basin to another but are not continuous between basins.
In this report the fill is subdivided into three distinct units--continental
basin deposits, continental terrace deposits, and Holocene alluvium, based on the
geologic age and origin of the units. The distinctive geologic attributes of
each unit result in differences in water-bearing properties significant to this
study.
The discussion of the valley-fill units presented here emphasizes the
general lithologic characteristics of each and- the geologic relations among the
units. Not all units are present in each of the valleys studied. Specific
discussion of units present in each valley and the water-bearing characteristics
of each are presented later in this report under the heading "Ground-Water
Conditions."
Continental basin deposits.--The oldest and stratigraphically lowest unit of
the valley fill, this unit was deposited directly on the basement rocks in
structural basins during late Pliocene and Pleistocene time. A schematic section
of Ukiah Valley (fig. 5) shows stratigraphic relations. Lithologically, the
continental basin deposits comprise a heterogeneous mixture of loosely cemented
gravel, sand, silt, and clay. Bedding ranges from massive to thin. The lateral
extent of individual beds is generally small for the coarse-grained material and
larger for fine-grained materials.
Beds of sand and gravel are typically
lenticular and interfinger with beds above and below. From studies of structural
basins 30 miles south of Ukiah by McLaughlin and Nilsen (1982), the origin of
this unit may be inferred. The highly erodible Franciscan Complex provided
material for landslides and debris flows, which built fans and talus slopes
around the valley margins. Braided streams flowed across the fans and deposited
sediments as they meandered out onto the valley floor. Each valley was partly
occupied by a lake around which deltas were built by the inflowing streams.
These sedimentary processes combined to produce and leave behind a highly complex
distribution of gravel, sand, silt, and clay.
Deposition of the continental basin deposits began about 3 to 4 million
years ago and continued until at least 0.45 million years ago (McLaughlin and
Nilson, 1982). Since that time minor deformation of these beds has occurred,
resulting from regional tectonics and movement along faults. In some outcrops at
the margins of the valleys, beds are tilted as much as 10° from horizontal.
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FIGURE 5. - Generalized geologic section of Ukiah Valley.

Continental terrace deposits.--The partially-to-loosely cemented beds of
gravel, sand, silt, and clay underlying elevated terraces along the margins of
Laytonville and Hopland-Ukiah Valleys compose the continental terrace deposits.
Lithologically these deposits are similar to the underlying continental basin
deposits (fig. 5); however, this unit generally contains less silt and clay. The
terrace deposits are identified in part by their geomorphic expression--long,
narrow, elevated, gently inclined surfaces formed by aggradation of eroded
materials.
The continental terrace deposits comprise the materials deposited by streams
draining the area during Pleistocene time. Downs lope movement along the valley
margins supplied Franciscan-derived sediment to streams that eroded and deposited
material by processes similar to those active today along modern streams draining
the valleys.
The fluvial origin resulted in lithologic heterogeneity of these deposits.
Beds within the terrace deposits tend to be lens-shaped, laterally interfingering with neighboring beds. At depth, coarse- and fine-grained materials alternate as a result of changing hydraulic conditions at the time of deposition.
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In this report the terrace deposits in parts of Ukiah Valley have been
subdivided into older and younger terrace deposits, based on geomorphology.
Where terraces of two distinct elevations are present, the higher terraces,
generally nearest the valley margins, are considered to have formed earlier than
the terraces at lower elevations.
The older terrace deposits tend to be more dissected than the younger
terrace deposits and form a veneer of reddish-brown gravelly and sandy silt and
clay generally less than 10 feet thick. The younger terrace deposits underlie
less dissected terraces and have accumulated to thicknesses of several tens of
feet.
Holocene alluvium.--The gravel, sand, silt, and clay deposited along stream
channels and on flood plains during approximately the last 10,000 years compose
the Holocene alluvium. The Holocene alluvium is present in all major valleys of
the county and in many minor valleys along stream courses throughout the county.
Appreciable thicknesses of alluvium, however, are found only in those areas with
valley fill shown in figure 4.
Because of its young age, the alluvium is
generally uncemented and less weathered than the older valley-fill units.
In some areas along stream courses the alluvium is being reworked; deposition or erosion predominates depending on hydraulic and geologic conditions.
Particle size of alluvium tends to be largest along the axis of a stream and
becomes finer on the flood plain as distance from the stream axis increases.
Because of the dynamic nature of stream channels, however, the alluvium in any
location tends to be heterogeneous with depth due to the lateral shifting of main
channels and flood plains.
In the major structural valleys the alluvium overlies either basement rocks
or continental basin deposits. The alluvium is generally less than a few tens
of feet thick but may exceed 100 feet in places. The material deposited is
derived mostly from rocks of the Franciscan Complex, but both the continental
terrace deposits and continental basin deposits contribute material as well.

Geologic Structures
Major geologic structures in Mendocino County have a predominant northwest
to north-northwest trend. This trend is followed by topographic features and
stream courses throughout much of coastal California from Santa Barbara northward
and is related to geologic processes that affected the entire western continental
margin of North America.
The courses of both the Eel and the Russian Rivers are controlled by the
north-northwest trending structural grain. The main inland valleys (fig. 4) are
also aligned along the north-northwest trending line. The long axis of Anderson
Valley follows a northwest trend, approximately parallel with the San Andreas
fault.
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Within this regional setting of northwest to north-northwest structure, much
of the area shows chaotic structure. Many road cuts around the county expose
rocks that appear quite disrupted and with little lateral continuity. Often beds
of rock are buckled and broken so they dip at various angles within one road cut.
The chaotic structure makes geologic mapping in the county extremely
difficult. Generalized maps such as figure 4 can be produced emphasizing the
regional geology. On the other hand, very detailed geologic maps can be produced
for areas with good rock exposures, but the greatest part of the county is
covered by soil and dense forest with poor rock exposures. Because of the
chaotic structure, the areas lacking exposures can not be mapped with a high
degree of detail or confidence.

Faults
Mendocino County occupies an area that has been subjected to a long history
of compressional forces and related northwest-southeast translational movements.
The translational movements have taken place along two major fault zones in the
county (fig. 4). Numerous faults of lesser displacement or with more obscure
surface manifestation exist throughout the county.
San Andreas fault.--The San Andreas fault is widely known due to the
damaging earthquakes it has produced during historic time; its surface trace runs
northwest across the extreme southwestern part of Mendocino County. The San
Andreas fault is a major structural discontinuity along which the rocks on the
southwest side have been displaced northwestward relative to rocks on the
opposite side of the fault.
The San Andreas fault, shown as a single dashed line in figure 4, is
actually a zone of en echelon faults. The individual fault-breaks trend parallel
or subparallel to one another and respond to crustal stresses with similar
displacement actions. Horizontal surface displacements of as much as 15 feet
occurred near Point Arena in 1906 (Fox, 1983b). This segment of the fault is
still considered active although there has been no measured displacement along it
since 1906 (Brown and Wolfe, 1973).
Maacama fault.--The Maacama fault trends northwest through the central part
of the county. Like the San Andreas, the Maacama fault is actually a zone of
parallel or subparallel en echelon breaks with right-lateral displacement. As
shown in figure 4, the Maacama fault can be seen to pass through or border the
structural basins containing valley fill in the Ukiah, Willits, and Laytonville
areas, and is related to their formation. The Maacama is an active fault zone-as attested by earthquakes centered near Willits during recent years (Simon and
others, 1978).
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Structural Basins
Ukiah, Little Lake, and Laytonville Valleys all are present along the trend
of the Maacama fault zone. This relation is not merely coincidental; rather, the
basins were created by oblique pull-apart extension between en echelon and minor
branching faults of the Maacama fault zone (McLaughlin and Nilsen, 1982). The
right-lateral strike-slip movement along parallel fault segments results in a
wrenching apart and downdropping of the intervening crustal block. The grabens
thus formed are bounded by faults on all sides. Sedimentation begins in-filling
at the onset of basin formation and continues concurrent with the further downdropping of the graben. In this way a considerable thickness of valley fill may
be deposited without changing the base level of erosion.
Studies of regional tectonics (Blake and- others, 1978) have demonstrated
that the development of pull-apart basins in the Coast Ranges has propagated
northward over time. This suggests that within Mendocino County the Ukiah Valley
basin began forming first and was followed by Little Lake Valley and then
Laytonville Valley. The basins began developing less than 4 million years ago
and may have been undergoing subsidence until less than 0.5 million years ago.

GROUND-WATER CONDITIONS
Ukiah Valley
Description of Area
Ukiah Valley, the largest of the interior valleys, is located in the southeastern part of the county. It occupies an area about 30 miles long and 4 to
6 miles wide along the course of the Russian River from near its headwaters to
south of Hopland. The Hopland area, also known as Sanel Valley, lies at the
southern end of Ukiah Valley. This area is separated from the main part of the
valley by low hills, about 4 miles north of Hopland, through which the Russian
River has cut a narrow gorge. Except for stream-gravel deposits this narrow
gorge contains no valley fill. Hopland Valley is included as part of Ukiah
Valley in this report because of the proximity of the valleys and because both
areas contain similar geologic units.
Main population centers include the
central part of the valley and, from north
Redwood Valley, Calpella, Talmage, Hopland,
are served by municipal and community water
surplus water from Lake Mendocino augments
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incorporated city of Ukiah in the
to south, the smaller communities of
and Old Hopland. These communities
systems that obtain water from wells;
the water supply for Redwood Valley.

Residents living in rural parts of the valley obtain their water from
private domestic wells. Irrigation water is obtained from wells and from direct
pumping from the Russian River and its tributaries.
Lake Mendocino, 4 miles northeast of Ukiah, stores a maximum of
122,500 acre-ft. Eight thousand acre-ft of this water is currently appropriated
for supply to the Flood Control and Water Conservation Improvement District. The
Sonoma County Water Agency (SCWA) has established water rights for diversion of
37,544 acre-ft annually, part of which is contracted for use in Marin County.
Recently the SCWA has petitioned the State of California to increase its
appropriation to 75,000 acre-ft per year.

Water-Bearing Formations
Valley fill occupies about 70 mi 2 in Ukiah Valley.
divided into continental basin deposits, continental
Holocene alluvium (pi. 1).

The fill has been subterrace deposits, and

Continental basin deposits.--Continental basin deposits crop out over about
20 mi 2 of the valley floor. Surface exposures are widespread over the northern
part of the valley and along the east side of the valley from Lake Mendocino to
about 5 miles north of Hopland. About 2 mi 2 of exposures is present east of
Hopland. These deposits also underlie younger valley-fill units and, where not
exposed at the surface, probably are present at depth throughout most of the
remaining area of valley fill (figs. 5 and 6).
Thickness ranges from 0 feet along the valley margins to an estimated
maximum of 2,000 feet near the axis of the valley. The estimate of maximum
thickness is based on stratigraphic analysis of outcrops. No wells have penetrated the full thickness of valley fill in the Ukiah area. The deepest well
completed, 15N/12W-20R, penetrated about 500 feet of continental basin deposits.
These deposits consist of poorly sorted, heterogeneous mixtures of gravel,
sand, silt, and clay. Drillers' logs show clay to be the most abundant constituent of this unit (fig. 6). The clay occurs both as beds, as much as several
tens of feet thick, and as interstitial material between coarser grains of sand
and gravel. The high clay content and poor sorting result in low permeability in
this unit. The small average grain size and lack of cementing, however, provide
high porosity. Because permeable materials are interbedded with impermeable
clays, ground water occurs under confined conditions.
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EXPLANATION FOR FIGURE 6

DESCRIPTION OF GEOLOGIC UNITS

Alluvium
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Qty-younger
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-Quaternary
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I- Tertiary, Cretaceous, and
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DESCRIPTION OF LITHOLOGY

Geologic
unit

19L Well
486
Altitude of land surface, In feet above sea level
40

Depth to corresponding changes in lithology,
jn feet below land surface
Lithologlc units
Sand, crosshatching
indicates cemented

Clay; letter indicates color;
B, blue; Br, brown;
C, color not specified;
G, grey; Y-yellow

Gravel
SS-sandstone, Sh-shale,
Serp-serpentine, Ch-chert,
Rock - unspecified

Note: Mixtures of these materials are shown as combinations of symbols

LINE OF SECTION

North

UKIAH-HOPLAND VALLEY - Outline of
valley fill and locations of wells used for
lithologic sections

FIGURE 6 - Well-log profiles, Ukiah Valley.
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Wells completed in the continental deposits produce water slowly because
of the fine-grained material and consequent low permeability.
Information
available, for 30 wells tapping continental deposits shows a range in yield of
0.75 to 50 gal/min. Specific capacities range from 0.004 to 1.33 (gal/min)/ft.
Dry holes are commonly encountered. The following tabulation for 30 wells shows
no clear relation between well depth and yield:
Well depth, in feet
0-100
101-200
201-300
Greater than 300-

Number
wells
7
14
5
4

Yield
(gal/min)

Specific capacity
(gal/min)/ft

0.75-50
2.5 -40
1
-20
1,25-20

0.027-1.25
.044-1.33
.004-0.14
.10 -0.44

These data are taken from short-term pumping tests, generally 2 hours or less,
and the yields listed may overestimate the long-term yield available.
The quantity of water supplied to wells depends in part upon the total
thickness of coarse materials penetrated. While deep wells do have a better
chance of encountering a greater thickness of coarse material, some reduction in
permeability probably occurs with depth due to compaction and cementation.
Drilling deeper at any particular location does not guarantee obtaining a significantly greater yield. Instead of drilling deeper than 200 feet to increase well
yield, often it may be more economical to choose a new site for drilling where
permeable beds occur at more shallow depths.
In summary, this unit is large in areal extent, is generally thick, is high
in porosity, and stores a large quantity of water but because it is low in
permeability, it yields water slowly to wells.
Continental terrace deposits.--Continental terrace deposits occupy about
20 mi 2 of valley floor. Surface exposures are observed in the northern part of
the valley, along the west side in the vicinity of Ukiah, and along the east side
near Talmage. A few small exposures occur around Morrison Creek and to the
south. The terrace deposits are subdivided into older and younger based on their
topographic expression and degree of dissection.
The older terrace deposits are exposed mostly in the northern part of the
area around Redwood Valley. The older terrace deposits range from zero at the
valley margins to a maximum thickness of 25 feet. Generally, this unit is
present only as a few feet of reddish-brown gravelly-to-sandy soil. Because it
is thin, the unit is generally unsaturated during summer and autumn and therefore
cannot be considered an important source of water.
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The younger terrace deposits crop out discontinuously along both sides of
the valley from Redwood Valley to near Morrison Creek. Less affected by erosion,
the younger terraces are thicker than the older terraces, and their original
topographic form is better preserved. The younger terraces consist of gravel and
sand, with silt and clay filling the intergranular spaces. This unit is of
low-to-moderate permeability. The maximum thickness is difficult to estimate
because it is generally not possible to distinguish this unit from the underlying
continental basin deposits on drillers' logs. However, maximum thickness may
reach 100 feet or more.
In general, these deposits are partially saturated
during all or part of the year.
The younger terrace deposits are not considered a major ground-water source
because they are relatively thin and have low permeability. Wells completed in
younger terrace deposits may provide enough water for low-capacity domestic or
stock-watering wells. Many wells on terraces are drilled deep enough to obtain
part of their water from the underlying continental basin deposits.
Wells completed in terrace deposits generally yield from 1 to 10 gal/min;
yields as high as 100 gal/min have been reported. These values are based on
short-term pump tests that may overestimate the long-term yield. Seasonal fluctuations in the water table can drastically affect the rate at which water can
be withdrawn from shallow wells. Specific capacities calculated for 25 wells
tapping the terraces range from 0.02 to 7.1 (gal/min)/ft. Of these wells, 17
had specific capacities of less than 1.0 (gal/min)/ft, and only 4 had specific
capacities greater than 2.0 (gal/min)/ft.
Holocene alluvium.--Alluvial deposits of Holocene age cover about 30 mi 2 of
the valley floor. The alluvium is distributed as narrow bands along tributary
streams and along the Russian River north of The Forks. The alluvium occupies
broad areas of the flood plain, as much as 2 miles wide, in the Ukiah-Talmage and
Hopland areas.
The alluvium of uncemented gravel, sand, silt, and clay varies in thickness
from place to place. The thickest sections occur along the course of the Russian
River. Exact thicknesses are difficult to ascertain because the underlying basin
deposits cannot be distinguished from the alluvium based on the descriptions
given on many well logs. Although the maximum thickness is probably about
200 feet, the thickness is generally less than 100 feet.
Porosity and permeability are high because the alluvium generally consists
of uncemented coarse-grained material. The low topographic position of this unit
generally insures that it is partially saturated throughout the year. Where
thin, as near valley margins or along tributary streams, the alluvium may not
contain water during dry months.
The alluvium is the most productive aquifer in Ukiah Valley and can provide
sufficient water for sustained pumpage from municipal and irrigation wells.
Properly constructed wells in favorable locations could yield 1,000 gal/min
or more. Areas of known high-production capacities exist east of the Russian
River and south of Talmage near Howell Creek, where wells yielding more than
1,000 gal/min have been completed. A second area of high-capacity wells is near
the northern end of Sanel Valley, west of the Russian River and east of U.S.
Highway 101; well yields in this area have exceeded 1,000 gal/min. A third area
is south of Hopland and east of U.S. Highway 101, where yields range from 100 to
about 1,000 gal/min.
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Ground water in the alluvium occurs under unconfined conditions. Because
the Russian River and tributary streams generally occupy channels cut into
alluvial deposits, surface water and ground water are in connection.
Wells
drilled near the banks of streams derive a part of their production from surface
water that is induced to flow through permeable alluvial deposits as the groundwater level is lowered by pumping.
The permeable nature of the alluvium allows infiltration of considerable
precipitation. This captured precipitation recharges the alluvial aquifer and
underlying units. During most river stages, water moves from the alluvium into
the Russian River. During periods of high river stage, water moves from the
river into the alluvial aquifer and is held temporarily as bank storage. The
bank storage is depleted as the river declines to normal flow stages.

Ground-Water Availability
The availability of ground water in any given area of Ukiah Valley is
classified into one of four categories (pi. 2).
The Type I area, the most favorable area for ground-water development, is
underlain by alluvial deposits that provide year-round supplies of water for
domestic use; in many parts of the Type I area, properly constructed wells may
obtain as much as 100 to 1,000 gal/min. The Type I area is generally narrow,
except in the central part of the valley where the width broadens to 2 miles and
near Hopland where it is about 1.5 miles wide.
The Type II areas, distributed along the margins of the valley, are
generally underlain by terrace deposits or thin alluvium. In these areas, the
quantity yielded to wells may be less than 10 gal/min. Wells in Type II areas
generally provide only enough water for domestic use or limited irrigation.
Type III areas, underlain by thin terrace deposits and continental basin
deposits, cover much of the northern part of the valley and smaller areas along
the eastern side of the valley. Wells drilled in these areas generally provide
only a few gallons per minute, and some sites may be dry.
Type IV areas include all the mountainous terrain around the valley floor
and are underlain mostly by rocks of the Franciscan Complex.
Ground-water
conditions in the mountainous areas are described in more detail later in this
report. In general, the prospect for obtaining ground water in these areas is
very poor. Before attempting to drill for water in Type IV areas, site-specific
studies to determine the most favorable drilling locations would be warranted.
Sufficient supplies of water for domestic use are available locally along
fractures, but these favorable sites are widely spaced.
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Estimated Storage Capacity
The quantity of available ground water stored in the upper 100 feet of
the most productive area of valley fill (Type I) is estimated to be about
90,000 acre-ft.
This estimate was computed by determining the volume of
saturated fill within 100 feet of the surface and multiplying the result by the
estimated specific yield. The volume of saturated Type I fill is derived from
the known area of 20 mi 2 (12,800 acres) and an assumed saturated thickness of
about 85 feet (water levels average about 15 feet below land surface in spring).
The computed volume of 1,088,000 acre-ft is probably within 10 percent of the
actual volume. The quantity of water that can be withdrawn from this volume of
aquifer depends on the specific yield of the aquifer materials. The specific
yield was estimated from lithologic descriptions in drillers' reports and
observations at outcrops.
The average specific yield used in the storagecapacity computation was 8 percent. This estimated specific yield may be in
error by about 25 percent, giving a possible range of 6 to 10 percent. When
the possible errors in estimating the saturated volume and specific yield are
considered, the storage capacity ranges from 60,000 to 120,000 acre-ft.
Additional ground water is stored in aquifer materials underlying the
areas designated as Type II on the ground-water availability map. The estimated storage capacity in the upper 100 feet of Type II aquifer materials is
45,000 acre-ft, assuming an average specific yield of 5 percent.
No estimates were made of the storage capacity for areas designated as
Type III or Type IV on the availability maps because these areas have marginal
capacities to yield water to wells.
The above estimates of storage capacity give the maximum quantity of water
that could be removed from the aquifers by pumping. The consequences of totally
depleting ground water in storage are not covered in detail in this report
because they involve not only geohydrology but economic and social issues as
well. The geohydrologic consequences of removing all or a large part of ground
water in storage include possible land subsidence, degradation of water quality,
permanent loss of part of the storage capacity through compaction, and diminished
baseflow to streams.
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Water-Level Fluctuations
Water-level fluctuations in wells in Ukiah Valley can be classified as
either seasonal or long term; the rapid short-term changes in levels caused by
pumping cycles are not considered because of their transient nature. Seasonal
water-level fluctuations are most closely related to precipitation patterns;
long-term fluctuations are related to consumptive use.
Water-level records for periods greater than 10 years are available for
eight wells in Ukiah Valley. Hydrographs for these wells (fig. 7) show seasonal
fluctuations and long-term trends. Generally, both a high and a low water level
for each year of record are available for each well. It should be noted that,
depending on the timing of the measurement, the true high or low water level may
be missed. Monthly water-level measurements made by the California Department
of Water Resources at a number of wells during the 1960*s show that during most
years water levels are highest in March or early April and lowest in October.
Average seasonal water-level fluctuations range between 5 and 15 feet.
Variations in seasonal water-level fluctuations can be seen in the hydrographs
for years of precipitation extremes. During the drought years of 1976 and 1977,
precipitation at Ukiah was 54 and 44 percent of normal, respectively.
All
hydrographs spanning the 2 drought years show that water levels were below
normal. Variations from normal are not evident during years of above-average
precipitation. This is apparently due to rejection of excess precipitation.
Aquifers are recharged to their maximum during years of normal (mean annual
precipitation is 36 inches) or slightly below-normal rainfall. Rainfall significantly greater than normal cannot be retained in the aquifer, and the excess
is lost quickly through interflow to streams. The hydrographs show a conspicuous spike in the water-level high for 1975 even though precipitation was only
7 percent above normal. The reason for this apparent anomaly is that the high
water levels were measured in late March, and rainfall during March that year
was 266 percent of normal.
None of the hydrographs show any prominent long-term declines. Water levels
measured during the 1980*s are remarkably similar to those measured during the
1960*s and 1970's; records for the 1950*s are not sufficiently complete to make
good comparisons. Even though water levels were significantly depressed during
the 1976-77 drought, they recovered to normal by the end of the 1978 rainfall
season.
Analysis of the hydrographs indicates that the ground-water reservoir is
recharged fully each year except when precipitation falls below about 60 percent
of normal. After 2 years of drought, the reservoir can be fully recharged by
1 year of normal or above-normal precipitation.
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Ground-Water Movement
The water-level contour map (pi. 3) shows the approximate altitude of the
water table in the valley fill and the approximate directions of ground-water
flow. Although the water-level measurements were made in wells of differing
depths, the water-level contours closely approximate the altitude of the water
table. The water-level measurements used to prepare the contour map were made
during the period September to November 1982, at a time when the water table was
at its lowest level for the year. Contours are not shown in some parts of the
valley because insufficient data were available.
At any location, ground water moves downgradient approximately perpendicular
to the contours. Ground water generally moves from the valley sides toward the
Russian River and generally moves from north to south. The spacing of the
contours is quite variable. Where closely spaced, the contours indicate steep
ground-water gradients. Areas of steep gradients may be underlain by materials
of low transmissivity. The geologic map (pi. 1) shows that these areas are
underlain by valley-fill units of low permeability, lending support to this view.
Likewise, areas where the gradient is flatter coincide with areas underlain by
the most permeable units of valley fill.
Analysis of river stage and water levels in wells close to the river shows
that in some reaches ground water discharges to the river; in other reaches river
water infiltrates the aquifer. This analysis assumes that the river-channel
material is permeable and that good hydraulic connection exists between river and
aquifer. This assumption is probably valid for most of the central part of Ukiah
Valley. Seasonal changes in river stage and ground-water levels cause changing
patterns of water exchange between the river and aquifer. During the autumn when
the water table is usually lowest, river water infiltrates to the aquifer along
the reach between the 600-foot and 520-foot ground-water contours shown on
plate 3. During the spring when the water table is highest, river water infiltrates to the aquifer along the reach between a point midway between the 580- and
560-foot contours arid the 540-foot contour shown on plate 3.
The movement of river water into the alluvial aquifer is also caused by
pumping water from wells located within a few hundred feet of the river. This
happens when a drawdown cone is produced by pumping, causing a local reversal of
the ground-water gradient and allowing river water to be pulled through the
alluvial gravels toward the well. In this case the exchange of ground water and
river water will depend on the pumping cycle of the well.
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Recharge and Discharge

The quantity of ground water in storage in Ukiah Valley varies over time in
response to variations in recharge and discharge. Likewise, the quantity of
recharge to or discharge from the ground-water reservoir varies over time in
response to variations in the quantity of water stored in the reservoir. When
a ground-water reservoir is filled to capacity, further potential recharge is
rejected. At times when the reservoir is at less than capacity, the quantity of
discharge is reduced.
Recharge sources in Ukiah Valley include precipitation, surface-water
infiltration, return flows from sewage and irrigation, and possibly ground-water
inflow from outside the basin. The main source of recharge is precipitation as
rainfall.
Recharge to aquifers by direct infiltration occurs when rain falls
over permeable aquifer materials. Indirect recharge occurs when rain falls over
relatively impermeable materials either exposed at the surface or lying at
shallow depth. The rejected rain moves laterally over the relatively impermeable
material to contacts with permeable materials.
These contacts between the
permeable units (Holocene alluvium and, to a lesser extent, continental terrace
deposits) and relatively impermeable units (rocks of the Franciscan Complex and
continental basin deposits) constitute important recharge zones. If extensive
portions of recharge areas are covered over by paving or buildings, surface
runoff will increase, and recharge to aquifers will be diminished.
Surface-water infiltration occurs along the Russian River and tributary
channels and from leakage from surface impoundments. Removal of sand and gravel
along stream channels may locally impact recharge to aquifers by making the
streambeds and channel walls less permeable to infiltration. Recharge from the
Russian River along some reaches is demonstrated by water levels in wells near
the river that are lower than river stage.
Return flows from sewage-disposal systems and from irrigated lands are minor
sources of recharge in Ukiah Valley. In sewered areas, municipal systems dispose
secondary-treated sewage by discharge to the Russian River, during high river
stage, when dilution ratios equal or exceed 100:1. During low river stage the
sewage is evaporated or applied to land areas by sprinklers. In either case,
very little of the treated municipal sewage recharges the ground-water reservoir.
In rural areas leakage from septic systems provides some water for recharge.
Ground water moving up along faults in the Franciscan rocks and recharging
the reservoir may be a recharge source from outside the basin. The quantity of
recharge from this source, however, is probably very minor compared to that from
precipitation and surface-water infiltration.
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Sources of ground-water discharge in Ukiah Valley include seepage to the
Russian River, evapotranspiration, and pumpage from wells.
Ground-water
discharge to the Russian River is not significant during times of low groundwater levels. Discharge measurements during October 1981 at several points along
the Russian River between Coyote Dam and Pieta Creek show no variation greater
than the potential error in measurement. During periods of high ground-water
levels, water is discharged from the ground-water reservoir to the Russian River
and tributaries; the amount of this discharge is not known but is probably
considerable.
Evapotranspiration includes all water transpired by plants (both crops and
native vegetation) and that water lost by evaporation.
Based on data for
vegetative water use (California Department of Water Resources, 1975) and landuse classification (California Department of Water Resources, 1980), an estimated
30,000 acre-ft per year of water is consumed by crops, by grasses in pastureland,
and by evaporation from lakes and reservoirs in Ukiah Valley. Part of this water
is pumped directly from the Russian River and from small catchment reservoirs
and, therefore, does not directly affect ground-water supplies. Another portion
of the 30,000 acre-ft is pumped from wells that tap alluvium close to the Russian
River; part of this well water is captured from the river. Another unknown
portion of the 30,000 acre-ft is pumped directly from the ground-water reservoir.
Little is known about the water requirements of native vegetation. Within the Russian River drainage basin, of which Ukiah Valley is a part, about
90 percent of the land area is occupied by native vegetation. Although the
consumptive use of water by native vegetation is considerably less than for
irrigated crops, the large area of coverage indicates that native vegetation
consumes a significant part of the rainfall that provides recharge to the
ground-water reservoir in Ukiah Valley.
The California Department of Water Resources (1977) projected urban water
use for 1980 to be about 11,000 acre-ft. This quantity includes water used by
industry and water for domestic and municipal use. Most of this water is pumped
from wells; a small portion is pumped directly from surface-water sources.

Available Supply
The estimates for ground-water storage, water use, and potential recharge
indicate that sufficient ground water is available to meet present rates of
consumption. Ground-water storage is estimated at 90,000 acre-ft, which is more
than twice the estimated 41,000 acre-ft (part of which is surface water) consumed
annually by evapotranspiration and urban water uses. During years when precipitation at Ukiah equals or exceeds about 60 percent of the average, the groundwater reservoir is filled to capacity. Thus extraction of ground water could be
increased by an indeterminant amount without depleting the reservoir over the
long term.
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Chemical Quality of Water

The quality of water can be defined in terms of chemical, physical, and
biological properties.
Ground water, because it moves slowly through earth
materials, undergoes a natural filtration process.
As ground water passes
through porous media, the solid particles in suspension tend to be removed;
however, additional constituents may be taken into solution as water reacts with
rock.
Isolated from the atmosphere and sunlight, organisms generally do not
survive long in a ground-water environment.
Because suspended matter and
organisms tend to be excluded from ground water, ground-water quality is most
commonly described in terms of dissolved chemical constituents. In the dissolved
state, chemical constituents are present as electrically charged particles or
ions. In this report water quality is described in terms of the concentrations
of various ions detected in water samples.
General chemical quality.--For this study, 26 water samples were collected
from 22 wells in Ukiah Valley. The samples were analyzed at the U.S. Geological
Survey's Denver Central Laboratory in Arvada, Colorado. The areal variation
within Ukiah Valley in terms of the relative abundance and actual concentrations
of dissolved constituents is shown on plate 2. In terms of major constituents,
the ground water could be classified generally as calcium bicarbonate or calcium
magnesium bicarbonate.
Some samples, however, show a predominance of sodium
over calcium and magnesium.
The range in concentrations of major and minor
constituents is shown in table 3.
The quality of ground water is generally good, and the water is suitable for
most uses. A comparison of the analyses with drinking-water standards (U.S.
Environmental Protection Agency, 1975; 1977) indicates that the water generally
meets the standards.
Analysis of only one sample exceeded the standard for
nitrate concentration; the sample was collected from an irrigation well,
13N/11W-30A, south of Hopland. The high nitrate value may be related to the
application of nitrate as fertilizer. Analyses of several samples exceed the
standards set for iron and manganese. These standards are based on cosmetic and
taste considerations. Both iron and manganese in sufficiently high concentrations can cause staining of plumbing fixtures and laundry and can give an
unpleasant metallic taste to water. The iron and manganese are derived from
solution of minerals in the rocks containing the ground water. The generally
slightly acidic water (pH 6 to 7) increases the solubility of iron and manganese
and accounts for the generally high concentrations of these two elements. As
water is pumped from a well, changes in pH and dissolved-oxygen concentration can
decrease the solubility of iron and manganese. The iron and manganese then begin
to precipitate as hydrated mineral encrustations. Encrustation of pump parts,
pipes, and well-casing perforations may be a problem in areas where iron and
manganese are present in high concentrations.
Variations in chemical quality.--The composition of dissolved constituents
in ground water is dependent on the history of the water prior to sampling.
Geologic, hydrologic, and anthropogenic factors may influence the final
composition.
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Table 3.

Chemical quality of ground water in Ukiah Valley

[EPA standard: National Interim Primary Drinking Water Regulation, U.S.
Environmental Protection Agency, 1975; and National Secondary Drinking
Water Regulations, U.S. Environmental Protection Agency, 1977]
Number
of
analyses

Maximum

Minimum

Mean

EPA
standard

Major constituents, in milligrams per liter
Alkalinity as CaC0 3
Calcium
Chloride
Fluoride
Magnesium
Nitrogen N0 2+N0 3 as N
Potassium
Silica
Sodium
Sulfate
Sum of dissolved constituents

20
20
20
20
20
20
20
20
20
20
20

330
50
31
.3
42
11
1.6
36
92

38
392

68
7.3
3.4
<.l
8.0
.09
.3
1.4
6.6
5.0
89.0

147
28.2
10.4
18.6
2.1
.88
19.4
19.1
18.1
216

250
1.6
10

250

Minor constituents, in micrograms per liter
Boron
Cadmium
Chromium
Copper
T-rrm

-3
9
9

^ L\>\>

230
8,700
<3.0

Q
s

<30
8,100
<100
1,300

9D

-

9D

.
Zinc

9
9

<100
70

-

52
20
<10
<10
9

<100

112
1,012
<2.3
<23
820
<89
<186
<100
23.2

50
1,000
10
50
1,000
300
50
50
2
5,000

Geologic factors that influence the quality of water include geologic
structures and variations in lithology.
In the Ukiah Valley area, rocks rich
in magnesium (such as serpentine) may be the source of the high magnesium
concentrations in some samples.
Waters high in sodium and boron are found at some sites near faults. The
source of the sodium and boron may be ground water rising from great depths along
fault zones (Barnes, 1970). Carbon dioxide has been detected in some wells and
was produced from wells in the past for a dry ice plant located 2 miles north of
Hopland (Hubbard, 1943). The carbon dioxide, probably derived from metamorphism
of carbonate sediments, moves up from depth along fault zones (Barnes, 1970).
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Boron.--For 26 samples, boron ranged from 20 to 8,700 yg/L. Boron is an
essential element for plant nutrition; however, the difference between required
amounts and toxic amounts is very small. The sensitivity of crops to boron
varies considerably, but generally concentrations less that 1,000 pg/L can be
applied to crops without adverse effects. Because boron concentrations are known
to exceed 5,000 pg/L in some locations and concentrations considerably less than
this are toxic to some crops, chemical analysis for boron in irrigation water is
advisable. Boron toxicity for most animals has not been established; however,
toxic accumulations are unlikely because boron is rapidly eliminated by animals
in urine (Gough and others, 1979).
Potential for contamination.--Ground water in Ukiah Valley is found at
shallow depth. Therefore, it is subject to rapid recharge during the rainy
season. Precipitation, applied water, or other liquids can rapidly percolate to
the water table because of the shallow depth to the zone of saturation. This
means spilled or discarded liquids or substances soluble in water may be carried
into the ground-water reservoir within a period of days. The thinness of the
unsaturated zone between land surface and the water table reduces the ability of
this zone to inhibit movement of contaminants by the processes of adsorption,
absorption, dispersion, and evaporation. The possibility of rapid traveltime
from surface to reservoir also reduces the amount of time available to contain
contaminants or to remove contaminated earth materials.
Minor incidents of ground-water contamination have occurred in Ukiah
(J. Davis, Director of Environmental Health, written commun., 1985).
These
incidents have mostly involved gasoline leaks from buried storage tanks.
However, in 1982 discharge of formaldehyde from an idle railroad tank car
illegally released by vandals contaminated shallow wells in a small area near the
southern end of the city. The formaldehyde also entered the Russian River,
causing a temporary shutdown of some drinking-water supply wells in downstream
communities. If this discharge had occurred farther from the river or in an area
with poor surface drainage, a larger part of Ukiah's principal aquifer could have
been affected.
The most sensitive areas to potential ground-water contamination are those
underlain by permeable materials, such as sands and gravels in the Type I and II
ground-water availability areas; areas with poor surface drainage; areas of
excavation (for example, construction sites and gravel pits); areas where septic
tanks provide sewage disposal; agricultural areas where the application of
chemical fertilizers and pesticides may exceed the capacity of the soil and biota
to inhibit and break down the chemicals; and areas close to pit wells, abandoned
wells, or wells with no surface seals.
During the course of this study numerous well houses were found to serve
also as storage sheds for fertilizers, pesticides, gasoline, oil, and other
potential contaminants. This practice has the potential for causing localized
ground-water contamination.
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SECTION 4. GROUNDWATER SUPPLIES
4.1 Ukiah Valley Groundwater Basin
The 56 square-mile Ukiah Valley groundwater basin, designated as groundwater
basin 1-51 by the Department of Water Resources (DWR, 2004), is located in southeastern
Mendocino County and encompasses the Ukiah and adjacent Redwood valleys (Figure 4-1).
Although there are anecdotal reports of localized overdrafting, the basin as a whole is
reportedly not experiencing overdraft conditions (DWR, 2004). As discussed elsewhere, the
most significant issue regarding the Ukiah Valley groundwater basin is not the potential for
overdrafting, but whether or not all or at least most of the “groundwater” in the basin is, for
legal purposes, underflow from the Russian River and associated tributaries. This section
summarizes the principal hydrogeologic features of the Ukiah Valley groundwater basin,
groundwater elevation and historical pumping trends, and concludes with a discussion of the
basin’s potential to provide a potable water supply.
4.1.1 Hydrogeology
The Ukiah Valley groundwater basin lies within the Coast Range geomorphic
province. The geology of the Ukiah and adjacent Redwood valleys is composed of four
principal geologic units; the Cretaceous-aged Franciscan Formation, the Pliocene and
Pleistocene Continental basin deposits, Pleistocene Terrace deposits, and Quaternary Recent
Alluvium (Figure 4-1 through Figure 4-4).
Franciscan Formation (Kjf)
The Franciscan Formation, the oldest of the Ukiah Valley’s four geologic units,
underlies the entire Ukiah Valley groundwater basin and comprises the ridges that surround
the valley (DWR, 2004). In general, the Franciscan Formation, which consists of
consolidated marine rocks, sandstone, siltstone, shale, chert, serpentine, greenstone, and
schist is not considered to be a particularly reliable or economically significant source of
groundwater.
Continental Basin Deposits (Qp)
The Continental basin deposits overlie the Franciscan Formation in the Ukiah and
Redwood valleys and consist primarily of poorly sorted, heterogeneous mixtures of gravel,
sand, silt, and the predominate material – clay. The thickness of the Continental basin
deposits ranges from essentially zero along the margins of the two valleys to as much as
2,000 feet in the Ukiah Valley floor. Clay occurs both as beds, as much as several tens of
feet thick, and as interstitial material between sand and gravel. The high clay content and
poor sorting result in low permeability. However, porosity is high due to the lack of
cementing. Because permeable materials are interbedded with impermeable clays,
groundwater occurs under confined conditions.
Wells completed in the continental deposits typically produce water slowly – 0.75 to
50 gallons per minute. Dry holes are not uncommon. In summary, due to their thickness,
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areal extent and porosity, the Continental basin deposits store substantial quantities of water,
but due to low permeability yields water slowly to wells (USGS 1965; USGS, 1968).
Terrace Deposits (Qt)
The Pleistocene-aged Terrace deposits overlie the Continental basin deposits and
occur discontinuously along the edges of the Ukiah Valley, on both sides of the Russian
River, and more continuously throughout Redwood Valley (DWR, 2004). The thickness of
the Terrace deposits range from essentially zero along the margins of the two valleys to over
100 feet thick in portions of the Ukiah Valley (USGS, 1968). The Terrace deposits are
generally unconsolidated and lithologically similar to the Continental basin deposits, but
contain less silt and clay. Consequently, the permeability of the Terrace deposits is
somewhat higher than the corresponding Continental basin deposits. Groundwater occurs
under confined as well as unconfined conditions, depending on site specific lithology. Wells
completed in terrace deposits generally yield one to 10 gallons per minute, however, yields as
high as 100 gallons per minute have been reported (USGS, 1968). In general, the Terrace
deposits are not considered to be a major source of groundwater because they are relatively
thin and exhibit comparatively low permeabilities.
Recent Alluvium (Qal)
Recent Alluvium deposits typically occur as narrow bands along tributary streams
and the West Fork of the Russian River in Redwood Valley, and throughout the
comparatively wide floodplain of the Russian River, in the Ukiah Valley. In general, the
Recent Alluvium deposits range in thickness from 10 to over 100 feet and consist of
unconsolidated gravels, sands, silts, and to a lesser extent clay (DWR, 2004). The porosity
and permeability of the Recent Alluvium deposits is typically high, groundwater occurs
under unconfined conditions. Wells completed in the Recent Alluvium deposits, particularly
east of the Russian River and south of Talmage, reportedly yield as much as 1,200 gallons
per minute (DWR, 2004).
The high porosity and permeability of the Recent Alluvium allows for considerable
recharge by precipitation (USGS, 1965; USGS, 1968). Due to the close proximity to the
Russian River, water readily moves between the Recent Alluvium deposits and active river
channel. The Recent Alluvium deposits constitute the most productive aquifer in the Ukiah
Valley and can provide sufficient water for sustained pumpage from municipal and irrigation
wells. However, as discussed in section 4.1.2, institutional constraints related to the
differentiation of percolating groundwater versus underflow may seriously limit the future
availability of this supply.
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Figure 4- 1. Geologic Map

Figure 4- 2. Draft Geologic Cross Section A-A

Figure 4- 3. Draft Geologic Cross Section B-B

Figure 4- 4. Draft Geologic Cross Section C-C

4.1.2 Groundwater Elevations and Availability
The Ukiah Valley groundwater basin reportedly has a usable storage capacity of
90,000 acre-feet and is fully recharged each year, except in years when precipitation is less
than approximately 60 percent of normal (USGS, 1968). The principal sources of recharge
for the Ukiah Valley groundwater basin are precipitation and to a lesser extent surface water
infiltration (USGS, 1968). Although relatively limited, the available data indicate that
groundwater elevations have remained stable since at least the 1960s, declining somewhat
during periods of drought but then quickly recovering to pre-drought levels (DWR 2004;
USGS, 1968). Average seasonal fluctuations range from 5 to 15 feet, with groundwater
elevations generally highest in March or April, immediately after the winter rains, and lowest
in the month of October, just prior to the onset of the next rainy season.
Groundwater typically moves from the margins of the Ukiah Valley to the Russian
River, then southerly, toward Sonoma County. The movement of groundwater in the vicinity
of the Russian River is highly variable, both spatially and temporally. Groundwater
elevation data for shallow wells near the Russian River indicate that there are locations and
times when surface water from the Russian River infiltrates the adjacent aquifer and by legal
definition, constitutes underflow that is subject to the jurisdiction of the SWRCB. Within
recent years the SWRCB has asserted that all of the groundwater in the Ukiah Valley,
including groundwater associated with the deeply underlying Continental basin deposits, is
underflow. While it is clear from the available data that there are locations and times where
underflow occurs, the available data are arguably insufficient to support the contention that
virtually all groundwater in the Ukiah Valley is by definition underflow – unless the
definition of underflow is expanded.
A regulatory determination that all groundwater in the Ukiah Valley is underflow
could create considerable uncertainty, not only with regard to the region’s groundwater
supply, but the surface water supply as well. In such a scenario individuals and entities that
are currently extracting groundwater – or thought they were – could be required to file for
appropriative water rights, which would be junior to all existing appropriative water rights
and given the SWRCB’s previous determination that the Russian River drainage is fully
appropriated in the summer and fall (SWRCB, 1998), would, even if they were granted, most
likely prohibit the continuation of extractions in the summer and fall. Accordingly, the
demand for surface water sources – to replace groundwater – would likely increase. In at
least some instances the only economically viable source of water available to rural
properties in the Ukiah Valley is groundwater and therefore, the deprivation of the
groundwater supply could have significant economic consequences for the Ukiah Valley and
the county as a whole
4.1.3 Groundwater Pumping
Historical groundwater extraction data for Ukiah Valley are limited and therefore
must be inferred from agricultural crop records and municipal groundwater production data
reported by Calpella, Millview, Ukiah, Rogina and Willow. The University of California
Cooperative Extension (D.J. Lewis et. al., 2008) estimates that each year approximately
8,000 acre-feet of water is consumptively used for agricultural purposes in the Ukiah Valley.
The available data are limited but suggest that a portion of this total – 2,500 acre-feet to
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5,500 acre-feet – is derived from groundwater sources. Similarly, recent annual municipal
groundwater extraction records indicate that each year approximately 2,000 acre-feet of
groundwater is used for municipal purposes (Table 4-1), and therefore, the combined total
groundwater extraction rate for the Ukiah Valley – the combination of agricultural and
municipal uses - is estimated to be between 4,500 acre-feet and 7,500 acre-feet per year.
Because nearly all of the irrigable land in the Ukiah Valley is already in production,
future agricultural water demands are not expected to increase appreciably unless there is a
pronounced shift toward crops with higher water demands (D.J. Lewis et. al., 2008).
Similarly, other than Ukiah, which anticipates increasing groundwater extractions by
approximately 800 acre-feet, from 1,075 acre-feet in 2006 to 1,875 acre-feet by as soon as
2010 (Ukiah, 2007), no substantial increase in future municipal groundwater extraction rates
is currently planned.
Table 4- 1. Historical Groundwater Pumping in Acre-Feet
Water Purveyor

(a)

2000

2001

2002

2003

2004

2005

2006

Calpella

34

33

30

36

35

33

33

Millview

0

0

0

0

0

0

0

Ukiah(b)

340

810

906

1,030

976

1,048

1,075

Rogina

642

694

687

632

668

563

635

Willow(c)

N/A

N/A

N/A

N/A

N/A

N/A

N/A

(a) Source: California Department of Public Health (2007) unless otherwise noted.
(b) Source: Ukiah (2007)
(c) Willow does not distinguish between Russian River underflow and percolating groundwater.

4.2 Groundwater Sufficiency
Based on the available data it appears that the Ukiah Valley groundwater basin is not
in overdraft conditions and that current groundwater extraction rates remain well within
sustainable yields. As previously discussed, groundwater elevations have been reasonably
steady since the 1960’s. In view of the comparatively large storage capacity of the Ukiah
Valley groundwater basin, relative to existing groundwater extraction rates and the relatively
modest projected incremental increase in water demands, less than 4,300 acre-feet by 2030, it
would appear that there is sufficient groundwater to satisfy the UVA water service provider’s
future demands. However, the SWRCB’s assertion that virtually all of the groundwater in
the Ukiah Valley is underflow creates considerable uncertainty as to the institutional
availability of this supply, and therefore, at least for now, it is assumed that none of the
groundwater
in
the
Ukiah
Valley
is
available
for
future
growth.
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6.1 Redwood Valley
General Description and Topography
The Redwood Valley subarea includes the West Fork of the Russian River, and a number of
tributaries, York Creek and Forsythe Creek (Figure 6.1.1). At the southern, downstream end of
the subarea, the West Fork is joined by the East Fork just downstream of where it exits from
Lake Mendocino. Redwood Valley, an ovoid valley that is longest in the north-south direction, is
filled with alluvium. The western portion of the Redwood Valley subarea includes extensive
mountains that are dissected by the Forsythe Creek and York Creek stream networks.
Geology
Geologic mapping at the 1:250,000 scale is available for the Redwood Valley subarea (Jennings
1985) (Figure 6.1.2). The mountains are made up of Franciscan Complex that is derived from
volcanic rocks and sediments originally deposited from 200 to145 million years ago and Coastal
Belt Rocks composed of materials originally deposited from 145 to 66 million years ago. These
mountains were uplifted about 5 million years ago.
Redwood Valley is filled with Quaternary Alluvium, the erosional product of the surrounding
mountains. Another alluvial unit - Loosely Consolidated Deposits (QPc) make up a series of
terraces to the east and west of the West Fork channel in the southern portion of the subarea.
These terrace deposits are the remnants of an older alluvial deposit lifted above present
depositional levels through tectonic movements. A third alluvial unit, Continental Basin Deposits
occurs beneath the Loosely Consolidated Deposits and Quaternary Alluvium and are up to 2,000
ft. deep and made up of cemented sands and silts with lenses of gravel. These were the first
deposits in the pullapart basin and formed from alluvial fans, lake sediments and valley alluvium
(Cardwell 1965). Table 6.1.1 outlines the rock types and their coverages.
The Maacama Fault, a subparallel fault related to the San Andreas Fault, dissects the Redwood
Valley subarea crossing a number of creeks in the western mountains and the Russian River near
the confluence of the East and West Forks.
Table 6.1.1. Redwood Valley subarea geology.
Map Label
Q
QPc

Rock Type
Quaternary alluvium
Loosely consolidated alluvial deposits

TK
KJf

Coastal Belt Rocks
Franciscan Complex (Coast Ranges)

Percentage of
Total Acres
Total Subarea
9,134
14.1%
7,806
12.0%
14,701
33,153

22.7%
51.2%

Groundwater
Figure 6.1.1 depicts the extent of the major groundwater basin in the Redwood Valley subarea
which generally coincides with the extent of the two surficial alluvial geologic units. The
Franciscan Complex is by comparison to other rocks, considered generally non-water bearing
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except for fracture zones. Well yields are only a few gallons per minute or less. Ca. Department
of Water Resources (2004) estimated the storage capacity of the Ukiah Valley and Redwood
Valley groundwater basins together at 75-100,000 AF. of storage in the Quaternary Alluvium
and Loosely Consolidated Deposits. Farrar (1986) estimated storage for these areas at 135,000
AF. The Ca. Dept. of Water Resources (2004) also states that review of groundwater level
monitoring for the 1974-2004 period shows relatively stable groundwater levels.
Farrar (1986) investigated and mapped geologic features and groundwater for Redwood and
Ukiah Valleys. He describes subsurface layers in Redwood Valley as Continental Basin Deposits
overlying a basement of Franciscan Complex with younger alluvium on the surface. This study
included review of well drilling logs to evaluate subsurface layers. The Continental Basin
Deposits consist of older alluvium similar to the Loosely Consolidated Deposits. The upper most
transect on Figure 6.1.3 depicts Redwood Valley well logs and subsurface layers. In the alluvial
areas the well logs show layers of sand and gravel interspersed with clay layers (16C, 8R on
Figure 6.1.3) and rock layers in the mountains without sand or gravel layers (13B on Figure
6.1.3). Log 16C is 400 ft. deep and depicts the younger alluvium and Continental Basin Deposits.
Generally the Continental Basin Deposits support low production wells (1-50 gallons/minute or
gpm) This study also rated groundwater availability in this subarea based on geology and
groundwater information such as well production (gallons per minute). Areas of abundant
groundwater with high production wells (ranked I on Figure 6.1.4) occur along the West Fork
channel. Areas of available groundwater with low production wells (ranked II on Figure 6.1.4)
occur along the margins of river and creek channels. Areas of groundwater presence with very
low production wells (ranked III on Figure 6.1.4) occur in Redwood Valley where alluvial fill is
thinner or composed of a high percentage of fines rather than sand and gravel. Areas where
groundwater is generally not available (ranked IV on Figure 6.1.4) occur in the mountains made
up of Franciscan Complex. This study also includes a map of groundwater flow direction (Figure
6.1.5). Groundwater movement is from the mountains towards the West Fork and Forsythe Creek
channels, and from north to south.
Redwood Valley is part of the Ukiah groundwater basin which is rated as medium priority by the
California Department of Water Resources. This ranking will require a plan be developed under
the Sustainable Groundwater Management Act.
Climate and Rainfall
The Redwood Valley subarea has hotter summers (average high temperature 94° F) and colder
winters (average low temperature 35° F) than many of the areas in the Russian River watershed.
Rainfall station Willits Howard Forest shows a rainfall average of 48.4 inches annually (Western
Regional Climate Center 2013). The Willits Howard Station was located at an elevation of 1925
ft. near the northern boundary of the subarea and has a 20 year period of record from November
1935 to March 1955 (Ca. Dept. Water Resources 2015).
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Figure 6.1.1. Redwood Valley subarea topography, hydrography and groundwater basins.
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Figure 6.1.2. Redwood Valley subarea geology.
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Figure 6.1.5. Water level contour map showing directions of groundwater movement and
locations of monitoring wells in Redwood Valley subarea. From: Farrar 1986.
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Vegetation
About half of the Redwood Valley subarea is covered with hardwood forest/woodland which is
made up of interior live and coast live oak, Douglas fir, tanbark oak and manzanita. Conifer and
mixed conifer hardwood forest occurs in the mountains at the headwaters of Forsythe Creek and
the northern border of the subarea. Table 6.1.2 lists the areas of different vegetation types in the
Redwood Valley subarea and these are depicted in Figure 6.1.7.
Table 6.1.2. Redwood Valley subarea vegetative cover.
Map Label

Cover Type

Total Acres

HDW
HEB
MIX
CON
AGR
SHB
URB
BAR
WAT

Hardwood forest/woodland
Herbaceous
Mixed conifer/hardwood woodland
Conifer forest / woodland
Agriculture
Shrub
Urban/residential
Barren
Water

32,749
12,510
7,140
4,168
3,485
2,229
1,426
960
129

Percentage of Total
Subarea
50.60%
19.30%
11.00%
6.40%
5.40%
3.40%
2.20%
1.50%
0.20%

Channel Types and Surface/Groundwater Interactions
Figure 6.1.8 depicts the channel types mapped for the Redwood Valley subarea. The Redwood
Valley subarea has the highest proportion of unconfined alluvial channels (33%) among the eight
study areas (Table 6.1.3). Most of the length of the West Fork Russian River is mapped as
unconfined alluvial channel, as are the downstream portions of Forsythe Creek and York Creek.
Immediately upstream of the unconfined alluvial section, the West Fork Russian River flows
through a dissected alluvium channel where channel slopes are generally <2%, but interspersed
with several short, steeper sections (Figure 6.1.9). Upstream of the unconfined alluvial reach of
Forsythe Creek, bedrock canyon reaches dominate. The Mill Creek tributary to Forsythe Creek,
in particular, has extensive segments of low (0-2%) and moderate gradient (2-4%) bedrock
canyon channel, but there are several very short, steep (4-8%) reaches in the downstream section
of Mill Creek. In addition the lower 2 miles of Seward Creek (another tributary to Forsythe
Creek) is composed of low gradient (<2%) bedrock canyon channel. The lower 4 miles of York
Creek is primarily low gradient (0-2%) channel consisting of semiconfined alluvial and
unconfined alluvial channels. York Creek, immediately upstream of these alluvial reaches, is a
steep (4-8%) bedrock canyon reach. Dissected alluvium channels occur on Bakers Creek, Salt
Hollow Creek, Mariposa Creek and the upstream area of the West Fork Russian River. Table
6.1.3 outlines the length of each channel type in this subarea for fish-bearing streams only.
DRAFT

There are a number of historical accounts and early gaging records that provide an idea of the
conditions in Redwood Valley prior to development. Early accounts of the Redwood/Ukiah
Valley describe Redwood Valley covered in coastal prairie and oak savannah (Carpenter and
Millberry1914). An early historical account of this area is found in the Journal of George Gibbs,
a member of the Expedition of Colonel Redick M'Kee, United States Indian Agent through
Northwestern California in 1851 (Gibbs 1852). This account includes observations of the West
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Table 6.1.3. Channel types for fish-bearing streams in the Redwood Valley subarea.
Percentage of Total Length
Length
Channel Type
of Fish-Bearing Streams in
(miles)
Subarea
Bedrock canyon
20.60
40.1%
Unconfined alluvial
16.94
33.1%
Semiconfined alluvial
6.94
13.5%
Dissected alluvium
5.72
11.1%
Regulated river
1.15
2.2%

Fork of the Russian River on August 24-25, 1851 as "a completely dry channel" and that water
was scarce in this area that summer. There are no local rainfall records that include 1851;
however, rainfall records do exist for San Francisco and show a total of 7.42 inches of rain for
the 1850/1851 water year. This is 37% of the average of 20 inches of rainfall San Francisco
receives.
There are records of the early use of water in this subarea. In 1858, Thomas Elliott built a water
powered sawmill in Redwood Valley which would need a year round supply (Palmer 1880).
Other records show that water from “Forsythe’s” creek was brought to Gold Gulch for gold
mining just north of the confluence of the East and West Forks of the Russian River (Palmer
1880).
DRAFT

The USGS gage on the West Fork (11461000 Russian River near Ukiah) shows very low flow
conditions (0.2-2.5 cfs) from July to October for the 1912 and 1913 records (Tables A-2 and A-3
in Appendix A). These records predate the use of water for irrigation of crops in this area and
rainfall was normal in both of these years.
A 1913 report summarizing water resources in California (USGS 1913) reports gage heights and
discharge measurements for the Russian River near Ukiah gage (11461000) on the West Fork.
Discharge on 8/8/1911 was 0.5 cfs with a stage reading of 3.12 feet in the gage pool. These
readings represent very low flow with the gage likely located in a pool of just over three feet
deep. The November 1911 readings were 0.2 cfs and 3.10 feet stage on 11/2/1911; 0.5 cfs and
3.25 feet stage on 11/20/1911. The 1912 readings were 652 cfs with a stage of 6.05 feet on
1/27/1912; 510 cfs with a stage of 5.6 feet on 3/6/1912; 3,390 cfs with a stage of 10.35 feet on
3/15/1912; 1,090 cfs with a stage of 6.78 feet on 3/16/1912; 60 cfs with a stage of 4.13 feet on
3/28/1912 and 32 cfs with a stage of 3.85 feet on 4/5/1912. Other miscellaneous measurements
in this report include Russian River near Calpella (West Fork) 1.2 cfs on 9/21/1905 and Russian
River one mile north of Calpella (West Fork) 0.7 cfs on 8/11/1910. All of these measurements
show low to very low stream flow, but stage readings at the gage are over three feet. These
measurements indicate isolated pools connected by a low level of surface flow.
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DRAFT

Figure 6.1.6. Elevation and weather stations in the Redwood Valley subarea.
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DRAFT

Figure 6.1.7. Existing vegetation in the Redwood Valley subarea.
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DRAFT

Figure 6.1.8. Stream typology for fish-bearing streams of the Redwood Valley subarea.
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DRAFT

Figure 6.1.9. Stream gradients of Redwood Valley subarea.
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Based on the geology, stream gradient, channel types and historic information, we can speculate
on pre-development conditions in Redwood Valley. The West Fork Russian River is an
unconfined alluvial, low slope channel that flows through a valley with a wide and moderately
deep (15-80 ft.) alluvial deposit. Historically this channel likely was wide and shallow with
riffle/pool morphology and an adjacent floodplain. Stream flow would have been highly affected
by surface and groundwater interactions; stream flow would have likely ceased, or been very low
in the summer. Intermittent pools filled by groundwater and connected by hyporheic flows may
have occurred. The extent of riparian forest is unknown, but unconfined alluvial channels and
their floodplains would have had adequate area and shallow groundwater to support a diverse
riparian corridor whenever shallow groundwater was available over the summer.
The groundwater-fed pools may have supported steelhead trout if temperatures were cool,
oxygen was adequate and food was available. The availability of groundwater in the summer
would have varied by the amount of rainfall each year. In dry years, such as 1851, the river was
completely dry (Gibbs 1852). The 1912/13 stream flow gage records show very low flows in
years of average rainfall. We can speculate that wet rainfall years may have had higher
groundwater levels and summer pools may have occurred in the West Fork. The local use of
water for sawmills and gold mines indicate that some channels had flow. However no exact
locations for these diversions are available limiting our interpretation of this information.
The downstream reaches of Forsythe and York Creeks also consist of unconfined alluvial
channels that are low slope. The alluvial deposit is narrow and shallow and would provide less
water to these channels likely resulting in dry conditions.
DRAFT

Historically the bedrock channels of Forsythe, Mill, Walker and York Creeks likely had
perennial flow except in low water years. The western mountains in this subarea support
redwoods indicating high rainfall amounts and cooler summer temperatures. Additionally
bedrock channels infiltrate low amounts of water and tend to have more persistent flows than
alluvial channels.
Semiconfined alluvial channels occur in 3 locations in upper Walker Creek, where a small valley
occurs, along York Creek, and a very small reach of the West Fork. These channels might have
supported year round pools, but also may not have the depth of alluvial deposit needed to
provide for perennial flows.
Dissected alluvium channels occur along Bakers, Seward and Salt Hollow Creeks and the
upstream area of the West Fork. All of these dissected alluvial reaches are low in slope
indicating that they may have incised to bedrock and therefore could function similarly to
bedrock channels and may have supported perennial flow in years with adequate rainfall. Gaging
in dissected alluvium channels shows years of perennial flow and others with dry summer
conditions (Figure 4.2.20). However the gaging records are limited to three locations.
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Figure 6.1.10. The West Fork Russian River in Redwood Valley in 1907.

Fisheries
Stream flow in the West Fork is strongly tied to groundwater levels. Groundwater levels may
have produced consistent, cool, perennial flow through the dry season in above average rainfall
years. Chinook salmon could have used the West Fork of the Russian River for spawning and
rearing. Steelhead trout may have used the West Fork in wet years and used accessible bedrock
canyon channels, especially in the Forsythe Creek sub-basin including Mill Creek and Seward
Creek in dry, normal and wet years. Coho salmon are not believed to have been present in the
West Fork Russian River; however, there is anecdotal evidence of Coho salmon in Forsythe
Creek.
DRAFT

Current Conditions
Land Use
Figure 6.1.11 depicts land uses in the Redwood Valley subarea. This subarea is primarily rural
with no incorporated cities. Rural residential land uses are concentrated in Redwood Valley
along with much of the irrigated agricultural lands in the subarea. There is slightly more land in
rural residential uses (Rural Residential and Rural Commercial, Urban and Built-Up Land) at
4444 acres than in agricultural land (Farmland of Statewide Importance, Prime Farmland,
Unique Farmland) at 4088 acres. The largest land use is grazing in the hills that surround the
valley. Table 6.1.4 outlines the acreage of various land uses.
Hydrologic and Geomorphic Changes
The main stem of the Russian River has entrenched up to 20 ft. (Florsheim and Goodwin 1995).
The wide, shallow river channel changed to a narrow, deep channel due to the effects of Coyote
Dam cutting off the river’s sediment supply and due to channelization of the main stem Russian
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Water Use
Public Water Districts
Redwood Valley County Water District
The Redwood Valley County Water District provides water service in Redwood Valley and was
incorporated on January 16, 1964. Facilities were constructed between 1977 and 1979, and the
District went into operation with a dual distribution system for irrigation water service in April
1979 and for domestic water service in November 1979. The District's water supply comes from
Lake Mendocino, if excess water is available. In January 1989 the District was found by the
Superior Court of Mendocino County (Superior Court of Mendocino County 1989) to have a
potentially undependable water right which required it to purchase excess water from the
Mendocino County Russian River Flood Control & Water Conservation Improvement District
during the summer months and ordered a moratorium on new domestic connections. The
resulting moratorium brought a halt to the growth of domestic water service customers. State
legislation in 1998 enabled the installation of 135 domestic water service connections to relieve
hardship water service on property parcels with existing structures and certifiable water quality,
or water quantity problems. The moratorium upon new domestic connections remains in effect.
The District serves about 3,969 people (SCWA 2014). In 2001 the Board of Directors recognized
deficiencies in the irrigation distribution system and declared a moratorium on new irrigation
water service connections until the delivery deficiencies could be corrected with expansion of
sections of the irrigation distribution system.
Millview County Water District
This district provides domestic water supply to about 5,500 people with two appropriative water
rights and purchase of water from the MCRRFCWCD. Recently there have been legal issues
regarding the validity of a recently purchased pre-1914 water right.
DRAFT

Calpella County Water District
This district serves the Calpella area and a customer base of 500. Table 6.1.5 outlines the water
use of these districts.
Table 6.1.5. Major water systems in the Redwood Valley subarea.
Size (million
Population Size
Size Total
Major Water System
gallons/yr.)
Served
(gpm) (cfs) (AF/yr.)
Redwood Valley County Water
District
250
3,969
476
1
767.2
Calpella County Water District
37
490
70
0
113.5
Millview County Water District
540
5,500 1,027
2
1,657.2
From: Sonoma County Water Agency 2014.
Table 6.1.6 describes water rights by diversion type for both public and private entities. The
majority of diversions are on unnamed creeks.

160
Russian River Independent Science Review Panel Conceptual Model of Watershed Hydrology, Surface and
Groundwater Interactions and Stream Ecology for the Russian River Watershed.

Table 6.1.6. Water rights in the Redwood Valley subarea.
Type and Status of Right Number of Rights without
Storage
Riparian
11
Appropriative Licensed
44
Appropriative Permitted
6
Appropriative Pending
4
Total
65
From: State Water Resources Control Board database.

Number of Rights with
Storage
16
74
10
15
115

Monitoring and Data
Ca. Dept. of Water Resource (DWR) Monitoring Wells
There are two DWR monitoring wells in the Redwood Valley subarea (Figure 6.1.15). The level
in each well is measured in spring and fall. Figures 6.1.16 and 6.1.17 show the measurements
from these wells from 1973 to 2014. The graphs show the groundwater levels rise between
autumn and spring each year except when drought conditions occur. Drought conditions
occurred in 1976/77 and well 28 m shows lower water levels. The annual variations in
groundwater level are 2-25 ft. for well 28M and 5-32 ft. for well 16N.
Well Driller Logs
When a well is drilled a report is filed with the Dept. of Water Resources that describes the
material encountered at different depths, the depth of the well and other features. The drilling
logs are not public documents, so we have summarized some of the information in aggregated
format. Figure 6.1.18 shows the locations of wells and rock types. There are 143 records of
which 112 are active wells; the remainder are dry holes, or well closures. The deepest well is 695
ft. and the shallowest is 15 ft. All but one well are for private domestic use. Table 6.1.7
summarizes the number and depths of wells in the Redwood Valley subarea.
DRAFT

Figure 6.1.15. Locations of Dept. of Water Resources monitoring wells in the Redwood
Valley subarea.
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Table 6.1.7. Drilling log information for Redwood Valley subarea.
Number of
Average Well
Range of Well
Surface Rock Type
Wells*
Depth (ft.)
Depths (ft.)

Type of Well

Quaternary Alluvium
and Fluvial Terrace
Deposits (Q)

46

154

24 - 400

Public (1),
Monitoring (2),
Domestic (43)

Loosely Consolidated
Deposits (QPc)

20

332

140 - 600

Domestic

Tertiary-Cretaceous
Coastal Belt Rocks
(TK)

9

248

160 - 335

Domestic

40 - 466

Domestic

Franciscan Complex
37
257
(Coast Ranges) (KJf)
*Abandoned, backfilled and dry wells were not included.

Stream Flow Gaging
There is one long-term U.S. Geological Survey (USGS) stream flow gage in the Redwood Valley
subarea, the Russian River near Ukiah (11461000) located on the West Fork of the Russian River
upstream of the confluence with the East Fork (Figure 6.1.1). This gage has a period of record
from 1911 to 1913 and from 1952 to present. The highest peak flow of 22,500 cfs occurred on
Dec. 30, 2005 (Table A-1 in Appendix A). Appendix A also includes Tables A-2 and A-3 listing
mean monthly discharge and the mean daily discharge for the period of record for this gage.
DRAFT

Figure 6.1.9 depicts hydrographs for the Russian River near Ukiah stream flow gage for the
wettest (1983) and driest (1977) years of the gaging record. Figure 6.1.20 shows the number of
days of zero discharge for this gage. Zero discharge occurs relatively frequently. Figure 6.1.21
depicts annual discharge for this gage.
The average stream flow is less than 1 cfs during the months of August, September and October
including the 1911-1913 period when it is unlikely irrigation was widespread. Low flows in the
West Fork Russian River in the summer are fairly common throughout the gage record. Rainfall
as recorded at the Ukiah Station (049122) was 34.72 inches in 1911, 36.25 inches in 1912, and
38.32 inches in 1913. The average annual rainfall at the Ukiah station is 37.27 inches for a period
of record from 1893 to present.
USGS gage 1140940 Russian River (West Fork) near Redwood Valley is located at the upstream
end of Redwood Valley (Figure 6.1.1). This gage was in operation from 1963 to 1968 for year
round gaging and as a peak flow gage from 1964 to 1977 (Table A-4 Appendix A). Tables in
Appendix A list mean monthly discharge and show mean daily values (Tables A-5 and A-6) for
this gage. Both tables show low to no flow from June to October.
We completed an analysis of the gaging record for the Russian River near Ukiah USGS stream
flow gage to determine if dry season stream flow was changing over time. This gage has a long
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record and dry season flows are not regulated by reservoir releases. Appendix B contains the full
analysis.
The gage record was evaluated for annual data and monthly data. Two approaches were used –
rank-correlation between water years, and an annual discharge parameter such as annual
minimum discharge. The second method divides the period of record into several time periods to
test if there is a statistical difference between data from each period including magnitude, or
distribution.
The analysis found that for the 1912–1972 period there was a weak, but long-term, trend of
decline in dry season stream flow in the months of July, August and September. For the 1973-93
period the trend from the prior period is not seen except for a weak trend of declining dry season
stream flow in September. For the 1994-2014 period there is a weak trend of decline in dry
season stream flow in May, July, August and September. There is also a reduction in the median
discharge in January and February.
A monthly analysis was also done using only the years with less than median rainfall (dry years).
This analysis looked at all 65 years of data for each month. The dry year monthly analysis found
evidence of declining stream flow in February, May, July, August and September.
An analysis of the discharge during the frost season (March 15 to May 15th) was also done. This
analysis looked at several discharge parameters over all years, over just the dry years and over
the 1912-1972, 1973-1993 and 1994-2015 periods. The frost season analysis found only a weak
trend of declining stream flow during dry years.
DRAFT

There are a number of causes for these declines in dry season stream flow including channel
incision, increased diversion of surface and groundwater and climate change. It is not possible to
identify a single cause from an analysis of the gage data. Appendix B includes a longer
discussion of this analysis.
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6.2 Ukiah Valley
General Description and Topography
The Ukiah Valley subarea begins just downstream of the confluence of the East and West Forks
of the Russian River. This subarea has numerous tributaries including Mill/McClure, Ackerman,
Robinson, Morrison, Hensley, and Sulphur Creeks. With the exception of Robinson Creek, most
creeks drain relatively small watersheds and do not have extensive creek networks. Smaller
creeks include Doolin/Gibson, Howell, Orrs and several unnamed creeks (Figure 6.2.1).
Geology
Geologic mapping is available at a 1:250,000 scale for the Ukiah Valley subarea (Figure 6.2.2).
Mountains surrounding Ukiah Valley are made up of Franciscan Complex. This complex
consists of highly sheared graywacke and mudstone with occurrences of harder rock in an easilyeroded matrix.
The mountains along the western side of the valley are also Franciscan Complex, but termed
Tertiary-Cretaceous Coastal Belt Rocks (Figure 6.2.2) These Coastal Belt rocks include more
coherent rock units than the mountains on the eastern side of this subarea. This rock type has low
permeability; wells produce only a few gallons per minute.
Ukiah is a pull-apart basin formed by movements along the Maacama and other faults (Figure
2.2.3) (McLaughlin & Nilsen 1982). Movements of parallel faults cause the land in between to
drop down and widen creating a subsided basin. Erosion of the surrounding mountains through
landslides and debris flows fill the subsided basin. On the surface these materials are indicated as
Quaternary Alluvium in Figure 6.2.2. Loosely Consolidated Deposits, (Figures 6.2.2, 6.2.3) older
than the Quaternary Alluvium, are partially cemented sand, gravel and clay and occur as terraces
along the eastern edge of Ukiah Valley where they have uplifted. Beneath these two alluvial
units lie the Continental Basin Deposits, the oldest alluvial layer as described by Farrar (1986)
and Cardwell (1965). Table 6.2.1 outlines the rock types and their areas of surface coverage.
Table 6.2.1. Ukiah Valley subarea geology.`
Map Label
Q
QPc
TK
um
KJf

Rock Type
Quaternary Alluvium
Loosely Consolidated Deposits
Tertiary-Cretaceous Coastal Belt Rocks
Ultramafic Rocks
Franciscan Complex (Coast Ranges)

Total
Acres
12,072
5,986
41,367
359
23,907

Percentage of
Total Subarea
14.4%
7.2%
49.4%
0.4%
28.6%
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Figure 6.2.1. Topography, hydrography and groundwater basins of the Ukiah Valley
subarea.
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Figure 6.2.2. Geology of the Ukiah Valley subarea.
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Figure 6.2.3. Loosely Consolidated Deposits visible near Perkins St. along the east side of
the Russian River.
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The Maacama Fault is a major feature of this subarea and occurs along the eastern side of the
valley. As indicated in Figure 6.2.2, sections of the Maacama Fault are active, having moved in
the past 200 years. All of the creeks on the eastern side of the valley cross the Maacama Fault.
Groundwater
Figure 6.2.1 outlines the extent of the major groundwater basin in the Ukiah Valley subarea
which generally coincides with the extent of alluvial rock units. The California Department of
Water Resources (2004) estimated the storage capacity of the Ukiah Valley and Redwood Valley
groundwater basins together at 75-100,000 AF of storage in the Quaternary Alluvium and
Loosely Consolidated Deposits. Farrar (1986) estimated storage for these areas at 135,000 AF.
The California Dept. of Water Resources (2004) also states that review of groundwater level
monitoring for the 1974-2004 period shows relatively stable groundwater levels.
Both Cardwell (1965) and Farrar (1986) evaluated geology and groundwater in the Ukiah Valley.
Farrar provides greater detail about the geology and stratigraphy of the groundwater basin. The
deepest alluvial unit in the valley overlies the basement of Franciscan Complex rocks and is
termed Continental Basin Deposits. The Continental Basin Deposits are up to 2,000 ft thick in
the middle of the valley and formed from erosion of the surrounding mountains into the pullapart basin starting about 3 to 4 million years ago continuing until 0.45 million years ago. The
Continental Basin Deposits contain a large amount of clay with small areas of sand and gravel
resulting in a low permeability deposit with groundwater confined in the sand and gravel within
the clay matrix.
Alluvial deposits of more recent age (10,000 years) lie on top of the Continental Basin Deposits.
Figure 6.2.4 depicts a cross section of Ukiah Valley showing the relative locations and depths of
alluvial deposits. These deposits are heterogeneous with layers of clay interspersed between
layers of sand and gravel.
Figure 6.2.5 shows the location of a transect across Ukiah Valley (middle transect) and four well
drilling logs. Well 2DR is 625 ft. deep, and intersects the Continental Basin Deposits and more
recent alluvial layers, and shows the clay layers found at depth. By comparison well 25H shows
a more shallow well (95 ft.) in Quaternary Alluvium with gravel and clay layers. Well 30K is a
36 ft. deep well in hard rock, typical of the Franciscan Complex.
According to Farrar (1986), wells in the Continental Basin Deposits have low production levels
of 1 - 50 gallons/minute (gpm). Wells in the Continental Terrace Deposits (Loosely Consolidated
Deposits) generally yield 1 - 10 gpm but some produce as much as 100 gpm. Wells in the
Quaternary Alluvium are the most productive with outputs of up to 1,000 gpm. The recent
alluvial layers are highly permeable where surface stream flow and groundwater are frequently
connected. Figure 6.2.6 depicts the availability of groundwater in the Ukiah subarea rated from
well data, geology, and drilling logs. A description of each rating is included on page 141. Figure
6.2.6 also depicts groundwater quality (pie charts). Figure 6.2.7 depicts groundwater contours
and movement. Groundwater generally moves from the mountains towards the river channel and
from north to south in this subarea.
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Figure 6.2.4. Illustration of subsurface layers in Ukiah Valley subarea. From: Farrar 1986.
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Climate and Rainfall
Based on data from the Ukiah Station (period of record 1893 to present), the Ukiah Valley
subarea has average maximum temperatures of 93° F in July and average minimum temperatures
of 35.9° F in January. Average annual rainfall recorded at the Ukiah station is 37.3 inches/year
(Western Regional Climate Center 2013). The Ukiah 4WSW station (period of record 1951 to
present) located in the mountains on the west side of the subarea records annual average rainfall
as 50.2 inches. Figure 6.2.8 shows the locations of these stations (Western Regional Climate
Center 2013).
Vegetation
Hardwood forest and shrub vegetative cover dominate this subarea (Figure 6.2.9). Shrub cover is
concentrated in the eastern mountains. Herbaceous cover primarily occurs along the eastern side
of the subarea. Coniferous forest and mixed confer/hardwood forest are distributed as small areas
throughout the subarea. Table 6.2.2 outlines the coverage of different vegetation types.
Table 6.2.2. Ukiah Valley subarea vegetative cover.
Cover Type
Total Acres
Hardwood forest/woodland
38,870

Percentage of Total Subarea
46.40%

Shrub

14,730

17.60%

Herbaceous

12,600

15.10%

Mixed Conifer/Hardwood Woodland

6,001

7.20%

Conifer Forest/Woodland

3,742

4.50%

Agriculture

3,042

3.60%

Urban/Residential

2,789

3.30%

Barren

1,807

2.20%

Water

110

0.10%

Channel Types and Surface/Groundwater Interactions
Figure 6.2.10 depicts the channel types mapped for the Ukiah Valley subarea and Figure 6.2.11
depicts channel slope. The main stem regulated Russian River is a low slope (<1%) channel that
extends 12.0 miles through this subarea. All of the tributary streams contain bedrock canyon
channels of different lengths in their mountain reaches. Throughout these bedrock reaches are
short, steep gradients of 4-8% and >8% which could represent low flow fish passage barriers.
Morrison and Robinson Creeks also have confined alluvial channels where openings occur in the
mountains. McClure and Mill Creeks have dissected alluvium reaches where the channel crosses
outcrops of the Loosely Consolidated Deposits. Alluvial fans are present on Orrs, Gibson,
Doolin, Morrison, and Howell Creeks where the channel exits the mountain canyon into the
Ukiah Valley. Hensley, Ackerman, Doolin, and Robinson Creeks all have semiconfined alluvial
channels in their downstream reaches prior to reaching the valley floor. All of the creeks have
alluvial unconfined channels which cross the valley floor to meet the Russian River.
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Figure 6.2.8. Elevation and weather stations in the Ukiah Valley subarea.
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Figure 6.2.9. Existing vegetation of the Ukiah Valley subarea.
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Empirical observations, photo-monitoring, and studies (Jackson and Marcus 2004, Walls 2013)
have demonstrated that surface flow in several of these alluvial unconfined channels is strongly
affected by the regulation of river stage from Coyote Dam. Table 6.2.3 outlines the length of
each channel type in the Ukiah Valley subarea for fish-bearing streams only.
Table 6.2.3. Channel types for fish-bearing streams in the Ukiah Valley subarea.
Percentage of Total Length of FishChannel Type
Length (miles)
Bearing Streams in Subarea
Bedrock canyon
29.2
40%
Semiconfined alluvial
5.17
7%
Confined alluvial
5.41
8%
Alluvial fan
6.41
9%
Dissected alluvium
2.78
4%
Unconfined alluvial
11.16
15%
Regulated river
12.06
17%
Based on geology, stream gradients, historical photographs and interviews, and channel types,
we can speculate on pre-development conditions in this subarea. The Russian River once had a
wide, shallow channel with a floodplain covered in riparian forest and wetlands. The channel
likely was braided, or several parallel channels existed. Figure 6.2.12 is a photograph of the
Perkins St. bridge over the Russian River. Groundwater likely filled the pools in the river in
summer during years of average or above average rainfall. The downstream unconfined alluvial
reaches of tributary creeks may have had summer pools during high rainfall years, but likely
were dry many years.
Discharge measurements made in the East Fork Russian River prior to the Potter Valley Project
on 9/21/1905 recorded a 2.2 cfs flow. A discharge measurement on the West Fork on the same
day recorded a 1.2 cfs flow. These measurements indicate very low flows (USGS 1913).
Discharge measurements on creeks in this subarea were done on Ackerman Creek on 11/2/1911
and it was dry near the confluence with the river and on Orr Creek on 11/2/1911 and it was also
dry near the mouth. The Ukiah rainfall gage (049122) shows a total of 34.72 inches for 1911.
This is slightly below the average annual rainfall of 37.27 inches at this station.
George Gibbs Journal (1851) describes the Russian River in the Ukiah Valley:
"Above here the river during the dry season runs chiefly under the sand and water is only to be
obtained in occasional pools. We halted for the night at Lyon's encampment...about a mile above
the east fork of Russian River comes in... To obtain better grass we passed up the river for about
six miles, finding the bottom narrow and worthless. Crossing the now dry bed of the stream..."
As described in Section 6.1, 1851 was a dry year.
Prior to 1908, when Eel River water was first diverted into the East Fork of the Russian River,
the river very nearly dried up in July, August and September. An early flour mill located on the
East Fork Russian River in Coyote Valley had to turn its wheel in the summer and fall by means
of water diverted from year round Cold Creek through one mile of flume (Kaplan 1979).
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Oral histories recorded in the early 1990s of long-time Ukiah Valley residents describe
conditions in the river and its floodplain as far back as the 1920s (Chocholak 1992). Agricultural
development began between 1850 to 1860 with hay, grain, hops, and livestock. Hops require a
large labor force and families came to the area for several months. One resident remembered,
"Everybody would get their chores done in the morning and they would go down to the river and
play and dive and swim underwater... Those were great days when we had all these people
enjoying the river" (David Sagehorn) (Chocholak 1992). This account indicates there were deep
pools in the river in summer.
Another interview describes the river bed as 8 to 12 feet higher than today, "we used to be able
to drive across it almost any place you wanted" (Morgan Ruddick). The floodplain held many
sloughs "...with large bunch grasses and climbing wild grapevines up in the oak trees and ash
trees" (Nelson Redding). "The farmers had to farm around the sloughs, they didn't have the
machinery to level the land. Even in those years the farmers would work on the river banks. They
would cut the trees and make barriers to stop erosion." However "there was a lot of land
between the agricultural crops and the river" (Nelson Redding). "If you look at it now you'll find
the river doesn't have the vegetation it used to have...it's all fast water. There's nothing to bump
up against...there used to be holes. They cleaned out the debris that makes those things"
(Clarence White) (Chocholak 1992).
It is likely that the bedrock canyon channels along the western side of the Ukiah Valley had flow
during the summer due to cooler, fog induced conditions as indicated by the occurrence of
redwood forest. The eastern mountain streams may have had summer flows in the bedrock
channels. However the eastern mountains are also covered in drought tolerant vegetation and
may not have supported perennial flows.
Semiconfined alluvial channels occur on four creeks on the western side of the valley. These
channels may have supported year round pools if the alluvial deposit was deep enough to provide
groundwater. The confined alluvial channels on Robinson Creek are low in slope in the
mountainous area of the watershed and have springs to maintain summer flow. The confined
alluvial channel reach on Sulphur Creek is low to moderate slope and cuts through the Loosely
Consolidated Deposits. Depending on the depth and composition of this deposit there may have
been adequate groundwater for summer pools.
The two dissected alluvium channels on McClure and Mill Creek are both relatively low slope
and, like Sulphur Creek, are in the Loosely Consolidated Deposits and could have had summer
pools. The unconfined alluvial and alluvial fan channels likely did not support summer pools.
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Figure 6.2.10. Stream typology for fish-bearing streams of the Ukiah Valley subarea.
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Figure 6.2.11. Stream gradients of Ukiah Valley subarea.
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In 1959 Coyote Dam was completed by the Army Corps of Engineers creating Lake Mendocino.
The total cost for the dam was $18,325,000 in 1959 ($147,000,000 in 2016 dollars). This
reservoir impounds a maximum of 122,500 AF of water. Estimates of steelhead habitat flooded
by the reservoir range from 36 to 64 miles (Steiner 1996). In the first fall/winter following
construction, over 2,000 adult steelhead were observed in the river below the dam blocked from
their spawning grounds (Chocholak 1992).
Another purpose of Lake Mendocino was to increase stream flow in the Russian River in the
summer for recreation and to improve fish and wildlife. In the 1960s there was a general
recognition that more water in the river was good for sport fish (SWRCB 1986).
Besides Coyote Dam a number of smaller reservoirs were also constructed on tributaries to the
Russian River. These included Mill Creek where 3 dams were built in 1913 to provide water
supply to the State Hospital in Ukiah. The hospital closed in the 1970s and the reservoirs became
County property. The upper reservoir holds 85 AF, the middle reservoir holds 27 AF, and the
lower reservoir is completely filled with sediment (County of Mendocino 2008). Smaller
agricultural ponds also occur on some tributaries.
In the 1950s the river in Ukiah Valley had three large gravel mining areas. In 1950 243,413 short
tons of sand and gravel were extracted largely for use in other counties (Philip Williams and
Associates 1997).
The combination of Coyote Dam reducing sediment supply to the river, gravel extraction directly
removing bedload, and the clearing, straightening, and stabilization of the river channel brought
about significant channel entrenchment.
"Relative to 1965, I am a firm believer that the level of the water course is lower than it was
earlier... We've noticed that our gravel bar, we do have a gravel bar which we've never extracted
from, it is now scoured very badly in the last few winters. The reason for that is, it was high
ground and it is now being cut and deposited someplace downstream" (Malcolm King)
(Chocholak 1992).
Florsheim & Goodwin (1993) compared surveys of the river channel done by the Army Corps in
1940, a 1979 FEMA survey, and a 1985 Mendocino County survey and concluded that at least
18 ft. of incision in the main river channel and 10 ft. in the West Fork had occurred. Channel
entrenchment reduced the bed formations (pools, riffles, gravel bars) in the main stem and
created a deep channel with steep vertical banks and limited riparian canopy. The former
floodplain, the valley floor, became disconnected from the river channel. The drop in base level
in the main stem migrates up alluvial tributary channels causing further incision, loss of
bedforms and resulting in impacts to infrastructure and loss of riparian habitat.
The California Department of Water Resources (1984) surveyed a number of tributary streams
between 1980 and 1982 and found channel incision in Hensley, Ackerman, and Robinson
Creeks. Between 1970 and 1990, the river incised about 5 feet at the City of Ukiah
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Table 6.2.5 Major water systems in the Ukiah Valley subarea
Size (million Population Size
Major Water System
gallons/yr)
Served
(gpm)
City of Ukiah
1,300
15,959
2,473
Calpella County Water District
37
490
70
Millview County Water District
540
5,500
1,027
Rogina Water Company Inc.
210
3,700
400
Willow County Water District
370
3,797
704
From: Sonoma County Water Agency 2014.

Size
(cfs)
6
0
2
1
2

Total
AF/yr
3,989.6
113.5
1,657.2
644.5
1,135.5

City of Ukiah
The City of Ukiah Water Department serves a population of about 16,000 from a series of wells
and a radial collector well. Table 6.2.5 lists total water use and gallons/minute well production.
Private Water Companies
Several private companies provide water supply in the Ukiah Valley subarea including Rogina
Water Company Inc. and River Estates Mutual Water Company.
Water Rights Data
In the Ukiah Valley subarea, the majority of water rights are located in the valley. Table 6.2.6
shows the public and private rights by type. In the Ukiah Valley some landowners applied for
appropriative water right permits for their wells as Lake Mendocino was built.
Table 6.2.6 Water rights in the Ukiah Valley subarea.
Type and Status of Right Number of Rights without
Storage
Riparian
18
Appropriative Licensed
44
Appropriative Permitted
7
Appropriative Pending
7
Total
76
From: State Water Resources Control Board database.

Number of Rights with
Storage
29
41
4
7
81

Monitoring and Data
Department of Water Resources (DWR) Monitoring Wells
There are three DWR monitoring wells in the Ukiah Valley subarea where groundwater level is
measured in spring and fall. Figures 6.2.24-6.2.27 show the measurements from these wells from
1966 to present (well 08L), 1974 to present (well 05K) and 1973 to present (well 34Q). The
graphs show recharge of the groundwater level annually except in drought years. The 1976/77
drought is marked by an arrow. The annual variations in groundwater level are less than 1 ft. to
over 17 ft. (well 05K); less than 1 ft. to 13 ft. (well 08L) and 3 ft. to 33 ft. (well 34Q) over the
period of record. Well 05K shows large annual changes in groundwater levels in the 1970s and
early 1980s. However by the late 1980s to present the annual groundwater level change was
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much smaller. This variation could be based on a change in use of the monitored well, or the
prior effects of adjacent wells that are no longer in use.
Well Driller Logs
Figure 6.2.28 depicts the approximate location of 61 wells which have drilling logs filed. Table
6.2.7 lists the information on the wells including rock types and well uses.
Table 6.2.7 Drilling log information for Ukiah Valley subarea.
Number of Average Well Range of Well
Surface Rock Type
Wells*
Depth (ft)
Depths (ft)

Type of Well

Quaternary Alluvium (Q)

17

64.2

8 - 206

Monitoring (11),
Irrigation (3),
Industrial (1),
Domestic (2)

Loosely Consolidated
Deposits (QPC)

2

135

111 - 160

Domestic

Tertiary-Cretaceous Coastal
Belt Rocks (TK)

40

218

72 - 160

Domestic

143 - 440

Domestic

Franciscan Complex Coast
2
291.5
Ranges (KJf)
*Abandoned, backfilled, and dry wells were not included.

Stream Flow Gaging
There is a U.S. Geologic Survey stream flow gage 11462080 on the Russian River at Talmage.
This gage was installed in August 2009. The short record available does not allow for an analysis
of trends at this location. We have included the East Fork Russian River near Ukiah gage
11462000 which is located just downstream from Coyote Dam. Figure 6.2.29 depicts
hydrographs of the wettest and driest years at this gage. The driest year was 2009, the second
year of the current drought, and releases were at, or below, 100 cfs. The wettest year was 1983.
Figure 6.2.30 shows the annual discharge for this stream flow gage and allows comparison
between years. Table A-7 in Appendix A lists the highest peak flows for this gage with the
highest flow of 13,300 cfs occurring on Dec. 21, 1955 prior to construction of the dam. Tables
A-8 and A-9 list mean monthly and mean daily discharge for this gage.
Fisheries
The California Department of Fish and Wildlife completed stream habitat surveys for a number
of streams in the Ukiah Valley subarea (CDFG 1995a, 1995d, 1997f, 1998e, 1999a, 1999m,
2001c, 2001f, 2001h, 2001o, 2001q, 2001r, 2001x). Table 6.2.8 summarizes information from
these surveys. Steelhead trout were recorded in a number of tributaries. The Sonoma County
Water Agency (2003) completed a kayak survey for spawning Chinook salmon in the river. They
found an abundance of Chinook redds near Coyote Dam. As part of the Biological Opinion on
operation of Coyote Dam a steelhead distribution study was done in 2002 using snorkel surveys
between August and September. Randomly selected portions of the Russian River channel were
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evaluated. Steelhead trout were recorded in the Russian River Ukiah Valley reach. Most of the
habitat types recorded were flatwater (94%) with few riffle or deep pool habitats. The largest
number of steelhead were recorded where riffle habitat occurred and in the pool below the grade
control structure of the Willow Water District well field (also called Norgard Dam). In
entrenched channels bedforms such as riffles, pools, and gravel bars are often eroded out so it is
not surprising that the survey found primarily flatwater habitat with few steelhead.
Two of the conditions affecting salmonids have been mapped - migration barriers and riparian
shade canopy. Barriers typically occur where a road crosses a creek or where a natural barrier
such as a waterfall occurs. Entrenchment of the main stem river and the headcutting this causes
in tributaries often creates fish migration barriers. When the tributary headcutting reaches a
culverted road crossing the channel will deepen on the downstream side of the crossing creating
a migration barrier to steelhead trout. Figure 6.2.31 depicts the mapped barriers in this subarea.
Table 6.2.9 describes the features of each barrier. Figure 6.2.32 shows the percentage of riparian
canopy density as recorded in CDFW stream surveys. Robinson, Orrs, and Hensley Creeks have
relatively good cover at 50-75% for much of their lengths. McClure and Mill Creek have
excellent cover at 75-100%.
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Figure 6.2.24. Locations of Ca. Dept. of Water Resources monitoring wells in the Ukiah
Valley subarea.

Figure 6.2.25. Groundwater level data for well 08L in the Ukiah Valley subarea. Dashed
line indicates ground surface. Arrow indicates the 1976/77 drought.
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Figure 6.2.26. Groundwater level data for well 34Q in the Ukiah Valley subarea. Dashed
line indicates the ground surface. Arrow indicates the 1976/77 drought.

Figure 6.2.27. Groundwater level data for well 05K in the Ukiah Valley subarea. Dashed
line indicates the ground surface
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Figure 6.2.28. Locations of wells with drilling logs and geology in Ukiah Valley subarea.
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Summary
Historical Conditions
It is unclear from the data available whether the main stem Russian River had salmonid rearing
habitat over the dry season. The river channel was once wide and shallow with large meanders.
There are discharge measurements that recorded a 2.2 cfs flow on September 21, 1905. This
measurement was done prior to the 1908 diversion of Eel River water into the East Fork Russian
River from the Potter Valley Project. Measurements on west side tributary streams recorded dry
conditions in 1911 in two creeks. Rainfall records for Ukiah (Station 049122) show 1905 had
total rainfall of 19.71 inches, about 50% of the average of 37.27 inches. Total rainfall was
recorded as 34.72 inches in 1911 at Ukiah. Historic accounts in a dry year (1851) describe a
completely dry river channel. This information indicates the Russian River may have had
isolated pools connected by hyporheic flows in wet years and dry conditions in dry years.
However unconfined alluvial creeks in Ukiah Valley may have had dry conditions even in
normal rainfall years.
The bedrock creek channels along the western side of the Ukiah Valley likely had perennial
flows most years and supported steelhead trout. It is not clear if semiconfined alluvial, confined
alluvial, or dissected alluvium channels had summer rearing habitat. The presence of
groundwater-fed pools depends on the permeability and thickness of the alluvial deposit,
permeability of the underlying bedrock, the channel slope and condition, riparian canopy and
annual rainfall. Many streams in this subarea have alluvial fans between the river and bedrock
channels.
Hydrologic and Geomorphic Changes
The East Fork and main stem Russian River channel have been significantly altered. In 1908 a
hydropower tunnel shunted water from the Eel River into the East Fork Russian River. Coyote
Dam was constructed on the East Fork in 1959 creating Lake Mendocino and releasing water
year round into the Russian River. Coyote Dam provides a number of benefits including flood
control along the river in Ukiah Valley, water supply, recreation and dry season cold water for 510 miles of the river downstream of the dam. Lake Mendocino retains bedload and releases
“hungry” water (Kondolf 1997) which has contributed to a highly entrenched river channel. The
Russian River Channel Improvement Project was constructed from 1956 to 1963 and
channelized the river through excavation and removal of riparian vegetation, installation of miles
of bank revetments such as jacklines, rock riprap and flexible fencing. This project removed
complex instream habitat and many acres of riparian habitat from the Russian River to create the
smallest possible area for the river channel. Sloughs, secondary channels and other floodplain
features were removed over the subsequent years. These changes resulted in 20+ feet of channel
entrenchment, lowering of the groundwater level, eroding out of bedforms (pools/riffle/bars) and
incision moving up into unconfined alluvial tributary channels.
Current Conditions
Irrigated agricultural lands in the Ukiah Valley subarea total about 6,840 acres while urban and
rural residential areas total about 6,140 acres. Water supply for agriculture is provided by
individual wells and reservoirs as well as main stem diversions through the Mendocino County
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Russian River Flood Control and Water Conservation District (RRFC) which hold rights to 8,000
AF/year in Lake Mendocino. Urban water supply largely comes from wells and contracts
between RRFC and smaller water districts. Groundwater level monitoring does not show any
long term declines. Rapid drops in river flows in the entrenched channel in the spring can cause
tributary stream flow to go subterranean possibly stranding juvenile out-migrating steelhead (see
Section 2.13). Steelhead likely rear in the bedrock channels in this subarea, but must successfully
reach the river by navigating alluvial fans and unconfined alluvial channels that can rapidly
dewater. In its current entrenched, channelized state, the Russian River supports some steelhead
trout and Chinook salmon which leave in early March before the river warms up. Entrenchment
of the river reduces the groundwater level. This change may limit the amount of cold
groundwater reaching the river in late summer/early fall. Due to the entrenchment of the main
stem river and its tributaries, there are numerous fish migration barriers where roads cross
creeks. Riparian cover is sparse along many creeks.
Recommended Monitoring and Studies
 Stream flow with water temperature monitoring in the dissected alluvium, semiconfined
and confined alluvial channels would provide information on whether these channels
support salmonid rearing habitats. This information can be used to prioritize
restoration/revegetation efforts.
 Topographic surveying of the river channel and lower tributaries should be completed to
evaluate ongoing rates of incision and likely future trends.
 All the creek channels need to be assessed for various life stages of salmonids as well as
water temperatures and riparian canopy. This information can be used to prioritize
restoration/revegetation projects.
 The Biological Opinion on the operation of Coyote Dam requires low summer flows
because the Russian River had low flows prior to the dam. However, the channel shape
and surface and groundwater interactions were historically very different from current
conditions. Water temperatures should be monitored on the Russian River at very
frequent intervals starting at the dam release to determine if the low flow releases are
producing cold water conditions to support steelhead.
 The effect of flood control releases on river channel erosion need to be evaluated.
Additionally the effect of stage changes on tributary flows in the spring needs to be
documented and revisions to dam operations evaluated if needed to protect steelhead
trout.
 Develop a collaborative groundwater monitoring program with landowners to determine
if groundwater use is having a significant effect on creek and river flows. This
monitoring will also be useful in completing a Groundwater Sustainability Plan, a
requirement of the Sustainable Groundwater Management Act.
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