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EXECUTIVE SUMMARY
In 2014, the state Legislature passed the Sustainable Groundwater Management Act (SGMA)
that fundamentally changes how groundwater is managed in the state. This legislative act
requires the formation of Groundwater Sustainability Agencies (GSAs) responsible for preparing
and implementing a Groundwater Sustainability Plan (GSP or Plan) for all high- and mediumpriority groundwater basins in California. The Corning Subbasin (Subbasin) is a high-priority
basin required to submit a GSA-adopted GSP to the California Department of Water Resources
(DWR) by January 31, 2022. This document fulfills the requirements of SGMA and GSP
Regulations developed by DWR. The GSAs will implement this Plan to achieve groundwater
sustainability within the 20-year planning and 50-year implementation horizon. The Subbasin
location and the GSAs that formed within the Glenn and Tehama County portions of the
Subbasin are shown on Figure ES-1.

Figure ES-1. Corning Subbasin
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ingrained within the fabric of the local communities, while also providing access to groundwater
for all residents and visitors to the Subbasin. Beneficial users relying on groundwater and its
connection to rivers and creeks include municipal, rural, and tribal communities; agricultural,
industrial, and commercial livelihoods; recreational activities, and plant and animal species. By
addressing all beneficial uses and users of groundwater, the GSP has addressed California’s
Human Right to Water.
The GSP was developed collaboratively over the course of several years by the Corning
Subbasin GSAs and technical consultants, with guidance from an Advisory Board and feedback
from local stakeholders with a variety of interests. The iterative process for developing the GSP,
general concepts shown on Figure ES-2, ensures that a sound and inclusive plan is in place to
achieve groundwater sustainability per the requirements of SGMA. The iterative planning
process will continue into the future as the GSP is implemented and progress is made to achieve

groundwater sustainability.
Figure ES-2. General GSP Development Process Overview
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Figure ES-3 shows the key findings and goals of the GSP, developed through the process shown
on Figure ES-2.

Figure ES-3. Corning GSP Development Approach and Goals

Total water use in the Subbasin is largely for agricultural irrigation, which uses over 90% of the
water used in the Subbasin. Groundwater historically makes up about 75% of the total irrigation
water supply and surface water contributes approximately 25%. Many growers within water
districts are switching their supply from surface water to groundwater due to cost and supply
reliability factors. Perennial orchards have expanded, replacing annual crops and previously
uncultivated land. Increased groundwater use and dry conditions have led to a general
groundwater level decline, particularly in the last decade and in portions of the Subbasin where
groundwater is used extensively for irrigation and is not recharged by the Sacramento River or
other creeks, such as in the western portion of the Subbasin. The decline has caused shallower
wells to go dry and increased costs to access groundwater from greater depths.
Increased water use efficiency is key in preventing a continuation of the recent declines in
groundwater levels and associated impacts, particularly with a projected increase in irrigated
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farmland and agricultural groundwater pumping along with projected climate change. Achieving
groundwater sustainability will require the GSAs, in collaboration with other water and
conservation agencies in the Subbasin, to implement multi-benefit collaborative projects and
management actions across water resources (conjunctive use), where surface water is used when
available so that groundwater levels can recover during wet periods and can be pumped during
drought periods when surface water supplies are not available.
Preparation of this GSP is the first step for the GSAs to achieve groundwater sustainability in the
Corning Subbasin. To evaluate progress toward groundwater sustainability during
implementation, annual reports and 5-year updates to the GSP will be prepared as required by
SGMA. The GSAs recognize that sustainability is only possible with support of stakeholders and
coordination of local, state, tribal and federal agencies and the managed use of both surface and
groundwater resources. While SGMA does not require the Plan to address California’s Public
Trust Doctrine, a 2018 California Court of Appeal ruling found that groundwater pumping that
reduces the flow or volume of water in a navigable stream (and tributaries that supply navigable
streams) may violate the public trust. This Plan recognizes the importance of protecting public
trust resources, including fish and wildlife, in the Subbasin’s streams that are connected to
groundwater.
The GSAs will collaborate with local stakeholders on a regular basis to develop local best
practices for water management and projects and management actions to achieve and maintain
sustainability. The GSAs will seek assistance for financial and technical support from the DWR,
the United States Bureau of Reclamation (USBR), and other entities to help with the financial
burden imposed by the monitoring and management requirements of the Plan.

ES-1 Introduction and Agency Information (GSP Section 1)
The introduction section describes in detail the GSAs’ organization and management structures
and each agency’s specific authorities granted by SGMA. The GSAs shown on Figure ES-1
include the Corning Sub-basin GSA (CSGSA) and the Tehama County Flood Control and Water
Conservation District (TCFCWCD). The CSGSA is the exclusive GSA for the Glenn County
portion of the Subbasin and consists of 3 individual agencies that formed a GSA under a
Memorandum of Agreement: Glenn County, Glenn-Colusa Irrigation District (GCID), and the
Monroeville Water District. The TCFCWCD is the exclusive GSA for the portion of the
Subbasin within Tehama County.
The GSAs signed a Memorandum of Understanding (MOU) to collaboratively prepare and
implement a single GSP while maintaining autonomy of the individual members. The MOU
established the Corning Subbasin Advisory Board (CSAB or Advisory Board) to receive and
review groundwater sustainability planning information during the GSP planning process. The
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Advisory Board made recommendations to the GSAs for the key Plan elements; the decisionmaking authority resided with the governing bodies of the GSAs.

ES-2 Description of Plan Area (GSP Section 2)
The Subbasin lies within the northwestern portion of the Sacramento Valley hydrologic region,
covering an area of 207,342 acres of which about 78% is within Tehama County and 22% within
Glenn County. The Subbasin includes the City of Corning and the census-designated places of
Richfield and Hamilton City (Figure ES-1). The Paskenta Band of Nomlaki Indians (Paskenta
Band) is a federally recognized tribe with jurisdiction over the Paskenta Band of Nomlaki
Indians Reservation (Paskenta Reservation).
The Subbasin extent is defined by a combination of geologic, hydrologic, and jurisdictional
boundaries including the Coast Range to the west, Thomes Creek to the north, Sacramento River
to the east, and generally Stony Creek to the south. The Subbasin is bounded by 5 neighboring
Sacramento Valley subbasins for which GSPs are concurrently being developed.
Land use in the Subbasin is primarily agricultural, either for non-irrigated rangeland or irrigated
farmland. Rangeland is generally used for seasonal cattle grazing. Within the irrigated lands, the
most common crops are fruit and nut orchards, row crops, field crops, and pasture. Other
prominent land uses include urban and rural residential, and open space or conservation land.
Most of the irrigated farmland and residential land is east of Interstate 5 (I-5), although in recent
decades agricultural development has expanded west of I-5. Urban land use is concentrated in
the City of Corning and Hamilton City. Other residential and commercial centers are found in
Richfield and the Paskenta Reservation. Rural residences are scattered throughout the Subbasin.
State and federally managed conservation land is found along much of the Sacramento River
riparian corridor and non-irrigated rangeland and open space covers large portions of the western
portion of the Subbasin.
Primary water uses in the Subbasin are agriculture irrigation, public water supply, private
domestic water supply, tribal water supply (through federally reserved water rights), and
industrial food processing. Based on average water use inventories for 2000 to 2015 in Glenn
County and 2000 in Tehama County, average water use is about 210,000 acre-feet per year
(AF/yr), with 90% or 190,000 (AF) used for irrigation. Groundwater supplies about 75% or
157,000 AF/yr of average water used for irrigation, urban, private domestic, and industrial
supply. Most of this pumping is for irrigation, with about 5,000 AF/yr for public supply and
other uses. Surface water provides about 50,000 AF/yr for irrigation and about 3,000 AF/yr is
reused from agricultural drains and canal tailwater.
Surface water is available through U.S. Bureau of Reclamation (USBR) contracts via the Central
Valley Project (CVP), and the Orland Project. The Corning and Tehama-Colusa CVP canals
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convey surface water from the Sacramento River diversion in Red Bluff and are operated by the
Tehama-Colusa Canal Authority (TCCA). The agencies with CVP surface water rights on the
TCCA canals include the Corning Water District (WD), Thomes Creek WD, and Kirkwood WD.
The Orland Unit Water Users Association (OUWUA) utilizes pre-CVP Orland Project water
rights from Stony Creek for irrigation through dam releases by the USBR at the Black Butte
Dam. Although GCID’s primary diversion on the Sacramento River is in the Subbasin near
Hamilton City, all of the water diverted is used in the Colusa Subbasin to the South. The
agricultural water providers and surface water conveyance canals are shown on Figure ES-4.

Figure ES-4. Agricultural Water Providers and Surface Water Conveyance in the Subbasin

Since the 2012-2016 drought, areas historically irrigated with surface water have been
increasingly irrigated with groundwater. Factors that led to this conversion include decreased
availability of CVP water supply during droughts, increased cost of surface water, investments
made in groundwater well development, flexibility of groundwater use, surface water delivery
systems that prevent on-demand irrigation, and cropping changes. All these factors have led to
water districts not using all of their allocated surface water. In addition, some districts have sold
some of their existing allocations back to the CVP to repay infrastructure costs.
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Both Glenn and Tehama counties developed pre-SGMA groundwater management plans to
establish regional groundwater level management goals in the counties. These plans established
the well networks for monitoring groundwater levels and triggers tied to groundwater levels. It
became apparent that GSPs would have an impact on these management plans, and although no
specific communications have transpired, it seems reasonable to assume the County’s
groundwater management plans will be replaced by GSPs. The counties also led the efforts to
comply with the California Statewide Groundwater Elevation Monitoring (CASGEM) program,
now being replaced by the GSP monitoring program.
Additional monitoring networks exist to meet the requirements of regional and state regulatory
programs. Existing monitoring networks and programs that collect data relevant to the GSP
include the following:
•

Municipal, small water system, and other groundwater quality monitoring overseen by
the State Water Resources Control Board (SWRCB) and Central Valley Regional Water
Resources Control Board (CVRWQCB)

•

Regional subsidence monitoring data collected by DWR including a network of survey
monuments periodically monitored in collaboration with the counties and other local
agencies, satellite data, and one well extensometer

•

Stream stage and discharge monitoring performed by the USBR, the United States Army
Corps of Engineers (USACE), and DWR

Other Glenn and Tehama County planning resources considered in development of the GSP
include flood control portions of Hazard Mitigation Plans, existing water resource ordinances,
well permitting policies, and General Plans. Local and regional planning resources reviewed to
develop the GSP included the City of Corning General Plan, local Urban and Agricultural Water
Management Plans, the Northern Sacramento Valley Integrated Regional Water Management
Plan, and existing groundwater quality regulatory programs.
The GSP was developed through a robust and collaborative planning effort between the GSAs,
technical consultants, Advisory Board, and stakeholders with groundwater and sustainability
interests in the Subbasin. A Communications and Engagement Plan documents the public
outreach efforts for development of this GSP and identifies the beneficial uses and users of
groundwater in the Subbasin, including the threatened and endangered species that rely on
groundwater-dependent ecosystems and the locations of disadvantaged communities by census
block.
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ES-3 Basin Setting (GSP Section 3)
The Basin Setting describes the hydrogeologic conceptual model (HCM) and summarizes
groundwater conditions in the Subbasin. The HCM “provides an understanding of the general
physical characteristics related to regional hydrology, land use, geology, geologic structure,
water quality and aquifers” (DWR, 2016). The groundwater conditions subsection summarizes
the current (after January 1, 2015) and historical conditions (before January 1, 2015) relevant to
the GSP.
Subbasin geologic stratigraphy is marked by distinct deposition of marine and continental
sediments. Marine formations were deposited early in the Subbasin’s history, from the Jurassic
through the Miocene. During this period, the majority of northern Sacramento Valley was a
marine basin formed via action of the Pacific-North American plate subduction zone.
Continental sedimentary formations were deposited in the Subbasin by alluvial and volcanic
processes from the Pliocene onward, as uplift of the Coast Ranges created the Sacramento Valley
as it stands today. The plate subduction processes shaped the local topography and subsurface
geologic layers through faulting and folding of the geologic formations.
Water supply wells in the Subbasin are installed in coarse-grained sand and gravel layers within
a fine-grained sedimentary matrix. There are no regionally extensive fine-grained layers or
aquitards that prevent vertical flow of groundwater between geologic formations. This
description is consistent with the definition of a principal aquifer in the GSP Regulations:
“…systems that store, transmit, and yield significant or economic quantities of groundwater to
wells, springs, or surface water systems.” For this reason, the Subbasin is best described for the
purposes of the GSP as a single principal aquifer, comprised of inter-fingered geologic units.
The 3 geologic formations that comprise the principal aquifer are, from shallowest to deepest:
1. Quaternary Alluvium - recent sedimentary deposits that form a relatively thin veneer on
top of underlying Tehama Formation; local variation in sediment composition results in
drainage and groundwater recharge through high permeability sediments and perching
and runoff over low permeability sediments.
2. Tehama Formation – consolidated sandstone and siltstone deposited in a floodplain
environment from west (Coast Range) to the east. The coarse-grained sandstone layers
are the primary source for groundwater pumping in the Subbasin.
3. Tuscan Formation – consolidated volcanic-sedimentary deposits formed by volcanic
debris flows and reworked by streams flowing from the east (Cascades) to the west. The
coarse-grained layers are a major source of groundwater pumping regionally but are
limited in extent in the Subbasin and only found east of I-5. The Tuscan and the Tehama
Formations are inter-fingered within the Subbasin as they were deposited over the same
geologic timeframe.
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The base of the principal aquifer is defined as the base of the freshwater Tehama and Tuscan
formations which varies between about 500 and 2,000 feet deep. Deeper sediments found below
the Tehama and Tuscan Formations are not typically used as a water supply. These formations,
including the Princeton Valley Fill and Great Valley Sequence, contain marine-deposited
meta-sedimentary rocks that produce brackish and saline groundwater, respectively. In the
western portion of the Subbasin, where these formations are closer to land surface, they may
contribute to higher salinity in domestic and agricultural supply wells.
Groundwater is pumped from wells screened in the 3 formations of the principal aquifer. In
general, domestic wells are installed at depths shallower than 450 feet below ground surface
(bgs) in the Quaternary Alluvium and Tehama Formation, pumping at low but relatively constant
rates. Irrigation wells are larger and deeper than domestic wells, pump at greater rates, and are
mainly pumped during the irrigation season from April to October. The relatively few municipal
supply wells that supply the City of Corning and Hamilton City (11 total wells) have similar
designs to irrigation wells, though unlike irrigation wells, are pumped year-round. Many
production wells have long screen intervals, or multiple screen intervals that intersect multiple
geologic formations and productive layers of the aquifer.
Major surface water bodies in the Subbasin include the Sacramento River, Stony Creek, and
Thomes Creek. The Sacramento River and Stony Creek are dammed and managed by USBR for
irrigation supply and for flood control by USACE. In addition, the Sacramento River flows
released at Shasta Dam are controlled to keep water temperature lower to accommodate fish.
Thomes Creek and smaller ephemeral streams found within the Subbasin are not a significant
source of water supply due to their intermittent nature and lack of storage reservoirs.
The Sacramento River and the two creeks are interconnected with groundwater at some locations
and at certain times of the year. The Sacramento River and the other creeks, to a lesser extent,
provides a significant source of groundwater recharge to the alluvial aquifer. Surface water flow
and recharge of groundwater aquifers is greatest in the winter and spring when precipitation is
highest; flow in the river and creeks in the summer and fall dry season is generally supported by
baseflow from groundwater and very little groundwater recharge occurs.
Data gaps identified in the HCM that will be addressed with additional studies during GSP
implementation include the following:
•

Western Boundary of the Subbasin: there is some uncertainty as to the western
boundary of the alluvial basin, as there is anecdotal evidence that some wells in this
portion of the Subbasin are drilled into fractured rock and not the alluvial aquifer.

•

Tehama-Tuscan Transition Zone: The geologically complex environment created by
the contemporaneous deposition of the Tehama and Tuscan Formations is not completely
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understood and further investigations could be used to refine the groundwater model that
supports the GSP.
•

Hydrogeologic Parameters: Existing knowledge of aquifer parameters is limited for
some of the Subbasin’s formations, namely the Tuscan and Tehama Formations.
Refinement of aquifer properties could improve calibration of the groundwater modeling
that supports the GSP.

Groundwater conditions for each of the 6 SGMA sustainability indicators are described below:
Groundwater Elevations – Groundwater level data collected from the 1920s to the 2000s
reflect a long-term stable groundwater level trend, with groundwater level declines in dry period
followed by recovery during wet periods. Since the early 2000s, most wells in the Subbasin show
a general groundwater level decline, particularly in the last decade and in portions of the
Subbasin where groundwater is used extensively for irrigation and is not recharged much by
surface water. A representative hydrograph showing groundwater levels in a well over time is
shown on Figure ES-5.
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Figure ES-5. Representative Groundwater Level Hydrograph

Due to increasing water demands, groundwater levels are 40 feet lower than they were in the
early 2000s in some areas, with the greatest declines found in the northern and western portions
of the Subbasin. In the southern portion of the Subbasin where surface water supplies are more
reliable and groundwater is recharged by Stony Creek, groundwater levels are relatively stable.
Similarly, closer to the Sacramento River in the eastern portion of the Subbasin, groundwater
levels are also stable. Seasonal groundwater level fluctuation on the order of 10 to 30 feet occurs
in most wells, with seasonal highs around March/April and seasonal lows around October. Longterm groundwater level trends are consistent at various depths in the principal aquifer.
Change in Groundwater Storage – Change in groundwater storage is directly related to change
in groundwater levels. Historically, the water levels fluctuated seasonally, and average change in
storage over time was positive. Since 2000, groundwater levels have a net decline across portions
of the Subbasin, causing an annual loss of groundwater in storage. Change in groundwater
storage is estimated using the groundwater model developed for the GSP. The annual average
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change in groundwater storage simulated by the groundwater model between 2000 and 2015 is
about -7,600 AF/yr, resulting in a cumulative net loss of 114,500 acre-ft. More information on
groundwater storage is provided in Section 4 - Water Budgets.
Subsidence – Land subsidence refers to the gradual lowering or sudden sinking of the land
surface and if allowed to occur may impact critical infrastructure such as roads, bridges,
irrigation canals, and wells. Aquifer-system compaction can occur in certain sedimentary basins
where more groundwater is withdrawn than is being replenished, causing dewatering of
sediments. Dewatering depressurizes the aquifer skeleton and compacts clay layering, leading to
decline in the ground surface. There are many factors that can contribute to land subsidence,
though per the GSP Regulations only inelastic, or irreversible, subsidence caused by
groundwater pumping is the responsibility of the GSAs. Subsidence data collected during
2004 to 2017 land surface elevation surveys, since 2015 by satellite, and since 2004 at a single
extensometer installed in a monitoring well have largely indicated that minimal inelastic
subsidence has occurred to date. However, the southern portion of the Subbasin near Orland has
some risk of future subsidence based on measured subsidence to the south in the Colusa
Subbasin that is correlated with up to 50 feet of groundwater level decline since 2005.
Sacramento Valley-wide change in land surface elevation data from the Corning Subbasin
between 2008 and 2017 was generally small, with one outlying measurement of 0.3 foot on the
Colusa Subbasin border near Orland. Review of Interferometric Synthetic-Aperture Radar
(InSAR) satellite data measured in the Subbasin since 2015 is also minimal, with cumulative
subsidence of less than or equal to 0.1 foot throughout the Subbasin between 2015 and 2019.
There have been no impacts to infrastructure reported in the Subbasin related to land surface
subsidence.
Groundwater Quality – Groundwater quality in the Subbasin is typically very good and is
suitable for all beneficial uses. Overall, the Subbasin relies on groundwater that generally meets
or exceeds primary and secondary drinking water quality standards, or maximum contaminant
levels (MCLs) established by the SWRCB.
•

Anthropogenic contamination of groundwater is not extensive in the Subbasin with
only a few known contaminant releases from dry cleaners, gas stations, and other
industrial sites in urban areas. The assessment and remediation of these sites is being
overseen by the CVRWQCB or other agencies.

•

The primary non-point source constituents of concern in the Sacramento Valley are
salinity and nitrate. Recent regional groundwater quality data from the Subbasin
reflects that regional groundwater quality is generally high quality and suitable for all
beneficial uses:
o Elevated salinity in groundwater generally occurs from natural hydrogeologic
factors, such as leaching from marine sediments on the Coast Range, and can
be related to accumulation and flushing of salts from soil due to irrigation.
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Salinity is commonly measured in drinking water wells using total dissolved
solids (TDS). TDS has a lower secondary MCL (SMCL) of 500 milligrams
per Liter (mg/L) and upper SMCL of 1,000 mg/L related to taste and odor,
rather than health concerns. TDS concentrations in groundwater supply wells
is less than the SMCL. There is a lack of salinity data collected in the western
portion of the Subbasin; regional data suggests that TDS between the lower
and upper SMCLs may be present because of shallower depths of the
underlying marine-deposited sediments below the principal aquifer at the
margins of the valley.
o Nitrate in groundwater is typically anthropogenic and can originate from
nitrogen fertilizers, dairy farms, and septic systems. The nitrate MCL is
health-based and is 10 mg/L as nitrogen, which is equivalent to 45 mg/L as
nitrate as it is sometimes reported. Recent nitrate detections above the
health-based regulatory standard are limited to monitoring wells at point
source contaminant sites and a single Irrigated Lands Regulatory Program
(ILRP) domestic well to the northwest of the City of Corning. Nitrate
concentrations are well below the MCL in public supply wells.
•

Arsenic is commonly found throughout California due to its natural occurrence in
some geologic formations. The health-based-arsenic MCL of 0.01 mg/L is low,
making it a common risk driver. Arsenic is commonly detected in some wells in the
Subbasin but is almost always at low concentrations and is below the MCL in public
supply wells.

Interconnected Surface Water – Surface water connected to the groundwater system is referred
to as interconnected surface water. If adjacent groundwater elevations are higher than the
stream’s water level, the stream is referred to as a gaining stream because it receives water from
a connected aquifer. If groundwater elevations are lower than the water level in the stream, it is
termed a losing stream because it loses water to the connected aquifer. If the groundwater
elevation is below the streambed elevation, the stream and groundwater are considered to be
disconnected. SGMA does not require that permanently disconnected stream reaches be
managed, as pumping would no longer affect those streams. Interconnected surface water
impacts prior to SGMA enaction in 2015 do not need to be addressed by the GSP. Interconnected
surface water is assessed using the groundwater model discussed in Section 4 and in Appendix
4C, stream discharge measured at stream gauges, and groundwater levels in shallow wells near
interconnected stream reaches.
The Subbasin’s 3 major rivers and creeks are variably connected to groundwater. Areas of
known interconnections between surface water and groundwater are described below:

Corning Subbasin Groundwater Sustainability Plan
November 2021

ES-13

•

The Sacramento River is generally connected to shallow groundwater across the
Northern Sacramento Valley Region. The Sacramento River is usually gaining, with
groundwater discharging as baseflow into the river in most of the reach along the
eastern boundary of the Subbasin. In periods of high river flows and in areas with
lower groundwater elevations than the stream stage, the Sacramento River provides
an important source of groundwater recharge to the Subbasin.

•

Thomes Creek runs dry seasonally in much of the Subbasin and is mostly
disconnected from groundwater as the groundwater level is much deeper than the
creek bed. Where connected to groundwater closer to the Sacramento River, the creek
generally recharges, or loses water to groundwater.

•

Stony Creek is generally gaining baseflow from groundwater in the OUWUA service
area where surface water is used for irrigation and is losing or recharging
groundwater downstream of the OUWUA service area where groundwater is used for
irrigation. Irrigation with surface water in-lieu of groundwater pumping by OUWUA
growers both recharges the transmissive alluvial fan with applied water and avoids
groundwater level declines caused by groundwater pumping. Further downstream
where groundwater is the sole source of irrigation water supply, Stony Creek is an
important source of groundwater recharge due to generally losing conditions induced
by deeper groundwater levels.

Groundwater-Dependent Ecosystems (GDEs) - Although not a sustainability indicator,
identification of groundwater-dependent ecosystems is required by §354.16(g) of the GSP
Regulations as a beneficial user of groundwater, and for assessing interconnected surface water.
GDEs are ecosystems with root systems that access shallow groundwater for sustenance and can
only typically reach a maximum rooting depth of 30 feet. GDEs are present in the Subbasin,
supported by groundwater at depths less than 30 feet below ground surface in close proximity to
the Sacramento River and in the southeastern portion of the Subbasin near Hamilton City.
Shallow groundwater is found in some portions of the Subbasin where ephemeral Burch Creek
and Hall Creek merge before flowing into the Sacramento River; this could be due to perched
groundwater fed by surface water runoff in this area.
Seawater Intrusion – The Corning Subbasin does not border any oceanic or deltaic
environments and therefore seawater intrusion is not an applicable sustainability indicator.
Data Gaps
Data gaps identified in the historical and current groundwater conditions that will be addressed
with installation of monitoring sites and/or additional data collection during GSP implementation
include the following:
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•

Groundwater elevation and quality data is limited in some areas of the Subbasin, mainly
in the western portion of the Subbasin and along Thomes Creek

•

Stream flows are not well measured on Thomes Creek

•

Additional evaluation of potential GDEs are necessary

ES-4 Water Budget (GSP Section 4)
Water budgets provide an accounting and assessment of the total annual volume of groundwater,
surface water, and precipitation entering and leaving the Subbasin. The water budgets are
compiled over 3 time periods depicted on Figure ES-6 and simulated with the integrated
hydrologic model developed for this GSP. For the current water budget, the 2018 land use in
Tehama County, 2015 land use in Glenn County, and 2015 water use is held constant over the
entire simulation period and applied to the historical hydrology. For the projected water budget,
DWR-developed climate change scenarios were used to replace the climate and hydrology in the
historical model.
HISTORICAL WATER BUDGETS
(historical calibrated base model)
Historical land use, water use, climate, and hydrology
Time frame: WY 1974-2015

CURRENT WATER BUDGETS
(forward looking model)
Current land use (2018 for Tehama Co, 2015 for Glenn Co) and water use (2015)
Historical climate and hydrology from WY 1974 -2015

PROJECTED WATER BUDGETS
(projected model used for implementation simulations)
Current land use (2018 for Tehama Co, 2015 for Glenn Co) and water use (2015)
Projected climate and hydrology in 2030 and 2070

Figure ES-6. Water Budget Timeframes

The GSP Regulations require a surface water budget and a groundwater budget in addition to a
total Basin-wide water budget. This GSP also describes a land-surface budget to evaluate water
demands and sources of water to meet agricultural irrigation. Each water budget provides
important information on relative contribution of each component to the overall water budget.
When comparing the results from each of the time frames, potential trends in water budget gains
and losses can be established for future groundwater management.
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The groundwater budget summarizes total groundwater pumping and change in groundwater
storage both annually and cumulatively over the full simulation period. The land surface budget
provides information on the total water demand and relative use of surface water versus
groundwater. The surface water budget primarily quantifies stream interactions with
groundwater depletions. In this Subbasin, streams delineate the boundary with other subbasins
which creates uncertainties in the Subbasin estimate of stream depletion due to actions in
neighboring subbasins. Water budget simulation results are summarized as annual average pie
charts shown on Figure ES-7.
Key take-aways from the detailed water budgets are:
•

The simulated historical average annual gain of groundwater in storage is 6,900 AF,
which indicates that the Subbasin is generally in balance over the historical time
period. The Subbasin displays a cumulative 1 gain in groundwater storage of 290,300
AF over the historical simulation period (1974-2015).

•

An increase in irrigated farmland and decrease in surface water deliveries causes
groundwater pumping for irrigation to increase over time. Average annual
agricultural pumping increased by about 20,700 AF from the historical
(132,300 AF/yr) to current simulation (153,000 AF/yr) and is projected to continue to
increase in the future compared to current conditions, from 6,300 AF in 2030
(159,300 AF/yr) to 14,300 AF in 2070 (167,300 AF/yr).

•

Cumulative and annual change in groundwater storage is slightly declining in the
current water budget compared to the historical water budget; therefore, if water
management stays the same, the Subbasin may continue to experience storage
declines and water level declines and an overall worsening of conditions compared to
historical conditions.
o The average annual gain in groundwater in storage in the current simulation
decreases in comparison to the historical timeframe, driven mainly by
decreases in surface water availability. The annual average change in storage
in the current simulation is 5,800 AF less than the historical period (Figure
ES-7). This results in a cumulative gain of groundwater in storage of 56,100
AF over the 50-year simulation period, which is 234,200 AF less than for the
historical groundwater budget.
o Projected water budgets have further reductions of groundwater in storage
compared to the current water budget with 700 AF/yr less storage on average
in the 2030 simulation and 1,500 AF/yr less storage on average in the 2070
simulation. This results in a cumulative decrease of groundwater in storage of

1

total annual change in storage over the simulation time frame
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34,900 AF in the 2030 projection and 75,800 AF in the 2070 projection. The
2070 projected water budget has a cumulative loss of groundwater in storage
of 19,700 AF over the 50-year projected period, which is indicative of an
imbalanced water budget.
•

The current, 2030, and 2070 water budgets have increasingly less groundwater
discharge to streams and more streambed recharge to groundwater, indicating that
progressively lowered groundwater elevations in the future may draw more water
from the Subbasin’s streams and contribute less groundwater baseflow in return.

•

Overall observations on historical, current, and future baseline groundwater budgets:
o Historical: Subbasin is generally in balance but the trend is downward in
recent decades.
o Current (if all things stay the same): Somewhat declining trend in
groundwater levels due to increased pumping and decreased surface water
deliveries. Overall a bit worse than historical.
o Projected baseline with climate change: The Subbasin begins to experience
continual imbalance, particularly in the 2070 projection; will probably need to
implement projects and management actions to maintain groundwater levels.

The sustainable yield per the GSP Regulations is the volume of groundwater that can be
pumped without causing undesirable results. Since undesirable results for the Sustainable
Management Criteria (SMC) defined in Section 6 were not shown to occur in the 2070
simulation, this projection was used to define the sustainable yield. The annual average loss
in storage in this simulation is 400 AF, so this volume of overdraft was subtracted from the
average annual pumping of 172,200 AF, resulting in a sustainable yield of approximately
171,800 AF of groundwater pumping per year.
Simulated projected water budgets, along with sustainability indicator monitoring and SMC
evaluation, will provide verification of sustainability during GSP implementation.
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Figure ES-7. Groundwater Budget Pie Charts
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ES-5 Monitoring Network (GSP Section 5)
Monitoring networks are developed to promote the collection of data of sufficient quality,
frequency, and distribution to characterize groundwater conditions in the Subbasin and to
evaluate changing conditions that occur as the Plan is implemented. The GSP establishes
monitoring networks for each of the 5 relevant sustainability indicators based on existing
monitoring sites, with groundwater levels being used as a proxy to assess reduction of
groundwater storage and depletion of interconnected surface water. For some sustainability
indicators, it is necessary to expand existing monitoring systems to more effectively monitor
conditions in all areas used for groundwater supply. Filling data gaps and developing more
extensive and complete monitoring systems during GSP implementation will improve the GSAs’
ability to manage for and demonstrate sustainability and help refine the HCM and groundwater
model.
•

Groundwater Elevations are actively measured in 102 designated monitoring wells
which form a sufficient network to demonstrate groundwater occurrence, flow directions,
and hydraulic gradients between the principal aquifer and surface water features. The 102
well GSP monitoring network includes 94 wells in the existing DWR CASGEM network
and 8 new observation wells installed by DWR in 2021 to help Glenn and Tehama
County fill data gaps for GSP groundwater level monitoring. The GSAs identified 58
representative monitoring points (RMPs) out of the 102 total wells for assessing the
chronic lowering of groundwater level SMC during GSP implementation.

•

Groundwater Storage is measured using groundwater levels as a proxy at chronic
lowering of groundwater level RMP wells, and will be reevaluated every 5 years with the
updated groundwater model.

•

Land Subsidence data have historically been collected from a network of 20 survey
monuments and 1 extensometer in the Subbasin. For SGMA implementation, DWR has
also made available InSAR satellite data for subsidence analysis. The Subbasin will rely
on the InSAR monitoring network as the RMP to assess sustainability during GSP
implementation. Supplemental subsidence data from other networks will be collected and
reviewed when available.

•

Groundwater Quality is historically evaluated through a variety of groundwater quality
programs, mainly overseen by the CVRWQCB, DWR, and county entities. Recent
monitoring data are available from 28 public supply wells, 22 DWR observation wells, 1
ILRP supply well, 4 Dairy Program wells, 4 Glenn County irrigation supply wells, and
from 6 environmental assessment and/or remediation sites. SMC for groundwater quality
are based on TDS concentrations in public supply wells, so only public supply wells that
are monitored for TDS are included in the groundwater quality RMP network. Other
groundwater quality monitoring data collected in the Subbasin will be reviewed as
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available to support understanding of regional groundwater quality, although these
locations will not be used to formally assess sustainability. The GSAs will rely on other
agencies to enforce ongoing regulatory programs to monitor and address point source and
ambient groundwater quality impacts, and will coordinate with these agencies through
GSP implementation to evaluate the ongoing health of the aquifer.
•

Interconnected Surface Water depletion will be assessed using groundwater levels as a
proxy, using a subset of the water level RMP wells that are near interconnected streams.
Streamflow depletion can increase as groundwater levels decrease due to pumping.
Stream stage and discharge data from stream gages will also be reviewed, although it will
not be used to formally assess sustainability.

The GSAs have developed a Data Management System (DMS) to store, review, and upload data
collected as part of GSP development and implementation. The Corning Subbasin DMS
comprises an Access database and an initial ArcGIS Online web mapping application, including
monitoring network well locations, groundwater level contours, and other data related to the GSP
development process. The GSAs collaborated with Tehama County and Glenn County on the
design of the DMS, and on the data upload process.

ES-6 Sustainable Management Criteria (GSP Section 6)
Sustainable Management Criteria (SMC) define the conditions that constitute sustainable
groundwater management designed to achieve the locally defined sustainability goal:
The sustainability goal of the GSP is to ensure sufficient and affordable water of good
quality be available on a sustainable basis to meet the unique needs of agricultural,
residential, municipal, industrial, recreational, tribal, and environmental users within the
Corning Subbasin, both now and in the future. The GSAs recognize that sustainability
can only be possible with the support of the public and coordination of local, state, tribal,
and federal agencies and the utilization of both surface and groundwater resources.
The SMC were developed using publicly available information, feedback gathered during public
meetings, and recommendations from GSA staff and CSAB members. A description of the SMC
for each of the 5 applicable sustainability indicators is included in Table ES-1. Each
sustainability indicator includes metrics for the following SMC:
•

Minimum thresholds – specific, quantifiable values for each sustainability indicator
used to define undesirable results (i.e., indicators of unreasonable conditions that should
not be exceeded)

•

Measurable objectives – specific, quantifiable goals that provide operational flexibility
above the minimum thresholds (i.e., goals the GSP is designed to achieve)
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•

Interim milestones – target values representing measurable groundwater conditions, in
increments of five years (i.e., checkpoints to assess progress relative to the measurable
objectives)

•

Undesirable results – quantitative combinations of minimum thresholds

These metrics were developed from the basis of what is locally defined as significant and
unreasonable conditions for each sustainability indicator, as described in Section 6. The SMC
detailed in Table ES-1 define the Subbasin’s future conditions and commit the GSAs to actions
that will meet these objectives. In general, the SMC are designed to maintain conditions similar
to current conditions, while providing some flexibility to account for changes in climate and
water availability in the future. The GSP addresses the impacts and benefits of meeting the
SMCs on the beneficial uses and users of groundwater, including irrigation, public supply,
domestic supply, and environmental uses both in the Subbasin and in neighboring Subbasins.
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Table ES-1. Sustainable Management Criteria Summary
Sustainability
Indicator
Chronic
lowering of
groundwater
levels

Interim
Milestones
Linear trend
between current
conditions and
measurable
objective.

Measurement
Annual fall groundwater
elevation measured in
representative monitoring well
network by County or DWR.

Minimum Threshold
Stable wells: Minimum fall
groundwater elevation since
2012 minus 20-foot buffer.
Declining wells: Minimum fall
groundwater elevation since
2012 minus 20% of minimum
groundwater level depth.

Measurable Objective
Stable wells: Maximum fall
groundwater elevation since 2012
Declining wells: Maximum fall
groundwater elevation in 2015

Reduction in
groundwater
storage

Using groundwater levels as a
proxy - same as chronic
lowering of groundwater levels
network.

Amount of groundwater in storage
when groundwater elevations are
at their measurable objective –
since groundwater levels are
used as a proxy, same as chronic
lowering of groundwater levels
measurable objectives.

Same as chronic
lowering of
groundwater
levels.

Degraded
groundwater
quality

Annual total dissolved solids
(TDS) measured by water
providers at public supply wells
in the Subbasin.

Amount of groundwater in
storage when groundwater
elevations are at their
minimum threshold– since
groundwater levels are used
as a proxy, same as chronic
lowering of groundwater
levels minimum thresholds.
TDS concentration of
750 mg/L at public supply
wells.

California lower limit SMCL
concentration for TDS of
500 mg/L measured at public
supply wells.

Identical to
current
conditions

Land
Subsidence

Inelastic land subsidence
measured by InSAR data
available from DWR, and
periodic measurements at the
survey monuments

No more than 0.5 foot of
cumulative subsidence over
a five-year period (beyond
the measurement error),
solely due to lowered
groundwater elevations

Identical to
current
conditions

Depletion of
interconnected
surface water

A subset of shallow wells used
for monitoring the chronic
lowering of groundwater levels,
of DWR observation wells near
interconnected streams.

Same as chronic lowering of
groundwater levels.

Zero inelastic subsidence, in
addition to any measurement
error. If InSAR data are used, the
measurement error is 0.1 ft and
any measurement of 0.1 ft or less
would not be considered inelastic
subsidence.
Same as chronic lowering of
groundwater levels.
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Same as chronic
lowering of
groundwater
levels.

Undesirable Result
20% of groundwater elevations
measured at RMP wells drop below the
associated minimum threshold during 2
consecutive years. If the water year
type is dry or critically dry then levels
below the MT are not undesirable if
groundwater management allows for
recovery in average or wetter years.
Same as chronic lowering of
groundwater levels.

At least 25% of representative
monitoring sites exceed the minimum
threshold for water quality for 2
consecutive years at each well where it
can be established that GSP
implementation is the cause of the
exceedance.
Any exceedance of a minimum
threshold that is irreversible and caused
by lowering groundwater elevations.

Same as chronic lowering of
groundwater levels.

ES-22

ES-7 Projects and Management Actions (GSP Section 7)
Projects and management actions will be necessary during GSP implementation to maintain a
viable and sustainable supply of groundwater for future generations.
Successful project and management action implementation to achieve sustainability in the
Corning Subbasin will rely on the following approaches:
•

Provide for more flexible use of existing water resources to increase conjunctive use.
Conjunctive use means that surface water use is maximized so that groundwater in
storage can be relied on when surface water is not available.

•

Develop and incentivize best practices for on-farm and irrigation water management.

•

Maximize groundwater recharge using available supplies.

•

Facilitate collaboration with local, state, tribal, and federal agencies for successful water
resources management.

The projects and management actions included in the GSP outline a framework for achieving
sustainability. However, many details remain to be negotiated before most of the projects and
management actions can be implemented, including:
•

Additional vetting by all necessary stakeholders

•

Acquisition of funding as most projects and management actions are beyond the agreedupon scope for GSP implementation

•

Coordination with neighboring GSAs for projects that benefit areas outside of the
Subbasin

Negotiating project details, project leads, funding, commitments, among other aspects, will take
place during GSP implementation.
The list of priority projects and management actions included in Table ES-2 and Table ES-3,
respectively, will be refined during GSP implementation. Not all of the projects and management
actions described are likely necessary to attain sustainability. Additional alternative projects are
included in the GSP to provide conceptual approaches for projects that are not well-defined at
this stage and will be considered, if necessary, at a later stage during GSP implementation. The
GSAs will identify specific projects and management actions to pursue during the first few years
of GSP implementation and initiate plans to address some of the most feasible measures. After
narrowing the list of potential projects and management actions, the GSAs will coordinate with
agencies and stakeholders to assess the feasibility, funding, and design during the first 5 years of
GSP implementation.
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Table ES-2. Priority Management Actions
Name
Well Management
Program

Management Action
Type
Well management

Purpose
Better understand well distribution in
the Subbasin and protect well owners
from future impacts

Location
Entire Subbasin

Description
Includes various projects, incentives, and actions,
such as:
1. Compile well inventory
2. Provide education and outreach to well owners
3. Develop a dry well reporting system
4. Establish a well mitigation program

Grower Education

Grower education / best
management practices

Grower education relating to on-farm
practices for sustainable groundwater
management. This includes promoting
conjunctive water use and water use
efficiency.

Initial focus on Corning,
Thomes Creek, and
Kirkwood WDs

Educate growers on the value of using surface
water over groundwater when available, replacing
inefficient wells, adding organic amendments to
improve moisture retention, soil mapping for
custom irrigation timing and duration. Explore
starting a groundwater users cooperative to
coordinate pumping schedules (this could also
happen in the Capay Area).

Policies and
Ordinances

Policies and ordinances
that control pumping
growth

Establish water and land use
management restrictions on future well
pumping and new agricultural growth,
for better sustainable groundwater
management.

Both counties starting with
Tehama County

Coordinate with counties to establish or revise
County well permitting, water use, and land use
ordinance or policies to align with GSP.

Incentivize growers within districts to
use all contracted surface water for
better conjunctive use.

Water Districts

Implementation-Ready project in Corning WD.
Needs infrastructure improvements in OUWUA,
Thomes Creek WD, and Kirkwood WD

Use of Full Surface
Water Allocation

Grower education / best
management practices
and
water transfers /
contracting
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Table ES-3. Priority Projects
Project Name

Project Type

Purpose

Location

Project Development Status

OUWUA Infrastructure
Improvements for In-Lieu
Recharge

In-lieu groundwater recharge

Improve surface water
conveyance and irrigation
infrastructure for surface water
use in lieu of groundwater
pumping

Orland Project Area

Pre-Design / Planning Stage

Regional Surface Water
Transfers for In-Lieu Recharge

In-lieu groundwater recharge

Incentivize the use of surface
water within the subbasin by
transferring water into the
Subbasin from other CVP
districts

Water Districts

Implementation-Ready

Invasive Plant Removal

Reduction of Non-Beneficial ET

Invasive plan removal to reduce
shallow groundwater use and
restore native habitat

Focus on Stony Creek

Pre-Design / Planning Stage

Groundwater Recharge
through Unlined Conveyance
Features

Direct Groundwater Recharge

Groundwater recharge through
unlined canals and natural
drainages including ephemeral
streams

Tehama County

Conceptual

Off-stream Surface Water
Storage

In-lieu groundwater recharge

Off-stream temporary storage of
flood waters on private lands

Outside District Areas - Tehama
County

Conceptual

City of Corning Stormwater
Recharge

Direct Groundwater Recharge

City of Corning stormwater
improvements/groundwater
recharge

City of Corning

Conceptual
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ES-8 Plan Implementation (GSP Section 8)
The GSP provides a roadmap for addressing activities needed for GSP implementation between
2022 and 2042, focusing mainly on the activities to be started and completed within the first 5
years of implementation, between 2022 and 2027. Implementing the Plan requires the following
formative activities:
•

Ongoing GSA administration, stakeholder outreach, and coordination with neighboring
Subbasins’ GSAs

•

Develop and implement funding mechanisms to support the GSA functions

•

Collect and compile groundwater, surface water, and subsidence data per the GSP monitoring
plan

•

Prepare GSP annual reports and 5-year GSP update reports to inform DWR and the public on
the status of groundwater sustainability and other GSP implementation tasks

•

Address identified data gaps

•

Expand and improve the existing monitoring networks

•

Update the data management system

•

Update and refine the groundwater model

•

Evaluate, prioritize, and refine projects and management actions

The GSAs estimate that planned activities will cost approximately $5,390,000 over the first 5
years of implementation (including a 10% contingency), or an estimated $1,078,000 per year.
Potential funding mechanisms were initially reviewed during GSP development and will be
refined and implemented during implementation. The GSAs assume that grant funds or
assistance from the DWR, USBR, and other agencies will be available to help pay for some of
the required GSP components such as monitoring network enhancement, addressing HCM data
gaps, and implementing projects and management actions for groundwater sustainability.
The GSAs are prepared to begin implementation of the Plan upon adoption by the GSAs,
followed by submittal of the GSP to DWR by January 31, 2022. During the first 5 years of GSP
implementation, the GSAs strive to fill remaining data gaps, complete the monitoring networks,
and begin to implement measures to achieve sustainability. GSP implementation is an iterative
process and Plan elements will be revisited and revised as conditions change and in some cases
are better understood. The ultimate goal of the GSP is groundwater sustainability in the
Subbasin. This goal will be achieved by following the roadmap outlined in the Plan and through
robust collaboration between the GSAs, stakeholders, agencies, growers, the tribes, neighboring
subbasins, and the communities in the Subbasin over the next 50 years.
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1 INTRODUCTION TO THE CORNING SUBBASIN GROUNDWATER
SUSTAINABILITY PLAN
This Groundwater Sustainability Plan (GSP or “Plan”) was prepared for the Corning Subbasin
(Subbasin) (Figure 1-1) to fulfill the requirements of the 2014 California Sustainable
Groundwater Management Act (SGMA). This section of the Plan presents the purpose of the
GSP, the Subbasin sustainability goal, and pertinent information about the local Groundwater
Sustainability Agencies (GSAs or Agencies) formed to develop and implement the Plan.

Figure 1-1. Corning Subbasin Location

1.1 Purpose of the Groundwater Sustainability Plan
The purpose of the GSP is to provide a framework for the Subbasin to achieve groundwater
sustainability within the 50-year planning and implementation horizon as defined by SGMA
legislative sections §10720 to 10737.8 of the California Water Code (CWC). The Corning
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Subbasin (5-021.51) was required by SGMA to develop and approve a GSP by January 31, 2022,
based on its classification by the California Department of Water Resources (DWR) as a high
priority subbasin in the 2019 Basin Boundary Modifications process (DWR, 2020a) and as not
critically overdrafted in the Bulletin 118 - 2016 Update (Bulletin 118; DWR, 2016a). SGMA
requires that medium- and high-priority groundwater basins and subbasins develop GSPs that
outline how they will achieve groundwater sustainability within 20 years of GSP
implementation. This GSP fulfills that requirement for the Corning Subbasin of the Sacramento
Valley Groundwater Basin.
The Corning Subbasin is located on the border of Glenn and Tehama counties and comprises a
portion of the Sacramento Valley Groundwater Basin. The Subbasin is bounded by the
Sacramento River to the east, Stony Creek and the Tehama-Glenn county line to the south, the
Coast Ranges to the west, and Thomes Creek to the north. The Subbasin is bounded by 5
medium- and high-priority Sacramento Valley Groundwater Subbasins to the north, east, and
south as shown on Figure 1-2. The Coast Range to the west of the Subbasin is not defined by
DWR as a groundwater basin and is not managed under SGMA.

Figure 1-2. Adjacent Subbasin Locations
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The purpose of this GSP is to outline how the Agencies will achieve groundwater sustainably in
the Subbasin within 20 years, and maintain sustainability for an additional 30 years. It aims to
satisfy the GSP requirements of SGMA by:
•

Describing the plan area and basin setting, including geographic features, a
hydrogeologic conceptual model, and groundwater conditions based on technical studies
and best available information

•

Developing a water budget that provides an accounting and assessment of the total annual
volume of groundwater and surface water entering and leaving the Subbasin for
historical, current, and projected conditions

•

Defining a locally determined sustainability goal that culminates in the absence of the 6
undesirable results set forth in SGMA, through the planning and implementation horizons

•

Identifying and describing quantifiable, measurable objectives, minimum thresholds, and
undesirable results for each applicable sustainability indicator of the 6 set forth in SGMA

•

Establishing a monitoring network to collect data of sufficient quality, frequency, and
distribution to characterize groundwater and related surface water conditions and evaluate
changing conditions that occur through implementation of the Plan

•

Specify projects and management actions to meet the sustainability goal for the Subbasin
in a manner that can be maintained over the planning and implementation horizon, as
well as develop an approach for Plan implementation and funding

This plan was developed with all beneficial uses and users of groundwater in the Subbasin in
mind, and benefitted from a collaborative, open, and transparent approach with local
stakeholders. In particular, as this basin has very little urban groundwater use, as compared to
agricultural groundwater use, domestic well owners and Disadvantaged Communities (DACs)
were important stakeholders considered in this Plan (Section 2.16.3). In addition, the Paskenta
Band of Nomlaki Indians (Paskenta Band) (location shown on Figure 1-1) was engaged early in
the process of SGMA understanding, GSA formation, and GSP development, as evidenced by
initial notifications sent and meetings held with their Tribal Council (additional information is
provided in Section 2.14.4).
This GSP was developed to be protective of both groundwater levels and groundwater quality for
all beneficial users including residential well owners and DACs. By addressing all beneficial
uses and users of groundwater, the GSP has addressed California’s Human Right to Water.
Additional information on how the Human Right to Water was considered in this GSP is
provided in subsequent sections, such as Section 2.16 Notice and Communication, and Section 6
on Sustainable Management Criteria.
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1.2 Sustainability Goal
Under SGMA, each GSP shall establish a sustainability goal for the subbasin that culminates in
the absence of undesirable results within 20 years of submission of the GSP. The Plan must use
subbasin information to locally define the sustainability goal and include a discussion of the
measures that will be implemented to reach the goal within the 20-year planning and
implementation timeline. Following CWC Section §10721(x), the Agencies define the
sustainability goal as the absence of the following 6 undesirable results throughout the subbasin:
1. Chronic lowering of groundwater levels indicating a significant and unreasonable
depletion of supply
2. Significant and unreasonable reduction of groundwater storage
3. Significant and unreasonable seawater intrusion
4. Significant and unreasonable degraded water quality, including the migration of
contaminant plumes that impair water supplies
5. Significant and unreasonable land subsidence that substantially interferes with surface
land uses
6. Depletions of interconnected surface water that have significant and unreasonable
adverse impacts on beneficial uses of the surface water
In this GSP, the Agencies provide locally defined values for significant and unreasonable harm
for each of the applicable undesirable results above. Further, they provide quantifiable
measurable objectives, interim milestones, and minimum thresholds for sustainability indicators
corresponding to each undesirable result applicable within the Corning Subbasin. The GSAs
considered all available data and evaluated long-term trends to define undesirable results.
The sustainability goal for the Corning Subbasin was defined by GSAs and stakeholders as:
The goal of the Groundwater Sustainability Plan is to ensure sufficient and affordable
water of good quality be available on a sustainable basis to meet the unique needs of
agricultural, residential, municipal, industrial, recreational, tribal, and environmental
users within the Corning Subbasin, both now and in the future. The GSAs recognize that
sustainability can only be possible with the support of the public and coordination of
local, state, tribal, and federal agencies and the utilization of both surface and
groundwater resources.
The sustainability goal is further defined and described in Section 6 – Sustainable Management
Criteria.
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1.3 Agency Information (Reg. §354.6)
This GSP was developed by 2 GSAs shown on Figure 1-3: The Corning Sub-basin GSA
(CSGSA) and the Tehama County Flood Control and Water Conservation District (TCFCWCD).
The TCFCWCD is the exclusive GSA for the portion of the Subbasin within Tehama County.
The CSGSA is the exclusive GSA for the Glenn County portion of the Subbasin. These agencies
have the legal authority to become GSAs according to CWC §10720 et seq., as they are
responsible for water supply, water management, and/or land use within their respective portions
of the Subbasin. The 2 GSAs involved in the development of this GSP were formed in
accordance with the requirements of CWC §10723 et seq. The following sections describe their
organization and management structure and each agency’s specific authorities for GSA
formation and groundwater management.

Figure 1-3. Corning Sub-basin GSAs
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1.3.1 Corning Sub-basin GSA
1.3.1.1

Organization and Management Structure of the Agency (§354.6(b))

CWC §10723.6 authorizes a combination of local agencies overlying a groundwater basin or
subbasin to elect to become a GSA by using a Memorandum of Agreement (MOA) or other legal
agreement. The CSGSA was formed in 2017 through an MOA between Glenn County and
Glenn-Colusa Irrigation District (GCID; Appendix 1A). The CSGSA serves as the exclusive
GSA for the portion of the Corning Subbasin within the jurisdictional boundary of Glenn
County. Through the MOA, a GSA Committee was established as the governing body of the
GSA. Each Party is responsible to appoint 2 representatives to serve on the GSA Committee and
may appoint 1 alternate. In 2020, the MOA was amended to include the Monroeville Water
District (WD) as a Party to the MOA and 2 representatives from the district were appointed to
the GSA Committee.
1.3.1.2

Legal Authority (§354.6(d))

The Corning Sub-basin GSA is a legal entity that is authorized to be a GSA pursuant to CWC
§10723. Upon establishing itself as a GSA, it retains all the rights and authorities provided to
GSAs under CWC §10725 et seq. It has legal authority to implement a GSP over the portion of
the Corning Subbasin within the jurisdictional boundary of Glenn County.
1.3.1.3

Name and Contact Information of Plan Manager (§354.6(c))
Lisa Hunter, Water Resource Coordinator, Glenn County
lhunter@countyofglenn.net | 530-934-6540

1.3.1.4

Mailing Address (§354.6(a))
Corning Sub-basin GSA
225 North Tehama Street, Willows, CA 95988

1.3.1.5
1.3.1.5.1

Member Agency Additional Information
Glenn County

Glenn County is authorized to operate as part of a GSA as it has land use jurisdiction within the
Subbasin. The Glenn County contact information is the same as that listed for the Plan
management.
1.3.1.5.2

Glenn-Colusa Irrigation District

GCID owns land within the southeastern portion of the Corning Subbasin and operates a water
diversion on the Sacramento River as well as a canal and groundwater supply wells within the
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boundaries of the Subbasin. The GCID is authorized to be part of a GSA as it has water supply
and water management jurisdiction within the Subbasin. The GCID contact associated with
development of this GSP is as follows:
Thaddeus Bettner, General Manager, GCID
tbettner@gcid.net | 530-934-8881
P.O. Box 150, Willows, CA 95988
1.3.1.5.3

Monroeville Water District

The Monroeville WD is a local water district that formed to ensure adequate representation for
district landowners in response to SGMA. The Monroeville WD was created in 2015, approved
by the Glenn Local Agency Formation Commission in 2016, and formed by election of Board of
Directors on November 14, 2017. The Monroeville WD is authorized to be part of a GSA as it
has water supply and water management jurisdiction within the Subbasin. The Monroeville WD
contact associated with development of this GSP is as follows:
Merrilee Vanderwaal, District Manager, Monroeville WD
monroevillewd@gmail.com | 530-934-7794
P.O. Box 1113, Willows, CA 95988

1.3.2 Tehama County Flood Control and Water Conservation District
1.3.2.1

Organization and Management Structure of the Agency (§354.6(b))

The TCFCWCD serves as the exclusive GSA for the portion of the Corning Subbasin within the
jurisdictional boundary of Tehama County per the Notice of Intent provided in Appendix 1B.
The Tehama County Board of Supervisors serves as the legislative and executive body of
Tehama County. The TCFCWCD Board of Directors (Board of Directors) focuses on flood
control and water supply issues in Tehama County and is the governing board for the GSA per
Resolution Number 05-2015 provided in Appendix 1B. The Board of Directors and Tehama
County Board of Supervisors are made up of the same 5 representatives. The Board of Directors
created the Tehama County Groundwater Commission (Commission) on June 7, 2016, for
SGMA decision-making and advisory responsibilities within the TCFCWCD jurisdiction in
Tehama County. The Commission is an advisory board tasked with overseeing GSP
development and implementation for all the GSPs in Tehama County. The Commission reports
to the Board of Directors. The Commission is composed of 11 members, including at least 3
members with an existing connection to the Corning Subbasin. These 3 members include 1
member appointed by the Corning City Council, and 2 members appointed by the Board of
Directors who are residents, property owners, or groundwater users within Tehama County
Supervisorial Districts Four and Five, which cover the entirety of the Tehama County portion of
the Subbasin.
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1.3.2.2

Legal Authority (§354.6(d))

The TCFCWCD is a legal entity that is authorized to be a GSA pursuant to CWC§10723. Upon
establishing itself as a GSA, it retains all the rights and authorities provided to GSAs under CWC
§10725 et seq. It has legal authority to implement a GSP over the portion of the Corning
Subbasin within the jurisdictional boundary of Tehama County.
1.3.2.3

Name and Contact Information of Plan Manager (§354.6(c))
Justin Jenson, Flood Control and Water Resources Manager, TCFCWCD
JJenson@tcpw.ca.gov | 530-385-1462

1.3.2.4

Mailing Address (§354.6(a))
Tehama County Flood Control and Water Conservation District
9380 San Benito Avenue, Gerber, CA 96035

1.3.3 Memorandum of Understanding Among Groundwater Sustainability Agencies
in the Corning Subbasin (§354.6(d))
On January 7, 2020, the Corning Sub-basin GSA and TCFCWCD (the “Members”) signed a
Memorandum of Understanding (MOU) among the 2 GSAs in the Corning Subbasin. The
Agencies entered into this MOU for the purposes of organizing the GSAs in the Corning
Subbasin and cooperating in the development of a single GSP. Specifically, the MOU
established a legal framework for the following:
1. To develop and implement a single GSP
2. To cooperatively carry out the purposes of SGMA
3. To develop, adopt, and implement a legally sufficient GSP for the Basin in order to
implement SGMA requirements and achieve the sustainability goals outlined in SGMA
4. To coordinate basin-wide public involvement and stakeholder outreach and engagement
for developing and implementing the Corning Subbasin GSP
5. To maintain mutual respect for the autonomy of individual Members and preservation of
each Member’s separate legal authorities, power, duties, and rights as separate public
agencies and GSAs.
The MOU established the Corning Subbasin Advisory Board (Advisory Board or CSAB) to
advise on the GSP preparation and implementation processes. The Advisory Board consists of 3
representatives (Member Directors) and 1 alternate appointed by the governing body of each
Member, at least 1 of whom will be an elected official member of the governing body. The
Advisory Board shall establish: 1) a GSA cooperation forum of Member Directors; 2) a publicly
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noticed meeting and process pursuant to the Ralph M. Brown Act (Brown Act, California
Government Code 54950 et seq.) for public involvement in GSP development and
implementation in the Basin; 3) a mechanism whereby Members raise, and attempt in good faith
to resolve, any disputes that may occur between and among Members pursuant to Article 9.2 of
the MOU; and 4) to make advisory recommendations to the Members concerning development
and implementation of the GSP. The Advisory Board met regularly during preparation of the
GSP to discuss progress towards completion of the Plan. Section 2.16.4 provides additional
information on CSAB activities and stakeholder outreach during development of the GSP. The
Member Directors reported recommendations to each Member’s governing body/bodies for
consideration, as GSP decision-making authority ultimately resided with the Member’s
governing bodies. Finally, the MOU also lays out the terms of agreement for the committee
formation, term, management areas, specific projects, financial provisions, and withdrawal and
termination. See Appendix 1A for the complete MOU.

1.3.4 Estimated Cost of Implementing the GSP and the GSAs’ Approach to Meet
Costs (§354.6(e))
The GSAs have developed initial cost estimates for the early phase of GSP implementation,
recognizing that costs will be adjusted as the implementation phase starts and more details on
initial activities are developed.
The GSP initial cost estimate is approximately $1,078,000 per year for the first 5 years of
implementation. This annualized estimate accounts for costs associated with Plan administration,
monitoring, reporting, information gathering, and developing GSA funding mechanisms, and
does not include costs to implement projects and management actions. This initial cost estimate
will likely change as more data become available, GSP implementation approaches are refined,
and funding mechanisms are developed. In addition, some line items may be optional or may be
delayed beyond the first 5 years to allow for funding to be arranged. The estimated cost of
implementing the GSP is described in detail in Section 8 – GSP Implementation.
During the initial phase of GSP implementation (2022 – 2026), the GSAs will evaluate and seek
to implement self-funding strategies to recover the costs of their sustainable groundwater
management activities. Budgets will be refined and cost-sharing mechanisms agreed to by the
GSAs. Grants will be pursued to help recover some of the implementation costs when available.
The GSP funding approach is described in detail in Section 8 – GSP Implementation.
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1.4 GSP Organization
1.4.1 Description of How the GSP is Organized
The Agencies used a collaborative process to develop this GSP. The GSP is organized as
follows:
Section 2 of the GSP describes the plan area, public notice and communication process. The plan
area summarizes the Subbasin geographic extent, identifies the agencies with water supply, water
management, or land use decision-making responsibility within the jurisdictional boundaries, and
summarizes the various planning and management documents such as existing general plans,
management plans, land use plans, and monitoring plans. The notice and communication portion
of Section 2 presents the public communication protocol followed during the GSP process.
Section 3 describes the basin setting, which is comprised of the hydrogeologic conceptual model
and the current and historical groundwater conditions and background information for all
applicable sustainability indicators. The basin setting uses the best available data to define
current understanding of groundwater and water conditions in the Subbasin.
Section 4 presents historical, current, and projected water budgets. The water budget provides an
accounting of the total annual volume of groundwater and surface water entering and leaving the
Subbasin, the annual groundwater overdraft (when applicable), and an estimate of sustainable
yield for the Subbasin. The water budget was based on the best available information and an
integrated hydrologic modeling tool.
Section 5 summarizes the monitoring network and protocols for data collection. This section
includes discussion of representative monitoring locations and data gaps for sustainability
indicators. The monitoring network and protocols were established for collection of
sustainability indicator data of sufficient quality, frequency, and distribution to characterize
groundwater and related surface water conditions and evaluate changing conditions that occur
through implementation of the Plan.
Section 6 describes the sustainability goal that culminates in the absence of undesirable results
during the planning and implementation horizon. The Plan summarizes the specific sustainable
management criteria, or minimum thresholds, measurable objectives, interim milestones, and
undesirable results for each applicable sustainability indicator.
Section 7 outlines projects and management actions for meeting the sustainability goal over the
planning and implementation horizon. This section describes key elements for implementing the
proposed strategies, including expected costs (as available), benefits, schedule, permitting
requirements, legal framework, and logistics such as water availability and coordination with
partner agencies.
Corning Subbasin Groundwater Sustainability Plan
November 2021

1-10

Section 8 details how the Agencies will implement the Plan. This section includes an estimate of
costs, implementation schedule, and a framework for annual and 5-year evaluations.
This GSP may be updated and adapted as new information, data analysis, and more refined
models become available. If necessary, changes to the GSP will be proposed in the 5-year
updates, or documented in annual reports, as applicable.

1.4.2 Preparation Checklist for GSP Submittal
The required elements for the GSP and reference to the specific regulation guidance are
summarized in Table 1-1.
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Table 1-1. Corning Subbasin GSP Preparation Checklist
GSP
Regulations
Section

Water Code
Section

Requirement

Description

Section(s) in the
GSP

Article 3. Technical and Reporting Standards
Monitoring
protocols

352.2

• Monitoring protocols adopted by the GSA for data collection and

management
• Monitoring protocols that are designed to detect changes in groundwater
levels, groundwater quality, inelastic surface subsidence for basins for which
subsidence has been identified as a potential problem, and flow and quality of
surface water that directly affect groundwater levels or quality or are caused by
groundwater extraction in the basin

Section 5.7
Sections 5.2 – 5.6

Article 5. Plan Contents, Subarticle 1. Administrative Information
354.4

General Information

• Executive Summary
• List of references and technical studies

Section ES.1 – 8
Reference List

354.6

Agency Information

•
•
•
•
•

Section 1.3

Maps

• Area covered by GSP
• Adjudicated areas, other agencies within the basin, and areas covered by

354.8(a)

10727.2(a)(4)

GSA mailing address
Organization and management structure
Contact information of Plan Manager
Legal authority of GSA
Estimate of implementation costs

an Alternative Plan
• Jurisdictional boundaries of federal or state land
• Existing land use designations
• Density of wells per square mile
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GSP
Regulations
Section

Water Code
Section

Requirement

Description

Section(s) or Page
Number(s) in the
GSP

Article 5. Plan Contents, Subarticle 1. Administrative Information (continued)
354.8(b)
354.8(c)
354.8(d)
354.8(e)

10727.2(g)

Description of the
Plan Area

• Summary of jurisdictional areas and other features

Section 2.5

Water Resource
Monitoring and
Management
Programs

• Description of water resources monitoring and

Sections 2.7 – 2.9

• Description of how the monitoring networks of those plans will be

Sections 2.7 – 2.9

• Description of how those plans may limit operational flexibility in

Sections 2.7 – 2.9

management programs

incorporated into the GSP

the basin
• Description of conjunctive use programs
354.8(f)

10727.2(g)

Land Use Elements
or Topic Categories
of Applicable
General Plans
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• Summary of general plans and other land use plans
• Description of how implementation of the GSP may change water

demands or affect achievement of sustainability and how the GSP
addresses those effects
• Description of how implementation of the GSP may affect the water
supply assumptions of relevant land use plans
• Summary of the process for permitting new or replacement wells in the
basin
• Information regarding the implementation of land use plans outside the
basin that could affect the ability of the Agencies to achieve
sustainable groundwater management

Section 2.10
Section 2.12
Section 2.13
Section 2.14
Section 2.11
Section 2.12
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GSP
Regulations
Section

Water Code
Section

Requirement

Description

Section(s) or Page
Number(s) in the
GSP

Article 5. Plan Contents, Subarticle 1. Administrative Information (continued)
354.8(g)

354.10

10727.4

Additional GSP
Contents

Notice and
Communication
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Description of Actions related to:
• Control of saline water intrusion
• Wellhead protection
• Migration of contaminated groundwater
• Well abandonment and well destruction program
• Replenishment of groundwater extractions
• Conjunctive use and underground storage
• Well construction policies
• Addressing groundwater contamination cleanup, recharge, diversions to
storage, conservation, water recycling, conveyance, and extraction
projects
• Efficient water management practices
• Relationships with state and federal regulatory agencies
• Review of land use plans and efforts to coordinate with land use
planning agencies to assess activities that potentially create risks to
groundwater quality or quantity
• Impacts on groundwater dependent ecosystems

•
•
•
•
•
•
•

Description of beneficial uses and users
List of public meetings
GSP comments and responses
Decision-making process
Public engagement
Encouraging active involvement
Informing the public on GSP implementation progress

Not applicable
Section 2.15
Section 2.8
Section 2.11
Not applicable
Not applicable
Section 2.11
Section 2.15

Section 2.15
Section 2.15
Sections 2.12 – 2.15
Section 3.2.7
Section 2.16
Appendix 2C
Appendix 2F
Appendix 2A
Appendix 2A-2E
Appendix 2A-2F
Appendix 2E
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GSP
Regulations
Section

Water Code
Section

Requirement

Description

Section(s) or Page
Number(s) in the
GSP

Article 5. Plan Contents, Subarticle 2. Basin Setting
Hydrogeologic
Conceptual Model

354.14

• Description of the Hydrogeologic Conceptual Model
• Two scaled cross-sections
• Map(s) of physical characteristics: topographic information, surficial

Section 3.1
Section 3.1.6
Section 3.1

geology, soil characteristics, surface water bodies, source and point of
delivery for imported water supplies

354.14(c)(4)

354.16

10727.2(a)(5)

Map of Recharge
Areas

• Map delineating existing recharge areas that substantially contribute to

Section 3.1.8

10727.2(d)(4)

Recharge Areas

• Description of how recharge areas identified in the plan substantially

Section 3.1.8

Current and
Historical
Groundwater
Conditions

•
•
•
•
•
•
•

Groundwater elevation data
Estimate of groundwater storage
Seawater intrusion conditions
Land subsidence conditions
Groundwater quality issues
Identification of interconnected surface water systems
Identification of groundwater-dependent ecosystems

Section 3.2.2
Section 3.2.3
Section 3.2.4
Section 3.2.5
Section 3.2.6
Section 3.2.7
Section 3.2.7

10727.2(a)(3)

Water Budget
Information

•
•
•
•

Description of inflows, outflows, and change in storage
Quantification of overdraft
Estimate of sustainable yield
Quantification of current, historical, and projected water budgets

Section 4.1
Sections 4.2 – 4.4
Section 4.4
Sections 4.2 – 4.4

10727.2(d)(5)

Surface Water
Supply

• Description of surface water supply used or available for use for

10727.2(a)(1)
10727.2(a)(2)

354.18
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the replenishment of the basin, potential recharge areas, and
discharge areas
contribute to the replenishment of the basin

groundwater recharge or in-lieu use

Section 4.2
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GSP
Regulations
Section

Water Code
Section

Requirement

Description

Section(s) or Page
Number(s) in the
GSP

Article 5. Plan Contents, Subarticle 2. Basin Setting (continued)
354.20

Management Areas

• Reason for creation of each management area
• Minimum thresholds and measurable objectives for each

Section 6.4 (not
applicable)

management area

• Level of monitoring and analysis
• Explanation of how management of management areas will not cause
undesirable results outside the management area
• Description of management areas
Article 5. Plan Contents, Subarticle 3. Sustainable Management Criteria
354.24

Sustainability Goal

• Description of the sustainability goal

Section 6.2

354.26

Undesirable Results

• Description of undesirable results
• Cause of groundwater conditions that would lead to undesirable

Sections 6.5 – 6.10

results

• Criteria used to define undesirable results for each
sustainability indicator

• Potential effects of undesirable results on beneficial uses and users of
groundwater

354.28

10727.2(d)(1)
10727.2(d)(2)

Minimum
Thresholds

• Description of each minimum threshold and how they were established
for each sustainability indicator

Sections 6.5 – 6.10

• Relationship for each sustainability indicator
• Description of how selection of the minimum threshold may affect
beneficial uses and users of groundwater

• Standards related to sustainability indicators
• How each minimum threshold will be quantitatively measured
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GSP
Regulations
Section

Water Code
Section

Requirement

Description

Section(s) or Page
Number(s) in the
GSP

Article 5. Plan Contents, Subarticle 3. Sustainable Management Criteria (continued)
354.30

10727.2(b)(1)
10727.2(b)(2)
10727.2(d)(1)
10727.2(d)(2)

Measurable
Objectives

• Description of establishment of the measurable objectives for each

Sections 6.5 – 6.10

• Description of monitoring network
• Description of monitoring network objectives
• Description of how the monitoring network is designed to: demonstrate

Section 5.1

•

Sections 5.2 – 5.6

sustainability indicator
• Description of how a reasonable margin of safety was established
for each measurable objective
• Description of a reasonable path to achieve and maintain the
sustainability goal, including a description of interim milestones

Article 5. Plan Contents, Subarticle 4. Monitoring Networks
354.34

10727.2(d)(1)
10727.2(d)(2)
10727.2(e)
10727.2(f)

Monitoring
Networks

•
•
•
•
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groundwater occurrence, flow directions, and hydraulic gradients
between principal aquifers and surface water features; estimate the
change in annual groundwater in storage; monitor seawater intrusion;
determine groundwater quality trends; identify the rate and extent of land
subsidence; and calculate depletions of surface water caused by
groundwater extractions
Description of how the monitoring network provides adequate
coverage of Sustainability Indicators
Density of monitoring sites and frequency of measurements
required to demonstrate short-term, seasonal, and long-term
trends
Scientific rational (or reason) for site selection
Consistency with data and reporting standards
Corresponding sustainability indicator, minimum threshold, measurable
objective, and interim milestone

Section 5.1
Sections 5.2 – 5.6

Sections 5.2 – 5.6
Sections 5.2 – 5.6
Sections 5.2 – 5.6
Sections 6.5 – 6.10
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GSP
Regulations
Section

Water Code
Section

Requirement

Description

Section(c) or Page
Number(s) in the
GSP

Article 5. Plan Contents, Subarticle 4. Monitoring Networks (continued)

• Location and type of each monitoring site within the basin displayed on a
map, and reported in tabular format, including information regarding the
monitoring site type, frequency of measurement, and the purposes for
which the monitoring site is being used
• Description of technical standards, data collection methods, and
other procedures or protocols to ensure comparable data and
methodologies
354.36

Representative
Monitoring

• Description of representative sites
• Demonstration of adequacy of using groundwater elevations as

proxy for other sustainability indicators
• Adequate evidence demonstrating site reflects general conditions
in the area
354.38

Assessment and
Improvement of
Monitoring Network
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•
•
•
•

Review and evaluation of the monitoring network
Identification and description of data gaps
Description of steps to fill data gaps
Description of monitoring frequency and density of sites

Sections 5.2 – 5.6

Sections 5.2 – 5.6

Sections 5.2 – 5.6
Sections 5.3 and 5.6
Sections 5.2 – 5.6
Sections 5.2 – 5.6
Sections 5.2 – 5.6
Sections 5.2 – 5.6
Sections 5.2 – 5.6
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GSP
Regulations
Section

Water Code
Section

Requirement

Description

Section(s) or Page
Number(s) in the GSP

Article 5. Plan Contents, Subarticle 5. Projects and Management Actions
Projects and
Management
Actions

354.44

• Description of projects and management actions that will help achieve
•
•
•
•
•
•
•

•
•
•
354.44(b)(2)

10727.2(d)(3)
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the basin’s sustainability goal
Measurable objective that is expected to benefit from each project
and management action
Circumstances for implementation
Public noticing
Permitting and regulatory process
Timetable for initiation and completion, and the accrual of expected
benefits
Expected benefits and how they will be evaluated
How the project or management action will be accomplished. If the
projects or management actions rely on water from outside the
jurisdiction of the Agency, an explanation of the source and reliability of
that water shall be included.
Legal authority required
Estimated costs and plans to meet those costs
Management of groundwater extractions and recharge

• Overdraft mitigation projects and management actions

Sections 7.3 and 7.4

Sections 7.3 and 7.4
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GSP
Regulations
Section

Water Code
Section

Requirement

Description

Section(s) or Page
Number(s) in the
GSP

Article 8. Interagency Agreements
357.4

10727.6

Coordination
Agreements - Shall be
submitted to the
Department together
with the GSPs for the
basin and, if approved,
shall become part of the
GSP for each
participating Agency.
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Coordination Agreements shall describe the following:
• A point of contact
• Responsibilities of each Agency
• Procedures for the timely exchange of information between
Agencies
• Procedures for resolving conflicts between Agencies
• How the Agencies have used the same data and
methodologies to coordinate GSPs
• How the GSPs implemented together satisfy the
requirements of SGMA
• Process for submitting all Plans, Plan amendments, supporting
information, all monitoring data and other pertinent information,
along with annual reports and periodic evaluations
• A coordinated data management system for the basin
• Coordination agreements shall identify adjudicated areas within the
basin, and any local agencies that have adopted an Alternative that has
been accepted by the Department

Not applicable
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2 DESCRIPTION OF PLAN AREA
The plan area section, together with the basin setting section, describes in detail the relevant
background information available for the Subbasin that was used to prepare this GSP. These
sections provide context for local stakeholders, interested parties, and state regulatory agencies to
understand and participate in this long-term groundwater planning effort.

2.1 Introduction to GSP Area
The plan area section includes a physical description of the Subbasin, land and water use
summaries, existing monitoring and management plans related to Plan development, and the
public participation process followed for development of the GSP.
According to the SGMA Basin Prioritization Dashboard, the estimated population of the Corning
Subbasin was 18,902 people in 2010.

2.1.1 Area Covered by the GSP
The Corning Subbasin lies within the Sacramento Valley Hydrologic Region, which includes the
entire Sacramento River watershed (Figure 2-1; DWR, 2016a). The Sacramento Valley
Groundwater Basin is bounded by the Coast Range to the west, the Sierra Nevada and Cascade
Mountain Ranges to the east, the Red Bluff Arch to the north, and the Sacramento River Delta to
the south.
The Corning Subbasin shown on Figure 2-2 is one of several subbasins defined by DWR in the
northern Sacramento Valley Groundwater Basin. The Subbasin covers approximately 207,342
acres; approximately 78% of the land area is within Tehama County and 22% is within Glenn
County. The Subbasin contains the City of Corning, and the census-designated places (CDP) of
Richfield and Hamilton City. The Paskenta Band of Nomlaki Indians (Paskenta Band) is a
federally recognized tribe and has jurisdiction over the Paskenta Band of Nomlaki Indians
Reservation (Paskenta Reservation) shown on Figure 1-1 and Figure 1-3.
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Figure 2-1. Corning Subbasin Location
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Figure 2-2. Area Covered by Corning Subbasin GSP

The Subbasin extent is defined by a combination of geologic, hydrologic, and jurisdictional
boundaries including the Coast Range to the west, Thomes Creek to the north, Sacramento River
to the east, and Black Butte Lake, Orland Buttes, Stony Creek, and the Tehama-Glenn County
line to the south (Figure 2-1). The Coast Range mountains to the west and the Orland Buttes to
the south of Black Butte Lake are not defined as groundwater basins by DWR and consequently
are not subject to SGMA. Additional details on the hydrogeologic, geographic, and jurisdictional
rationale for the Subbasin boundaries are provided in the Hydrogeologic Conceptual Model
Section.
Prominent physical features found within the Subbasin are shown on Figure 2-2. Black Butte
Lake in the southwestern corner of the Subbasin is formed by the Black Butte Dam on Stony
Creek. There are 3 major surface water conveyance canals in the Subbasin that run generally
north to south, parallel to the Sacramento River: the Corning Canal, the Tehama-Colusa Canal,
and the Glenn-Colusa Canal. There are other intermittent streams throughout the Subbasin and a
local canal system to the north of Stony Creek and west of the Tehama-Colusa Canal that are not
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shown on this figure but discussed in subsequent sections of the GSP. United States Interstate 5
(I-5) runs generally north-south through the center of the Subbasin. Other major roads and state
highways shown on Figure 2-2 include California State Highways (HWY)-32 and HWY-45
which run east-west and north-south, respectively, and intersect in Hamilton City.

2.1.2 Neighboring Subbasins
The Corning Subbasin is bounded by 5 neighboring Sacramento Valley subbasins for which
GSPs are being developed concurrently (Figure 1-2). The Red Bluff Subbasin (5-021.50) to the
north and the Los Molinos Subbasin (5-021.56) to the northeast are exclusively in Tehama
County. The Vina Subbasin (5-021.57) to the east is exclusively in Butte County. The Butte
Subbasin (5-021.70) to the southeast is in portions of Butte, Colusa, Glenn, and Sutter Counties.
The Colusa Subbasin (5-021.51) to the south extends from Glenn County to Colusa County with
a small portion in Yolo County to the south. Like the Corning Subbasin, the Vina and Colusa
Subbasins are considered high priority subbasins by the DWR and the Red Bluff, Los Molinos
and Butte Subbasins are defined as medium priority subbasins. None of the neighboring
subbasins were defined by DWR as critically overdrafted. Coordination with the adjacent GSAs
occurred throughout the development of this GSP, through formal facilitated inter-basin
coordination calls among the GSAs, and informal technical discussions among GSP development
teams on a neighbor-to-neighbor basis.

2.1.3 Adjudicated Areas and Alternative Plans
The Subbasin does not contain locally managed areas with adjudicated groundwater rights.
However, the Paskenta Band is the beneficial owner of lands that the United States has acquired
in trust on its behalf, and thus possesses federally reserved water rights, including groundwater
rights, which are appurtenant to these lands (see Section 2.5.2). No alternative groundwater
management plans were submitted for the Subbasin or neighboring Subbasins.

2.2 Climate Summary
The Corning Subbasin, like all of the Sacramento Valley, has a Mediterranean climate
characterized by warm, dry summers and cool, wet winters with transitional months in the spring
and fall. A weather station at the Corning airport, maintained by Cal Fire, has reported daily
temperature data from 2005 to present and precipitation data from 2000 to present. 2
The average monthly precipitation and average monthly maximum daily temperatures are shown
in Table 2-1. Monthly average daily maximum temperatures range from 56.1˚ Fahrenheit (F) in
2

https://cdec.water.ca.gov/webgis/?appid=cdecstation&sta=CRG
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December to 97.1˚F in July. Precipitation is greatest between October and April, with little
precipitation in the months of May through September. Annual average precipitation is
approximately 20 inches per year, similar to the rest of the Sacramento Valley.
DWR determines a Water Year Type Index each year for the entire Sacramento Valley. The
water year is from October 1 to September 30. The analysis to determine the water year type is
based on unimpaired runoff calculations from several stream gauges dispersed throughout the
region. 3 Data collected each water year from 1906 to present are classified by the DWR as ‘wet,’
‘above normal,’ ‘below normal,’ ‘dry,’ and ‘critical’ depending on the amount of precipitation
and water availability in the Sacramento River and major tributaries. This information is used in
this GSP to guide interpretation of natural water level fluctuations within the Subbasin. Annual
precipitation records are shown on Figure 2-3 in comparison to water year type. In general,
greater local precipitation occurs in wetter water year types, though there are some years where
local precipitation was not aligned with the regional outlook for the Sacramento Valley,
potentially due to carryover storage available in major Sacramento Valley reservoirs.
Table 2-1. Average Monthly Precipitation and Temperature in the City of Corning

Month
January
February
March
April
May
June
July
August
September
October
November
December
Annual Average

3

Average Monthly
Rainfall
(inches)

Average Daily
Maximum Temperature
(°F)

3.6
3.6
2.6
1.3
1.1
0.3
0.0
0.0
0.3
1.1
2.3
3.9
20.1

58.1
61.6
65.8
73.1
82.2
91.8
97.1
95.5
91.0
78.7
65.0
56.1
76.3

http://cdec.water.ca.gov/reportapp/javareports?name=WSIHIST
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Figure 2-3. Annual Precipitation Record in the Subbasin

2.3 Land Use Summary
Land in the Subbasin is widely utilized for agricultural purposes with the primary land uses
being grassland or pasture, followed by agricultural crops. The eastern portion of the Subbasin is
generally covered with irrigated crops such as fruit and nut orchards, olives, field crops, and row
crops, especially in the areas covered by established water districts described in Section 2.5.6
and in the independent grower areas along the Sacramento River, particularly in the southeast
corner of the Subbasin near Hamilton City. Irrigated agricultural crops are less common in the
majority of the land west of I-5. This portion of the Subbasin is often used for livestock grazing
as well as for open spaces with natural vegetation. However, in recent years, new agricultural
expansion has occurred in the western portion of the subbasin with new orchards being
developed.
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General land use data from the 2019 United States Department of Agriculture (USDA)
CropScape satellite imagery dataset is shown in Figure 2-4 and summarized in Table 2-2. 4 In
2019, CropScape estimated that 70% of the Corning Subbasin was open space characterized as
grassland, pasture, shrubland, open water, wetlands, barren land, or forested land. Approximately
26% of the Subbasin was used for intensive agricultural purposes (including citrus and
subtropical crops). Less than 5% of land in the Subbasin was classified as urban.
Agricultural land use from a 2016 agricultural crop land use survey conducted in cooperation
with DWR is summarized on Figure 2-5. 5 The 2016 survey indicated that approximately 73,000
acres in the Subbasin were used for agriculture including fruit and nut orchards, row crops, field
crops, and pasture. Of the top 5 crops by area in the Subbasin in 2016, 4 were tree crops,
including almonds (11,400 acres), walnuts (10,400 acres), olives (8,600 acres), and plums (4,400
acres). An additional 5,100 acres was planted with undifferentiated young perennials. Alfalfa
(2,300 acres) was the fifth most common crop in 2016.
There is a slight discrepancy between Figure 2-4 and Figure 2-5. for an approximately 9,000-acre
area to the southwest of Corning that was once a groundwater irrigated eucalyptus grove
operated by the Action Tree Farm (CDM, 2003). The tree farm is reportedly no longer actively
irrigated, which is likely why the 2019 CropScape data summarized it as grassland/pasture, but
the DWR correctly identified these parcels in 2016 as citrus and subtropical agricultural lands.
Table 2-2. Land Use Summary in 2019

4
5

Category

Approximate Area in Subbasin (acres)

Grassland/Pasture

114,200

Agriculture

39,600

Shrubland

18,100

Citrus and Subtropical

15,000

Urban

9,300

Open Water

3,900

Wetland

3,700

Barren

3,100

Forest

300

Total

207,200

https://www.nass.usda.gov/Research_and_Science/Cropland/sarsfaqs2.php
https://gis.water.ca.gov/app/CADWRLandUseViewer/
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Figure 2-4. General Land Use in the Subbasin (2019)
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Figure 2-5. Agricultural Land Use in the Subbasin (2016 and 2018)
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Recent cropping trends are relatively stable in the last 2 decades, except for a recent increase in
deciduous fruit and nut orchards that have replaced hay crops and pasture (Davids Engineering,
2017; Corning Water District [Corning WD], 2017). Annual crop acreage in the Glenn County
portion of the Subbasin was estimated between 1990 and 2015 as shown on Figure 2-6 and
Figure 2-7 (Davids Engineering, 2018). The data suggest that total agricultural acreage decreased
slightly since 1995 (Figure 2-6). Over this same time period, estimated orchard acreage steadily
increased, displacing pasture and alfalfa and to a lesser extent idle lands and other row crops
(Figure 2-7). Specifically, between 1990 and 2015, tree crop acreage in the Glenn County
portion of the Subbasin increased from approximately 8,000 to 15,000 acres and pasture and
alfalfa decreased from approximately 10,000 to 5,000 acres.
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Figure 2-6. Glenn County Portion of Corning Subbasin General Land Uses (Davids Engineering, 2018)

Figure 2-7. Glenn County Portion of Corning Subbasin Agricultural Land Uses (Davids Engineering, 2018)
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Annual crop acreage was estimated between 1990 and 2018 as shown on Figure 2-8 and Figure
2-9 for the Tehama County portion of the Subbasin. Since 1990, orchard acreage has steadily
increased, displacing pasture and alfalfa and to a lesser extent idle lands and other row crops.
Specifically, between 1990 and 2018, orchard acreage in the Tehama County portion of the
Subbasin increased from approximately 14,000 to 37,000 acres and pasture and alfalfa decreased
from approximately 12,000 to 6,000 acres. 2016 and 2018 cropping data for the Tehama County
portion of the Subbasin reflect a recent expansion of agricultural land that was not apparent prior
to 2015.

Figure 2-8. Tehama County Portion of Corning Subbasin General Land Use

Figure 2-9. Tehama County Portion of Corning Subbasin Agricultural Land Uses
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The Corning WD in Tehama County provided similar findings regarding recent land use trends
(Corning WD, 2017). Historical cropping data from the Corning WD from 1994, 2008, and 2016
showed that the primary crop was consistently olives since 1967, but since 1994, almond and
walnuts have displaced pasture as the second and third most prevalent crops, respectively. The
combined acreage of these nut crops increased from 604 acres in 1994 to 3,191 acres in 2016.
Inversely, pastureland in the district steadily decreased from 1,341 acres in 1994 to 521 acres in
2016. Corning WD is a relatively small part of the Tehama County portion of the Subbasin and is
situated on prime agricultural land. Similar trends to the rest of the Corning WD have also been
observed within the Corning Subbasin agricultural lands as a whole.

2.4 Water Use Summary
The following sections summarize the sources of water utilized by the various land use sectors in
the Subbasin, the water districts that manage local water supply, and the distribution of known
groundwater wells.

2.4.1 Water Source Types
Water sources utilized in the Subbasin include groundwater, surface water, and reused water
from canal tailwater and agricultural drains. The primary water source supply in the Subbasin is
groundwater, as shown on Figure 2-10 and Figure 2-11. Surface water is accessible in limited
portions of the Subbasin, as further described in the following subsection. Reclaimed wastewater
is not reused for water supply in the Subbasin. A general summary of water source volume used
annually in the Subbasin is provided in Table 2-3.

Corning Subbasin Groundwater Sustainability Plan
November 2021

2-13

Figure 2-10. Estimated Water Source Types in the Subbasin Prior to 2014 (from DWR)
Table 2-3. Summary of Water Sources Used in Subbasin
Water Use in Glenn County Portion of Subbasin (AF/yr)1

Water Use in Tehama
County Portion of
Subbasin (AF/yr)2

Avg

Dry Year

Wet Year

Avg

Groundwater

52,000

64,200

41,100

104,500

Surface Water

32,900

24,500

46,800

17,000

Reused Water

0

0

0

3,000

84,900

--

--

124,500

Total

Water use in Glenn County portion of the Subbasin from 2000 to 2015 (Davids Engineering, 2018). The minimum values for surface water
are in dry years, and minimum values for groundwater use are in wet years. The volumes in the table for groundwater and surface water
are for different years; therefore, they do not sum to a representative dry year or wet year total.
Water use in Tehama County portion of the Subbasin estimated using cropping pattern from 2000, a relatively average water year (CDM,
2003).

Corning Subbasin Groundwater Sustainability Plan
November 2021

2-14

Since 2014, when DWR conducted their most recent water source type survey, a combination of
drought and several other factors described in the following subsections have led growers in the
Subbasin to use more groundwater and less surface water than in prior years. Figure 2-11 shows
the general water sources used in the Subbasin in 2020 based on the 2014 DWR Water Source
Survey, most recent cropping data from 2015 for Glenn County, and 2018 for Tehama County,
and information collected during the GSP process. Surface water is only used extensively in the
Subbasin by Corning WD, Thomes Creek WD, and Orland Unit Water Users Association
(OUWUA). Growers within the Corning WD and Thomes Creek WD use surface water available
from the Central Valley Project (CVP) on some of their lands and supplement their supply with
groundwater pumping, so are shown on the map as “mixed.” Kirkwood WD, who is also a CVP
contractor, does not currently use their surface water allocations and only irrigate with
groundwater. Growers in the OUWUA service area use Orland Project surface water
supplemented by groundwater. There are some growers near Thomes Creek and the Sacramento
River that utilize riparian rights to irrigate their crops. Water use by source type is described in
more detail in the following subsections.
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Figure 2-11. Revised Water Source Types Used in the Subbasin, based on 2020 Information

2.4.2 Groundwater Use Summary
Groundwater is the primary water source for most of the Subbasin and is used for a variety of
beneficial uses. Many growers with access to water supplied through agricultural water providers
have access to groundwater that they either use to supplement available surface water supplies or
use as their sole water source. Independent growers who do not receive surface water from
agricultural water providers typically use groundwater as their main water source for irrigation,
although a few areas have access to surface water either as their primary or supplemental water
supply (CDM, 2003; Brown and Caldwell, 2013a). Non-agricultural water users also rely
entirely on groundwater sources for domestic, municipal, and industrial purposes (CDM, 2003).
A 2003 Water Inventory and Analysis for Tehama County estimated an average groundwater
extraction volume of 104,500 acre-feet per year (AF/yr) across all sectors in the Tehama County
portion of the Subbasin using cropping patterns from 2000, a relatively average water year
(CDM, 2003). The majority of this water was extracted from the eastern portion of the Subbasin.
In Glenn County, annual groundwater use by all sectors in the Subbasin varied from
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approximately 41,100 to 64,200 acre-feet (AF) between 2000 and 2015 with an average of
52,000 AF/yr (Davids Engineering, 2018). As with Tehama County in relatively dry years, the
portion of the Subbasin within Glenn County utilized more groundwater to meet crop demands
when surface water was limited by drought conditions.

2.4.3 Surface Water Use Summary
Surface water is used in the Subbasin primarily for irrigation. Surface water is available via 3
general sources: the Sacramento River via the United States Bureau of Reclamation (USBR)
CVP Canal systems, Stony Creek via the USBR Orland Project Pre-CVP Canal system, and
riparian and appropriative water rights from Thomes Creek and the Sacramento River (CDM,
2003; Corning WD, 2017; Davids Engineering, 2017). Stony Creek does not have riparian or
appropriative water rights holders and Stony Creek is a fully adjudicated stream. With the
exception of water stored in Stony Gorge Reservoir, Stony Creek and its tributaries are
adjudicated under what is known as the “Angle Decree,” amended in 2009, wherein the USBR
acquired water from Stony Creek to serve the Orland Reclamation Project (Davids Engineering,
2017). More information on the surface water storage and conveyance systems in the Subbasin is
included in Section 3.1.8.3 of the Hydrogeologic Conceptual Model.
The CVP Corning and Tehama-Colusa Canals bisect the Subbasin. The Tehama-Colusa Canal
Authority (TCCA) manages surface water conveyance for both canals. The Corning Canal
provides surface water to the Corning Water District and to Thomes Creek Water District. The
Tehama-Colusa Canal historically provided surface water to Kirkwood WD. CVP water is
curtailed for users in Tehama County during periods of drought, making it an unreliable water
source at times. For example, no CVP water was supplied to the Corning WD in 2014 or 2015
(Corning WD, 2017). Kirkwood WD has not used surface water in recent years, and the CVP
Tehama-Colusa Canal primarily moves water through the Subbasin and is not used as a major
water supply source within the Subbasin (CDM, 2003; Davids Engineering, 2018).
The U.S. Orland Project canals are used to divert water from Stony Creek; the northern portion
of this canal system is used within the Glenn County portion of the Subbasin, while the southern
portion of the system is used within the Colusa Subbasin (Davids Engineering, 2017). This water
source is reliable and has generally been available during times of drought (Davids Engineering,
2017).
The Glenn-Colusa Canal, which is owned and operated by GCID, is an important regional canal
that diverts water from the Sacramento River in the southeastern portion of the Subbasin near
Hamilton City for use in the Colusa Subbasin, to the south of the Corning Subbasin (CH2M,
2018).
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Surface water use in the Subbasin was estimated in prior studies for portions of the Subbasin
within Tehama and Glenn Counties. The 2003 Water Inventory and Analysis report estimated
that 17,000 of surface water was applied in the Tehama County portion of the Subbasin using
cropping data for 2000, an average year; of this total annual volume, approximately 11,800 AF
were from the CVP canals and 5,200 AF were from other local sources including Thomes Creek
and the Sacramento River (CDM, 2003). The annual volume of surface water supplied in the
Glenn County portion of the Subbasin between the years 2000 and 2015 varied between
approximately 24,500 and 46,800 AF with an average of 32,900 AF/yr (Davids Engineering,
2018), most of which was by the Orland Unit Water Users Association (OUWUA) (Davids
Engineering, 2017). Since the 2013-2016 drought, many growers within water districts have
switched their supply to groundwater. Several factors led to this conversation: unreliability of
CVP water during droughts, increased cost of surface water, and cropping changes from pasture
to fruit and nut orchards with modern drip irrigation systems that are not compatible with the
surface water flood infrastructure used in the past for pasture or row crop flood irrigation. In
addition, algae found in surface water canals plug up the drip irrigation systems if not removed
through costly filtration processes. This information was gathered through outreach to District
managers and gathering information from their most recent surface water use records and land
use patterns observed on lands within their districts. District managers also mentioned that they
have unused surface water allocations, and in some cases have sold some of their allocations
back to USBR for financial reasons, while their growers prefer to use groundwater instead. These
patterns show that over the last 5 years, a major shift in water supply has occurred with more
groundwater use than surface water use for irrigation supplies. An analysis of water supply
reliability is provided in Section 4.2.5.

2.4.4 Surface Water Reuse Summary
Reused surface water in the Subbasin is mainly from tailwater reuse and agricultural drains
(CDM, 2003; Davids Engineering, 2018). In the Tehama County portion of the Subbasin,
average surface water reuse was estimated to be 3,000 AF/yr from the year 2000 cropping data
(CDM, 2003). Surface water reuse is minimal in the Glenn County portion of the Subbasin.
Canal tailwater in this area is typically routed to local streams because the tail ends of the
OUWUA canal system are downgradient of member lands (Davids Engineering, 2017).

2.4.5 Water Use Sectors
Water demands in the Subbasin are classified into the 6 water use sectors identified in the GSP
Regulations. Water is supplied to meet the demands of these sectors as described below:
•

Urban. Urban water use refers to water uses within the cities and census-designated
places. Urban water demand in the City of Corning, Hamilton City, Richfield, and
Paskenta Band of Nomlaki Indians Reservation is met entirely by groundwater. The City
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of Corning used approximately 2,600 AF of groundwater on average between 2011 and
2015. The California Water Service Company (Cal Water) provides Hamilton City with
pumped groundwater from a municipal system sourced in conjunction with the much
larger City of Chico system. Hamilton City used approximately 363 AF of water in 2015
(California Water Service [Cal Water], 2016). Water demand at the Paskenta Band of
Nomlaki Indians Reservation Rolling Hills Casino was estimated to be about 165 AF in
2019 (LACO, 2019). A number of smaller municipal water systems provide groundwater
to residences and businesses outside of the cities including the CDP of Richfield, mobile
home parks, churches, schools, and recreational areas (Figure 2-12 and Table 2-4 ). There
are no reported drinking water system violations in the Subbasin
(https://www.waterboards.ca.gov/safer/dw_systems_violations_tool.html).
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Figure 2-12: Map of Public Water Systems Using Groundwater in the Corning Subbasin
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Table 2-4. Urban Water Systems Using Groundwater in the Corning Subbasin
Map
Label

Type

County

Number of
Active Wells

Black Butte Lake, Buckhorn Group, USCOE

1

Small Water System

Tehama

1

Black Butte Lake, Buckhorn RA, USCOE

2

Small Water System

Tehama

1

Black Butte Lake, Headquarters, USCOE

3

Small Water System

Tehama

1

Cal-Water Service Co. - Hamilton City

4

Public Water System

Glenn

3

Capay Joint Union Elementary School

5

Small Water System

Glenn

1

City of Corning

6

Public Water System

Tehama

8

Corning RV Park

7

Small Water System

Tehama

1

E Headstart

8

Small Water System

Tehama

1

Irvine Finch River Access

9

Small Water System

Glenn

1

Jehovah's Witnesses - Corning

10

Small Water System

Tehama

1

Kirkwood Elementary School

11

Small Water System

Tehama

1

Kountry Korners Mobile Home Park

12

Small Water System

Tehama

2

Lake Elementary School

13

Small Water System

Glenn

1

Lazy Corral Mobile Home Park

14

Small Water System

Tehama

1

Maywood Farms

15

Small Water System

Tehama

1

Maywood Mobile Home Park

16

Small Water System

Tehama

1

Paskenta Band of Nomlaki Indians Native
American Reservation

17

Tribal Water System

Tehama

2

Richfield Elementary School

18

Small Water System

Tehama

1

Sierra Pacific Industries - Richfield

19

Small Water System

Tehama

1

Woodson Bridge Mobile Home Park

20

Small Water System

Tehama

1

Bartel’s Giant Burger

21

Small Water System

Tehama

1

Water System
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•

Industrial. There is limited industrial water use in the Subbasin. The approximate
volume of industrial water provided in the Tehama County portion of the Subbasin in
2000 was 1,600 AF (CDM, 2003). The major industrial water users are likely agricultural
processing facilities. The City of Corning is home to a notable olive processing facility
for Bell-Carter Foods, among other industrial facilities. Other prominent industrial
facilities are also in the agricultural sector and include Olson Meats (slaughterhouse),
Sunsweet Growers (prune dehydrator), Capay Farms (walnut hulling and drying), and
North State Hulling Cooperative (almond hulling and drying). Other smaller industrial
facilities that use groundwater include a Truck Wash within the City of Corning.

•

Agricultural. Agriculture is the largest water use sector in the Subbasin. Average water
use by the agricultural sector in the Subbasin is estimated to be close to 200,000 AF/yr
(CDM, 2003; Davids Engineering, 2018). As shown on Figure 2-11, some agricultural
lands have access to both surface water and groundwater sources, while the majority rely
exclusively on groundwater. In 2000, applied water in the Tehama County portion of the
Subbasin was approximately 117,100 AF (CDM, 2003). Groundwater was estimated to
meet 75% of this demand, while the remaining 25% was from surface water sources. The
average estimated volume of water used for agriculture in the Glenn County portion of
the Subbasin was approximately 77,500 AF/yr between 2000 and 2015 (Davids
Engineering, 2018). Of this total, approximately 60% was supplied by groundwater and
40% was supplied by surface water (Davids Engineering, 2018).

•

Managed wetlands. USDA CropScape dataset shows approximately 3,700 acres of
wetlands in the Subbasin (Table 2-2). It is unclear which ones are managed wetlands and
natural riparian wetlands. Managed wetlands exist along the Sacramento River and are
managed by the Sacramento River National Wildlife Refuge (Figure 2-13).

•

Managed recharge. There are currently no known managed groundwater recharge
projects in the Subbasin. Annual groundwater recharge from conveyance losses in the
Tehama County portion of the Subbasin was estimated to average 1,700 AF/yr and deep
percolation groundwater reuse was estimated to average 17,500 AF/yr (CDM, 2003).
Irrigation return flow in the Glenn County portion of the Subbasin was estimated to
average approximately 6,500 AF/yr between 2000 and 2015 (Davids Engineering, 2018).
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•

Native vegetation. Native vegetation described as grassland/pasture, shrubland, or barren
land use types covers approximately 65% of the Subbasin (Table 2-2, Figure 2-4). Native
vegetation relies on precipitation, soil moisture, and in some cases shallow groundwater
uptake from the root zone. Native vegetation, as specified by SGMA, also refers to all
other unmanaged and non-irrigated land use sectors, including rural domestic water use.
The volume of water used in the Subbasin by native vegetation, rural domestic users, and
all other unmanaged land use sectors was evaluated during water budget development in
this GSP. Rural domestic pumping outside of urban centers is about 5% of the total urban
domestic pumping, or approximately 250 AF annually. Annual evapotranspiration over
native and riparian land use is estimated at approximately 146,500 AF; of this
approximately 1,000 AF (<1%) is from direct shallow groundwater uptake by
phreatophytes.

2.5 Summary of Jurisdictional Areas
In addition to the GSAs, there are several federal, state, tribal, and local agencies that have
varying degrees of water or land use management authority in the Subbasin. A map of the
jurisdictional extent of the federal, tribal and state agency boundaries within the Subbasin shown
on Figure 2-13 was compiled from data available through the United States Department of
Interior (USDI) Bureau of Land Management (BLM).
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Figure 2-13. Federal and State Jurisdictional Areas in the Subbasin
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2.5.1 Federal Jurisdiction
Federal agencies with land holdings in the Subbasin include the BLM, United States Bureau of
Reclamation (USBR), United States Fish and Wildlife Service (USFWS) and United States
Army Corps of Engineers (USACE).
The BLM owns a tract of land in the center of the Subbasin that is presently undeveloped and
vacant. This 160-acre parcel is retained and managed for vernal pools and other
wildlife/botanical values (BLM, personal communications with Charles Wright, May 14,
2020). In addition, BLM owns a couple of small holdings of unknown purpose along Stony
Creek to the north of Orland and adjacent to the Sacramento River to the east of Corning.
The USBR has jurisdiction over some of the water conveyance canals in the Subbasin. The
Central Valley Project (CVP) Tehama-Colusa and Corning Canals are sourced by the
Sacramento River and run north -south through the center of the Subbasin. The Tehama-Colusa
Canal Authority operates and maintains the Tehama-Colusa Canal and Corning Canal under
contract with the USBR. The Orland Unit Water Users Association canals, originally constructed
prior to the CVP, are sourced by Stony Creek in the southwestern portion of the Subbasin. The
USBR constructed these conveyance canals and works collaboratively to maintain the
infrastructure with the local water districts that they serve.
The USACE oversaw construction of the Black Butte Dam on Stony Creek in the early 1960s for
flood control purposes (Davids Engineering, 2017). Black Butte Lake, which was formed by the
dam, has the capacity to store approximately 136,000 AF of water (Davids Engineering, 2017).
There is a 6.1-megawatt hydroelectric power plant built at the dam. 6 The USACE currently
maintains a land buffer around the lake with hiking trails, campgrounds, and open space. 7
Fishing on the lake is popular, with available bass species including largemouth and smallmouth
bass, bluegill, crappie, and catfish (De Novo Planning Group [DNPG], 2020).
The USFWS manages several Sacramento River National Wildlife Refuge lands for wildlife
conservation along reaches of the Sacramento River on the eastern boundary of the Subbasin.
The USFWS lands are on both sides of the Sacramento River; the Subbasin contains
approximately one-third of the 338-acre Wilson Landing Unit near the Tehama-Butte County
line to the east of Corning, and approximately one-third of the 331-acre Pine Creek Unit
southeast of Hamilton City (California Department of Fish and Game, 2004). The refuge lands
(including some outside of the Subbasin) support several endangered plants and animals,
including several species of fairy shrimp, vernal pool tadpole shrimp, giant garter snake,
6
7

http://globalenergyobservatory.org/geoid/165
https://www.spk.usace.army.mil/Locations/Sacramento-District-Parks/Black-Butte-Lake /
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wintering peregrine falcon, bald eagle, and breeding tricolored blackbird (DNPG, 2020). In
addition to providing wildlife habitat, these areas are accessible by boat for recreation, hunting,
and fishing. Hunting permits are granted in season, and approximately 9,000 people hunt on the
refuge each year (DNPG, 2020).

2.5.2 Tribal Lands
The Paskenta Band has jurisdiction over the Paskenta Reservation (Tribal Lands). This
approximately 2,000-acre Reservation is located in the center of the Subbasin, southwest of the
City of Corning and is completely reliant on groundwater for drinking water and irrigation
supplies. As of 2016, there were 269 tribal members in the Paskenta Band (Bold Planning,
2020). The tribal council for the Paskenta Band consists of a chairperson, vice chairperson,
public works manager, treasurer, and secretary and there is also a chief executive officer and
chief financial officer for the tribal commercial pursuits (Bold Planning, 2020).
The Paskenta Band exercises inherent governmental authority over the Paskenta Reservation,
which includes lands and natural resources within the Reservation held in trust by the United
States. Tribal nations are sovereign governments and property owners, which have retained the
inherent power to regulate their territory, exclusive of state and local governments. Thus, tribal
governments possess the authority to establish comprehensive natural resource ordinances or
laws that can touch upon all aspects of natural resource regulation, including water resource
management. The Paskenta Band is the beneficial owner of lands that the United States has
acquired in trust on its behalf, and thus possesses federally reserved water rights, including
groundwater rights, which are appurtenant to these lands.
The Paskenta Reservation includes numerous business enterprises, including the Rolling Hills
Casino, equestrian center, and golf courses (LACO, 2019). The Paskenta Band has 2
groundwater supply wells that they use to provide water for the casino and golf courses. The
supply well for the casino is capable of pumping 600 gallons per minute (Bold Planning, 2020).
The tribe utilizes a tertiary wastewater treatment plant (WWTP) to treat and dispose of up to
100,000 gallons per day of water on the Reservation (LACO, 2019). In 2019, the Rolling Hills
Casino and Resort proposed a 3.2-acre expansion within the developed footprint of the existing
Casino and other commercial enterprises (LACO, 2019).
In addition to the commercial enterprises associated with the casino and golf courses, the
Reservation includes 1,400-acres of open space used for wildlife habitat, conservation, hunting,
and fishing. Popular hunting attractions include pheasant, quail, chukar, dove, turkey, waterfowl,
and wild boar. 8 Luk Lake is a 65-acre lake utilized for bass and trout fishing. 9 The lake was
8

https://rollinghillscasino.com/things-to-do/outdoor-attractions/hunting/
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formed by the construction of Top Cat Dam in 1976 (Tehama County, 2018).

2.5.3 State Jurisdiction

The California Department of Fish and Wildlife (CDFW) and California Department of Parks
and Recreation (CDPR) oversee conservation and recreation lands along the Sacramento River.
The CDFW manages the Sacramento River Wildlife Area (SRWA), which includes
discontinuous land holdings along the Sacramento River in Tehama, Glenn, Butte, and Colusa
counties. The SRWA lands in the Subbasin are generally only accessible by boat and allow
wildlife viewing, bird watching, and hunting. The only SRWA state land in the Subbasin is the
473-acre Merrill’s Landing Wildlife Area to the southeast of Corning (California Department of
Fish and Game, 2004).
The Woodson Bridge State Recreation Area to the east of Corning is the only land managed by
the CDPR in the Subbasin. Only a small portion of this Recreation area is located in the Subbasin
and is inaccessible to the public. The main features of the Recreation Area are a campground and
boat launch facility that are located on the east side of the Sacramento River in the Los Molinos
Subbasin.

2.5.4 County Jurisdiction
Glenn and Tehama counties have jurisdiction over water management and land use planning in
the portions of the Subbasin that are outside of federal, tribal, state, or municipal areas.
Applicable topics of the county general plans are described in Section 2.12. Responsibilities of
Glenn and Tehama counties with respect to the GSP are to provide land use oversight, watershed
management, well permitting, and regulatory compliance assistance for small water systems. As
described in Section 1, GSAs are responsible for GSP development, adoption, and subsequent
implementation. Other local land and water policies are the responsibility of county boards of
supervisors and local jurisdictions, as described below. The counties are part of the GSAs, and
they retain all their existing authorities.
In 2020, Glenn County had a population of approximately 29,400. Approximately 8,300 people
lived in Orland, 6,200 people lived in Willows, and 14,900 people lived in the remainder of the
county (California Department of Finance, 2020). Glenn County has approximately 837,100
acres of land, of which approximately 45,600 acres, or 5.5%, are within the Subbasin (DNPC,
2020).

9

https://rollinghillscasino.com/things-to-do/outdoor-attractions/fly-fishing/
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In 2020, Tehama County had a population of approximately 65,100. Approximately 7,600 people
lived in Corning, 14,200 people lived in Red Bluff, 450 people lived in Tehama, and 42,800
people lived in the remainder of the County (California Department of Finance, 2020). Tehama
County has approximately 1,892,500 acres of land, of which 161,700 acres, or 8.5%, are within
the Subbasin (PMC, 2009).

2.5.5 City and Local Jurisdiction
The Subbasin includes the incorporated City of Corning and the unincorporated CDPs of
Hamilton City and Richfield. Of these, Corning is the largest local jurisdiction, and covers 372
acres in the central portion of the Subbasin within Tehama County (Diaz Associates, 2015). The
population of Corning in 2020 was approximately 7,600 people (California Department of
Finance, 2019). In the 2020 census the population of Hamilton City was 2,263 10, and Richfield
was 309 11. Corning is the only municipal area within the Subbasin with a city council, general
plan, and land use jurisdiction.
The City of Corning and Hamilton City have WWTP that collect and treat wastewater generated
in the cities. Treated waste discharge is regulated by the Central Valley Regional Water Quality
Control Board (CVRWQCB) waste discharge requirements for each WWTP. The Corning
WWTP effluent is about 0.8 million gallons per day, and it is permitted for 1.4 million gallons
per day (City of Corning, personal communications with Robin Kampmann, Public Works
Director/City Engineer, December 21, 2020). The Hamilton City WWTP is operated by the
Hamilton City Community Services District (CSD). The Hamilton City WWTP is permitted for
0.5 million gallons per day (Glenn County, 2014).

2.5.6 Agricultural Water Providers and Agricultural Land Use Jurisdiction
Several agricultural water providers operate in the Subbasin (Figure 2-14) to meet parts of the
irrigation needs for growers within their boundaries. Summaries of these agricultural water
providers are presented below, listed from north to south within the Subbasin boundaries.

10
11

https://data.census.gov/cedsci/all?q=hamilton%20city,%20ca&tid=DECENNIALPL2020.H1
https://data.census.gov/cedsci/all?q=richfield,%20ca
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Figure 2-14. Cities and Agricultural Water Providers in the Subbasin
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2.5.6.1

Thomes Creek Water District

The Thomes Creek Water District (Thomes Creek WD) was formed in 1958 when the Corning
Canal was constructed to deliver irrigation water in this area. The District currently encompasses
approximately 1,870 acres, with approximately 40% within the Corning Subbasin and the other
60% within the Red Bluff Subbasin. In the year 2000, the water district irrigated land in the
Subbasin with approximately 900 AF of surface water delivered by the CVP Corning Canal
(CDM, 2003). The remaining water demand in the portion of Thomes Creek WD in the Subbasin
was supported by groundwater, which on an average year was estimated to be 500 AF/yr (CDM,
2003). Until 2013, fields were largely flood irrigated with surface water, which was the dominant
source of water. In 2014 and 2015, the Thomes Creek WD received no surface water allocation
from USBR, and as a result, many growers turned to groundwater as a more reliable and
permanent source of irrigation water. Since 2016, the total surface water use within Thomes
Creek WD is below 200 AF/yr and dropped to less than 100 AF in 2020.
2.5.6.2

Corning Water District

The Corning WD is completely within the Corning Subbasin. The Corning WD recently
summarized land and water use within their water district in an Agricultural Water Management
Plan (Corning WD, 2017). The Corning WD has existed in the area around the City of Corning
since 1954 and has provided CVP water to customers via the Corning Canal since 1967.
Groundwater is also pumped in the district to supplement surface water supplies. Total irrigable
land in the service area was estimated to be 11,075 acres in the most recent mutual agreement
between the USBR and Corning WD in 1989. In 1967 Corning WD and USBR completed a
water distribution system capable of delivering up to 25,300 AF of CVP water per year to
Corning WD customers allowing growers to widely utilize surface water resources for the first
time. The Corning WD did not receive CVP water in 2014 or 2015 and consequently most
growers in the district were forced to strictly use groundwater for irrigation during these dry
years. In 2016, the irrigated acreage was 7,287 acres and the volume of CVP water received was
7,240 AF. The maximum volume of CVP water received historically was 7,500 AF, prior to
2016 (Corning WD, 2017). The remaining water demand in the Corning WD is supported by
privately pumped groundwater. The Corning WD estimated that 11,176 AF of groundwater was
used by growers in 2016, which was a relatively wet year following 4 years of drought (Corning
WD, 2017).
2.5.6.3

Kirkwood Water District

The Kirkwood Water District (Kirkwood WD) in Tehama County serves agricultural water users
from direct diversions of CVP water from the Tehama-Colusa Canal. The Kirkwood WD was
estimated to use an annual average of 600 AF/yr of CVP water from the Tehama-Colusa Canal
and 400 AF/yr of groundwater (CDM, 2003). However, since the 2014-2015 drought years, no
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surface water diversions have been made available to Kirkwood WD and growers within the
District exclusively use groundwater for crop irrigation.
2.5.6.4

Capay Rancho Water District

The Capay Rancho Water District was shown on the DWR Water District source file provided to
the Subbasin. This water district was located on both sides of the Glenn and Tehama County line
near the Sacramento River between the City of Corning and Hamilton City. The Capay Rancho
Water District has reportedly been inactive since the 1970s and no longer provides water supply
services in the Subbasin (Public Comment, Ian Turnbull, Corning Subbasin Advisory Board
Alternate Member, June 3, 2020). Growers in this general area are now organized under the
Capay Landowners Association, with no surface water supply.
2.5.6.5

Glenn-Colusa Irrigation District

The Glenn-Colusa Irrigation District (GCID) is located in the central portion of the Sacramento
Valley on the west side of the Sacramento River and is the largest irrigation district in the
Sacramento Valley, encompassing approximately 175,000 acres (CH2M, 2018). GCID’s service
area lies almost entirely to the south of the Subbasin in the Colusa Subbasin. GCID’s primary
diversion facility, the Hamilton City Pump Station, is located in the Subbasin along the
Sacramento River. This facility can move 3,000 cubic feet per second of water from the
Sacramento River into the Glenn-Colusa Canal and has an average historical diversion of
approximately 659,900 AF/yr (CH2M, 2018). No surface water from the Glenn-Colusa Canal is
applied in the Subbasin. GCID also owns 5 emergency deep water supply wells that provide
supply in terms of surface water shortages and pump water directly into their canal for
distribution to their customers in the Colusa Subbasin. Two of the production wells are within
the Corning Subbasin and 1 well is located across the boundary South of Stony Creek.
2.5.6.6

Orland Unit Water Users Association

The OUWUA is a private, non-profit corporation formed in 1907. Detailed information on water
management and land use within OUWUA was summarized in their 2017 Agricultural Water
Management Plan (Davids Engineering, 2017). The OUWUA is divided into northern and
southern distribution systems on either side of Stony Creek. The northern distribution area is
within the Corning Subbasin and the Southern distribution area is within the Colusa Subbasin.
Approximately 35% of the OUWUA land area is north of Stony Creek in the Corning Subbasin
and approximately 65% of the land area is south of Stony Creek in the Colusa Subbasin. The
northern distribution system supplies water within the Corning Subbasin, while the Southern
distribution system supplies water to OUWUA -managed areas to the south in the Colusa
Subbasin. The OUWUA has operated and maintained the U.S. Orland Project under contract
with the U.S. Bureau of Reclamation since 1954. This project is one of the USBR’s oldest in the
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area and predates the CVP. Through a 1964 Agreement with the USBR, the OUWUA exchanges
CVP water stored on Stony Creek in Black Butte Lake for U.S. Orland Project water stored in
the Stony Gorge and East Park Reservoirs to the south. In the Subbasin, the OUWUA diverts
water from Stony Creek into a series of canals, laterals, and temporary storage basins for yearround delivery for agricultural uses within the Subbasin. An average of 6,720 acres of irrigated
agricultural land was operated by OUWUA within the Corning Subbasin between 2002 and 2016
(Davids Engineering, 2017). During this same timeframe, OUWUA annual surface water
deliveries in the Subbasin ranged from 22,800 to 37,900 AF and averaged 30,200 AF/yr (Davids
Engineering, 2017). Some growers augment surface water supplies with groundwater, though
OUWUA does not own or operate any wells and does not track groundwater use within their
jurisdiction.
2.5.6.7

Reclamation District 2140

California Reclamation District 2140 (RD 2140) is a CA Reclamation District in Glenn County,
located adjacent to and west of the Sacramento River. RD 2140 is approximately 5,525 acres in
size with majority zoned for agricultural use. RD 2140 was formed in 2005 under Water Code
section 50000 et seq. with authority and responsibility under those statutes for acquiring
property, acquiring and operating water rights and irrigation systems, and constructing,
maintaining, and operating drains, canals, sluices, water gates, levees, and pumping plants
(among others) for the reclamation of land and control of flooding within its boundaries. While
the primary purpose of the District is to maintain the infrastructure needed to drain agricultural
water, winter stormwater is also carried through the same conveyance facilities. Currently, RD
2140 primarily provides services related to the construction and maintenance of new levees on
the Sacramento River and does not provide any reclamation services (Glenn LAFCO 2019).
2.5.6.8

Hamilton City Community Services District

The Hamilton City Community Services District (Hamilton City CSD) was formed in 1964 to
provide wastewater collection and treatment services, streetlights, library services and parks and
recreation services. Other services have been added since then (Glenn LAFCO, 2014), but are
not related to water supply and are not relevant for the GSP planning and implementation. The
district operates a wastewater treatment facility and the treated discharge from this facility may
provide a source of water for irrigation or a future recharge project.
2.5.6.9

Monroeville Water District

The Monroeville Water District (Monroeville WD) was approved as a CA Special District by the
Glenn LAFCO in 2016 and was purposefully formed to ensure representation of local grower
interests pertaining to SGMA. The District was officially formed in November 2017 and regular
Board meetings commenced in May 2019. As a Special District, Monroeville WD is funded by
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residents to provide local services and infrastructure. Monroeville WD does not currently
provide water supply to its members.

2.6 Existing Well Types, Numbers, and Density
Well density data were derived from the database of well completion reports compiled by the
DWR and retrieved on March 24, 2020, as well as from database management systems (DMS)
maintained by Glenn County and by Tehama County. The Tehama County DMS was used to
calculate the number of domestic wells in the part of the Corning Subbasin located in Tehama
County, while the Glenn County DMS was used to calculate the number of domestic, production,
and municipal (public supply) wells located in the part of the Corning Subbasin located in Glenn
County. The Tehama County DMS includes wells installed between 1900 and 2020 and the
Glenn County DMS includes wells installed between 1970 and 2018. All other counts are based
on data obtained from DWR’s Well Completion Report application 12, which generally includes
less accurate location data.
Over 4,000 wells are producing water in the Subbasin for a variety of uses summarized in Table
2-5. DWR’s Well Completion Report Map Application 13 classifies wells as domestic,
production, and municipal (public supply); the majority of wells classified as production wells
are assumed to be used for agricultural irrigation, with some production wells used for industrial
purposes. Figure 2-15, Figure 2-16, and Figure 2-17 show the density in the Subbasin of the
domestic, production (agricultural and industrial), and public supply wells, respectively.
Approximately 47% of the known wells in the Subbasin are domestic wells, 27% are classified
as production wells, and only 0.34% are used for public supply (municipal wells). Domestic and
production wells have a similar distribution in the Subbasin, with most wells located in the
eastern portion of the Subbasin where agricultural land uses are most extensive and surface water
supplies are not available. Some of the domestic wells identified by DWR may be classified as
de minimis extractors, defined as pumping less than 2 AF/yr for domestic purposes.
There are 8 active municipal supply wells within the Subbasin used by the City of Corning and 3
wells used by Cal Water as a drinking water source for Hamilton City. These 11 wells are
routinely sampled for water quality analysis reported to DDW. Figure 2-17 shows 10 municipal
wells in the City of Corning and 2 municipal wells in Hamilton City, which varies slightly from
the known number of active wells. The dataset available from DWR used to compile Figure 2-17
only shows wells installed since 1966 in the Subbasin and does not distinguish between active
https://water.ca.gov/Programs/Groundwater-Management/Wells/Well-Completion-Reports
https://dwr.maps.arcgis.com/apps/webappviewer/index.html?id=181078580a214c0986e2da28f8623b37 –
Accessed March 24, 2020.
12
13
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and inactive wells. In the City of Corning, there are 2 supply wells not shown that were installed
prior to 1966 and 3 inactive wells, and in Hamilton City there is 1 active supply well installed
before 1966. Other public supply wells near the Subbasin include wells along the Subbasin
boundaries north of the Subbasin near Richfield, east of the Subbasin near Vina, and south of the
Subbasin near Orland and Black Butte Lake.
Although the information summarized here is more accurate than the data provided in the DWR
well completion database, the exact location and status of domestic wells is fairly uncertain and
more work will be completed during GSP implementation to refine this information for better
groundwater management in the Subbasin.
Table 2-5. Well Count Summary
Category

Number of Wells

Domestic

1,970

Production

1,126

Public Supply

16

Total

4,178

As of August 2021
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Figure 2-15. Density of Domestic Wells (Approximate Number of Wells per Square Mile) 14

https://dwr.maps.arcgis.com/apps/webappviewer/index.html?id=181078580a214c0986e2da28f8623b37 –
Accessed March 24, 2020.
14
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Figure 2-16. Density of Production Wells (Approximate Number of Wells per Square Mile) 15

https://dwr.maps.arcgis.com/apps/webappviewer/index.html?id=181078580a214c0986e2da28f8623b37 –
Accessed March 24, 2020.
15
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Figure 2-17. Density of Municipal Wells (Approximate Number of Wells per Square Mile) 16

2.7 Existing Water Resource Management Plans
This section describes the existing water resource management plans applicable to the Subbasin
and how they affect or interact with groundwater resources.

2.7.1 Tehama County Groundwater Management Planning
The 2012 Tehama County Groundwater Management Plan (Tehama GWMP) update provided a
strategy for managing groundwater in the county that is compliant with California Assembly Bill
3030 and Senate Bill 1938 legislation (TCFCWCD, 2012). The Tehama GWMP, in conjunction
with the existing regulatory powers of the TCFCWCD and other local agencies with jurisdiction
over the plan area (including Chapter 9.40 of the Tehama County Code [“Aquifer Protection”]),
https://dwr.maps.arcgis.com/apps/webappviewer/index.html?id=181078580a214c0986e2da28f8623b37 –
Accessed March 24, 2020.
16
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provides a mechanism for the responsible agencies in Tehama County to evaluate, manage,
protect, and preserve local groundwater resources.
The primary goals of the Tehama GWMP are to: 1) sustain groundwater levels that balance longterm extraction and replenishment in the groundwater aquifers in the county; 2) ensure sufficient
groundwater supplies of useable quality are maintained for reliable, efficient, and cost-effective
extraction; and 3) implement groundwater management through the development of
County-wide consensus wherever possible.
The Tehama GWMP acknowledged that a need exists in Tehama County for more reliable
sources of water to support local demands. The county stressed that the volume of surface water
available for irrigation, particularly those derived from the CVP, have diminished in the county
and groundwater and surface water must be carefully managed to provide water security in the
future. Reduced water availability was attributed to increased demand from urban and
environmental uses in other parts of the state and a local increase in groundwater demand related
to land use changes from pasture to fruit and nut orchards that require more frequent watering
than the surface water systems are typically capable of providing. The Tehama GWMP also
notes that in general, groundwater is of high quality in the county but in some areas, constituents
such as nitrate are present that if not treated, may make groundwater unsuitable for drinking and
irrigation of agricultural crops.
Water management activities to date focus on water level, water quality, and land subsidence
monitoring, coordination among agencies and interested parties, development of data inventory
and evaluation, annual reporting, and promotion and education of groundwater resource
management (TCFCWCD, 2012). The County identified 2 management areas in the Corning
Subbasin: Corning East and Corning West. Most of the groundwater pumping and monitoring
wells were found in Corning East. The Tehama GWMP established groundwater elevation
“trigger levels” for 6 “key wells” in the Corning East portion of the Subbasin. No “key wells”
were identified for monitoring in Corning West due to limited groundwater use in this area. The
Tehama GWMP provided a list of actions for the County to take if water levels were measured
below the established trigger levels. In addition, the Tehama GWMP identified locations where
DWR installed 5 clusters of multi-level observations wells for water level and water quality
monitoring at variable aquifer depths. Finally, the Tehama GWMP identified the subsidence
monitoring locations or monuments utilized by the County to support non-routine regional
monitoring efforts.

2.7.2 Tehama County Local Hazard Mitigation Plan
Tehama County along with the cities of Corning, Red Bluff, and Tehama completed an update to
the Tehama County Multi-Jurisdictional Hazard Mitigation Plan (HMP) in 2018 (Tehama
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County, 2018). The plan was approved by the Federal Emergency Management Agency. The
plan updated the 2012 Tehama County HMP and updated and combined the Tehama County
Flood Management Plan, which had previously been drafted and updated under separate cover in
2006. Potential identified hazards included dam failure, drought, earthquake, flood, slope failure,
severe weather, and wildfire hazards. Potential natural disasters and recommended mitigation
strategies relevant to preparation of this GSP were identified in the HMP:
•

Flooding and dam failure
o Natural resource protection measures were recommended to preserve and restore
natural areas protection functions.
o Many small tributaries in the watersheds have high levels of siltation and
diminished flood-carrying capacity due to vegetation (such as Arundo and
Tamarisk) overgrowth. The establishment of the invasive weeds Arundo and
Tamarisk in the streams in Tehama County has seriously limited their conveyance
capacity. Removal of silt, debris, and overgrowth of vegetation from streambeds
is recommended.
o Flooding in the Corning urban area is a concern. Flooding in the City of Corning
is typically caused by high intensity, short-duration storms concentrated on a
stream reach with already saturated soil. City dry wells have also reportedly failed
to keep up with flash flooding. The HMP recommends addressing these problems
to prevent flood damage.

•

Drought resiliency
o Identify and develop alternative water sources for water source resiliency.

o Increase groundwater recharge to stabilize groundwater supply for both public
and agricultural use.
o Promote water conservation during both drought and non-drought periods.

o Enforce restrictions on illegal groundwater use and surface water diversion.

o Develop an identification and mapping protocol for dry wells and water quality
issues.
o Make water supply contingency plans for communities without consistent or
reliable domestic supplies.

2.7.3 Glenn County Groundwater Management
Glenn County has developed a locally driven groundwater management planning approach that
culminated in the Groundwater Ordinance described below. The Basin Management Objective
(BMO) concept was developed as part of the groundwater management planning approach to
proactively manage the groundwater resources within Glenn County. The Glenn County
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Groundwater Management Plan 17 was first adopted as Ordinance 1115 and codified in County
Code Chapter 20.03 in February 2000 and was amended in 2012 per county Ordinance 1237.
The current groundwater management plan includes 6 key elements:
1. Management Areas and Sub-Areas
The overall management area is primarily within the Sacramento Valley portion of the county,
where irrigated agriculture is conducted where irrigated agriculture is conducted. The
management area was subdivided into 17 sub-areas based first upon surface water district
boundaries and groundwater dependent areas divided in part along Board of Supervisors districts
and other relevant boundaries.
2. BMO Parameters
The goal of the Groundwater Management Plan was to establish management objectives for
minimum groundwater levels, minimum water quality and maximum inelastic subsidence for
each of the 17 sub-areas. The management objectives can be considered a set of trigger points
where action will be taken if the BMO levels are exceeded.
Currently, BMOs have been established for groundwater levels only. Water quality monitoring
began in the summer of 2003. Localized monitoring for subsidence began in the summer of 2002
with the installation of one extensometer. Three complete surveys have been conducted since
2004 and an additional limited survey conducted in 2015.
3. Public Input
Primary public input for the Groundwater Management Plan is provided through the Glenn
County Water Advisory Committee (GCWAC). The GCWAC consists of 13 members appointed
by the Board of Supervisors to develop and implement organized planning for the coordination
of groundwater resources in the County and BMO refinement and compliance. Membership
includes a wide variety of interests including at-large private pumpers
(agricultural/municipal/industrial), the Resource Conservation District, Glenn County Farm
Bureau, the Orland Unit Water Users Association, water and irrigation districts, and reclamation
districts. It is the responsibility of each GCWAC representative to provide a communication path
between the local groundwater users, the GCWAC and the Board of Supervisors. The GCWAC
also maintains a Technical Advisory Committee (TAC) that provides technical assistance and
advises the GCWAC.

17

https://www.countyofglenn.net/committee/water-advisory-committee/management-plan
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4. Monitoring
The California Department of Water Resources (DWR) has been measuring groundwater levels
semi-annually in many wells in the county for a long period of time. Many of the sub-areas are
using data from selected wells in the DWR monitoring grid to establish and monitor BMO
compliance. Some BMO area representatives monitor additional wells. Additional details on this
monitoring network are further described below and reviewed in Section 5 of the GSP
(Monitoring Networks) to establish the specific Corning Subbasin monitoring network for GSP
implementation.
5. Adaptive Management
Adaptive management results from reviewing monitoring data collected over time and adapt the
program based on best available science to meet local needs. The intent is for groundwater to be
managed as locally as possible outside of County government based on collaborative
negotiations by affected areas with a mechanism in place to utilize the County’s police powers if
it becomes necessary.
6. Enforcement/Conflict Resolution
In Glenn County, the controlling authority is the Board of Supervisors, but their police powers
are only invoked when conflicts between subareas cannot be resolved through cooperation and
negotiation between the affected sub-areas.
If a BMO threshold is exceeded, a process is set in motion, where the TAC is the first group to
identify the causes of non-compliance and brings it up with the GCWAC. The GCWAC then
tries to resolve the problem in the affected area through negotiations. Some of the possible
actions available that may be taken by the GCWAC might be to coordinate the following
voluntary actions in the affected area:
•

Rescheduling and/or redistributing groundwater extractions

•

Termination of groundwater substitution extractions, if deemed the case of the noncompliance

•

Reduction of groundwater extraction rates

•

Termination of groundwater extractions

•

Development of groundwater recharge programs

•

Modification of BMO levels

If the GCWAC and affected parties cannot resolve the problem at the local level, the GCWAC
may recommend preferred action(s) among those available to the Board of Supervisors to resolve
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the non-compliance. The Board of Supervisors may take the enforcement action(s) they deem
necessary to resolve the non-compliance. Enforcement actions do not apply to domestic wells.

2.7.4 Glenn County Local Hazard Mitigation Plan
Glenn County along with the cities of Orland and Willows completed an update to the Glenn
County Multi-Jurisdictional HMP in 2018 (Michael Baker International, 2018). The plan
provides a blueprint for hazard mitigation planning to better protect the people and property of
the county and the cities. Potential identified hazards included dam failure, drought, earthquake,
flood, slope failure, severe weather, and wildfire. Recommended mitigation strategies were
identified in the HMP for dam failure, drought, flood, geologic hazards (earthquake, expansive
soils, and subsidence), levee failure, severe weather (winter storms, heavy rains, snow,
storms/floods, and severe storms), and wildfire. Discussion of specific hazard mitigation
applicable to the portion of Glenn County within the Subbasin are discussed below:
•

The plan outlines ongoing construction and restoration efforts on the “J” Levee adjacent
to Hamilton City that will alleviate past flooding issues on this portion of the Sacramento
River and restore some of the river floodplain with riparian vegetation. These plans were
initiated in 2011 and are ongoing during preparation of this GSP. The project is being
collaboratively managed and/or funded by The Nature Conservancy, Reclamation District
2140, Glenn County, USACE, USBR, DWR, and FEMA.

•

The plan identifies Arundo as a fast-growing, flammable species that could be eradicated
in Stony Creek for mitigation of wildfire hazards. The Orland Public Works, property
owners, and Glenn County Planning and Public Works Agency were named as
Responsible Agencies for Arundo eradication in Stony Creek.

•

Dam failure of the Black Butte Dam is listed as a low-risk hazard. The plan recommends
a Dam Failure Study to improve upon flood inundation data and develop/update
emergency action plans.

•

Subsidence was not identified as a high-risk hazard in the area within the Subbasin.

General hazards and mitigation measures that relate to the entire county like drought, severe
storms, and wildfire are addressed through numerous mitigation strategies and referenced in
other planning documents. The main mitigation measures include the following:
•

Stream cleaning and debris removal throughout the county to prevent flooding due to
clogging of drainage structures

•

Increase natural hazard education, risk awareness, and household disaster preparedness
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•

Monitor drought conditions and develop and enforce water conservation measures to
ensure an adequate water supply during times of drought

•

Undertake a flood reduction study for small communities within the 100-year flood zone

•

Wildfire fuel removal strategies in areas of high wildfire risk

2.7.5 Northern Sacramento Valley Integrated Regional Water Management Plan
The Northern Sacramento Valley (NSV) Integrated Regional Water Management Plan (NSV
IRWMP) was developed to provide a regional plan for water resource development for the
Northern Sacramento River basin (Northern California Water Association [NCWA], 2006).
Development of the plan was overseen by the NSV IRWM Board and Technical Advisory
Committee, which includes elected officials, staff, and landowners from the counties of Butte,
Colusa, Glenn, Shasta, Sutter, and Tehama. The numerous goals of the NSV IRWMP are
summarized as follows:
•

Water supply reliability – document baseline conditions including current and future
water demands, maximize efficient utilization and reliability of surface and groundwater
supplies, protect regional groundwater resources, develop water transfer guidelines,
protect surface water rights, preserve area-of-origin statutory protection, preserve CVP
and State Water Project contract supplies, increase surface water storage and hydropower
generation, develop drought preparedness strategies, improve water resource
infrastructure, and implement groundwater monitoring programs through local
jurisdictions.

•

Flood protection and planning – develop flood risk reduction plans, evaluate new flood
control projects, coordinate flood preparedness programs, and implement mutually
beneficial flood risk reduction and floodplain ecosystem enhancement programs and
projects.

•

Water quality protection – Develop infrastructure to meet state and federal water quality
standards for drinking water, improve wastewater infrastructure, meet surface water
quality objectives, and minimize water quality degradation from both point source and
non-point source pollution.

•

Watershed protection and enhancement – manage invasive and endangered species,
improve and protect riparian and fish habitat, integrate agricultural production with
habitat conservation programs, protect critical wetlands, improve forest management in
watersheds, and provide for recreational use.

•

Sustainability – preserve autonomy and enhance lines of communication between local
government and stakeholders, coordinate with land-use planning and implementation,
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maintain governance structure to implement IRWMP, coordinate with neighboring
regions, and pursue grant funding to implement programs.
•

Education and outreach – develop and disseminate information on regional water
supplies, sustainability, flood control, water quality, and other relevant topics.

The NSV IRWMP was last updated in 2020.

2.7.6 California Water Service (Chico District) Urban Water Management Plan – For
Hamilton City
Cal Water provides water in the Subbasin to Hamilton City residential, commercial, and
industrial sectors. The Hamilton City system is managed in conjunction with their separate City
of Chico system in Butte County. All urban water suppliers that provide water for municipal
purposes to more than 3,000 customers or 3,000 AF annually are required to prepare an Urban
Water Management Plan (UWMP; CWC §10617). Cal Water last prepared an UWMP in 2015 to
fulfill these requirements (Cal Water, 2015). At that time, the Hamilton City portion of the
system had 631 connections and utilized 3 groundwater wells to supply 363 AF/yr. As with all
other potable water systems (PWS) in the state, water quality for the Hamilton City portion of
the system is monitored by Cal Water on behalf of the Division of Drinking Water (DDW); the
Hamilton City PWS number is 1110002. In the 2015 UWMP, Cal Water predicted that the
Chico-Hamilton City water supply will remain steady through 2040.

2.7.7 Corning Water District Agricultural Water Management Plan
The Corning WD prepared an Agricultural Water Management Plan (AWMP) in 2017 (Corning
WD, 2017) and a Water Management Plan in 2020 (Corning WD, 2020). The plan includes a
description of past and current water use, inventory of water resources, information on cropping
patterns, irrigation methods used, water conservation programs, and groundwater management,
among other topics.
The Corning WD water supply originates from the CVP Corning Canal and private overlying
groundwater rights. The Corning WD does not operate any groundwater wells nor manage
groundwater recharge projects. The stated goal of the Corning WD is to price surface water less
than the cost to pump groundwater. The purpose of this goal is to incentivize the use of surface
water in order to conserve groundwater for dry years. The pricing structure in 2017 for surface
water was $64 per AF, which was less than the cost to pump groundwater (approximately $70$100 per AF). The Corning WD sets a water price per AF delivered that accounts for the price of
surface water from the USBR and the Corning WD operation costs.
Groundwater use in the Corning WD area is estimated using assumptions about surface water
supplied, precipitation, crop coefficients and evapotranspiration. In 2016, a wet year following 4
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years of drought, 7,240 AF of surface water was provided by the USBR via the Corning Canal
and approximately 11,176 AF of groundwater was pumped for irrigation. The organization is a
signatory of the 2012 Tehama County Groundwater Management Plan. An observation well
cluster is monitored by the District which enters the data into the DWR California Statewide
Groundwater Elevation Monitoring (CASGEM) program and is used by Corning WD to track
groundwater level trends.
The Corning WD has little wasted water due to a pressurized pipeline distribution system and
low flow irrigation methods. Almost all irrigation is provided by drip emitter or low-volume
sprinklers.
Corning WD growers participate in the Sacramento Valley Water Quality Coalition (SVWQC)
for Irrigated Lands Regulatory Program (ILRP) groundwater quality compliance. In addition,
surface water quality samples are collected by the TCCA from 2 locations on the Corning Canal
twice per year and analyzed for common salts to confirm that surface water does not contain high
salinity. There have been no water quality issues identified in the surface water supplied by the
TCCA.

2.7.8 Orland Unit Water Users Association Agricultural Water Management Plan
The OUWUA prepared an AWMP in 2017 (Davids Engineering, 2017). Similar to the Corning
WD AWMP, the plan included a description of past and current water use, inventory of water
resources, information on cropping patterns, irrigation methods used, water conservation
programs, estimates of water use, climate change contingency, and a drought management plan,
among other topics.
In the AWMP, the OUWUA identified the current water distribution practices and potential
improvement opportunities that the association can make to encourage water conservation and
efficient water use. OUWUA is represented, and participates, in the DWR CASGEM program
and the Glenn County Water Advisory Committee that focuses on groundwater issues in the
County.
The AWMP summarizes in detail recent efforts by the OUWUA focused on efficiency. OUWUA
has implemented many improvement projects over time. For example, in 2012 a 49.5 AF
regulating reservoir was constructed to provide requested deliveries more accurately to
downstream customers and in 2016 structural improvements were made to improve the
efficiency of the Northside distribution system. Approximately $100,000 per year is budgeted for
canal and lateral improvements and preventative maintenance. The OUWUA has made
efficiency a priority with recent projects focused on reducing operational spillage, increasing
canal automation, improving water level and flow control, incorporating flow measurement at
canal headings and operational spill sites, and enhancing and expanding the Association’s
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Supervisory Control and Data Acquisition (SCADA) system. The OUWUA has sought grant
funding to help pay for Phase 2 of the Northside capital improvement projects, including
construction of a regulating reservoir and other improvements to the distribution and metering
system.
OUWUA does not provide groundwater to customers. The OUWUA promotes conjunctive use
and encourages the use of available surface water supplies by setting surface water supply rates
below the cost of groundwater pumping. Users who plan to use less than 3 AF per acre can elect
to transfer their unused water to a neighbor. The volumetric charge over 3 AF per acre provides
incentive for efficient water use. OUWUA rules and regulations also prevent wasteful use of
water. Water can be transferred or sold back to the USBR, though the repayment on this water is
an interest free, 50-year term, leaving little incentive for members to elect this option.
In efforts to increase flexibility, an agreement between OUWUA and the TCCA has been
considered that would allow the association to utilize the Tehama-Colusa Canal as an intertie
conveyance between its Northside and Southside service areas. No formal activity has yet taken
place. Additionally, OUWUA is in discussion with USBR to allow for revenue generation
through the transfer and sale of surplus water. OUWUA has 2 unused existing Tehama-Colusa
Canal intertie sites available to transfer any surplus water to TCCA, thus potentially reducing
CVP contractor reliance on the Sacramento River diversion in Red Bluff.
Like much of the Sacramento Valley, there is a trend in the OUWUA towards converting
cropland to orchards. Many of these orchards utilize drip or sprinkler irrigation and thus use
groundwater (not provided by OUWUA). There are some orchards in OUWUA that are floodirrigated and some that have pressurized drip irrigation systems that can use surface water. There
is considerable interest in retrofitting additional laterals to provide pressurized water sources for
drip and sprinkler irrigation.

2.8 Existing Groundwater Regulatory Programs
Key regulatory program affecting the use of groundwater resources in the Subbasin are
summarized below.

2.8.1 Tehama County Groundwater Ordinances
Water Export Ordinance No. 1617 was adopted in 1994 to limit wasteful use of groundwater and
exports of groundwater to areas outside of the County. It created legal requirements for a permit
to extract groundwater from one parcel of land for application on another parcel when parcels are
not contiguous and required a permit to pump groundwater from a parcel such that the radius of
influence extended beyond the parcel (or contiguous parcels) of land upon which the well was
located (excluding existing wells in 1991).
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In response to the 2012 to 2015 drought, the Tehama County Board of Supervisors adopted
Ordinance 2006, which extended permitting requirements for the use of groundwater supply
wells. Ordinance 2006 required a permit for use of any water supply well greater than 8 inches in
diameter. The ordinance also restricted permitting of new wells on a parcel if the parcel was
shown to have an existing non-permitted or inactive well that had not been destroyed.

2.8.2 Glenn County Groundwater Ordinance
The Glenn County Board of Supervisors originally adopted the Groundwater Management
Ordinance No. 1115 in 2000 and was codified in the Glenn County Code 20.030. (Glenn County
Board of Supervisors [GCBS], 2001). The original Groundwater Management Ordinance was
modified by Ordinance 1237 in 2012 and updated the Glenn County Code 20.030. The intent of
the ordinance is to ensure that groundwater of suitable quantity and quality is available for use in
Glenn County. Management of groundwater levels, groundwater quality and prevention of land
subsidence are the primary objectives of the ordinance. The ordinance states that groundwater
management practices including water exports shall not cause harm to adjacent areas and
specifically cites modification, reduction, or termination of wells involved with water exports as
a first priority in a sequence of management actions to be taken in the event groundwater levels
become critical.
Per County Code 20.030.130, if the water level thresholds established by the Glenn County
BMO Plans are exceeded, a process is set in motion. First the Technical Advisory Committee
will undertake a technical review of the problem to determine the regional extent, magnitude,
and cause of the non-compliance. The Technical Advisory Committee will then report its
findings to the Water Advisory Committee and recommend possible corrective actions to resolve
the problem. The Water Advisory Committee will aim to resolve the problem in the affected area
through negotiations. Some of the possible actions available that may be taken by the Water
Advisory Committee might be to coordinate the following voluntary actions in the affected
area: 18

18

•

Rescheduling and/or redistributing groundwater extractions

•

Termination of groundwater substitution extractions, if deemed the case of the noncompliance

•

Reduction of groundwater extraction rates

•

Termination of groundwater extractions

•

Development of groundwater recharge programs

https://www.countyofglenn.net/committee/water-advisory-committee/management-plan
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•

Modification of BMO levels

2.8.3 Irrigated Lands Regulatory Program
In 2017 the CVRWQCB issued Agricultural Order No. R3-2017-0002, a Conditional Waiver of
Waste Discharge Requirements for Discharges from Irrigated Lands (CVRWQCB, 2017). The
permit requires that growers implement practices to reduce nitrate leaching into groundwater and
improve receiving water quality. Negotiations with the CVRWQCB staff are ongoing and
expected to conclude in 2020 with the adoption of a new ILRP Waste Discharge Requirements
(WDR) for farming operations in the Sacramento Valley. As mandated by the State Water
Resources Control Board (SWRCB), specific reporting requirements for nitrogen applications
and removal, irrigation and surface water discharge management, and groundwater quality
monitoring will be included with quantifiable milestones.
In the Sacramento Valley, the implementation of the ILRP is led by 2 third party coalitions for
growers that are enrolled: the California Rice Commission Coalition, which represents
Sacramento Valley rice growers; and the SVWQC, which represents all other crops in the
Sacramento River Watershed area. Since there is currently no rice grown within the Subbasin,
the applicable coalition is SVWQC. The SVWQC is further organized with 13 sub-watershed
groups that provide locally enrolled landowner assistance with meeting the ILRP requirements.
The Subbasin is located within 2 sub-watershed groups: the Shasta-Tehama Water Education
Coalition represents the Tehama portion of the Subbasin, and the Colusa Glenn Subwatershed
represents the Glenn County portion of the Subbasin.

2.8.4 Central Valley – Salinity Alternatives for Long-Term Sustainability and Basin
Plan
The Central Valley Salinity Alternatives for Long-Term Sustainability (CV-SALTS) was
established in 2006 as a collaborative basin planning effort between the CVRWQCB, SWRCB,
and stakeholders. CV-SALTS presented a comprehensive salt and nitrate management plan
designed to minimize water quality impacts throughout the Central Valley as required per the
following (CVRWQCB, 2018):
The State Water Board Recycled Water Policy requires the development of salt and
nutrient management plans protective of groundwater and submittal of these plans to the
Regional Water Board by May 2016. These plans are to become the basis of basin plan
amendments to be considered by the Regional Water Board by May 2017. CV-SALTS is
the stakeholder effort working to develop comprehensive salt and nitrate management
plans (SNMPs) that will satisfy the Recycled Water Policy’s salt and nutrient
management plans in the Central Valley.
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CV-SALTS developed technical work to analyze salt and nitrate conditions in surface and
groundwater in the Central Valley, identify implementation measures, and develop monitoring
strategies to ensure environmental and economic sustainability (CVRWQCB, 2018).
The current Water Quality Control Plan for the Sacramento-San Joaquin River Basins (Basin
Plan) includes all amendments that have been fully approved as of May 2018.
As a result, compliance with CV-SALTS means complying with the Basin Plan and its newly
adopted Central Valley Salt and Nitrate Control Program provisions. Pathways to compliance for
each program were outlined in the Salt and Nitrate Control Program portion of the updated Basin
Plan (Attachment 1 of Resolution R5-2018-0034). There are 2 programs outlined in the CVSALTS Salt and Nitrate Control Program, one for salt, and one for nitrate. Each pathway
includes options for different approaches and levels of investigation, that the Sacramento Valley
Coalitions are evaluating for compliance.
Information developed during the CV-SALTS process will be incorporated into the revised ILRP
WDRs in the Central Valley, including the Sacramento Valley Order.

2.8.5 Title 22 Drinking Water Program
The SWRCB DDW regulates public water systems in the state to ensure the delivery of safe
drinking water to the public. A public water system is defined as a system for the provision of
water for human consumption that has 15 or more service connections or regularly serves at least
25 individuals daily at least 60 days out of the year.
Private domestic wells, wells associated with drinking water systems with less than 15 residential
service connections, industrial, and irrigation wells are not regulated by the DDW.
The DDW enforces the monitoring requirements established in Title 22 of the California Code of
Regulations (CCR) for public water system wells, and all the data collected must be reported to
the DDW. Title 22 also designates the Maximum Contaminant Levels (MCLs) for various
waterborne contaminants, including volatile organic compounds, non-volatile synthetic organic
compounds, inorganic chemicals, radionuclides, disinfection byproducts, general physical
constituents, and other parameters.

2.8.6 Considering Regulatory Programs for the GSP
Information in these various plans has been considered during development of this GSP and used
during the preparation of Sustainability Goals, when setting Minimum Thresholds and
Measurable Objectives, and when developing Projects and Management Actions. The GSAs will
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continue to coordinate with applicable regulatory entities during the GSP implementation to
ensure consistency and seamless interaction between the various programs.

2.9 Existing Water Monitoring Programs
This section describes existing water monitoring programs in the Subbasin. Other monitoring
programs, such as subsidence monitoring, are further described in Section 3 Basin Setting and
Section 5 Monitoring Networks.

2.9.1 Groundwater Elevation Monitoring
Groundwater elevation monitoring in the Subbasin is conducted at least semi-annually via the
various programs discussed below in order to quantify water level and storage changes over
time.
2.9.1.1

California Statewide Groundwater Elevation Monitoring Program

The DWR’s California Statewide Groundwater Elevation Monitoring (CASGEM) program is
administered by Glenn County and the TCFCWCD. The CASGEM network in the Subbasin
includes 10 multi-level observation wells shown on Figure 2-18 that are routinely monitored for
groundwater levels by the DWR or the County representatives. Water levels are generally
measured and reported to DWR on a semi-annual basis in the spring and fall by either DWR,
Glenn County, or TCFCWCD. In addition, there are numerous privately-owned wells also shown
on Figure 2-18 whose owners voluntarily provide DWR with access for water level
measurements and inclusion in the CASGEM database.
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Figure 2-18. Wells Used for Water Level Monitoring in the Subbasin

2.9.1.2

Tehama County Groundwater Elevation Monitoring

The TCFCWCD identified a water level monitoring network of “Key Wells” for the Tehama
County GWMP (Tehama County, 2012). The network of wells included 5 of the shallow
CASGEM multi-level observation wells and 5 additional domestic or irrigation wells. Water
levels in the CASGEM multi-level wells are measured continuously using data loggers
maintained by the TCFCWCD. “Key Wells” have generally been monitored by TCFCWCD,
DWR, or other entities 3 times per year in the spring, summer, and fall since at least 1976.
TCFCWCD does not actively monitor groundwater levels in the “Corning West” area identified
in the Tehama GWMP (west of Corning and Thomes Creek Water Districts) as the aquifer has
not been used extensively as a water source in this area.
2.9.1.3

Glenn County Groundwater Elevation Monitoring

The water level monitoring program reported by Glenn County includes 5 multi-level CASGEM
observation wells and 6 additional single completion domestic or irrigation wells used in the
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BMO program (GCBS, 2010a and 2010b). DWR has been measuring groundwater elevations in
the multi-level observation wells since they were installed in the mid-2000s. Additional
CASGEM wells have been monitored by Glenn County, DWR, or other entities at least
biannually since 1976. The wells are dispersed throughout the southeastern portion of the
Subbasin within Glenn County. The southwestern portion of the Subbasin to the west of Black
Butte Lake is largely undeveloped and consequently water levels are not actively monitored in
this portion of Glenn County.

2.9.2 Groundwater Quality Monitoring
Groundwater quality is assessed in the Subbasin under a variety of programs summarized below.
These programs are conducted with variable intended purpose, frequency, and duration of
monitoring. Figure 2-19 provides a summary of the location of wells that have been used for
groundwater quality monitoring within the Subbasin. More information on these programs is
included in Monitoring Network Section 5 and Sustainable Management Criteria Section 6.

Figure 2-19. Groundwater Quality Monitoring Programs in Corning Subbasin
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2.9.2.1

DWR Water Quality Monitoring Network

DWR has conducted 2 or 3 water quality monitoring events at 7 of the multi-level observation
well clusters in the Subbasin. The results of these sampling events are available on the SWRCB
Geotracker / Groundwater Ambient Monitoring and Assessment (GAMA) water quality
database. 19 The most recent sampling event at each well was in 2016 or 2017. Samples have
been analyzed historically for metals, minerals, and volatile organic compounds at 2 well clusters
in Tehama County and 5 well clusters in Glenn County. Sampling for this program has been
intermittent and is conducted when DWR either acquires funding or identifies the need for
sample collection.
2.9.2.2

Sacramento Valley Water Quality Coalition Monitoring Program

The CVRWQCB’s Waste Discharge Requirements General Order (Order) for Growers in the
Sacramento River Watershed requires regional groundwater quality monitoring in the
Sacramento Valley. The SVWQC implements the Order. The SVWQC developed and is
implementing a Groundwater Quality Trend Monitoring Program to collect the data required by
the Order (Luhdorff & Scalmanini, Consulting Engineers [LSCE], 2019a). The results of trend
monitoring are summarized in annual monitoring reports submitted to the CVRWQCB.
There is one ILRP sampling location in the Subbasin approximately 2 miles northwest of
Corning. This location is routinely sampled for nitrate and total dissolved solids as part of the
program (LSCE, 2019a).
2.9.2.3

Glenn County Water Quality Monitoring

Per the Glenn County BMOs, there are 4 wells in the Subbasin used by Glenn County for
groundwater quality monitoring. The groundwater quality network was established during the
summer of 2003 and includes annual sampling for analysis of pH, electrical conductivity, and
temperature. The locations of the Glenn County water quality monitoring wells are provided in
Monitoring Network Section 5 of this GSP. The data is collected and compiled by Glenn County
representatives.
2.9.2.4

Public Water Systems Monitoring

The SWRCB DDW regulates public water systems in the state per the Title 22 of the CCR for
public water system wells. A public water system is defined as a system for the provision of
water for human consumption that has 15 or more service connections or regularly serves at least
25 individuals daily at least 60 days out of the year. The DDW enforces the monitoring
19

http://geotracker.waterboards.ca.gov/gama/gamamap/public/
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requirements established in Title 22. Title 22 designates the MCLs and requires periodic testing
for various waterborne contaminants, including volatile organic compounds, non-volatile
synthetic organic compounds, inorganic chemicals, radionuclides, disinfection byproducts,
general physical constituents, and other parameters. There are 2 public water systems in the
Subbasin for the City of Corning and the Cal-Water Service Co. - Hamilton City systems are
shown on Figure 2-12 and in Table 2-4.
Tehama County and Glenn County Environmental Health Departments regulate small water
systems (5 to 14 connections) in their respective counties to ensure the water provided meets
federal and state water quality standards. The counties require sampling, testing, and reporting of
chemical and biological parameters and oversee regulatory compliance for these systems. There
are 17 small water systems in the Subbasin shown on Figure 2-12 and in Table 2-4.
2.9.2.5

Other Groundwater Quality Monitoring

Groundwater quality has also been monitored under several different programs and by different
agencies including:

20

•

The United States Geological Survey (USGS) has sporadically collected groundwater
quality data under the GAMA program. These data are stored on the Geotracker / GAMA
online database 20 and are evaluated in comprehensive technical reports (USGS, 2011).

•

The CA Department of Pesticide Regulation (DPR) has a network of wells throughout the
Sacramento Valley at which various regulated pesticides are monitored to assess potential
impacts on groundwater sources. DPR monitors at domestic, agricultural, public supply,
and small system wells on a regular basis. Information on pesticide sampling is made
available on the Geotracker/GAMA online database and annual report summaries by
region.

•

The CVRWQCB’s Confined Animal Facilities - Dairy Program regulates monitoring of
nitrate in groundwater wells surrounding dairy facilities. One regulated dairy location is
within the Subbasin in southeastern Tehama County.

•

There are multiple sites at which groundwater quality monitoring is conducted as part of
a local investigation or compliance monitoring program for point source contaminant
assessment and remediation. These sites are monitored under direction of the
CVRWQCB.

https://geotracker.waterboards.ca.gov/
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2.9.3 Surface Water Monitoring
Streamflow gauges have historically been measured in the Subbasin by the USGS, USBR,
USACE, and DWR at various locations along the boundaries of the Subbasin on the Sacramento
River, Thomes Creek, and Stony Creek. The USGS has operated several stream gauges within
the Subbasin historically (Figure 2-20). However, these gauges are currently all inactive and do
not provide any flow measurement or stream stage data. Historical data collected from these

gauges are stored electronically in National Water Information System (NWIS) files. 21
Figure 2-20. USGS Streamflow Gage Locations

The DWR maintains records of streamflow and stream stage on their California Data Exchange
Center (CDEC) and the Water Data Library (WDL) databases. 22 These stations are owned and
21
22

https://waterdata.usgs.gov/nwis/sw
https://cdec.water.ca.gov/webgis/?appid=cdecstation
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managed by various state and federal agencies and there are 5 active gauges within the Subbasin
(Figure 2-21). Three gauges are maintained by DWR: one on Thomes Creek directly upstream of
the Subbasin boundary (THO), and 2 on the Sacramento River (VIN at the Woodson Bridge and
HMC at Hamilton City). USBR maintains a gauge on Stony Creek flowing into the Black Butte
Lake (SCG) and USACE maintains a gauge at the outlet of Black Butte Lake (BBQ).

Figure 2-21: CDEC Streamflow Measurement Stations

2.9.4 Incorporating Existing Monitoring Programs into the GSP
The existing monitoring programs and networks constitute a broadly distributed system that
provides representative data throughout the Subbasin. The programs are incorporated into the
GSP monitoring plan as appropriate, as discussed in Section 5 of this GSP. The existing
monitoring programs are not anticipated to limit the operational flexibility of this GSP, but rather
to provide the types of data and means for data collection needed to successfully develop and
implement the Plan.
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2.10 Conjunctive Use Programs
There are no formal conjunctive use programs utilized in the Subbasin. Conjunctive use refers to
the coordinated use of surface water and groundwater resources to optimize regional water
supply and storage management objectives. In the Subbasin, conjunctive use may include the use
of surface water for managed aquifer recharge and/or in-lieu recharge, conserving groundwater
for times when surface water is not available.

2.11 Well Permitting
Extraction wells are permitted in Tehama and Glenn counties with the following elements:

2.11.1 Tehama County Well Permitting

The Tehama County Department of Environmental Health reviews and approves well permit
applications and conducts on-site inspections to verify proper seals, well locations and site
information. Chapter 9.42 of Tehama County Code provides standards for well construction,
testing, and inspection (Ordinance No. 1707, 1999). Well drilling methods, well design and
construction, and well development influences extraction rates, the radius of influence,
groundwater levels, prevention of groundwater contamination, and overall aquifer performance
(TCFCWCD, 2012). The TCFCWCD shall support the County’s activities to identify reasonable
well construction policy that assists managing competition for groundwater extraction and
reduces risk of third-party impacts on pumping levels and groundwater quality. Such policy may
be specific to individual groundwater subbasins (TCFCWCD, 2012).
In 2015, the Tehama County Board of Supervisors adopted Ordinance (2006) to add a further
layer of protection for the groundwater aquifers and water wells connected to it. Water wells not
used to supply water for a residence on the same parcel within the past 90 days will be
considered dormant and new small wells on vacant parcels will not be allowed without a
permitted use.
In 2021, Tehama County has started working on review and potential updates to the current well
permitting ordinance. Further information is provided in Management Action 3 in Section 7.

2.11.2 Glenn County Well Permitting
The Glenn County Department of Environmental Health reviews and approves well permit
applications and conducts on-site inspections to verify proper seals, well locations and site
information. County well standards are included in County Code 20.08. All new wells must have
an approved permit from the Environmental Health Department prior to the start of any
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construction. The purpose of the program is to protect groundwater quality and to ensure a safe
drinking water supply for the residents of Glenn County (DPNG, 2020).
Improperly constructed, altered, maintained, or destroyed wells are a potential pathway for
introducing poor quality water, pollutants, and contaminants into good-quality groundwater. The
Glenn County Water Quality Program is implemented through the Department of Environmental
Health. The Water Quality Program is responsible for the enforcement of standards and codes
regarding the construction and destruction of water wells, monitoring wells, exploratory soil
borings and other special use wells.
Glenn County is currently in the process of reviewing County Code 20.080 Water Well Drilling
and Standards. The County has called out items to be considered during the revision process
including the DWR- California Well Standards Bulletin 74-81 and 74-90 updates that are in
progress, coordination relating to SGMA, and current lawsuits (Stanislaus and Sonoma Counties)
that may impact well permitting statewide. Three key areas for potential policy updates may
include requirements for well spacing, pumping capacity and parcel size, and well casing/screen
depths. These discussions are in the initial phase and are expected to continue into 2022. This
activity is also part of the Management Action 3 as discussed in Section 7.

2.12 Land Use Management and Other Applicable Topics from General
Plans
Tehama and Glenn counties and the City of Corning address land use planning for the Subbasin
in their respective general plans. The sections below summarize the relationship between the
GSP and the goals, policies, and implementation measures within the applicable General Plans.
The General Plans were written to provide the covered areas with guidelines to successfully
facilitate anticipated growth and land use change. Implementation of the GSP will continue
sustainable management of groundwater in the Subbasin and is not anticipated to affect the water
supply assumptions in the general plans.

2.12.1 Land Use Elements of Tehama County General Plan
The Tehama County General Plan was last updated in 2009 and is expected to apply through
2029 (PMC, 2009). The purpose of the General Plan is to reflect upon changing conditions and
issues, and to provide a direction for the growth of the county. Growth in Tehama County is not
presented in the General Plan, but the California Department of Finance anticipates 1.61%
annual average population growth in the county from a population of 62,836 in 2008 (Tehama
County, 2012). The General Plan, which serves as the basis for various other planning
documents such as this GSP, explicitly states that agriculture is the foundation for the region and
will remain one of the primary land uses in Tehama County. Urban uses are encouraged in the
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General Plan, but only in areas with existing services, or where services can be provided
efficiently. Goals are defined in the General Plan as a broad statement describing a desired future
condition or achievement reflecting a community’s values and ideal future vision; policies are
identified in a clear and specific statement as text or a diagram that guides decision making; and
implementation measures are presented as an action, program, or procedure that carries out a
General Plan policy. Table 2-6, Table 2-7, and Table 2-8 summarize the most relevant goals,
policies, and implementation measures related to land use and water resources.
Table 2-6. Summary of Relevant Goals in the Tehama County General Plan
Goal

Description

ED-7

Protect and enhance environmentally sensitive lands and natural resources while, at the same time, promoting
business expansion, retention, and recruitment.

PS-4

To promote development in areas where existing water districts have available resources to accommodate
development or where existing districts may be expanded to serve new development in a cost-effective manner.

OS-1

To ensure that water supplies of sufficient quality and quantity will be available to serve the needs of the Tehama
County, now and into the future.

OS-3

To protect, preserve, and enhance fish and wildlife species by maintaining healthy ecosystems.

SAF-5

To minimize and reduce the risk of personal injury and property damage resulting from flooding
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Table 2-7. Summary of Relevant Policies in the Tehama County General Plan
Policy

Description

SI-5.2

As development demands based on population growth and land availability necessitates, land adjacent to the City
of Corning shall be used to accommodate future population in the planning area.

PS-3.2

The County shall ensure that water supply and delivery systems are available in time to meet the demand created
by new development or are guaranteed to be built through the use of bonds or other financial sureties.

PS-4.1

The County shall encourage future development to be located with respect to type and intensity/density of land
use in order to ensure the long-term, economically feasible and environmentally sound provision of adequate
water supply and quality.

ED-6.3

The County shall accommodate urban growth and other non-agricultural development by utilizing, whenever
possible, lands that do not have agricultural viability as defined in the Agriculture and Timber Element of the
County General Plan.

ED-7.1

The County shall continue to preserve Tehama County’s natural resources including agriculture, timberlands,
water and water quality, wildlife resources, minerals, natural resource lands, recreation lands, scenic highways,
and historic and archaeological resources. The protection of natural resources is of the utmost importance and
promoting business expansion, retention, and recruitment should complement and enhance the natural resources
while reducing negative impacts.

OS-1.1

The County shall protect and conserve water resources and supply systems through sound watershed
management.

OS-1.2

The County shall work to ensure continued reasonable alternate water supplies.

OS-1.3

Surface water quality and stream flows for water supply, water recharge, recreation, and aquatic ecosystem
maintenance shall be protected while respecting adjudicated and appropriated (California recognized water rights)
rights of use.

OS-1.4

The County shall encourage development of land for the purposes of improving groundwater recharge.

OS-1.5

The County shall ensure the high quality of groundwater by emphasizing programs that minimize erosion and
prevent the intrusion of municipal and agricultural wastes into water supplies.

OS-1.6

The County shall explore and encourage new water storage projects that are of local benefit.

OS-1.7

The County shall encourage new development to incorporate water conservation measures.

OS-3.1

The County shall preserve and protect environmentally sensitive and significant lands and water valuable for their
plant and wildlife habitat, natural appearance, and character.
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Table 2-8. Summary of Relevant Implementation Measures in the Tehama County General Plan
Implementation
Measure

Description

ED-6.1b

Secure and develop water resources to sustain agriculture production.

OS 1.1h

The export of groundwater from Tehama County shall be discouraged.

OS-1.6a:

Work with local, regional, and state water suppliers to determine the necessary water storage required for
projected growth in the County. Investigate potential federal and state funding opportunities related to water
infrastructure. Apply for funding to establish water storage facilities.

OS-1.2a

Encourage water supply agencies and companies in the County to identify and develop water supply
sources, other than groundwater, where feasible

OS-1.2c

Encourage the use of treated wastewater to irrigate parks, golf courses, and landscaping.

OS-1.3a

Protect surface and ground water from major sources of pollution, including hazardous materials
contamination and urban runoff

OS-1.5b

The Regional Water Quality Control Board shall monitor irrigation runoff to prevent infiltration of
herbicides/fertilizers/pesticides and municipal wastes into streams, rivers of the groundwater basin. The
County shall also encourage irrigation water recycling.

OS-1.6a

Work with local, regional, and state water suppliers to determine the necessary water storage required for
projected growth in the County. Investigate potential federal and state funding opportunities related to water
infrastructure. Apply for funding to establish water storage facilities.

2.12.2 Land Use Elements of Glenn County General Plan
The Glenn County General Plan was last updated in 1993 and the County is currently in the
process of updating this document. In 2020 an Existing Conditions Report was published that
provided the goals, policies, and implementation measures of the 1993 General Plan, and also
identified development patterns, natural resources, socioeconomic conditions, and environmental
conditions in the county that will guide the forthcoming revision to the General Plan (DNPG,
2020). A goal of many sections of the 1993 General Plan was “preservation of agricultural land,”
which stressed the importance of agricultural resources in the county. Preservation of water
quantity, quality, environmental resources, and flood protection were also addressed. Table 2-9 is
a summary of some of the goals in the 1993 General Plan that are related to this GSP.
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Table 2-9. Summary of Relevant Goals in the Glenn County General Plan
Goal

Description

CDG-1

Preservation of agricultural land.

CDG-2

Avoidance of land use conflicts in agricultural areas.

CDG-3

Appropriate distribution and regulation of land uses.

NRG-2

Protection and management of local water resources.

PSG-6

Protection and enhancement of water quality.

NRP-3

Preservation and enhancement of the county's biological resources in a manner compatible with a sound local
economy.

PSG-5

Protection and reduction of loss of life and personal property due to flooding. Catastrophic failure of levee(s)
along the Sacramento River in the region would have a significant negative impact on portions of Glenn County.
Five historical crests with water overtopping levees have occurred along the Sacramento River in Hamilton City
between 1970 and 1986 and portions of Hamilton City and the surrounding area flooded in 1974. In 2007, levee
improvements were authorized to increase the flood protection on the Sacramento River from a 10-year to 75year water crest.

2.12.3 Land Use Elements of City of Corning General Plan
The City of Corning General Plan was updated in 2015 (Diaz Associates, 2015). The goals that
the General Plan advanced related to this GSP are shown in the following table.
Table 2-10. City of Corning General Plan Goals
Goal

Policy

1

Preserve and enhance the quality of life by providing a variety of living environments and accommodating
growth.

2

Geographic distribution and the timing of growth shall be directly related to the conservation of natural resources
and the provision and/or improvement of public facilities, services, and utilities.

3

Protect wildlife, fish, and native vegetation associations, particularly rare, endangered, and threatened species.

4

Maintain, conserve, and improve existing and future surface and groundwater quantity and quality.

5

Conserve, maintain and protect natural waterways, riparian habitat, and natural open space.

6

Provide current and future public services and facilities (including water and wastewater) in an orderly manner to
meet existing needs and accommodate growth.

2.12.4 Land Use Planning Adjacent to Subbasin
The county land use plans are also applicable to the areas outside but adjacent to the Subbasin
boundaries, with exception of the Vina and Butte Subbasins to the east, which are primarily
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within Butte County’s jurisdiction (a very small portion of the Butte Subbasin is within Glenn
and Colusa Counties). The Butte County General Plan 2030 was updated and adopted on
October 26, 2010 (County Resolution 10-152) and amended on November 6, 2012 (County
Resolution 12-124). The City of Tehama, in Tehama County, is located north of the Corning
Subbasin, within the Red Bluff Subbasin. The Tehama City Council serves as the Planning
Commission that reviews proposed amendments to zoning ordinances, site plans and plat
applications, and makes decisions regarding the current and future development of City of
Tehama 23; however, no general plan has been adopted. The City of Orland, in Glenn County, is
located in the Colusa Subbasin, just south of the Corning Subbasin. The City developed its land
use plan in 2003 (PMC, 2010).
The Corning Subbasin member agencies have developed good regional partnerships with
neighboring land use planning entities, water management agencies, and GSAs and will continue
to work collaboratively with partners within the Subbasin and regional partners in neighboring
subbasins to coordinate groundwater management efforts that ensure groundwater sustainability
is achieved throughout the northern Sacramento Valley.

2.13 Effects of Land Use Plan Implementation on Water Demand
The GSAs do not have authority over land use planning. However, the GSAs will coordinate
with the counties and City of Corning on General Plans and land use planning/zoning as needed
when implementing the GSP.

2.14 Effects of GSP Implementation on Water Supply Assumptions of Land
Use Plans
Implementation of this GSP is not anticipated to affect water supply assumptions of relevant land
use plans over the planning and implementation horizon.
GSP points out existing water supply challenges, but the SMC should not affect current land
uses. However, future land uses may be affected as groundwater level minimum thresholds have
been set to avoid long-term declines in water levels.

2.15 Potential Additional GSP Elements (Reg. § 354.8 g)
Additional GSP elements that are relevant for this Subbasin are briefly described below with
items that are discussed in subsequent sections, throughout the GSP, or planned for
implementation.
23

https://cityoftehama.us/planning-and-zoning

Corning Subbasin Groundwater Sustainability Plan
November 2021

2-63

•

Conjunctive use and underground storage: not much currently in the Subbasin, but potential
for future projects, as described in Section 7.

•

Efficient water management practices: discussed in the Projects and Management Actions
Section 7.

•

Relationships with state and federal regulatory agencies: the counties in this Subbasin have
a good working relationship with DWR, in particular for technical support, the installation
of observation wells, and monitoring of water levels and subsidence, which occurs in
partnership. Since most of the surface water used in this Subbasin is through CVP contracts
or other federal water rights decrees, water districts and organizations in the Subbasin have
worked with USBR and USACE on water supply and flood control coordination. These
relationships will need to be strengthened during GSP implementation to ensure Subbasin
sustainability, as described throughout this GSP.

•

Land use plans and coordination with land use planning agencies: the GSAs have initiated
dialogue with County planning staff to identify, assess, and avoid planning decisions and
activities that potentially create risks to groundwater quality or quantity.

2.16 Notice and Communication
A Communications & Engagement Plan (C&E Plan) has been developed and is included in
Appendix 2A.

2.16.1 Beneficial Uses and Users of Groundwater
Among the beneficial groundwater uses supported by the Subbasin are various irrigated and nonirrigated agricultural activities (including but not limited to grazing, orchards, row crops, and
field crops); rural domestic/residential wells; municipal and industrial supply; and aquatic
ecosystems associated with rivers and streams, some of which provide habitat for threatened or
endangered species.
The Subbasin also covers a wide range of Interested Parties, including, but not limited to, the
following:
•

Land use authorities

•

Private well users

•

Urban users

•

Native American Tribal interests

•

Business interests
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•

Agriculture interests

•

Public agencies

•

Public water systems/ community water systems

•

Environmental interests

•

Disadvantaged Communities (DACs)

•

General public

2.16.2 Occurrence and Location of Native American Tribes in the Subbasin
During initial GSP development activities, the TCFCWCD reached out to the Native American
Heritage Commission (NAHC) to inquire about the existence of Native American Tribes within
the Subbasin, in addition to the Paskenta Band, which the TCFCWCD already had a working
relationship with. A record search of the NAHC Sacred Lands File was completed and sent back
to the TCFCWCD. The information returned showed that no other Native American Tribal land
is present in the Subbasin, apart from the Paskenta Reservation, which is shown on Figure 1-1.

2.16.3 Occurrence and Location of Disadvantaged Communities in the Subbasin
Over half of the Subbasin is covered by some level of DAC, notably west of I-5, near the City of
Corning, and in the Glenn County portion of the southern Subbasin (Figure 2-22).
Identification of DACs helps ensure the GSP adequately protects all beneficial users. The areas
covered by DACs rely entirely on groundwater as the source of their drinking water supply.
To calculate the population living in DAC and SDAC census block groups in the Corning
Subbasin, the area within the subbasin of each block group was divided by the total area of the
block group. Assuming even distribution of population within block groups, these proportions
were applied to the populations of each block group. Using this method, we estimate that in
2016, approximately 12,708 people lived in DACs. SDACs, which are a subset of DACs, had an
estimated population of 6,987.
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Figure 2-22. Disadvantaged Communities in the Corning Subbasin

2.16.4 GSP Communications Summary
CWC §10723.4 requires GSAs to establish and maintain a list of persons interested in receiving
notices regarding plan preparation, meeting announcements, and availability of draft plans,
maps, and other relevant documents.
The GSA staff for the CSGSA and the TCFCWCD each separately maintain their own interested
parties lists for the Glenn and Tehama County portions of the Corning Subbasin, respectively.
The interested parties lists are used to provide important announcements about public meetings,
GSP development, and review, via e-mail communications. The C&E Plan (Appendix 2A) was
developed early in the SGMA process—as soon as the GSAs were formed—and served as a
guiding document to conduct education and outreach within the Subbasin throughout GSP
development. The C&E Plan will be updated early in the GSP implementation phase to reflect
changes and adaptations to the process and will constitute a living document for further updates
throughout GSP implementation.
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2.16.4.1 Initial Notifications
The GSAs started their correspondence with Tribes, adjacent subbasins, and eligible agencies
within the Subbasin in 2015, when they each sent a Notice of Intent (NOI) to form a GSA and a
public hearing announcement (Appendix 1B and 1C).
Each GSA sent the NOI to develop a single combined GSP for the Corning Subbasin by mail in
December 2018 (Appendix 2B). The recipients included adjacent basins and GSA-eligible
agencies.
In July 2020, the TCFCWCD staff emailed the NOI to develop a GSP to the Paskenta Band of
Nomlaki Indians Tribe. They realized that the first release of the NOI had not included the Tribe
and wanted to correct that oversight. However, the Paskenta Band was kept updated on GSP
development activities even prior to the official notification was sent, through direct e-mail
communications by the TCFCWD and during a Tribal Council Meeting in June 2019 (Table
2-13), prior to GSP development, which started in early 2020.
2.16.4.2 Decision-making Processes
The 2 GSAs signed an MOU (Appendix 1A) agreeing to develop and implement a single
coordinated GSP for the Corning Subbasin. The MOU governs the GSAs’ decision-making
structure and establishes the Corning Subbasin Advisory Board (CSAB). The MOU is included
in Appendix 1A and is provided on the Corning Subbasin GSP website 24.
Figure 2-23 illustrates the Corning Subbasin Decision Making Structure and GSP Development,
institutional members of the Glenn and Tehama County GSAs, respectively, and the CSAB
members as of August 2021. CSAB members represent a varied group of Subbasin stakeholders
from small growers to commercial growers, agricultural enterprises, grower consulting,
Irrigation District and elected officials. Most members on the CSAB are also domestic well
owners. In addition, Bob Williams is a direct liaison with the Paskenta Band.

24

https://www.corningsubbasingsp.org/
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Figure 2-23. Corning Subbasin Decision Making Structure for GSP Development
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As stated in the MOU, the CSAB’s purpose is to establish:
1. A GSA cooperation forum of Member Directors
2. A publicly held meeting and process pursuant to the Brown Act for public involvement in
GSP development and implementation in the Basin
3. A mechanism whereby Members raise, and attempt in good faith to resolve, any disputes
that may occur between and among Members
4. Advisory recommendations to the Members concerning development and implementation
of the GSP
The MOU reserves all decision-making authority with each Member's governing bodies. The
CSAB will consider topics on which the Members desire coordinated decision making, and the
Member Directors will strive to make unanimous recommendations to present for consideration
at each Member’s governing body.
With regards to the role of CSAB members, the MOU states that each Member agrees to
cooperate in the development and implementation of a single GSP for the Corning Subbasin
under SGMA. Members will provide designated staff, information, services, and facilities
without any repayment for such contributions unless otherwise agreed. During the course of the
planning process, 2 CSAB appointees changed over.
2.16.4.2.1 Corning Subbasin Advisory Board
The CSAB met on a regular monthly schedule 17 times starting in April 2020 (except for May
2020) through September 2021 and then met again to finalize the GSP and recommend it for
adoption to the GSAs, in November 2021. The CSAB meetings held in December 2020 and
January 2021 had a primary purpose of providing an overview of initial draft GSP sections and
receiving CSAB and public input on the draft sections. CSAB meetings followed the Brown Act.
CSAB standing agenda items included the following: 1) public comment on items not on the
agenda, 2) GSA and interbasin coordination updates, and 3) GSP Planning Updates. The GSP
Development Team, composed of GSA staff and technical consultants, presented technical
information, analyses, and options for the CSAB and public’s consideration and input. For each
agenda item, the GSA staff had opportunities to ask clarifying questions, the CSAB had a time to
inquire and discuss items with the technical consultants, and a public comment period allowed
for stakeholders to comment and ask questions. When appropriate, the CSAB considered
possible action items to make recommendations to the GSAs, given all the information discussed
by the CSAB and the public. When the CSAB considered a possible action item, a majority vote
was required to pass an item.
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The CSAB members referenced, considered, and when appropriate, incorporated public input
they received inside and outside the CSAB meetings to debate and propose recommendations.
The GSP Development Team also responded to public requests for information, clarification, and
proposed options by responding to them in the meeting, tailoring subsequent presentations,
meeting separately with individuals, and developing options to address expressed interests.
In practice, the CSAB’s recommendations to the GSAs enjoyed unanimous votes in all but one
action item. Furthermore, both GSAs approved most of the CSAB’s recommendations.
In the instance of voting on the Sustainable Management Criteria for Chronic Lowering of
Groundwater Levels, the CSAB recommended an SMC to the GSAs. The GSAs did not approve
the recommendation and instead requested more information. This request precipitated the
CSAB’s Special Meeting in May 2021 for further discussion of existing data and generation of
options. The CSAB reconvened to consider additional analysis on a preferred set of options, hear
public comment and actively debated the recommendations. See Appendix 2C for the CSAB
Meetings and Key Outcomes including recommendations to GSAs.
The CSAB heard public comment on each agenda item in accordance with the Brown Act. The
CSAB and GSAs responded to and considered the public comment provided in the CSAB
meetings to assist in the development of the GSP. Table 2-11 provides a list of the primary
public comment themes that arose in the CSAB meetings and the response to them.
Table 2-11: Public Comment Themes Heard in CSAB Meetings and Responses
Public Comment Themes
1. The west side of the subbasin is distinct in its
groundwater conditions, use, benefits, economic
viability of its businesses, and predicted financial
hardship as a result of potential levies. Consider
planning and funding options that take this into
account. Do not levy parcel-based fees on the
basin and particularly not on these west side
landowners. Proposed management based on
regional distinctions.

2. Recommendation to address monitoring network
data gaps in groundwater monitoring on the west
side of the basin, Stony Creek, and Thomes Creek
to inform GSP and its implementation.
3. Set minimum thresholds to pre-emptively protect
shallow domestic wells.
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Response and Consideration of Inclusion into GSP
The GSP Development Team is developing a range of cost
recovery options for consideration by the CSAB and the
GSAs. Options will take into account the distinction of
groundwater conditions, use, benefits of the GSP, and
economic viability of businesses in the west side of the basin.
CSAB members requested development of an option for a
sliding scale fee to address these issues.
Potential funding options were included into Appendix 8A and
further discussions on fees will resume early during GSP
implementation.
Inclusion of expansion of monitoring network in the GSP.
Identified data gaps in west side of basin, Stony Creek and
Thomes Creek as well as plans for additional monitoring wells.
GSA approval of 20% buffer for Chronic Lowering of
Groundwater Level SMC. Analysis of shallow domestic wells
potentially impacted, included in GSP.
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Public Comment Themes
4. Protect the flexibility of pumping to protect
economic viability, preserve local control, and
flexibility over the Plan’s time horizon.
5. Address groundwater and surface water use
together. If groundwater use is restricted, surface
water rights holders will use more surface water
with connected impacts on groundwater.

6. Plan for climate and land use changes
7. Process requests for increased public outreach to
private landowners

Response and Consideration of Inclusion into GSP
Tailored approaches to set minimum thresholds to support
flexibility and updating over the plan timeline.
Developed and explained how the Hydrogeologic Conceptual
Model (HCM) treats the connections between surface water
and groundwater use.
Project & Management Actions include groundwater and
surface water actions.
Planned future coordination with USBR to develop projects
and management actions related to surface water.
Inclusion of climate change assumptions into models and most
recent land use projections in models.
Regional outreach meetings, Public CSAB meetings in Dec.
2020 and Jan. 2021 focused on input to draft GSP sections,
Special Meeting in May 2021, Public Workshops in Oct. 2021,
(additional information in C&E Plan). Additional outreach
activities to occur during Plan implementation.

2.16.4.2.2 Groundwater Sustainability Agencies
The CSGSA and the TCFCWCD began by meeting every other month and added meetings as the
GSP process demanded their deliberations.
TCFCWCD
The TCFCWCD and Groundwater Commission met regularly throughout the GSP development
process. Each meeting included an update on the Corning Subbasin and recommendations and
actions as required following CSAB meetings.
The 11-member Groundwater Commission received recommendations from the CSAB,
reviewed, and accepted them as appropriate. They then directed staff to present the final
recommendations to the TCFCWCD Board of Directors.
All Commission and Board of Directors meetings were open to the public with opportunity for
public comment throughout. Each meeting had a public comment period at the start of the
meeting and public comment was accepted on each item as it was called. Public Comment
letters/emails that were submitted to staff were added as attachments to the meeting minutes.
All in-person Board and Commission meetings had a phone call-in option and audio was
livestreamed via the County website. Recordings are posted and available. During the pandemic,
meetings held via Zoom were recorded and the audio posted to the County website.
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CSGSA
The CSGSA met regularly throughout the GSP development process. Meetings included a CSAB
Report, opportunity for discussion, and items relating to specific GSP development topics.
Recommendations from the CSAB were considered during CSGSA meetings.
All GSGSA meetings were open to the public, with an opportunity for public comment on items
not listed on the agenda and for each agenda item in compliance with the Brown Act. Notices of
meetings were posted, placed on the CSGSA webpage, and emailed to the interested parties list
prior to the meeting.
2.16.4.3 Public Engagement Opportunities
Throughout GSP development, the GSP Development Team provided public engagement
opportunities, solicited input, and incorporated input into proposals to the CSAB and GSAs.
Table 2-12 outlines the public comment opportunities and their objectives for soliciting active
public comments, questions, and suggestions to decision makers and the GSP Development
Team to inform the GSP. The GSP Development Team identified the objectives of each public
comment opportunity and the format in which the public could actively participate.
Due to COVID restrictions, CSAB convened over a 2-way interactive videoconference platform.
The CSAB convened 3 in-person meetings with 2-way videoconference access. While many
CSAB members most appreciated the opportunities for in-person meetings, many of the public
participants expressed appreciation for the opportunity to participate and make public comment
via virtual access.
It is important to note that the format for all virtual meetings allowed 2-way engagement with the
public, which facilitated some back-and-forth clarification, answering questions, and generally
an inviting atmosphere for public comments. This 2-way virtual format produces a more
conversational and inviting outcome in contrast with written public comment through the
meeting chat or email during virtual meetings, which can be more reductive and restrictive.
Finally, Table 2-12 also includes the stakeholder sectors and institutional stakeholders who
participated in these opportunities to engage and provide comment.
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Table 2-12: Public Comment Opportunities and Participating Stakeholders
Public Comment
Opportunities
Regional outreach
meetings conducted
by GSA staff

Objective of Public
Comment Opportunity
Provide overview of the
GSP process, invite them
to participate in the CSAB
meetings, and solicit initial
interests and concerns
In accordance with the
Brown Act, solicit public
comment on all agenda
items to inform CSAB
recommendations to the
GSAs. Public comment on
items not on the agenda.

Format for Engagement

Participating Stakeholders

In-person Q&A and
collection of public
comments.

Private landowners
Local government representatives
Members of the public
Tribe

(16) Virtual meetings with
2-way videoconference
interaction with public.
(3) Hybrid meeting inperson with 2-way
videoconference access
with public.
Solicitation of public
comments and
documentation in meeting
summaries.

Private landowners: Westside
landowners and ranchers,
agricultural landowners
Tribes: Paskenta Tribe
Adjacent GSAs: in-basin and out-ofbasin GSA members and
consultants
Local Government: Tehama and
Glenn County local government
representatives, City of Corning
Other Organizations Glenn Farm
Bureau
Water Districts: Glenn-Colusa
Irrigation District, Colusa
Groundwater Authority, Tehama
County Groundwater Commission,
Stony Creek Water Master
DWR: Various representatives
Resources agency representatives:
CDFW and Reclamation
Members of the public

CSAB Meetings
Focused on Input on
Draft GSP Sections
(2) in Dec.2020, Jan.
2021

Solicit public comment and
questions on the GSP
process and content
midway through the
planning process.
Public comment on items
not on the agenda.

Virtual meetings with 2-way
videoconference interaction
with public.

Private landowners: Westside
landowners and ranchers,
agricultural landowners
Local Government: Tehama and
Glenn County local government
representatives, City of Corning
Water and Groundwater Districts:
Glenn-Colusa Irrigation District,
Colusa Groundwater Authority
DWR: Various representatives
Resources agency representatives:
CDFW and Reclamation
Members of the public

Public Workshops (2)
In Oct. 2021

Solicit public comment and
questions on the Draft
GSP

(1) In-person (1) virtual
meetings with 2-way
videoconference interaction
with public.

Public comment
periods during CSAB
meetings (19 total
including December
and January
meetings focused on
Draft GSP sections)
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Solicitation of public
comments and
documentation in meeting
summaries.

Participating stakeholders unknown
at this time.
Members of the Public
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Public Comment
Opportunities
Tehama County
Public Workshops

CSGSA and
TCFCWCD Board of
Director meetings
TCFCWCD (23 from
July 2017 – August
2021)

Objective of Public
Comment Opportunity
Discuss GSP development
progress updates and
provide public opportunity
to provide comments and
ask questions
Public comment on items
not on the agenda.
Provide public comment
opportunities in
accordance with the
Brown Act to inform the
GSP development.

CSGSA (15 from
January 2020 –
October 2021)

Format for Engagement

Participating Stakeholders

Remote or in-person
options

Private landowners, residents of the
Thomes Creek Estates
Members of the public
Tribe

One in person tailgate
meeting with landowner
group
December 2020 webinar
presented an update on the
Corning Subbasin
CSGSA:
Variety of virtual meetings
with 2-way videoconference
interaction with public,
meeting in-person with
public in attendance, and
hybrid meeting in-person
with 2-way video
conference access with
public.
Solicitation of public
comments and
documentation in meeting
summaries.
TCFCWCD
in person with a phone call
in option.

Tehama County
Groundwater
Commission
Meetings (29 from
September 2017 –
September 2021)

Provide public comment
opportunities to inform the
GSP development.

Invitations to
Participate and
Comment emailed to
the Interested Parties
List

Encouraged members of
the public to submit
comments that exceeded
3 min. By email to GSA
staff via email.

Mixture of in-person and
virtual meetings with public
attendance

Public comment on items
not on the agenda.
Email submissions with
response from GSA staff
and/or GSP Development
Team

The following are generally the
types of stakeholders that have
participated:
Private Landowners: Westside
landowners and ranchers,
agricultural landowners
Local Government: Tehama and
Glenn County local government
representatives
City of Corning Water and
Groundwater Districts: GlennColusa Irrigation District, Colusa
Groundwater Authority, Monroeville
Water District
DWR: Various representatives
Resources agency representatives:
CDFW and Reclamation
Unidentified stakeholders and
members of the public
Facilitator
Private landowners and agricultural
landowners
Members of the public
Facilitator (as needed)
DWR: Various representatives
Unidentified stakeholders and
members of the public
Members of the public, Tribe

Prior to GSP development, County and GSA staff held numerous meetings to engage the public
and provide information on SGMA requirements. For example, Table 2-13 provides an overview
of meetings held by TCFCWCD prior to and during GSP development. Table 2-14 provides an
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overview of meetings held by CSGSA staff prior to and during GSP development. In addition,
GSA and county staff provided regular updates on Corning Subbasin SGMA implementation
activities and GSP development progress at open public venues such as the NSV IRWM
Technical Advisory Committee and Board Meetings, NCWA Groundwater Task Force Meetings,
RCD meetings, and CSGSA member agency updates.
Table 2-13. Public Meetings Held by TCFCWCD Prior to and During GSP Development
Date

Stakeholder Meeting Subject /
Description

Meeting Focus Topics

Main Outcomes

4/4/2016

Tehama Co Public Meeting

SGMA Overview

Provided information to
public on SGMA

4/14//2016

Sacramento River Discovery Center

General SGMA Overview

Provided information to
public on SGMA

5/25/2016

Tehama Co Public Meeting

SGMA Overview

Provided information to
public on SGMA

6/27/2016

Tehama Co Public Meeting

SGMA Overview

Provided information to
public on SGMA

9/15//2016

Sacramento River Discovery Center

Tehama County GSA

Provided information to
public on SGMA

5/30/2017

Tehama Co Public Meeting

Tehama County GSA and Current
GW Conditions

Provided information to
public on SGMA

8/9/2017

Tehama Co Public Meeting

Tehama Co Reconnaissance
Level GW Sustainability Risk
Assessment

Provided information to
public on SGMA

10/23/2018

Corning City Council Meeting

Tehama County GSA and Current
GW Conditions

Provided information to
public on SGMA

11/14/2018

Tehama County Farm Bureau Meeting

Tehama County GSA and Current
GW Conditions

Provided information to
public on SGMA

4/5/2019

SGMA in the N. Sacramento Valley Forum

Tehama County GSA and Current
GW Conditions

Provided information to
public on SGMA

5/8/2019

Shasta Tehama Watershed Education
Coalition

Tehama County GSA and Current
GW Conditions

Provided information to
public on SGMA

6/13/2019

Meeting with Paskenta Tribal Council

General SGMA, GSA, and GSP
overview, Corning Subbasin

Reaching out to Tribe about
SGMA process

1/30/2020

Capay Landowners Association

Tehama County GSA and Current
GW Conditions

Provided information to
public on SGMA

3/11/2020

Tehama County Agricultural Realtor Group

General SGMA and GSA Updates,
Corning Subbasin, Update on
Groundwater Levels

Provided information to
public on SGMA and GSP
Development

10/13/2020

El Camino Irrigation District Board

General SGMA, Groundwater
Levels

Provided information to
public on SGMA and GSP
Development
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Date

Stakeholder Meeting Subject /
Description

Meeting Focus Topics

Main Outcomes

3/1/2021

Tehama County Cattlemen’s Association

General SGMA Presentation

Provided information to
public on SGMA and GSP
Development

3/17/2021

Tehama County Farm Bureau

GSA and GSP Update

Provided information to
public on SGMA and GSP
Development

4/6/2021

Meeting with Paskenta Tribal Council

SGMA and Tribal Engagement

Reaching out to Tribe

7/14/2021

Shasta Tehama Watershed Education
Coalition

Current Groundwater Conditions &
Progress Update on Development
of GSPs

Provided information to
public on SGMA and GSP
Development

9/21/2021

Red Bluff Noon Rotary

Current Groundwater Conditions &
Progress Update on Development
of GSPs

Provided information to
public on SGMA and GSP
Development

Table 2-14. Public Meetings Held by Glenn County and CSGSA Prior to and During GSP Development
Date

Stakeholder Meeting Subject /
Description

Meeting Focus Topics

12/3/2018

Glenn County Annual Growers Meeting

Provide an overview of SGMA

12/7/2018

SGMA Update at TCCA Meeting

GSA and GSP Update

3/14/2019

Media Interview

SGMA updates for potential future
news articles

4/4/2019

Glenn County Rangeland Association
Meeting

SGMA, GSA, and GSP Updates

4/5/2019

SGMA in the Northern Sacramento Valley
Regional Forum

Panelist & information table; GSA
and GSP development

5/16-19
2019

Glenn County Fair Informational Booth

General SGMA, basin, and GSP
development

6/18/2019

Sacramento Valley Olive Day

SGMA overview and GSP
development

8/15/2019

Reclamation District 2106 Board

Presentation by facilitator- SGMA
overview and governance
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Main Outcomes
Provided information to
public on SGMA and GSP
Development
Provided information to
public on SGMA and GSP
Development
Provided information on
SGMA and GSP
Development
Provided information to
public on SGMA and GSP
Development
Provided information to
public on SGMA and GSP
Development
Provided information to
public on SGMA and GSP
Development
Provided information to
public on SGMA and GSP
Development
Provided information to
potential partner on SGMA
and governance
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Date

Stakeholder Meeting Subject /
Description

Meeting Focus Topics

10/4/2019

ASRMRA Round Table

SGMA overview and GSP
development

11/6/2019

Corning Subbasin Public Meeting

SGMA overview, governance, and
GSP development

11/7/2019

Glenn County Rangeland Association
Meeting

SGMA, GSA, and GSP updates

12/3/2019

Glenn County Annual Growers Meeting

SGMA overview, available
resources, finding your
subbasin/GSA

3/4/2020

TCCA Meeting

SGMA, GSA, and GSP updates

1/25/2021

Orland Rotary Club

SGMA overview and GSP
development

5/12/2021

Glenn County Farm Bureau meeting

SGMA, GSA, and GSP updates

5/27/2021

Glenn County Rangeland Association

SGMA, GSA, GSP updates

6/9/2021

Glenn County Farm Bureau meeting

SGMA, GSA, and GSP updates

7/21/2021

Glenn County Realtor group

SGMA overview and GSP
development

10/6/2021

TCCA meeting

SGMA, GSA, and GSP updates
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Main Outcomes
Provided information to
public on SGMA and GSP
Development
Provided information to
public on SGMA,
governance, and GSP
Development
Provided information to
public on SGMA and GSP
Development
Provided information to
public on SGMA and GSP
Development
Provided information to
public on SGMA and GSP
Development
Provided information to
public on SGMA and GSP
Development
Provided information to
public on SGMA and GSP
Development
Provided information to
public on SGMA and GSP
Development
Provided information to
public on SGMA and GSP
Development
Provided information to
public on SGMA and GSP
Development
Provided information to
public on SGMA and GSP
Development
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Dissemination of Information
The GSAs used the following mechanisms to disseminate information to the public: 1) website,
2) emails to interested parties, 3) CSAB meetings, 4) GSA meetings, 5) public workshops, and 6)
outreach meetings. The website and emails to interested parties are described below.
Website
The GSP Development Team developed the website during the early stages of GSP planning so
that it was publicly accessible during the entire GSP development. The website was regularly
updated throughout the course of GSP development with meeting materials and GSP sections as
they were developed and is available at: https://www.corningsubbasingsp.org/.
The website includes the following information:
1. Homepage with an overview of geographic boundaries of the basin, the governance and
decision-making, and membership.
2. Corning Subbasin Advisory Board
a. Memorandum of Understanding
b. Schedule
c. Agendas, presentations, and meeting summaries
3. GSP Development
a. Development Team and Approach
b. Draft GSP Outline
c. Draft GSP Sections
4. Opportunities for Engagement
a. Join the interested parties list
b. Participate in CSAB meetings
c. Participate in Public Workshops
d. Provide comments on GSP sections by email
e. Contact GSA staff
5. Resources on SGMA from DWR and the SWRCB and links to the Glenn and Tehama
County websites.
Other Methods for Information Dissemination
The GSP Development Team disseminated information to the public through a series of
meetings and workshops, as well as emails to the interested parties list.
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Table 2-15 describes the information disseminated by each method.
Table 2-15: Information Disseminated by Method or Forum
Type of Meeting or Workshop

Information Disseminated

CSAB Meetings

1) Agendas, 2) meeting presentations with technical information, analyses, and
proposed options, and 3) Meeting Summaries, and 4) Notice of public workshops, 5)
Schedule of upcoming CSAB meeting topics, key decisions, and release of Draft GSP
Sections

GSA Meetings
Public Workshops

1) Agendas, 2) Staff Memos, 3) Synopsis of CSAB outcomes and recommendations, 4)
Meeting Summaries, and 5) Notice of public workshops
1) Agendas, 2) presentations, 3) Draft GSP

Outreach Meetings

1) Hardcopy handouts of Project Brief and Schedule

Email Updates to Interested
Parties

1) Email introducing the CSAB, encourage involvement, and links to the website to
access project overview information, the MOU, CSAB meeting agendas and materials,
and draft GSP sections, 2) Notice of CSAB meetings, 3) Notice of CSGSA meetings
(Glenn County list only) 4) Notice of Draft GSP and solicitation of comment, 5) Notice of
public workshops, and 6) Notice of regional outreach meetings.

2.16.4.4 Encouraging Active Involvement
The CSGSA and TCFCWCD have encouraged active involvement in groundwater sustainability
planning through the aforementioned public engagement opportunities.
In addition, the GSP Development Team created a tone of invitation and responsiveness that
invites further input and discussion. During the CSAB regular and special meetings as well as
public workshops, the GSP Development Team clarified and discussed comments from the
public to seek improved joint understanding and identify lines of investigation and options to
meet interests. The technical team has reviewed and referenced materials recommended by the
members of the public.
The GSA conducted regional outreach meetings early in the development of the GSP to give
members of the public an overview of the process, solicit their initial interests and concerns, and
invite them to the monthly CSAB meetings.
The GSA staff invited the public to email them directly with comments and input for process and
content related to GSP development.
The Paskenta Band had representatives attending CSAB meetings regularly, at which they
received updates on GSP development, and where they voiced their throughs on general land use
and water resources management information, which was noted in the meeting summaries, and
will be taken into consideration during GSP implementation. The Paskenta Band provided
constructive feedback via a comment letter on the Public Draft GSP.
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2.16.4.5 Informing the Public on GSP Implementation Progress
Through monthly CSAB meetings, the GSP Development Team presented and solicited CSAB
and public comment on planning and implementation topics including: 1) Basin setting, 2)
groundwater conditions, 3) HCM, 4) sustainable management criteria and sustainability goal, 5)
monitoring networks, 6) groundwater modeling, 7) projects and management actions, 8) priority
actions for plan implementation and data gaps, 8) funding mechanisms and opportunities.
The GSP Development Team has not only informed the public on the GSP implementation
progress but also actively engaged in soliciting public, CSAB, and GSA input on the GSP
implementation plan. The Team responded to public interest in the GSP implementation and
funding by making presentations and soliciting CSAB and public feedback on the topics in the
July 2021 and August 2021 CSAB meetings. In addition, 2 public workshops in October 2021
provided an overview of the Draft GSP content, engaging stakeholders in an open discussion on
GSP content and groundwater management concerns, and invited stakeholders to provide written
comments on the Draft GSP during the Public Review Comment period which was open from
September 10 through October 25, 2021.
To continue engaging stakeholders during the GSP Implementation process on progress of GSA
activities including the status of projects and actions, the GSAs will use the following methods:
1. Email updates to the interested parties lists
2. CSGSA and TCFCWCD updates at respective meetings
3. CSAB meetings
4. Public workshops
In addition, inter-basin coordination with neighboring GSAs will take place throughout
implementation, through activities described in the Northern Sacramento Valley Inter-basin
Coordination Report (CBI, 2021 and attached as Appendix 2D). This report provides a menu of
options for coordination to move into the GSP implementation phase and provides a framework
with 5 specific pillars:
1. Information Sharing
2. Joint Analysis and Evaluation
3. Coordination on Mutually Beneficial Activities
4. Coordinated Communication and Outreach
5. Issue-resolution process
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The Corning Sub-basin GSAs will consider the relevant activities to engage with neighboring
subbasin GSAs.
Additional information on implementation activities is provided in Section 8.

2.16.5 Consideration of Public Input and GSP Review Process
As described above, public comments on general GSP considerations and on specific GSP
sections were received at CSAB meetings and through e-mail communications throughout GSP
development. All comments received were reviewed and considered during GSP development.
In addition, targeted requests for review and feedback on specific sections of the GSP were made
to partner agencies and local experts, to incorporate the best available local information.
Comments and input received on Draft GSP Sections while being drafted, included:
•

Direct outreach for data and technical feedback:
o Water Districts, Orland Unit Project, Stony Creek Watermaster, County RCDs,
City of Corning, Hamilton City

•

Public comments at CSAB meetings

•

Direct comments to GSAs on each section by CSAB and stakeholders

•

Unsolicited public input to GSAs on various items – passed on to CSAB and taken into
consideration while drafting GSP by the GSP Development Team

The draft GSP sections were provided to the Advisory Board and made public for review and
comment during GSP development. Initial drafts for Sections 1 through 6 were made available
on the Corning Subbasin website as they were completed. The GSAs solicited feedback from the
Advisory Board and stakeholders when the GSP sections were made available. Feedback was
received in writing from CSAB members and verbally from stakeholders at public meetings. As
discussed in Section 2.16.4 feedback on the foundational sections of the GSP was received at
CSAB meetings in December 2020 and January 2021. All comments were reviewed by the GSP
Development Team and revisions made to relevant sections of the GSP as applicable. A
complete draft of the GSP was compiled and uploaded to the website on September 10, 2021, for
a 45-day public review period. The Advisory Board and public comments received on initial
GSP sections and during the development of the public draft GSP with the GSP Development
Team responses are summarized in Appendix 2F.
The Public Draft GSP was released September 10, 2021, and the comment review period ended
October 25, 2021. GSA staff collected written comments submitted by interested parties, and
reviewed them for inclusion into the Final GSP. There were15 individual comment
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letters/spreadsheets/e-mails received totaling approximately 200 specific comments on the
different GSP sections. A variety of comments were submitted from federal agencies, Tribes,
local agencies/districts, non-governmental organizations, agricultural interests, and individual
stakeholders and landowners on all sections of the GSP. Generally, the comments pertained to
the need for additional clarifications on some parts of the GSP, requested changes to SMC, and
requests for more coordination with certain interest groups during GSP implementation. None of
the comments require significant changes to the draft GSP. Some of the comments will be
considered further during GSP implementation activities. A summary of comments submitted is
provided in Table 2-16. Appendix 2G provides the detailed comments and responses, and
Appendix 2H provides the letters and other communications received by stakeholders on the
Draft GSP and throughout GSP development.
Table 2-16. Summary of Comments Received on the Public Draft GSP
Commenter/Affiliation

Approximate Number
of Comments

Main Comment Topics
Funding, communication and outreach, protection of
domestic wells, projects and actions, general
clarifications and edits

Landowners, stakeholders

7 individual commenters,
approx. 140 comments

Agricultural interest group

3

SMC: minimum thresholds

Paskenta Band of Nomlaki Indians

30

Tribal water rights, coordination with the tribe,
clarifications on GSP

Local agencies, districts

3 individual commenters, 8
comments

Projects and funding, 1 letter of support

NGO Consortium

30

Protection of all beneficial users, GDEs, Human
Right to Water, Public Trust Doctrine, SMC

US National Marine Fisheries Service
(NMFS)

5

SW/GW interaction analysis and SMC; floodplain
projects

US Bureau of Indian Affairs (BIA)

1

Tribal water rights/GW in storage

All comment were carefully reviewed by the GSP Development team, responses were provided,
and revisions to the GSP were implemented, as necessary.

2.16.6 Consideration for Outreach and Engagement Activities During GSP
Implementation
The CSAB will continue to function as an advisory board comprised of members appointed by
both GSAs to advise the GSAs during Plan Implementation. CSAB meetings will continue to be
held in accordance with the Brown Act, open to the public, and in an appropriate venue located
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within the Subbasin. The GSA meetings will also be convened regularly to provide updates on
implementation and make decisions moving forward on funding and actions.
Stakeholder outreach will continue during GSP implementation and the GSAs are committed to
provide focused outreach to DACs and domestic well owners. It is understood that during the
COVID-19 pandemic during GSP development, in-person outreach activities were limited.
Electronic communication may not be an as effective way to engage all of the rural community
members in this subbasin. Therefore, alternate methods will be explored, as practical, such as
tailored sub-community outreach, leafletting or paper mailing, community bulletin boards in
local businesses, coverage in local papers, and radio announcements.
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3 BASIN SETTING
3.1 Hydrogeologic Conceptual Model
3.1.1 Overview
This section describes the hydrogeologic conceptual model (HCM) of the Subbasin. The HCM
“provides an understanding of the general physical characteristics related to regional hydrology,
land use, geology, geologic structure, water quality and aquifers” (DWR, 2016b). As such, the
HCM provides the necessary physical background information to develop integrated hydrologic
computer models and compute water budgets.
The Corning Subbasin covers approximately 207,342 acres in the northern Sacramento Valley
across northern Glenn County and southern Tehama County. As a portion of the Sacramento
Valley Groundwater Basin, there are no dominant hydrogeologic barriers between the Subbasin
and neighboring subbasins. Subbasin geology is largely consistent with the regional Sacramento
Valley depositional environment, consisting of alternating and sometimes interbedded layers of
conglomerate, sandstone, siltstone, mudstone, and lahars.

3.1.2 Subbasin Boundaries
The Subbasin’s extent, identified by DWR and vetted by the GSAs, is bounded by geographic
and geological (lateral), and hydrostratigraphic (vertical) features. Lateral boundaries of the
Subbasin are displayed on Figure 3-1, showing the surface water features (creeks, rivers, and
reservoirs). Lateral extents are also marked by regionally significant geologic formations, as
further described in the following sections. Creeks and rivers are considered boundaries as they
may cause or support divergent groundwater flow (DWR, 2006b). The lateral boundaries of
geologic formations are used as they can affect the occurrence and distribution of groundwater.
Lateral boundaries include:
•

North – Thomes Creek from around Flournoy in the west to its junction with the
Sacramento River in the east. Here the Subbasin borders the Red Bluff Subbasin.

•

East – The Sacramento River, beginning northeast of Corning down to just southeast of
Hamilton City. Here the Subbasin borders the Los Molinos, Vina, and Butte Subbasins.

•

South – Stony Creek from its junction with the Sacramento River near Hamilton City to
just east of Black Butte Lake, where Stony Creek intersects the Glenn County-Tehama
County border. This county border forms the Subbasin boundary from here to the edge of
the Orland Buttes. The Subbasin boundary then follows the outline of the Black Butte
Hills north to Black Butte Lake, which forms the southern Subbasin boundary where it is
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present. West of Black Butte Lake, Stony Creek again forms the southern Subbasin
boundary. Here the Subbasin borders the Colusa Subbasin.
•

West – The surficial extent of the Tehama Formation, a regionally significant formation.
Geology west of this extent is defined by pre-paleogene metamorphic, igneous, and
sedimentary rocks (DWR, 2014). There is no subbasin bordering the western Corning
Subbasin border. The Coastal Range foothills border the Subbasin to the west.

Hydrostratigraphic boundaries are defined using subsurface geology and groundwater chemistry.
The three deepest formations in the Corning Subbasin (the Upper Princeton Valley Fill, the
Lower Princeton Valley Fill, and the Great Valley Sequence) are brackish and/or saline (DWR,
2014). Above these lie the Tehama and Tuscan Formations, which contain freshwater. The
Tehama and Tuscan Formations are therefore considered the deepest freshwater-bearing
formations, the lower boundaries of which define the vertical boundary of the Subbasin (DWR,
2014). The base of freshwater discussed below generally corresponds to the bottom of the
Tehama and Tuscan Formations across the northern Sacramento Valley (DWR, 2014).
As defined by DWR, the base of freshwater can be considered the deepest point at which total
dissolved solids (TDS) concentration is less than 1,000 mg/L. DWR considers groundwater
containing TDS above this level to be brackish or saline, as treatment (desalination) is typically
needed prior to use for agriculture or drinking water. Other communities in California do
produce water from aquifers with groundwater above 1,000 mg/L TDS at added cost. However,
due to the relative abundance of fresh groundwater in the Northern Sacramento Valley,
groundwater with TDS above 1,000 mg/L is typically considered economically unviable.
Accordingly, very few wells are screened at depths necessary to extract water below the Tehama
and Tuscan Formations (Figure 3-2) (DWR, 2006a).
Therefore, the base of freshwater is considered the bottom boundary of the Subbasin, as shown
on Figure 3-2.
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Figure 3-1. Corning Subbasin Lateral Boundaries
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Figure 3-2. Corning Subbasin Vertical Boundaries
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3.1.3 Surface Topography
Figure 3-3 displays USGS elevation contours in the Subbasin. Topography in the Subbasin
generally slopes eastward from a high of over 1,000 feet above mean sea level (AMSL)
bordering the Coastal Range foothills to a low of approximately 100 ft AMSL in the Sacramento
Valley. Approximately two-thirds of the Subbasin’s extent has an elevation between 100 and
500 ft AMSL. Overall, the range in elevation across the Subbasin is relatively minor, with a
gradual sloping towards the valley floor, which encourages runoff and drainage toward the
Sacramento River and to the southeast. Elevations in the Subbasin reflect a typical Sacramento
Valley floor environment.
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Figure 3-3. Surface Topography
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3.1.4 Soil Characteristics
Soils can be classified according to soil type (based on multiple soil properties) and hydrologic
soil group (based on infiltration and drainage ability of soils). USDA soil taxonomy designations
are presented on Figure 3-4. Hydrologic soil group designations obtained from the Natural
Resources Conservation Service (NRCS) Soil Survey Geographic Database (SSURGO) are
presented on Figure 3-5. Both maps serve to describe Subbasin soils and identify potential effects
on Subbasin hydrogeology.
The following soil types are present in the Corning Subbasin (Figure 3-4):
•

Alfisols - soils with a clay-enriched B horizon

•

Entisols - mineral soils that have not yet differentiated into distinct horizons

•

Inceptisols - freely draining soils with poorly defined horizons

•

Mollisols - identified by a deep layer of well decomposed and finely distributed organic
matter

•

Vertisols - clayey soil with little organic matter

Approximately 80% of surveyed areas in the Subbasin are covered by alfisols, which are fertile
soils defined by a prominent clay layer (hardpan) and high base saturation and which may
impede infiltration capacity (NRCS, 1999). The widespread presence of alfisols correlates with
relatively low infiltration rates across much of the Subbasin (see Figure 3-4). Entisols, prevalent
near rivers and creeks, are characterized by similarity to soil parent material, in this case coarsegrained and unconsolidated fluvial deposits. Infiltration rates are correspondingly higher near
rivers and creeks, notably Thomes Creek, Stony Creek, and the Sacramento River. Inceptisols,
mollisols, and vertisols are also present in the Subbasin, though their effects on Subbasin
hydrogeology are less prominent. Overall, soil infiltration rates are generally higher in the
eastern half of the Subbasin and near rivers and creeks, due to the presence of coarser fluvial
deposits (Figure 3-5.)
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Figure 3-4. Soil Types

Corning Subbasin Groundwater Sustainability Plan
November 2021

3-8

Figure 3-5. Hydrologic Soil Groups
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3.1.5 Geologic Formations and Stratigraphy
Subbasin stratigraphy is marked by distinct depositional environments producing a diverse
sequence of geologic formations including those of marine and continental origin. Marine
formations were deposited early in the Subbasin’s history, from the Jurassic through the
Miocene. During this period, the majority of northern Sacramento Valley was a marine basin
formed via action of the Pacific-North American plate subduction zone. Continental sedimentary
formations and volcanic formations were deposited from the Pliocene onward, as uplift of the
Coast Ranges created the Sacramento Valley as it stands today.
The following formations and units are present in the Corning Subbasin:
•

Quaternary Alluvium (Qa)

•

Tehama Formation (Tte)

•

Tuscan Formation (Tt)

•

Upper Princeton Valley Fill (Upvf)

•

Lower Princeton Valley Fill (Lpvf)

•

Great Valley Sequence (JKgvs)

Two other formations, the Lovejoy Basalt and the Ione Formation, have minor presence in the
Subbasin at depth. Due to their limited presence, they are not discussed in detail in this section.
Figure 3-6 illustrates the Subbasin’s surficial geology. Quaternary formations and deposits are
displayed individually to detail surficial geology, though cross sections displayed in
Section 3.1.6.3 group these as (Qa) for simplicity. Quaternary formations were similarly grouped
in the Glenn-Colusa HCM, which covers the southern portion of Corning Subbasin in Glenn
County (Davids Engineering and West Yost, 2018). Geologic formations present in the Subbasin
area are presented stratigraphically on Figure 3-7 including age of deposition, lithology, and
approximate maximum thickness in the Subbasin.
Hydrogeologic properties of freshwater-bearing units, as estimated through a variety of aquifer
tests and hydrogeologic modeling are summarized in Table 3-1. The Quaternary Alluvium
aquifer layers storage parameter is specific yield as this aquifer is primarily unconfined and the
deeper aquifers, such as the Tehama and Tuscan aquifers, have storativity values as they are
confined. This table shows that hydrogeologic parameter information is missing for several
hydrogeologic units, and where available, data from different sources are not consistent. This
points to a data gap that could be resolved during GSP implementation. Brief definitions of the
aquifer parameter terminology used in this section are presented in the sections below.
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Hydraulic Conductivity: Property of geologic materials that moderates the speed of groundwater
flow. Higher hydraulic conductivity allows water to travel faster through media. Units with very
low hydraulic conductivity slow or may prevent groundwater flow. Usually presented as
[length/time].
Transmissivity: The hydraulic conductivity of an aquifer unit multiplied by its total thickness.
High transmissivity may reflect units very conductive to groundwater flow, very thick units, or
both. Usually presented as [length^2/time] or occasionally as [volume/length/time].
Storativity: The volume of water (i.e., cubic feet) released from a square unit of geologic
material (i.e., square foot), given a unit decline in groundwater (i.e., foot). Storativity is applied
to aquifers under local or regional confinement and is roughly equivalent to specific yield in an
unconfined aquifer. High storativity suggests a productive aquifer unit. Storativity is a
volumetric ratio and therefore unitless.
Specific Yield: The amount of water released from a cubic unit of geologic material if allowed to
drain completely under force of gravity. Specific yield is used to characterize unconfined
aquifers; high specific yield indicates a productive aquifer unit. Specific yield is a volumetric
ratio and therefore unitless.
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Figure 3-6. Surface Geology
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Series
Pleistocene

Quaternary

Holocene

Period

Era

Miocene

Cretaceous

Eocene

Tertiary

Pliocene

Cenozoic
Mesozoic

Low Permeability Unit

Geologic Formation

Lithology

Approximate Thickness
in Subbasin (feet)

Alluvial Deposits and
Stream Channel Deposits
(Qa/Qsc)

Unconsolidated gravel, sand, silt, and clay

< 80

Basin Deposits (Qb)

Unconsolidated fine-grained silts and clays

< 150

Modesto Formation (Qm)

Poorly sorted unconsolidated gravel, sand, silt, and clay.

10-200

Riverbank Formation (Qr)

Poorly sorted, unconsolidated to semi-consolidated
pebble and small cobble gravels inter-lensed with clay,
silt, and sand.

1- 200

Red Bluff Formation (Qrb)

Highly weathered sandy gravels

< 33

Tehama Formation (Tte)*

Fluviatile moderately consolidated pale green, gray, and
tan sandstone and siltstone containing lenses of sand
and gravel, silt and gravel, and cemented conglomerate

< 2,000

Tuscan
Formation Tuscan B (Ttb)
(Tt)*
Tuscan A (Tta)

Low permeability lahars

< 300

Volcanic conglomerate, sandstone, siltstone, and
interbedded lahars overlain by tuffacous breccias,
sandstone, and conglomerate

< 700

Upper Princeton Valley Fill
(UPvf)

Non-marine sandstone containing mudstone,
conglomerate, and sandstone interbeds.

< 1,400

Lower Princeton Submarine
Valley Fill (LPvf)

Marine conglomerate and sandstone interbedded wih
silty shale

< 1,500

Great Valley Sequence
(Jkgvs)

Marine siltstone, shale, sandstone, and conglomerate

< 45,000

Tuscan C (Ttc)

* Tt and Tte were deposited concurrently during the late Pliocene and Pliestocene
 Unconformity

Freshwater Aquifer
Brackish Aquifer
Saline Aquifer

Figure 3-7. Geologic Formations Stratigraphic Column
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Table 3-1. Freshwater Aquifer Hydrogeologic Properties

Principal
Hydrogeologic Unit
Quaternary Alluvium
(Qa)

Tehama Formation
(Tte)
Tuscan C
(Ttc)
Tuscan
Formation
(Tt)

Tuscan B
(Ttb)
Tuscan A
(Tta)

Horizontal Hydraulic
Conductivity (ft/day)

Vertical Hydraulic
Conductivity
(ft/day)

Transmissivity
(ft2/day)

Storativity

Specific Yield

---

---

---

---

0.034 – 0.185

WRIME, 20032

10 – 299

---

---

---

---

West Yost, 20123

26.6

---

2,466 – 4,727

0.0003 – 0.001

---

Brown and Caldwell,
2013b3

321 – 571

---

11,550 – 20,540

0.0003 – 0.0005

---

West Yost, 20123

---

0.0036

---

---

---

Brown and Caldwell,
2013b3

66 – 88

---

2,322 – 3,078

0.00004 – 0.00009

---

West Yost, 20123

11.4 – 13.2

---

2,705 – 8,902

0.0009 – 0.003

---

Brown and Caldwell,
2013b3

41 - 79

---

12,230 – 23,650

0.00004 – 0.001

---

West Yost, 20123

11.4 – 13.2

---

2,705 – 8, 902

0.0009 – 0.003

---

Data Sources
Olmsted and Davis,
19611

1- Data from geologic sample analysis 2- Modeled data 3- Data from aquifer pump test analysis.

Corning Subbasin Groundwater Sustainability Plan
November 2021

3-14

3.1.5.1

Quaternary Alluvium (Qa)

Quaternary Alluvium is composed of multiple formations and deposits presented individually on
Figure 3-6. These are grouped by compositional similarity and limited thickness. Overall,
Quaternary Alluvium is characterized by its young geologic age and unconsolidated nature.
Besides some deposits of the Riverbank Formation which follow stream channels, Quaternary
Alluvium is thickest in the portion of the Subbasin roughly east of Black Butte Fault, known as
the Stony Creek Fan, where it ranges in total thickness up to roughly 300 feet. The Stony Creek
fan lies unconformably over fine grained Tehama formation deposits.
Despite variation in geological characteristics between the constituent units, Quaternary
Alluvium largely consists of geologically young, unconsolidated, and poorly to moderately
sorted sediments ranging from clays to gravel. Units comprising Quaternary Alluvium range
from poorly to highly permeable. Existing estimates of hydraulic conductivity in Quaternary
Alluvium range widely from 10-299 feet/day (WRIME, 2003) reflecting variation between
constituent units. Low thickness limits the overall transmissivity of Quaternary Alluvium. Where
sufficiently thick, such as in the Stony Creek Fan, Quaternary Alluvium is pumped by shallow
domestic and irrigation wells. Subbasin formations and deposits composing Quaternary
Alluvium are discussed in further detail in the sub-sections below.
3.1.5.2

Stream Channel Deposits and Alluvial Deposits (Qsc and Qa)

Both Stream Channel Deposits and Alluvial Deposits are composed of sediments deposited
within the past 10,000 years. Stream Channel Deposits are composed of unconsolidated
sediments ranging from gravels to clays, derived from the erosion, reworking, and deposition of
underlying formations by the Subbasin’s rivers and creeks (DWR, 2006a). Alluvial Deposits are
similarly composed of unconsolidated sediments and are typically unweathered. Both Alluvial
Deposits and Stream Channel Deposits are present primarily near the Subbasin’s three major
watercourses: the Sacramento River, Stony Creek, and Thomes Creek. Thickness of these units is
limited across the Subbasin, maxing out at roughly 80 feet (DWR, 2014; DWR, 2006a).
3.1.5.3

Basin Deposits (Qb)

Basin deposits are composed of fine silts and clays deposited by flooding of the Subbasin’s
rivers and creeks. Basin deposits are of limited thickness but can reach up to 150 feet in the
eastern portion of the Subbasin near the Sacramento River. Basin Deposits are largely limited to
small pockets in the eastern Subbasin, roughly southeast of Corning and northwest of Hamilton
City. Due to their fine-grained nature and limited extent, basin deposits are not used extensively
for groundwater production but provide limited groundwater to shallow wells (DWR, 2014).
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3.1.5.4

Modesto Formation (Qm)

The Modesto Formation is composed of unconsolidated weathered gravel, sand, silt, and clay
deposited by ancient river systems (DWR, 2014). The Modesto Formation occurs at surface in
the northern and eastern Subbasin, particularly near Corning and Hamilton City. Thickness of the
Modesto Formation ranges from 10 to roughly 200 feet across the northern Sacramento Valley.
Where sufficiently thick, the Modesto Formation provides water for irrigation and domestic
wells.
3.1.5.5

Riverbank Formation (Qr)

The Riverbank Formation consists of poorly to highly permeable weathered gravels with
interbedded sand, silt, and clay. Riverbank Formation sediments are present at surface along the
Subbasin’s creek and rivers and over much of the eastern Subbasin. While very similar in
appearance to the Modesto Formation, the Riverbank Formation is distinguished by its
interbedded clay layers. Thickness of the Riverbank Formation ranges from 1 to over 200 feet
across the northern Sacramento Valley, (DWR, 2014; DWR 2006a). Where sufficiently thick, the
Riverbank Formation provides water for irrigation and domestic wells.
3.1.5.6

Red Bluff Formation (Qrb)

The Red Bluff Formation is composed of bright red, highly weathered sandy gravels deposited
during floodplain or lacustrine conditions. Across the Northern Sacramento Valley, thickness of
the Red Bluff Formation ranges from 3 to just over 33 feet (DWR, 2014). In some areas the
coarse-grained Red Bluff Formation sits atop fine-grained Tehama or Tuscan deposits, creating
discontinued localized areas of perched groundwater conditions (DWR, 2014). The Red Bluff
Formation is present at surface over much of the central and northwestern Subbasin.
3.1.5.7

Tehama Formation (Tte)

The Tehama Formation is composed of moderately compacted layers of pale green, gray, and tan
metamorphic sandstone and siltstone enclosing discontinuous sand and conglomerate lenses
(DWR, 2014). These sediments originated in the Coast Ranges and were deposited under
floodplain conditions. The Tehama Formation is present at surface across the western half of the
Subbasin where it is also the primary freshwater bearing unit. To the east, the Tehama-Tuscan
Transition Zone occurs where subsurface deposits of the Tehama interlayer with the Tuscan
Formation due to their concurrent deposition. At its maximum thickness, the Tehama Formation
is just under 2,000 feet thick (DWR, 2014).
While these Tehama Formation’s sand and conglomerate lenses are typically isolated, they can
be very thick and highly productive, yielding up to several thousand gallons per minute per well
(West Yost, 2012). Hydraulic conductivity in the Tehama has been estimated at 26.6 ft/day,
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though the heterogenous nature of this formation suggest a wide range in conductivity values
(West Yost, 2012; DWR 2006a; DWR, 2014). Transmissivity has been estimated to range from
2,466 – 4,727 ft2/day, and storativity to range from 0.0003 – 0.001 (West Yost, 2012). As with
conductivity, a wide range in these values is expected due to the formation’s heterogenous
nature. The Tehama Formation is the predominant freshwater bearing formation in the eastern
Subbasin, where it is pumped by medium to deep agricultural and municipal wells.
3.1.5.8

Tuscan Formation (Tt)

The Tuscan Formation contains a series of lahars including volcanic conglomerate, breccia,
sandstone, siltstone, and tuff derived from the Mt. Yana volcanic complex in the Cascade
Mountains (Green and Hoover, 2014; DWR, 2014). The Tuscan Formation is present beneath the
eastern portion of the Subbasin, where it represents a significant freshwater-bearing formation.
Roughly east of Corning, the Tuscan interfingers with the Tehama Formation due to their
concurrent deposition, in an area sometimes referred to as the ‘Tehama-Tuscan Transition Zone’
(Figure 3-8). The Tuscan is thickest in the northeastern portion of the Subbasin past the North
Corning Dome, where thickness reaches up to 1,000 feet (DWR, 2014). South of the Corning
Dome, thickness of the Tuscan is variable, though generally less than 500 feet. The Tuscan is
typically described as containing four subunits: Tuscan A (Tta), Tuscan B (Ttb), Tuscan C (Ttc),
and Tuscan D (Ttd) (Helly and Harwood, 1985; DWR, 2014). Tuscan units A-C are described in
the following sections. The upper unit, Tuscan D, is not thought to be present in the study area
and is therefore not discussed (DWR, 2006a).
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Figure 3-8. Tehama-Tuscan Transition Zone [DWR, 2009]
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3.1.5.8.1

Tuscan C (TtC)

The Tuscan C is primarily a series of lahars with some interbedded volcanic conglomerate and
sandstone. Despite the presence of these interbeds, the Tuscan C is characterized by low yield
and can act as a localized confining unit to the underlying Tuscan A and B where present (Helly
and Harwood, 1985; West Yost, 2012; DWR, 2014).
The Tuscan C’s mudflow deposits are characterized by low vertical hydraulic conductivity in
some areas (~ 0.0036 ft/day) and can confine groundwater where present (West Yost, 2012;
DWR, 2014). However, confinement in the Corning Subbasin may be limited by the Tuscan
Formation’s irregular deposition (DWR, 2006a; DWR, 2014). The Tuscan C also contains
irregular layers of highly conductive sand and gravel; at least one previous report has noted high
horizontal hydraulic conductivities in the Tuscan C, up to 571 feet/day (Brown and Caldwell,
2013b). Aquifer testing preformed for this study was reported as taking place in a highly
permeable sandy gravel layer (Brown and Caldwell, 2013b). Airborne-electromagnetic surveys
have also indicated that the Tuscan is relatively coarse-grained where it exists within the Corning
Subbasin (Aqua Geo, 2019). Hydrogeological analysis in the Tehama-Tuscan Transition Zone
has indicated a high degree of spatial heterogeneity, potentially complicating interpretation of
aquifer testing results (Greene and Hoover, 2014).
3.1.5.8.2

Tuscan B (TtB) and Tuscan A (TtA)

The Tuscan B is composed of interbedded lahars, volcanic conglomerate, volcanic sandstone,
and siltstone. The groundwater production portions of the Tuscan B (and Tuscan A) were formed
by channelization of the lahars by ancient streams and rivers, which were then filled by reworked
volcanic sediments (DWR, 2014).
Like the Tuscan B, The Tuscan A contains interbedded lahars, volcanic conglomerate, volcanic
sandstone, and siltstone. The Tuscan A is primarily differentiated from the Tuscan B by the
presence of minor amounts of metamorphic rocks, and a lower degree of spatial heterogeneity
(Helly and Harwood, 1985; DWR, 2014)
Current estimations of hydraulic conductivity in the Tuscan A and B units range from 11.4 to
88 feet/day, establishing these units as moderately to highly conductive. Storativity values
obtained from aquifer testing of these confined units range from 0.00004 to 0.003 (Brown and
Caldwell, 2013b; West Yost, 2012). Existing cross sections indicate the Tuscan Formation (units
A-C) is present more than 500-600 feet below ground surface over most of where it occurs in the
Subbasin, though depth of occurrence is as low as roughly 100 feet below ground surface near
Hamilton City (DWR, 2014). It is therefore typically pumped by relatively deep agricultural and
municipal wells.
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3.1.5.9

Upper Princeton Valley Fill (UPvf)

The Upper Princeton Valley Fill is primarily composed of sandstone containing frequent
interbeds of mudstone and infrequent interbeds of conglomerate and conglomeritic sandstone
(DWR, 2014). Deposited unconformably atop the marine Lower Princeton Valley fill by an
ancient equivalent to the Sacramento River, the Upper Princeton Valley Fill contains brackish to
fresh interstitial water and is typically not used for groundwater supply (DWR, 2014). The Upper
Princeton Valley Fill is up to 1,400 feet thick in the Subbasin.
3.1.5.10 Lower Princeton Valley Fill (Tlpg)
The Lower Princeton Valley Fill, sometimes named the Lower Princeton Submarine Valley Fill,
is composed of interbedded beds of shale and sandstone (DWR, 2014). Groundwater in the
Lower Princeton Valley Fill is saline due to its marine depositional setting (DWR, 2014).
The Lower Princeton Valley Fill is up to 1,500 feet thick across the Subbasin.
3.1.5.11 Great Valley Sequence (JKgvs)
The Great Valley Sequence consists of deep-marine turbidites composed of interbedded marine
siltstone, sandstone, and conglomerate. These were deposited in a deep ocean environment off
the coast of the ancient continental shelf and accordingly contain saline interstitial water. The
Great Valley Sequence is up to 45,000 feet thick across the north Sacramento Valley (DWR,
2014). The Sierran basement underlying the Great Valley Sequence is composed of
metamorphosed igneous and sedimentary rocks with intruded igneous plutonic rocks. Due to its
great depth and non-water bearing nature, the Sierran basement is not discussed further.

3.1.6 Geologic Structures
The following subsections describe faults and folds present in the Corning Subbasin. Description
of geologic structures includes geologic age and the effect on geologic formations. Geologic
structures are presented on Figure 3-6 and are visualized in the cross sections discussed in
Section 3.1.6.3.
3.1.6.1

Faults

Faulting occurred in the Subbasin from the early Paleocene through the late Pleistocene,
associated with the subduction and transformation processes that created the California Coast
Ranges and closed the Sacramento Valley. Faults may affect the movement of groundwater by
juxtaposing formations with differing hydraulic conductivity, by creating local fractures, or by
otherwise providing physical conduits or barriers to flow. The Corning Fault, Black Butte Fault,
Elder Creek Fault, Willows Fault, and Paskenta Fault Zone are presented on Figure 3-6 and
discussed in the following subsections. The Stoney Creek fault is outside of the Subbasin in the
Coast Range.
Corning Subbasin Groundwater Sustainability Plan
November 2021

3-20

3.1.6.1.1

Willows Fault

The Willows Fault is a high-angle reverse fault with east-side-up movement that passes through
a small portion of the northeastern Subbasin (Figure 3-6) (DWR, 2014). Movement at the
Willows Fault occurred from the Paleocene to the late Miocene (4-60 Ma) (DWR, 2014). While
the Willows fault displaces the older cretaceous formations up to 1,600 feet, only a slight offset
is inferred in the overlying Tehama Formation.
3.1.6.1.2

Elder Creek Fault Zone

The Elder Creek Fault Zone is present in a small area of northeastern Subbasin, consisting of
several branching northwest-to-southeast trending faults (3.4-65 Ma) (DWR, 2014). Like the
Willows Fault, the Elder Creek Fault Zone has limited presence in the Subbasin, diverging from
the Black Butte Fault just south of the northern Subbasin boundary (Figure 3-6).
3.1.6.1.3

Paskenta Fault Zone

The Paskenta Fault Zone is a northwest-striking normal fault that trends through the Black Butte
Reservoir area and proceeds roughly parallel to the western Subbasin boundary. Movement
along the Paskenta Fault zone occurred from the early Paleocene to the mid Pliocene
(3.3 – 65 Ma) and ceased before the deposition of the Tehama Formation (DWR, 2014).
3.1.6.1.4

Black Butte Fault

The Black Butte Fault has historically been mapped as a northwest-trending fault cutting through
the western half of the Subbasin, with inferred movement occurring in the late Eocene to the
Pliocene (Helly and Harwood, 1985). However, more recent investigations including analysis of
seismic reflection data did not find compelling evidence supporting the existence of the Black
Butte Fault. If present, the Black Butte Fault may be an inactive shallow bedding-parallel fault
(DWR, 2014).
3.1.6.1.5

Corning Fault

The Corning Fault is a north-trending, steeply dipping, east-side-up reverse fault that crosses the
eastern Subbasin with no superficial expression (DWR, 2014). Major fault movement occurred
in the Pliocene and Pleistocene (1.0-2.5 Ma), causing deformation of the Tehama and Red Bluff
Formations and significant displacement of the underlying Cretaceous Formations.
3.1.6.2

Folds

Various geologic folding events occurred in the Subbasin from the late Miocene through the mid
Pleistocene, associated with the subduction and transformation processes that created the modern
Sacramento Valley. In particular, northward migration of the Mendocino Triple Junction is
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correlated with the occurrence of folds in the northern Sacramento Valley (DWR, 2014). Folds
influence the positioning of aquifer and aquitard layers, and therefore have the potential to
influence groundwater flow and availability. Folds may also impact groundwater flow by
increasing local hydrogeologic permeability, or by overturning naturally anisotropic units. The
North Corning Dome, South Corning Dome, and Glenn Syncline are presented on Figure 3-6 and
discussed in the subsections below, in addition to unnamed synclines and anticlines present
within the Subbasin.
3.1.6.2.1

North and South Corning Domes

Domes exist where two anticlines intersect, creating a vaulted geological structure. The North
and South Corning Domes are present in the eastern portion of the Subbasin and are associated
with movement on the Corning Fault in the Pliocene and Pleistocene (Figure 3-6). Underneath
both domes, the Tehama and Tuscan Formations are significantly thinner, and the Upper
Princeton Valley Fill is encountered at shallower depth.
3.1.6.2.2

Glenn Syncline

The Glenn Syncline is a north-northwest trending syncline that crosses the southeastern portion
of the Subbasin near Hamilton City. Like the Corning Domes, creation of the Glenn Syncline is
associated with movement on the Corning Fault in the Pliocene and Pleistocene. Troughing
created by the syncline locally controls the Sacramento River (DWR, 2014).
3.1.6.2.3

Orland Buttes

The Orland Buttes are structures present just outside of the Subbasin’s southern boundary, on the
eastern shore of Black Butte Lake (Figure 3-6). The Orland Buttes measure up to 1,037 feet at
their maximum height and may have been uplifted via movement of the Black Butte fault or a
blind west-dipping thrust fault (DWR, 2014).
3.1.6.2.4

Unnamed Synclines and Anticlines

As presented on Figure 3-6, an unnamed syncline and anticline are present in the eastern portion
of the Subbasin. These are not indicated or apparent on cross sections presented in DWR’s
Geology of the Northern Sacramento Valley report (DWR, 2014). These two geologic features
are only present in a smaller northern portion of the Subbasin and are not anticipated to have a
significant effect on general groundwater flow.
3.1.6.3

Geologic Cross Sections

The following subsections describe the occurrence and orientation of geologic units in the
Subbasin through the illustration of geologic cross sections. Cross sections A-A’, B-B’, and F-F’
were created by DWR as part of their 2014 ‘Geology of the Northern Sacramento Valley’ report
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(DWR, 2014). The cross-sections were developed using various sources of data such as:
lithologic cutting descriptions and geophysical data from groundwater observation well drilling,
geophysical data from the California Department of Conservation’s Division of Oil, Gas, and
Geothermal Resources’ natural gas well drilling for reference in identifying formational
boundaries (DWR, 2014). The locations of these cross sections are presented in red on Figure
3-6. Some cross sections have been shortened to better reflect geology relevant to the Subbasin.
The full DWR cross-sections are included in Appendix 3A, along with resistivity logs used
during cross section determination. Due to their limited depth at large scales, units comprising
Quaternary Alluvium are grouped as Qa on cross sections for simplicity. Recent airborne
electromagnetic (AEM) surveys of the southeastern Subbasin are also discussed and compared
with the traditional cross sections.
3.1.6.3.1

Cross Section A-A’

Cross section A-A’ is presented on Figure 3-9 below and its location is shown on Figure 3-6.
This cross-section was extended from its original extent presented in DWR 2014 to the end of
the Subbasin to improve understanding of hydrogeology in the western Subbasin. Details of
cross-section extension development are presented in Appendix 3B, including methods utilized
for drafting and data compilation. Overall, results from extension of cross-section A-A’ present
similar results to the extension of the nearby and similarly oriented cross-section B-B’ shown in
the Glenn-Colusa HCM (Davids Engineering and West Yost, 2018).
Beginning at the western edge of the Subbasin west of Black Butte Lake, A-A’ extends northeast
to the Sacramento River, displaying southwest-northeast trends in stratigraphy over the
Subbasin. In the central and eastern portions of A-A’ the Upper Princeton Valley Fill (UPvf)
forms the bottom of the Subbasin, topped by the Tehama (Tte) and Tuscan (Tt) Formations. To
the west, where the Princeton Valley Fill formations have pinched out, the Great Valley
Sequence (JKgvs directly underlies the Tehama Formation and forms the bottom of the
Subbasin.
Near the western boundary of the Subbasin, the Tehama Formation is present at limited thickness
from less than 50 feet to roughly 250 feet. As shown at the western edge of A-A’, the Tehama
Formation may pinch out prior to the Subbasin boundary in places, causing Quaternary Alluvium
to directly overlie the Great Valley Sequence. Despite the saline nature of Great Valley
Sequence, well completion reports in this area report freshwater at shallow depths, potentially a
result of flushing caused by surficial recharge (DWR, 2014).
As A-A’ continues to the northeast, the Tehama Formation gradually thickens up to a maximum
of roughly 1,500 feet thick in the center of the Subbasin. Movement caused by the Corning Fault
is visible in this portion of the Subbasin, displacing the Upper Princeton Valley Fill and Tehama
Formations. Further to the northeast, the prominent effect of the Corning Domes is visible, which
significantly decreases the total thickness of the Tehama Formation. In this portion of the cross
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section, the Tehama is roughly 800 feet thick. Around the same extent as the Corning Domes, the
transition between the Tehama and Tuscan Formations becomes apparent as these interbedded
formations transition from the Tehama in the west to the Tuscan in the east. As the section
continues northeastward the Tehama gradually pinches out, the Tuscan deepens, and the effect of
the Corning Domes lessens.
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Figure 3-9. Cross Section A-A’ [Adapted from DWR, 2014]
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3.1.6.3.2

Cross Section F-F’

Cross section F-F’ is presented on Figure 3-10 below and its location on the map on Figure 3-6.
Beginning north of the Subbasin, F-F’ crosses through the Corning Domes then continues
southeast, displaying north-south trends in stratigraphy. At the northernmost extent of F-F’
within the Subbasin, the Tuscan Formation is roughly 500 feet thick and is both overlain and
underlain by the Tehama Formation. The overlying Tehama deposit is roughly 150-200 feet
thick, while the underlying deposit is less than 100 feet thick. South of this point the effect of the
North Corning Dome becomes apparent, greatly decreasing the overall thickness of the Tuscan
and bringing the Princeton Valley Fill formations closer to surface. Here the Tehama Formation
is briefly exposed at the surface before being overlain again by Quaternary Alluvium. Continuing
along F-F’, the South Corning Dome further elevates the Princeton Valley Fill Formations,
pinching out the lower deposit of the Tehama Formation and bringing the Tuscan in direct
contact with the underlying Upper Princeton Valley Fill. South of the two Corning Domes the
Tuscan gradually transitions to the Tehama, where the Tehama is present up to 1,000 feet in
thickness (DWR, 2014). This cross-section was shortened to be shown within the Corning
Subbasin only but extends further south into the Colusa Subbasin where the Tehama Formation
is present at more than 1,500 feet in thickness, as described in the Glenn-Colusa HCM (Davids
Engineering and West Yost, 2018).
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Figure 3-10. Cross Section F-F’ [Adapted from DWR, 2014]
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3.1.6.3.3

Cross Section B-B’

Cross Section B-B’ is presented on Figure 3-11 below and on the map on Figure 3-6. While B-B’
only crosses through a small portion of the southeastern Subbasin near Hamilton City, this
section provides insight into the east-west trending stratigraphy in the southern portion of the
Subbasin, which is also further described in the Glenn-Colusa HCM for the portions within the
Colusa Subbasin (Davids Engineering and West Yost, 2018). Examination of B-B’ in
conjunction with A-A’ and F-F’ also helps illustrate the Subbasin’s geology in three dimensions.
Within the Subbasin (Stony Creek to the Sacramento River), B-B’ crosses the Tehama Tuscan
Transition zone where the Tuscan Formation is overlain by the Tehama Formation and
quaternary alluvium. Here the Tehama Formation is generally less than 400 feet thick, while the
Tuscan reaches thicknesses greater than 1,300 feet. As was the case in A-A’ and F-F’, the
Tuscan appears to be both overlain and underlain by the Tehama in places. Towards the eastern
portion of the B-B’ cross-section, the saline Ione Formation is present at roughly 350 feet in
thickness between the Upper and Lower Princeton Valley Fill.
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Figure 3-11. Cross Section B-B’ [Adapted from DWR, 2014]
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3.1.6.3.4

AEM Survey Results

AEM is a geophysical technology used to measure variations in physical subsurface parameters
with the intent to map the distribution and composition of groundwater aquifers. In an AEM
survey a helicopter takes multiple flight paths over the survey area carrying a sensor and
instrument package roughly 100 feet off the ground. This instrument package transmits lowfrequency radio waves into the ground and measures the response returning from the ground.
Figure 3-12 displays stratigraphy interpolated from results of recent AEM surveys that included
a portion of the southeastern Subbasin: “approximately 361 line-miles were acquired by the
SkyTEM312 over the Butte-Glenn counties AEM survey area west of Chico on November 30
through December 2, 2018. Then on December 3, 2018, approximately 138 line-miles were
acquired by the SkyTEM304M southeast of Chico” (Aqua Geo, 2019). DWR cross sections B-B’
and E-E’ (which is in the Butte Subbasin, outside of the area of the Corning Subbasin) are also
presented on Figure 3-12 for comparison with AEM interpretations. Cross section B-B’ runs
through the southeastern portion of the Subbasin as described in Section 3.1.6.3.3. Cross section
E-E’ does not intersect the Subbasin but can be used to further compare the AEM method with
DWR cross sections.
One of the main objectives of this AEM surveying was to increase understanding of the Tehama
Tuscan Transition Zone, an area where the Tehama and Tuscan Formations interlayer due to
their cotemporaneous deposition. As presented on cross section B-B’, the Tuscan and Tehama
Formations are interbedded from the Orland area past the eastern edge of the Subbasin (Figure
3-11). Overall, AEM interpretations are in general agreement with the DWR 2014 cross sections
(Aqua Geo, 2019). AEM interpretations display similar trends with increased detail and in three
dimensions, utilizing multiple flight paths. In the Corning Subbasin, interpolated AEM results
suggest a greater overall thickness of the Tehama Formation. East of the Subbasin, AEM
interpretations indicate the presence of the Tehama Formation where it is not mapped in DWR
cross section B-B’ or E-E’. Example AEM cross-sections based on flights which took place over
the Hamilton City area are provided on Figure 3-12 (east-west) and Figure 3-13 (north-south).
Zones of high resistivity (generally infers highly permeable media) are shown in red, and zones
of low resistivity (generally less permeable media or saltwater) are shown in blue. Across the
survey lines, no significant continuous aquitard which would impair flow between units is
present. AEM methods provide high density of data over a specific area by being able to
incorporate interpretations from multiple flight paths.
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Figure 3-12. AEM Interpretation with DWR Cross Sections [AGF, 2019]
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Figure 3-13. East-West AEM Cross Section in Eastern Corning Subbasin near Hamilton City
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Figure 3-14. North-South AEM Cross Section in Eastern Corning Subbasin near Hamilton City
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3.1.7 Designation of Principal Aquifer in Corning Subbasin
This section defines and describes the Subbasin’s principal aquifer as defined by the GSP
regulations [§ 351.aa]: “principal aquifers refer to aquifers or aquifer systems that store,
transmit, and yield significant or economic quantities of groundwater to wells, springs, or
surface water systems.”
Aquifers are separated by continuous impervious layers (aquitards) that impede or slow flow
between different main aquifers (as an example, the Corcoran Clay layer in the San Joaquin
Valley constitutes such an aquitard).
The Subbasin’s largest freshwater bearing formations were deposited contemporaneously,
creating expansive zones of interlayering formations as discussed in Section 3.1.5. These were
then overlain by conductive quaternary alluvial formations, which are unlikely to create
boundaries to flow (DWR, 2014). Interlayering of these formations may facilitate groundwater
flow between units by increasing the surface area at which units are in contact (DWR, 2009).
Interlayering also increases the likelihood that wells are screened in multiple units, further
facilitating vertical groundwater transmission. While some areas may experience localized
differences in geology and groundwater flow patterns, the Subbasin does not contain expansive
contiguous impervious aquitards that may cause regional differences in flow patterns and water
quality.
This depositional history results in a hydrogeologically interconnected aquifer system where
impacts to one unit have the potential to impact the larger aquifer network. Further, in this
Subbasin, no regionally continuous impervious layers are found, wells are often screened within
several geologic units, and water flows mostly freely between vertical aquifer units. As such, the
Subbasin is best described as having one principal aquifer comprised of the interlayered
freshwater bearing formations within the Subbasin. These are:
•

Quaternary Alluvium,

•

The Tuscan Formation, and

•

The Tehama Formation.

This determination is based on the best available information at the time of GSP development.
There is potential for data refinement and/or collection of additional information during GSP
implementation to either more fully support or refine aquifer designation.
The hydrogeological properties, stratigraphic occurrence, and groundwater extraction patterns of
these formations are described in detail in Section 3.1.5.

Corning Subbasin Groundwater Sustainability Plan
November 2021

3-34

Groundwater quality in the Corning Subbasin principal aquifer is predominantly of a calciummagnesium bicarbonate or magnesium-calcium bicarbonate type. There are also some localized
areas of calcium bicarbonate groundwater near Stony Creek (DWR, 2006a). Overall, the Corning
Subbasin contains groundwater that generally meets or exceeds primary and secondary water
quality standards. Similarly, anthropogenic contamination of groundwater is not extensive in the
Subbasin. However, there are some known areas of naturally occurring and non-point source
groundwater quality constituents, including nitrate and salinity. Specific groundwater quality
constituents of concern (COCs) are described in more detail in Section 3.2 of the groundwater
conditions.
As further described in the Plan Area Section, beneficial uses of groundwater in the Corning
Subbasin include agricultural (primary use), industrial (minor use), municipal (only two main
areas), tribal use (one main area) and domestic use (widespread over the entire Subbasin).
Groundwater also supports designated wildlife and habitat protection areas. Groundwater
dependent ecosystems near the Sacramento River and other larger creeks are present in the
Subbasin and are further described in the Groundwater Conditions Section.
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3.1.8 Natural Groundwater Recharge and Discharge Areas
A robust understanding of groundwater recharge and discharge supports sustainable groundwater
management by identifying key spatial and temporal patterns in groundwater flow entering and
existing the Subbasin’s aquifer system. Reductions in groundwater recharge can occur naturally
as a result of drought, or as a result of changes in land use which impede natural infiltration and
subsequent recharge. Reductions in groundwater discharge generally result from declines in the
groundwater table and may be used as an indicator of local groundwater elevations. The
following section discusses groundwater recharge and discharge areas as relevant to sustainable
groundwater management.
3.1.8.1

Natural and Potential Recharge Areas

Groundwater recharge in this Subbasin occurs through the following processes:
•

Natural areal infiltration of precipitation

•

Deep percolation of excess irrigation water applied to crops

•

Recharge occurring where the Subbasin’s surface water bodies are interconnected with
groundwater or where stream and canal seepage occurs to the underlying aquifer

•

Subsurface inflow from areas outside of the Subbasin, including recharge from the
foothills of the Coast Ranges

Infiltration of precipitation is influenced by the soil characteristics discussed in Section 3.1.4.
Figure 3-15 displays an index of recharge suitability in the Corning Subbasin based on deep
percolation, root zone residence time, topography, chemical limitations, and soil surface
conditions (O’Geen et al., 2015). Potential recharge is generally higher in the eastern Subbasin
and near river and creek beds, roughly corresponding to the areas of high soil infiltration
displayed on Figure 3-5. Strong correlations between potential recharge and the existence of
intermittent or ephemeral streams suggest the presence of highly permeable alluvial sediments in
and along the Subbasin’s watercourses. Water distribution systems are generally known to
recharge groundwater through canal seepage when those features are unlined.
Recent recharge studies by Glenn and Tehama Counties and AEM investigations have identified
numerous potential recharge areas that could be used as managed aquifer recharge locations in
the Subbasin (Brown and Caldwell, 2011; Brown and Caldwell, 2013a). The studies utilized
surficial geology and soil mapping to target areas with high soil permeability. Both studies
focused on areas near existing water conveyance infrastructure that had declining groundwater
level trends that could benefit most from managed recharge. The Glenn County recharge study
identified three promising areas in the Subbasin near the Tehama-Colusa Canal to the northwest
of Hamilton City (Brown and Caldwell, 2013a). The Tehama County recharge study identified
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four promising areas in the Subbasin along the Corning and Tehama-Colusa Canals (Brown and
Caldwell, 2011). The one promising area along the Corning Canal was to the northwest of
Corning, and three areas along the Tehama-Colusa Canal were to the northeast and southeast of
Corning and along the border of Tehama-Glenn County. The AEM survey overseen by Aqua
Geo was limited in extent in the Subbasin, but indicated that the area northwest of Hamilton City
along the Tehama-Colusa Canal and Tehama-Glenn County border had suitable surficial geology
to allow for groundwater recharge (Aqua Geo, 2019). Further analysis will be required to
determine the extent and speed that managed recharge at surface will percolate to the deeper
portions of the aquifer.
Subsurface inflow originates in areas outside of the Subbasin, where formations outcrop at the
surface. Isotopic analysis suggests the Tuscan Formation is recharged by infiltration occurring
where it outcrops to the east, at the margins of the valley floor (Brown and Caldwell, 2013b). As
the Tehama Formation pinches out at the Subbasin’s western boundary, little subsurface inflow
from that direction is expected. However, the Subbasin can receive subsurface inflow (and
outflow) from the other adjoining Subbasins to the north, east, and south (Figure 3-15).
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Figure 3-15. Potential Recharge Areas
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3.1.8.2

Natural Discharge Areas

Natural discharge occurs where groundwater exits the aquifer system as either: discharge to
springs and seeps, discharge to surface water bodies and wetlands, or as evapotranspiration (ET)
when utilized by phreatophyte (consuming groundwater) plant species. Figure 3-16 displays
mapped spring and seeps in addition to areas of potential groundwater-dependent wetlands and
vegetation. The small number of springs and seeps within the Subbasin do not display obvious
spatial patterns; these may be correlated with areas of locally low elevation or perched aquifer
conditions.
Groundwater wetlands and areas of vegetation commonly associated with groundwater
(visualized on Figure 3-16) are clustered along the Sacramento River, Stony Creek, and Thomes
Creek. These areas indicate where groundwater may discharge from underlying formations to the
surface or be utilized directly by groundwater-dependent vegetation. Groundwater-dependent
ecosystems (GDEs) presented in Figure 3-16 are considered potential GDEs, as they show
Natural Communities Commonly Associated with Groundwater (NCCAG) and this dataset is
further refined and evaluated in the Groundwater Conditions Section. The proximity of these
areas to the Subbasin’s water bodies also suggests the presence of groundwater-surface water
connection. Groundwater discharge to streams is further reviewed in the Groundwater
Conditions section. As discussed above, the Subbasin may produce subsurface outflow to the
adjoining Subbasins to the north, east, and south. The Water Budget section provides an analysis
of the interaction of surface water and groundwater and the subsurface flow between adjacent
subbasins.
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Figure 3-16. Natural Discharge Areas
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3.1.8.3

Surface Water Bodies

Figure 3-17 displays rivers, creeks, reservoirs, major canals, and other bodies of water within the
Corning Subbasin. These include perennial and ephemeral streams, lined channels, and a large
surface water reservoir.
3.1.8.3.1

Rivers and Creeks

The Sacramento River is a defining surface water body that forms the Subbasin’s eastern
boundary. The river provides surface water for irrigation for a portion of the Subbasin, mainly
via the Red Bluff diversion to the Corning Canal. However, very little surface water is currently
being used in the subbasin, and levels of use have been declining with a change in cropping types
and the unreliable and increased cost of surface water.
Available discharge measurements taken at a USGS streamflow gauge near Hamilton City
(11383800) range from under 500 cubic feet per second (CFS) in the dry season (May-October)
to over 15,000 CFS in the wet season (November-April). Total discharge is much higher during
flood conditions, reaching well over 150,000 CFS. The Sacramento River is generally connected
to groundwater, with the direction and magnitude of flow depending on climatic conditions and
local hydrogeology. Sacramento River flows support agriculture and provide habitat for aquatic
and groundwater dependent ecosystems across the Northern Sacramento Valley.
Stony Creek, which forms part of the Subbasin’s southern boundary, is a typically perennial
stream which flows eastward from Black Butte Lake to the Sacramento River. Runoff in Stony
Creek peaks in the winter and is generally low in the summer, though flows are regulated by
upstream storage in Black Butte Lake (Davids Engineering and West Yost, 2018) and releases
from the Dam. Diversions on Stony Creek support agriculture in the southeastern Subbasin and
in the Colusa Subbasin to the south.
Thomes Creek, which forms the Subbasin’s northern boundary, flows eastward from the Coast
Range foothills to the Sacramento River. Thomes Creek typically runs year-round in the western
portion of the Subbasin, but often runs dry roughly east of Henleyville during the summer
months (VESTRA, 2006). Diversions on Thomes Creek support agriculture in the northern
portion of the Subbasin and in the Red Bluff Subbasin.
In addition to the major creeks and streams discussed above, numerous intermittent and
ephemeral creeks flow eastward across the Subbasin in wet conditions. Flow in these streams
typically occurs only during large storms or especially wet conditions; during normal conditions,
these creeks generally do not contain flow. Due to their intermittent nature, these streams are not
used as significant sources of water supply.
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Surface water systems in Corning Subbasin are generally connected to groundwater, either in
losing or gaining conditions depending on climactic conditions. Flow in the summer and fall is
generally supported more by baseflow and less by stormflow, with the opposite relationship
occurring in the winter and spring. The Subbasin’s river and creeks generally support
groundwater recharge, as they convey stormflow occurring at higher elevations into the Subbasin
and support percolation into the Subbasin’s aquifer system.
3.1.8.3.2

Canals and Reservoirs

Some of the agricultural water demand in the Corning Subbasin is supported by surface water
deliveries which pass through a system of canals, dams, and other surface water conveyance
infrastructure. Major canals are displayed on Figure 3-17; these are supported by a network of
smaller canals maintained by irrigation and water districts for irrigation delivery to farms and
fields.
Black Butte Lake is a large surface water reservoir located in the southwestern portion of the
Subbasin, formed via the damming of Stony Creek. Construction of the Black Butte Dam and
Reservoir was finalized by the USACE in 1963, as part of a regional flood protection strategy.
This reservoir also functions as upstream storage and flow regulation for Stony Creek, with a
total capacity estimated at 143,700 AF (CDM, 2003). The USACE manages releases in the
winter for flood control and the USBR manages releases in the growing season for irrigation
source water for the Orland Project (Davids Engineering, 2017).
The Tehama-Colusa Canal runs southward through the entire Subbasin, entering northeast of
Corning and exiting northeast of Orland. The cement-lined canal originates north of the Subbasin
at the Red Bluff Pumping Plant and Fish Screen on the Sacramento River near the City of Red
Bluff and terminates southwest of Dunnigan in Yolo County. The Tehama-Colusa Canal
provides only very limited surface water supplies in the Subbasin.
The Corning Canal likewise originates from the Sacramento River at the Red Bluff Pumping
Plant and Fish Screen and flows southward into the Subbasin from the Red Bluff Subbasin to the
north. The Corning Canal enters the Subbasin northwest of Corning and terminates near the
center of the Subbasin, southwest of Corning. Operations and maintenance of the
Tehama-Colusa Canal and the Corning Canal are handled by the Tehama-Colusa Canal
Authority. Surface water supplies from the Corning Canal are utilized within the Corning
Subbasin.
The Glenn-Colusa Canal originates from a diversion of the Sacramento River near Hamilton City
in the southeastern portion of the Subbasin and terminates south of the Subbasin near Williams
in Colusa County. The Glenn-Colusa Canal is owned and operated by the GCID, which provides
water to agricultural users, protected federal wildlife areas, and private habitat land. The GCID
also owns two groundwater production wells in the Subbasin adjacent to the Glenn-Colusa Canal
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to be utilized as a backup water source for export from the Subbasin during extreme drought or
water shortages, such as in the 2012-2016 drought. The wells were not operated between 2016
and 2019. The Glenn-Colusa Canal does not supply water within the Corning Subbasin.
The OUWUA Orland Project canals displayed on Figure 3-17 are the main channels of the
OUWUA Northside and Southside area distribution systems. Both canals begin as diversions on
lower Stony Creek and provide water for agricultural users. The Northside distribution system
supplies water within the Corning Subbasin, while the Southern distribution system supplies
water to OUWUA managed areas in Colusa Subbasin to the south.
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Figure 3-17. Surface Water Bodies
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3.1.8.4

Imported Water Supply Sources and Deliveries

Beneficial users within the Subbasin utilize both surface water and groundwater supplies. The
system of canals and other water conveyance infrastructure described in Section 3.1.8.3.2
provides water to agricultural users in addition to designated wildlife and habitat protection
areas.
As described in Section 3.1.8.3.2, several canals exist within the Subbasin, but not all of them
deliver surface water to users within the Subbasin. The Corning Canal imports water from the
Sacramento River in the Red Bluff Subbasin into the Subbasin, which is primarily used for
agriculture. Diversions on the Corning Canal provide surface water in the Subbasin, to Corning
Water District and Thomes Creek Water District specifically.

3.1.9 HCM Data Gaps and Uncertainty
The following paragraphs discuss data gaps and uncertainty related to the HCM that could
improve understanding of aquifer conditions and characteristics if resolved, but which need not
be rectified to complete a robust GSP. A data gap plan is included in the GSP implementation
section of this GSP.
Western Boundary of the Subbasin: there is some uncertainty as to the western boundary of
the alluvial basin, as there is anecdotal evidence that some wells in this portion of the Subbasin
are drilled into fractured rock and not alluvial aquifer. This information could be refined in the
future with more in-depth hydrogeological studies and AEM data.
Tehama-Tuscan Transition Zone: The geologically complex environment created by the
cotemporaneous deposition of the Tehama and Tuscan Formations is not perfectly represented by
existing cross sections or other visualizations. While not a true data gap from the standpoint of
groundwater sustainability planning and management, data obtained from future hydrogeologic
investigations could inform detailed groundwater modeling, well design, and groundwater
recharge projects. Previous analysis of the eastern Subbasin (West Yost, 2012; Brown and
Caldwell, 2013b; Greene and Hoover, 2014) can be used as a framework for additional aquifer
tests and resistivity mapping. Additional AEM or other geophysical surveys could also further
depict the detailed formation layering, though portions of the deeper aquifer may not be
penetrated by this technology
Hydrogeologic Parameters: Existing knowledge of aquifer parameters can be considered
incomplete for some of the Subbasin’s formations, namely the Tuscan and Tehama Formations.
Existing aquifer testing results are limited and sometimes potentially misleading, as described in
Section 3.1.5. Formations in the Subbasin are generally heterogenous; the Tehama Formation
contains intermittent lenses, and the Tuscan contains subunits of differing properties which have
not been robustly mapped at depth in the Subbasin. Further, aquifer testing which has taken place
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in the Tehama-Tuscan Transition Zone may have inadvertently occurred in multiple units. While
not required by SGMA, additional aquifer testing could further the understanding of the
Subbasin’s aquifer system and improve the groundwater model for GSP updates.
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3.2 Historical and Current Groundwater Conditions
3.2.1 Overview
The following sections summarize historical and current groundwater conditions in the Corning
Subbasin. As defined by SGMA Regulations [§354.16] current conditions are those existing after
January 1, 2015; therefore, historical conditions include all those existing prior to January 1,
2015. Organization of this section aligns with the 6 SGMA sustainability indicators listed below:
•

Chronic lowering of groundwater levels (Section 3.2.2)

•

Changes in groundwater storage (Section 3.2.3)

•

Seawater intrusion (Section 3.2.4)

•

Land Subsidence (Section 3.2.5)

•

Groundwater quality (Section 3.2.6)

•

Depletion of interconnected surface waters (Section 3.2.7)

As described in Section 3.1.8, the Corning Subbasin comprises a hydrogeologically
interconnected aquifer system where impacts to one aquifer unit have the potential to impact the
larger aquifer network. A single principal aquifer was identified in the HCM, and therefore, this
section applies to groundwater conditions for the entire aquifer within the Subbasin. These
sections discuss groundwater conditions in relation to spatial and temporal variables.

3.2.2 Groundwater Elevations
Groundwater elevations represent the height of the water table relative to mean sea level.
Groundwater elevations change based on the amount of water that is recharged to the aquifer and
the amount of water that is removed from the aquifer. For example, declines in groundwater
elevation may result from reduced groundwater recharge or over-extraction of groundwater
resources. Groundwater elevations can be measured at monitoring or pumping wells to assess the
change in levels seasonally or over longer periods of time. While groundwater elevations in most
wells fluctuate seasonally, long-term declines may result in a variety of impacts to beneficial
users including but not limited to wells going dry, reduced available groundwater storage, and
declines in interconnected surface water.
The following subsections describe current and historical groundwater elevations in the Corning
Subbasin. Groundwater elevations can be described in terms of spatial variability of the Subbasin
at a snapshot in time (elevation contours in Sections 3.2.1 and 3.2.2), and in terms of temporal
variability with measurements taken at discrete wells over time.
The following data and general references were reviewed for this Section:
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•

DWR SGMA Data Viewer – contour maps

•

CASGEM wells water levels

•

Groundwater Management Plans for Glenn and Tehama Counties

•

Agricultural Water Management Plans for Districts within Corning Subbasin

The Subbasin has experienced several periods of groundwater elevation decline as described
further in the following subsections. These declining groundwater elevations may have resulted
in some domestic well water supply shortages, as evidenced by reports filed with DWR’s water
supply shortage reporting system. 25 Household water supply shortages reported within the last
month (red), last year (yellow), and since April 2013 (green) are presented on Figure 3-18 below
for Glenn, Tehama, and Butte Counties.

Figure 3-18. Reported Household Water Supply Shortages in Glenn and Tehama Counties
Accessed June 21, 2021: https://mydrywatersupply.water.ca.gov/report/publicpage

25

https://mydrywatersupply.water.ca.gov/report/publicpage. Accessed June 21, 2021.
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3.2.2.1

Current Groundwater Elevation Contours and Flow Direction

Groundwater elevation contours during the fall and spring of 2018, derived from groundwater
levels measured at wells in the CASGEM monitoring program in the Corning Subbasin and
surrounding areas, are displayed on Figure 3-19 and Figure 3-20, respectively. In general,
groundwater elevations in spring reflect recharge received during the rainy season, while
groundwater elevations in fall reflect the antecedent dry season and the tail end of the growing
season for many crops in the Subbasin. The 2018 water year (WY) was classified as a below
normal water year according to DWR’s Sacramento Valley Water Year Index.
During both spring and fall, groundwater elevations are higher in the north and west of the
Subbasin, reflecting regional gradients that drive groundwater toward the center of the valley.
Here, groundwater elevations reach as high as 250 feet amsl in the spring and 240 feet amsl in
the fall. In the southeastern Subbasin, where groundwater elevations are typically at their lowest,
elevations range as low as 120 feet amsl in the spring and 110 feet amsl in the fall. Across much
of the Subbasin, elevations display a roughly 10- to 20-foot difference in groundwater elevation
between these 2 seasons. Contours near Stony Creek display up to a 40-foot difference in
elevation, potentially due to differences in streambed recharge between the spring and fall. Flows
in Stony Creek are known to be a significant source of aquifer recharge (DWR, 2006b); spring
groundwater elevations shown on Figure 3-20 bend downstream, displaying apparent
groundwater recharge along the length of the creek. Flood and furrow surface water applications
for crop irrigation in this area also likely provide groundwater recharge (Davids Engineering and
West Yost, 2018).
Groundwater elevation contours in the far western portion of the Subbasin are not available, due
to the lack of wells that are monitored in this area. This is a data gap that will be identified in the
data gap action plan in Section 8 – Plan Implementation.
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Figure 3-19. Fall 2018 Groundwater Contours
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Figure 3-20. Spring 2018 Groundwater Contours
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3.2.2.2

Subbasin-Wide Historical Groundwater Elevations

As compared to more recent conditions, historical groundwater elevation information can be
assessed from maps of elevation contour changes between 2 distinct periods in time. Figure 3-21,
Figure 3-22, and Figure 3-23 display changes in groundwater elevation as points and contours
between 2004-2014, 2010-2015, and 2015-2018, respectively. These 3 periods compare the
Subbasin’s historical and current conditions with respect to portions of the recent historical
record. Changes between the fall seasons of each year are presented on the figures to reflect
when groundwater elevations are at their lowest. Groundwater elevation change maps were
generated for these 3 periods by DWR to compare conditions during periods with distinct
changes in climate, such as evaluating the effects of the 2012-2016 drought on overall water
level trends. The period from 2004-2018 included some the most extreme wet and dry years in
the climate record, including an extended drought between 2012-2016 and wet water years in
2006, 2011, and 2017. Since 2004, groundwater level declines have been exacerbated by
expansion of irrigated farmland, conversion to groundwater-irrigated orchards, and surface water
limitations. For discussion purposes below, “average” conditions include “above normal” and
“below normal” water years, as there is no “normal” water year on the index. “Wet,” “dry,” and
“critically dry” water years are representative of the extremes. Overall, the following trends can
be observed from these data:
•

From 2004-2014: This 10-year period reflects several generally average WYs, followed
by several dry years in the beginning of the 2012-2016 drought. During this period,
groundwater elevations experienced declines across the majority of the Subbasin (Figure
3-21). Elevations declined up to 30 feet near the City of Corning, in the western
Subbasin, and in the southern Subbasin near Stony Creek. Elsewhere in the Subbasin,
elevations declined roughly 5 to 10 feet. All measured wells in the Subbasin experienced
a decline in groundwater elevation during this period of at least 5 feet. In addition to
reduced infiltration of rainfall, these declines were likely influenced by increased reliance
on groundwater extraction due to reduced diversion allocation availability from and flow
in the Sacramento River, Stony Creek, Thomes Creek, and other seasonal streams.
Reduced streamflow may have further affected groundwater elevations by reducing
groundwater recharge from streambeds.

•

From 2010-2015: This 5-year period reflects the last 2 years of wetter conditions, and 3
years of drought. During this period, changes in groundwater elevation reflect the
influence of multiple drought years; elevations decreased by up to 30 feet in the western
Subbasin, and up to 20 feet in the south (Figure 3-22). Overlap between this period and
the 2004-2014 period (Figure 3-21) helps illustrate the significant influence of the recent
drought on groundwater elevations. Beginning in 2012 and ending around 2016, the
drought brought about reduced recharge and increased groundwater reliance, culminating
in extensive groundwater level declines.
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•

From 2015-2018: water years alternated between wet and below normal and
groundwater elevations began to show recovery in some areas from the recent drought,
with elevation increases in the northern and southern Subbasin of up to approximately 10
to 11 feet. Despite recovery in many areas, elevations at some wells in the central
Subbasin remained in decline during this period, with declines in groundwater elevation
of between 3 and 10 feet. During the drought, surface water allocations from the CVP
were severely limited, which resulted in greater groundwater pumping that lowered
groundwater levels.

While the increase in groundwater reliance is due, in part, to the shift from surface water to
groundwater for irrigation, the increase in irrigation due to planting of new crops and associated
installation of new agricultural wells also contributed to the increased groundwater extraction.
As a general frame of reference, DWR provided more recent regional groundwater elevation
trends between spring measurements in 2019 and 2020 in their California Groundwater
Conditions Update – Spring 2020 (DWR, 2020b). 2019 was a wet water year and 2020 was a dry
water year. The Corning Subbasin areas in Glenn County and southern Tehama County generally
had stable groundwater levels, with change of less than ±5 feet, while the wells in northern
Tehama County typically declined by 5 to 25 feet between spring measurements. A more
detailed analysis of 2020 and 2021 water level data in the Subbasin will be provided in the first
annual report (due April 1, 2022).
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Figure 3-21. Change in Groundwater Elevations: Fall 2004 - Fall 2014
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Figure 3-22. Change in Groundwater Elevations: Fall 2010 - Fall 2015
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Figure 3-23. Change in Groundwater Elevations: Fall 2015 - Fall 2018
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3.2.2.3

Hydrographs: Historical Groundwater Elevation Trends

There are a number of wells monitored regularly in the Subbasin that include groundwater
elevation data since the 1970s. Appendix 3C provides a compilation of groundwater elevation
hydrographs for wells within the Subbasin.
To facilitate the review of groundwater elevations, the Subbasin was divided into east, west, and
south areas based on differences in land use, water supply sources, and geology, as discussed
further in the sections below:
1.

The east area - represented by the area of the Subbasin to the east of I-5 within Tehama
County. The east area is predominantly agricultural. Growers in the east area rely
mainly on groundwater to meet agricultural water demands, except for riparian surface
water rights holders on the Sacramento River near Thomes Creek.

2.

The west area – represented by the area of the Subbasin to the west of I-5 within
Tehama and Glenn Counties. The northeast portion of this area, within the Thomes
Creek WD and Corning WD jurisdiction to the west of the City of Corning, is used
extensively for fruit, nut, and olive orchards. This portion has some access to surface
water supplies from the Corning Canal. Collectively, the Corning WD growers use
about half surface water and half groundwater to irrigate crops. The rest of the growers
in this area mainly use groundwater for irrigation. The southeast portion of this area
has few irrigated crops and surface water is generally unavailable. An approximately
9,000-acre eucalyptus grove was established in 1993 and irrigated with groundwater
until 2002 (CDM, 2003). The western portion within Tehama and Glenn Counties has
more topographic relief, the aquifer is deeper, and the groundwater has higher salinity
than in the rest of the Subbasin. Consequently, the land is typically used for livestock
grazing. The western portion relies mostly upon groundwater as a water source, except
for a few parcels along creeks with riparian surface water rights. The small portion to
the west of Black Butte Lake within Glenn County is sparsely irrigated. As described
in Section 2 Plan Area, land use continues to expand in this area. Expansion of
orchards and other irrigated crops will continue to increase demand for groundwater
and could result in additional decrease in groundwater levels in this area, unless
managed through projects and management actions, as described in Section 7.

3.

The south area – represented by the area of the Subbasin to the southeast within Glenn
County. This area of the Subbasin is used mostly for deciduous fruit and nut crops to
the east and pasture to the west. Surface water is available to growers within the
OUWUA, while groundwater is mainly used in the rest of this area (Davids
Engineering, 2018).

Characteristic wells were selected for historical groundwater trend analysis based on well
location, well screen interval, length of historical water level record, and data quality. Figure 3-5
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displays the location of the wells used. Plots of groundwater elevation data over time
(hydrographs) are provided on Figure 3-25 through Figure 3-30 and discussed in the following
sections. The well construction information associated with each hydrograph is shown in Table
3-2 through Table 3-7, which are presented following the corresponding figure. DWR
Sacramento Valley Water Year designations are shown on the background of all hydrographs to
help illustrate the relationships between groundwater elevations and climate and hydrology.
As displayed on Figure 3-2 and Figure 3-3, baseline differences in groundwater elevations
between wells are the product of regional horizontal groundwater flow and gradients because
groundwater elevations are generally higher in the northern part of the Subbasin and decrease to
the south. Hydrographs display prominent seasonality, with groundwater elevations rising and
falling by 10 to 30 feet annually. Variations in seasonal response between these wells may reflect
spatial differences in groundwater recharge and use across the Subbasin.
Water levels in these hydrographs clearly follow climatic cycles with rising and falling water
levels affected by droughts and wet cycles. Water level declined in the 1975-1977, 1986-1992,
and 2012-2016 droughts. Generally, water levels recovered during subsequent wet years, with
some exceptions, as noted for individual hydrographs below.
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Figure 3-24. Characteristic Wells Used for Groundwater Elevation Assessments
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3.2.2.4

East Area Groundwater Elevations

As displayed on Figure 3-21 through Figure 3-23, wells in the eastern area have generally
experienced water level decline over the past 2 decades in the areas further from the Sacramento
River, while water levels in wells near the Sacramento River have remained relatively stable.
Wells located closer to the Sacramento River may benefit from direct recharge from the river,
and direction of groundwater flow from west to east toward the Sacramento river. Localized flow
directions also depend on groundwater pumping and river level conditions. Wells closer to the
Sacramento River benefit from generally good hydraulic connection with the Sacramento River
which have sustained shallow levels through the dry season.
Hydrographs on Figure 3-25 show groundwater elevation trends in 4 characteristic wells with
historical water level measurements reflective of regional trends. Well construction information
for each well is summarized in Table 3-2. The well screen intervals of the characteristic wells
range from 120 to 295 feet below ground surface (bgs).
Historical groundwater elevation trends from roughly 1970-1995 show the effects of 2 climactic
cycles (the 1976-77 drought and the 1987-1992 drought); groundwater elevation decreases of up
to 20 feet are noted during dry periods, but the water levels recovered to pre-drought conditions
in wells during wet periods. From 2005 through 2019, a net decrease in groundwater elevation of
approximately 30 feet was noted in the wells further from the Sacramento River, partly in
response to the recent 2012-2016 drought. Groundwater elevations recovered after the drought in
the well closest to the river (23N02W16B001M in green below) but have not recovered entirely
in wells further to the west or in the deeper wells.
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Figure 3-25. East Area Characteristic Hydrographs
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Table 3-2. Screened Intervals and Total Depths of East Area Characteristic Hydrograph Wells

3.2.2.5

Well Name

Well Type

Screened Interval(s)
(ft bgs)

Total Depth
(ft bgs)

24N03W16A001M

Irrigation

Unknown

295

24N03W02R001M

Domestic

Unknown

270

23N03W12L001M

Irrigation

45-95, 132-148

150

23N02W16B001M

Irrigation

100-120

120

West Area Groundwater Elevations

Much of the agriculture in the west area relies entirely on groundwater supply for irrigation, with
most production wells typically screened in the Tehama Formation. As seen on Figure 3-21
through Figure 3-23, wells in the western region have experienced historical declines in
groundwater elevation since 2004, partially in response to groundwater pumping. Figure 3-7
displays hydrographs of 4 characteristic wells; Table 3-3 lists the well screen intervals and total
depths. Well depths for the characteristic wells range from 108 to 780 feet bgs, representing an
array of screened intervals.
As was the case in the east area, hydrographs for the characteristic wells demonstrate a strong
response to extended dry and wet periods. However, the degree of groundwater elevation change
is greater in the west area than in the other areas, with up to 40 feet of decline seasonally. The
historical groundwater elevation record in west area wells demonstrates the effect of 2 climactic
cycles. From roughly 1970 to 2006, annual water level declines during dry periods were
followed by recovery during wet periods. Groundwater elevations in the western Subbasin have
experienced continuous declines from 2006 until present. Deeper wells in this area tend to have a
wider range of annual fluctuation, but the annual trends are relatively similar between wells
installed at varying depths.
One hydrograph in the west region has a distinctly different trend from 1992 to 2002 than the
other wells. 23N04W13G001M (in purple below) is located on the previously mentioned
9,000-acre eucalyptus farm that used groundwater supply from 1993 to at least 2002 (CDM,
2003). Groundwater pumping during the initial growth period is strongly reflected in the
hydrograph for this well; groundwater elevations declined by 40 to 60 feet from 1993 to 2000,
followed by partial recovery from 2000 to 2007. This decline occurred during a wet period and is
not reflected in other hydrographs from the rest of the region, suggesting the influence of more
intensive pumping in this portion of the western area. Since 2007, the water level trends in this
well have tracked closely with other wells in the western area, following the recovery from the
extensive pumping to support the eucalyptus grove (Figure 3-26).
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Figure 3-26. West Area Characteristic Hydrographs
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Table 3-3. Screened Intervals and Total Depths for Western Subbasin Characteristic Hydrograph Wells
Screened Interval(s)
(ft bgs)

Total Depth
(ft bgs)
180

Domestic

Unknown
250-280, 300-350, 360-390, 420-440,
490-570, 650-690, 730-750, 760-780
100-108

Irrigation

Unknown

560

Well Name

Well Type

24N04W14N002M

Domestic

24N04W33P001M

Irrigation

24N03W17M001M
23N04W13G001M

3.2.2.6

780
108

South Area Groundwater Elevations

Figure 3-27 displays hydrographs for 5 characteristic wells in the south area of the Subbasin
Table 3-4 summarizes the well construction information. In general, wells in the south area show
similar trends to the east and west with historical fluctuations in groundwater elevation related to
wet and dry climatic cycles. However, in contrast to the east and west areas, a declining water
level trend has not been as pronounced during the past 2 decades (Figure 3-21 through Figure
3-23). This may be reflective of more surface water use for irrigation in this area, coupled with
groundwater recharge from the Sacramento River and Stony Creek. Well screen interval does not
appear to influence annual groundwater elevation changes in these wells, though the amplitude
of change in deeper well (22N02W09L003M in green below) was greater compared to the other
shallower wells shown on Figure 3-27. While groundwater elevation changes are seen in all
wells from regional groundwater pumping during dry conditions, groundwater elevations in
wells closer to Stony Creek and the Sacramento River (22N01W29K001M and
21N01W04N001M in blue and brown, below) exhibit more stable groundwater elevations with
limited changes due to climate.
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Figure 3-27. South Area Characteristic Hydrographs
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Table 3-4. Screened Intervals and Total Depths for Southern Subbasin Characteristic Hydrograph Wells
Well Name

Well Type

Screened Interval(s)
(ft bgs)

Total Depth
(ft bgs)

22N03W12Q003M

Domestic

112-123

124

22N03W03D001M

Domestic

104

22N02W09L003M

Irrigation

22N01W29K001M

Irrigation

90-102
40-53, 148-153, 180-219, 290-313, 358-366,
527-536
Unknown

21N01W04N001M

Domestic

unknown

100

3.2.2.7

550
150

Vertical Groundwater Gradients

Clustered monitoring wells are 2 or more wells installed near to each other but with screens at
different depths. Clustered wells can be used to identify differences in groundwater elevation by
depth (or vertical zone), illustrating potential vertical groundwater gradient direction and
magnitude. Figure 3-28, Figure 3-29, and Figure 3-30 display representative hydrographs for 3
well clusters in the east, west, and south areas of the Subbasin, respectively, in the locations
shown on Figure 3-5. Table 3-5 through Table 3-7 list the well screen intervals and total depths
for wells presented in these figures.
Vertical groundwater gradients occur due to pumping patterns at different depths in the aquifer.
Groundwater always flows from high elevation to low elevation (similar to flow in a horizontal
plane). When groundwater elevation in shallow wells is lower than groundwater elevation in
deeper wells, groundwater flows upward through the aquifer, resulting in an upward vertical
gradient. The opposite can also occur. Large vertical gradients at a cluster well can indicate that
screened intervals are in hydrogeologically distinct aquifers, semi-confined, or perched areas,
while hydrographs with similar groundwater elevation trends and small vertical gradients suggest
that aquifer zones are likely hydrogeologically connected.
There are vertical hydraulic gradients associated with vertical groundwater flow in the Subbasin.
Downward vertical gradients are prevalent in the east and south area well clusters, where the
majority of the pumping occurs. In contrast, upward vertical gradients were common in the west
area well cluster from the first measurement in 2004 through 2014 but have fluctuated in
direction over seasonal timeframes since. In general, the Subbasin hydrographs reflect that
groundwater elevation trends are similar across the thickness of the saturated aquifer over time,
with variability related to local pumping effects, especially in the summer and fall. There are a
few locations where more distinct trends are apparent at different depths in the aquifer (Figure
3-28), particularly in the eastern portion of the Subbasin where the Tehama and Tuscan
formations interfinger. The extent of the Tuscan aquifer and degree of interconnection between
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the Tehama and Tuscan formations is not well refined and is a data gap that will be addressed
during GSP implementation.
The hydrographs from the well cluster in the east area (Figure 3-28) typically indicate that
groundwater elevations decrease with increasing screen depth from 2006 to 2019. There are 3
distinct trends for the shallow well with a screen from 25 to 35 feet bgs, the intermediate wells
with screens from 95 to 355 feet bgs, and the deeper wells with screens from 815 to 970 feet bgs.
The shallow well demonstrated a long-term stable water level, suggesting that it is not
hydraulically connected with deeper wells that all had a long-term decreasing water level trend
and is likely indicative of perched groundwater. Perched groundwater is found in some shallow
wells less than 80 feet deep near ephemeral streams. Decreasing groundwater elevations at depth
caused downward vertical gradients to increase in relation to the shallow well over time.
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Figure 3-28. Groundwater Elevations in Clustered Wells 23N03W13C003M-C007M
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Table 3-5. Screened Intervals for Clustered Wells 23N03W13C003M-C007M
Screened Interval(s)
(ft bgs)

Total Depth
(ft bgs)

900-910, 960-970

980

Monitoring

East Area
East Area

815-825

835

23N03W13C005M

Monitoring

East Area

345-355

381

23N03W13C006M

Monitoring

East Area

95-105, 125-135

182

23N03W13C007M

Monitoring

East Area

25-35

71

Well Name

Well Type

Location

23N03W13C003M

Monitoring

23N03W13C004M

In the well cluster in the west area the vertical gradient trends from 2004 to 2019 had notably
different conditions before and after the 2013 to 2015 critically dry years (Figure 3-29). Prior to
2014, vertical gradients were consistently upward from deeper to shallower wells, while vertical
gradients after 2014 generally fluctuated between upward in the fall and downward in the spring.

Corning Subbasin Groundwater Sustainability Plan
November 2021

3-69

Figure 3-29. Groundwater Elevations in Clustered Wells 24N03W29Q001-Q003
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Table 3-6. Screened Intervals for Clustered Wells 24N03W29Q001-Q003
Total Depth
(ft bgs)

West Area

Screened Intervals
(ft bgs)
130-140, 190-200, 230-40,
280-290, 350-360
490-500, 540-550

West Area

650-670, 700-710

844

Well Name

Well Type

Location

24N03W29Q001

Monitoring

West Area

24N03W29Q002

Monitoring

24N03W29Q003

Monitoring

372
575

The hydrographs from the well cluster in the south area near Hamilton City fluctuate over annual
and long-term cycles from 2009 to 2019, but are predominantly downward with occasional
observations with no gradient or an upward gradient (Figure 3-30). Vertical gradients are
generally more negative (or downward) during the fall measurements than in the spring, likely as
a result of greater groundwater pumping at depth during the growing season. During the spring,
vertical gradients generally remained downward, but were smaller in magnitude than
observations in the fall.
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Figure 3-30. Groundwater Elevations in Clustered Wells 22N01W29N001M-N004M
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Table 3-7. Screened Intervals and Total Depths of Clustered Wells 22N01W29N001M-N004M
Screened Interval(s)
(ft bgs)

Total Depth
(ft bgs)

859-879, 990-1010, 1116-1135

1204

Monitoring

South Area
South Area

549-559, 595-605, 631-641

670

Monitoring

South Area

189-199, 255-265, 320-330, 370-380

400

Monitoring

South Area

89-99

120

Well Name

Well Type

Location

22N01W29N001M

Monitoring

22N01W29N002M
22N01W29N003M
22N01W29N004M

3.2.3 Change in Groundwater Storage
Change in groundwater storage refers to the difference between the total amount of groundwater
recharge and the total amount of groundwater withdrawals within the aquifer. Change in storage
can be assessed on an annual basis to identify changes in the aquifer due to climate and water
management in particular, or changes can be tracked over time, which leads to a cumulative
change in storage. The cumulative change in storage provides longer-term overview and
potential resiliency of the aquifer to changes over time.
As described in CDM, 2003:
Change in groundwater in storage is dependent on many factors, including climatic
conditions, the annual rate of groundwater extraction, and the annual rate of
groundwater recharge. Groundwater storage commonly fluctuates within a given year
and from year to year. Groundwater in storage will typically decline during periods of
drought and rebound during periods of above-normal precipitation. Within the same
year, groundwater in storage will decline through the summer months as it is extracted
for municipal and agricultural uses, then recover as extraction slows and seasonal
precipitation increases recharge. In basins where the amount of annual groundwater
extraction is at or below the amount of normal-year recharge, the long-term change in
groundwater in storage will remain the same. In basins where the annual amount of
groundwater extraction exceeds the amount of normal-year recharge, the long-term
change in groundwater in storage will decline. Depletion of groundwater in storage is
typically exhibited by a decline in groundwater levels during periods of normal
precipitation.
The C2VSim model is used to develop the complete water budget for the Corning Subbasin, as
described in Section 4 – Water Budgets. Historical annual and cumulative change in groundwater
storage over the historical period 1973-2015 is shown for the entire subbasin on Figure 3-31. The
annual change in storage fluctuates with dry and wet climatic conditions. The average annual
change in storage is 6,900 AF over the simulation period (water year 1974 to 2015), meaning
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that the Subbasin is gaining groundwater over this period (inflows to the subbasin exceed
outflows, on average). The cumulative change in storage provides an overview of the total
change in groundwater storage between 2 different points in time. It is obtained by adding the
annual change in storage over the entire model simulation period to assess the long-term trend in
groundwater storage change. The cumulative change in groundwater storage roughly
corresponds to the average groundwater level change in the Subbasin over time. As shown on
Figure 3-31, cumulative change in storage has generally increased between 1976 and 2005,
recovering immediately after the initial drought of 1976-77. A second period of decrease
occurring during the 1986-1992 drought. Since 2006, cumulative change in storage is declining,
meaning more water is pumped out the aquifer than recharged, as evidenced in the hydrographs
presented on Figure 3-25 and Figure 3-26. The cumulative change in storage between simulated
year 2000 and 2015 is a net loss of 114,500 AF.
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Figure 3-31. Historical Change in Groundwater Storage
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3.2.4 Seawater Intrusion
Seawater intrusion is not an applicable sustainability indicator for the Corning Subbasin GSP,
due to its distance from the Pacific Ocean, bays, deltas, or inlets. Therefore, seawater intrusion is
not likely to occur in the Corning Subbasin.
The Corning Subbasin does not border any oceanic or deltaic environments and therefore
seawater intrusion is not an applicable sustainability indicator in the Subbasin and is not further
discussed in this GSP.

3.2.5 Land Subsidence
Land subsidence refers to the gradual lowering or sudden sinking of the land surface. There are
many factors which can contribute to land subsidence, including groundwater pumping, drainage
and decomposition of peatlands, underground mining, oil and gas extraction, hydrocompaction,
natural compaction, sinkholes, and/or thawing permafrost. Amongst these causes of land
subsidence, only aquifer-system compaction due to groundwater pumping is relevant to SGMA
and is applicable to geology, water management, and land use in the Subbasin.
Aquifer-system compaction can occur in certain sedimentary basins where more groundwater is
withdrawn than is being replenished, causing dewatering of sediments. Dewatering depressurizes
the aquifer skeleton and compacts clay layering, leading to a decline in the ground surface.
Aquifer-system compaction may be seasonal or otherwise non-permanent (elastic subsidence), or
permanent (inelastic subsidence). Elastic subsidence is generally reversible while inelastic
subsidence is generally irreversible and can lead to permanent land surface changes. Figure 3-32
illustrates the relationship between lowering groundwater elevation and land subsidence. Land
subsidence occurs when groundwater elevations in an aquifer that contains clay layers fall below
the previous lowest water levels, causing depressurization and compaction of clay layers.
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Figure 3-32. Illustration Showing Inelastic Subsidence (USGS, 2009)
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Inelastic land subsidence can increase the risk of flooding, cause damage to overlying
infrastructure, and reduce aquifer storage potential. Existing data presented in the following
subsections suggest there is limited land subsidence in one area of the Corning Subbasin.
3.2.5.1

Sacramento Valley Subsidence Surveys

DWR and USBR jointly manage the Sacramento Valley Height-Modernization Project, which
aims to characterize land subsidence due to groundwater withdrawal within the Sacramento
Valley via survey benchmarks (DWR, 2008; DWR, 2018a). DWR performed extensive land
surface elevation surveys in 2008 and 2017 over a network of survey monuments throughout the
Sacramento Valley (DWR, 2018a) to identify any significant land subsidence between these 2
measurement timeframes. The network in the Subbasin includes 18 survey monuments spread
across the portions of the Subbasin utilized for groundwater production (Figure 3-33).
Results displayed on Figure 3-33 indicate that only 1 monument (2966, 4 miles northwest of
Orland) shows any statistically significant subsidence. From 2008 to 2017, the land surface
elevation at this location decreased by approximately 0.3 foot. The stated uncertainty of these
GPS measurements was 0.17 foot, meaning minor land surface elevation changes at other
monuments in the Subbasin was essentially zero, or within the uncertainty bounds of the
measurement device.
Additional limited measurements were collected at several of the Glenn County locations in
2004 and in 2015 (DWR, 2004a; DWR, 2015). The 2004 report included surveys of 3 of the 18
total monuments in the Subbasin (N852, HAMI, ORLA); between 2004 and 2008 the land
surface elevation increased by 0.2 foot at N852 and HAMI, and the land surface elevation
decreased at ORLA by 0.1 foot. These measurements were essentially within the range of
uncertainty. In 2015, 2 of the 18 monuments were surveyed (ORLA and WILD). The
measurement at ORLA was about equal to the measurement in 2008. The measurement at WILD
was 1.32 feet less than in 2008. However, the reported elevation decrease at the WILD
monument between the 2008 and 2017 valley-wide surveys was 0.117 foot (within the GPS
measurement uncertainty), indicating no subsidence in this area. The result from WILD in 2015
appears to be an anomaly, particularly because this location is near the Sacramento River in an
area with little groundwater use, stable groundwater levels, and no known historical land
subsidence.
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Figure 3-33. Subsidence Measurements Between 2008 and 2017 (DWR, 2018a)
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3.2.5.2

DWR INSAR Subsidence Mapping

Interferometric Synthetic-Aperture Radar (InSAR) is a remote sensing technology that measures
ground elevation using microwave satellite imagery data. DWR provides monthly InSAR data
mapped over the entire state from June 2015 to June 2019. 26 The data were mapped for the
Subbasin to compare the difference in land surface elevation between 2019 and 2015 (Figure
3-34). Over this period, land subsidence measured in the Subbasin was less than 0.1 foot. There
are several small gaps in measurements adjacent to the Sacramento River, especially in the area
near Hamilton City. Since groundwater levels fluctuate less near the Sacramento River than in
other parts of the Subbasin, subsidence due to groundwater pumping in these areas are not as
likely as in other areas of the Subbasin (Figure 3-21 through Figure 3-23).
As with any measurements, the InSAR data provided by DWR are subject to error. DWR has
stated that, on a statewide level, the total vertical displacement measurements are subject to 2
error sources (DWR, 2019 and Towill, Inc., 2020):
1.

The error between InSAR data and continuous GPS data is 16 mm (0.052 foot) with a
95% confidence level.

2.

The measurement accuracy when converting from the raw InSAR data to the maps
provided by DWR is 0.048 foot with 95% confidence level.

Simply adding the errors 1 and 2 results in a combined potential error of 0.1 foot (or 1.2 inches).
While this is not a robust statistical analysis, it does provide an estimate of the potential error in
the InSAR maps provided by DWR. A land surface change of less than 0.1 foot in the Subbasin
between June 2015 and 2019 is within the noise of the data and is not considered statistically
significant.
Figure 3-35 shows monthly subsidence measurements from this dataset at 1 location near the
Sacramento Valley Subsidence Survey monitoring location 2966. Monitoring location 2966 was
the only location in the Subbasin with reported subsidence of 0.29 foot between 2008 and 2017
land elevation surveys (Figure 3-33; DWR, 2018a). The InSAR subsidence data from this
location between June 2015 and June 2019 showed that approximately 0.1 foot of subsidence
occurred during the timeframe. Some elastic subsidence is apparent from the displacement
showing rebounding elevations in late 2016 and late 2017. But overall, the trend is downward,
and this location will need to be monitored for future subsidence.

https://data.cnra.ca.gov/dataset/tre-altamira-insar-subsidence/resource/2535a9b9-ed25-4b19-9734-4b1409e3fdce.
Accessed February 19, 2020
26
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Figure 3-34. DWR InSAR Subsidence in Corning Subbasin, June 2015- June 2019
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Figure 3-35. DWR InSAR Subsidence from June 2015 to June 2019 Near Sacramento Valley Subsidence Survey Location 2966. 27

27

https://sgma.water.ca.gov/webgis/?appid=SGMADataViewer#gwlevels/
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3.2.5.3

DWR Extensometer Measurements

An extensometer is an instrument consisting of a pipe or cable anchored at the bottom of a well
casing and a recorder that measures the relative distance between the bottom of the borehole and
the ground surface. Extensometers are used by DWR to measure aquifer-system expansion or
compaction of the geologic material, measured as displacement at ground surface at 11 locations
in the Northern Sacramento Valley. 28 Figure 3-35 shows the only extensometer location that the
DWR has monitored in the Subbasin for this purpose. This well (22N02W15C002M) was
installed with a screen from 759 to 780 bgs; therefore, the extensometer measures expansion and
compression of the Quaternary alluvium and Tehama/Tuscan Formation aquifer systems at this
location (Davids Engineering, 2018).
Land displacement and groundwater elevation data from the well and extensometer from 2004 to
2019 shown on Figure 3-35 suggest that the aquifer-system in this location is elastic. This means
that the aquifer compacts slightly during the dry season when water levels are lower, but a
relatively equal amount of expansion occurs in the following wet season when the water level is
higher. The result of elastic expansion and compaction is that minimal net subsidence occurs
over an annual cycle. Over the 14-year record, monthly ground surface elevation at the well
fluctuated 0.12 foot from +0.08 and -0.04 foot. Between 2004 and 2019, the ground surface at
the well rose about 0.05 foot in this location while the water table dropped by more than 10 feet.
There are several small data gaps in the record, the longest of which spans 6 months from
October 2012 to April 2013. Overall, the data display no inelastic subsidence in response to
declines in groundwater elevation.

28

https://data.cnra.ca.gov/dataset/wdl-ground-surface-displacement
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Figure 3-36. DWR Extensometer Measurements, 2004-2019
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3.2.6 Groundwater Quality
Evaluation of groundwater quality conditions involves the observation and analysis of chemical
concentrations in groundwater. Chemical concentrations are typically evaluated in regard to
primary and secondary drinking water standards established by the U.S. Environmental
Protection Agency (USEPA) and the California State Water Resources Control Board’s DDW.
These are also referred to as MCL and secondary maximum contaminant limits (SMCL). MCL
are concentrations above which adverse effects on human health can occur. SMCL are
concentrations above which aesthetic concerns for groundwater use can occur but are not health
threatening. Aesthetic effects may include poor taste, odor, damage to pipes and pumps, and
reduced effectiveness when treating for other constituents.
The following sections describe point source pollutants and non-point source groundwater
constituents in the Corning Subbasin, focusing on constituents which have been detected above
or near the MCL or SMCL. Point source pollutants are those which have 1 isolated, typically
well-defined anthropogenic source. Non-point source groundwater constituents occur over a
wider potentially diffuse area and may be anthropogenic or naturally occurring. Anthropogenic
pollutants are a result of human activities such as industry, agriculture, or home use while
naturally occurring groundwater constituents are a result of natural geochemical conditions
within the aquifer.
3.2.6.1

Point Sources of Groundwater Pollutants

Cleanup and monitoring of point source pollution may be overseen by either the Central Valley
Regional Water Quality Control Board (Regional Board or CVRWQCB) or the California State
Department of Toxic Substances Control (DTSC). These agencies make all related materials
available to the public through 2 public portals: GeoTracker
(https://geotracker.waterboards.ca.gov/) managed by the Regional Board and Envirostor
(https://www.envirostor.dtsc.ca.gov/public/) managed by DTSC.
Figure 3-37 displays all historical cleanup sites in the Corning Subbasin, utilizing information
from the GeoTracker database. These sites include leaking underground storage tank (LUST)
sites, land disposal sites, dry cleaners, and agricultural facilities. Cleanup sites are generally
clustered around the City of Corning and Hamilton City. Figure 3-38 shows cleanup sites within
adjacent subbasins, close to the Corning Subbasin. Of a total of 51 sites in the Corning Subbasin,
7 sites remain open as of April 8, 2020. These sites are displayed on Figure 3-39, and
summarized in Table 3-8. Open-case site designation indicates that some sort of contamination
has occurred on site, and that remediation is ongoing. Six of the sites are in the northeastern
potion of the Subbasin, while the seventh is located just west of Hamilton City. Figure 3-40
shows the only open cleanup cases adjacent to and near the Corning Subbasin are located in the
Colusa Subbasin around the City of Orland.
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Figure 3-37. All Historic and Current Cleanup Sites within the Corning Subbasin
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Figure 3-38. All Historical and Current Cleanup Sites within Adjacent Subbasins Close to the Corning Subbasin
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Figure 3-39. Open-Case Cleanup Sites Within the Corning Subbasin
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Figure 3-40: Open Case Cleanup Sites within Adjacent Subbasins Close to the Corning Subbasin
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Table 3-8. Open-Case Cleanup Sites within the Corning Subbasin
Site Type

Cleanup Status

Bell - Carter Olive Company, Inc.

Land Disposal Site

Operating

Potential Constituents
of Concern
None Specified

Former Paramount Cleaners

Cleanup Program Site

Site Assessment

Tetrachloroethylene (PCE)

Hamilton City Ranch Farm
Compound
Love's Travel Stop #410, Former
Dudley and Petty

Cleanup Program Site

Site Assessment

Diesel

Cleanup Program Site

Site Assessment

Love's Travel Stop #410, Former
Dudley and Petty

LUST Cleanup Site

Verification
Monitoring

Modern Cleaners

Cleanup Program Site

Site Assessment

Chlorinated Solvents - PCE,
Chlorinated Solvents - TCE,
Petroleum - Automotive gasolines,
Petroleum - Diesel fuels
Diesel, Gasoline,
Tetrachloroethylene (PCE),
Solvents,
Trichloroethylene (TCE)
Tetrachloroethylene (PCE)

Triple R Ranch, Formerly
Christian Boys Ranch

Cleanup Program Site

Inactive (Site
Assessment
complete, now
inactive since 2016)

Site

None Specified

Five open cleanup sites are located just south of the Corning Subbasin in the vicinity of Orland,
as shown in Table 3-9 below. Because of their vicinity to the Corning Subbasin, pumping within
the Corning Subbasin might affect the movement of these contaminants into the Subbasin.
Table 3-9. Open Cleanup Sites within City of Orland Vicinity
Site

Site Type

Cleanup Status

Potential Constituents
of Concern

Compost Solutions Inc.
Composting Facility

Land Disposal Site

Open - Operating

None Specified

Glenn County Airport - Orland

Cleanup Program Site

Open - Site
Assessment

Other Insecticides / Pesticide /
Fumigants / Herbicides, Toxaphene

K&S Spreading and Hauling, Inc.

Land Disposal Site

Open - Operating

None Specified

Orland Dry Cleaners

Cleanup Program Site

Open - Verification
Monitoring

Tetrachloroethylene (PCE)

Sulara Enterprises Drilling Mud
Disposal Facility

Land Disposal Site

Open - Closed/With
Monitoring

None Specified
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3.2.6.2

Distribution and Concentrations of Non-Point Source Groundwater Constituents

In addition to the point sources described above, the Regional Board monitors and regulates
activities and discharges that can contribute to non-point source pollutants, which are
constituents that are released to groundwater over large areas, such as from agricultural fields.
The primary non-point source constituents of potential concern identified by prior studies in the
Sacramento Valley are arsenic, boron, nitrate, and salinity. Of these, nitrate and salinity are the
subject of most regional groundwater planning efforts. Arsenic and boron are naturally occurring
COCs and are not commonly linked to groundwater management practices, but may affect
drinking water supply and/or agricultural production.
Groundwater quality reports and databases reviewed to develop this section include the
following:

29
30

•

USGS summary of GAMA program comprehensive groundwater quality data collected in
2006 for the Middle Sacramento Valley Study Unit (USGS, 2008; USGS, 2011).

•

NCWA and SVWQC summary of groundwater quality COC data from various sources
collected between 1982 and 2012 for the 2014 Groundwater Quality and Assessment
Report [(GAR), CH2M Hill, 2014] revised GAR in 2016 (CH2M, 2016), and
Groundwater Quality Management Plan (CH2M, 2017).

•

Water Board CV-SALTS program report summarizing nitrate and TDS high resolution
maps for the Sacramento River Watershed, compiled from data collected from various
sources between 2000 and 2016, including point source environmental assessment and
remediation monitoring wells (LSCE, 2019b).

•

Northern Sacramento Valley Dedicated Monitoring Well Groundwater Quality
Assessment summary of data for a wide array of potential COCs and geochemical
parameters collected by DWR from observation wells between 2015 and 2019 (DWR,
2020d).

•

Water Board GeoTracker GAMA 29 groundwater information system geodatabase
comprehensive groundwater quality data for public supply wells submitted to the
Department of Drinking Water (DDW) downloaded on February 17, 2020.

•

Water Board Drinking Water Needs Assessment webmap 30 compiles groundwater quality
data between 1999 to 2019 and interpolates regional groundwater quality distribution
maps for water quality constituents including nitrate and arsenic, but not TDS. The data is

https://gamagroundwater.waterboards.ca.gov/gama/gamamap/public

https://gispublic.waterboards.ca.gov/portal/apps/webappviewer/index.html?id=292dd4434c9c4c1ab8291b94a91cee8
5
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presented as a combination of 2 statistical analyses: 1) Public Land Survey System
(PLSS) section average concentration between 1999 and 2019, and 2) PLSS section with
MCL exceedances between 2016 and 2019. The analysis also uses a nearest neighbor
approach to interpolate data in sections with no water quality data.
•

Water Board Safe and Affordable Funding for Equity and Resilience (SAFER) aquifer
risk webmap 31, that compiles groundwater quality data from the GAMA geodatabase
collected between 2000 to 2020 and delineates water quality risk relative to domestic
well locations for constituents including nitrate and arsenic.

In the early 2000s, the State Water Resources Control Board partnered with the USGS to monitor
groundwater quality in the state, as part of the GAMA Program’s Priority Basin Project. The
Corning Subbasin was monitored in 2006, along with other subbasins (Colusa, Vina, East and
West Butte, Sutter, North and South Yuba – from the Bulletin 118 basin determinations at the
time the report was written) within the Middle Sacramento Valley Study Unit. This study
provided a regional overview of groundwater quality and identified potential COCs for drinking
water and agricultural use. Groundwater samples collected from 108 wells in this study were
analyzed for up to 280 constituents, and 195 of those constituents were not detected in any of the
samples (USGS, 2008).
The main conclusions of this comprehensive study are as follows (USGS, 2008):
Groundwater samples were analyzed for volatile organic compounds (VOCs), pesticides
and pesticide degradates, constituents of special interest, pharmaceutical compounds,
nutrients, major and minor ions, trace elements, radioactivity, and microbial indicators.
Regulatory thresholds apply to treated water that is served to the consumer, not to raw
ground water. However, to provide some context for the results, concentrations of
constituents measured in the raw ground water were compared with health-based
thresholds established by the U.S. Environmental Protection Agency (USEPA) and the
California Department of Public Health (CDPH). All detections of VOCs, pesticides, and
pesticide degradates were below health-based thresholds, and most were less than onehundredth of the threshold values. All detections of perchlorate, and radioactive
constituents were below established thresholds. Arsenic, nitrate, and boron were the
only constituents detected at concentrations above health-based thresholds. Total
dissolved solids, specific conductance, pH, iron, chloride, sulfate, and manganese were
detected at concentrations above the SMCL-CA, a non-enforceable threshold set for
aesthetic concerns.
31

https://gispublic.waterboards.ca.gov/portal/apps/webappviewer/index.html?id=17825b2b791d4004b547d316af7ac5c
b
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Arsenic and boron are generally considered to be naturally occurring within the aquifer
sediments and might leach into groundwater under certain geochemical conditions, then are
pumped out via wells. Arsenic can be a health hazard at relatively low concentration of 0.01
milligram per Liter (mg/L). Boron is mostly of concern for irrigating crops, as many crops have a
low tolerance to boron, at levels below human health hazard level of 1,000 mg/L. In the Corning
Subbasin, boron was detected at low levels (USGS, 2011), and therefore is not a COC in the
Subbasin.
Nitrate can be naturally occurring, but when encountered at higher than typical natural
background concentrations (generally above 3 mg/L) human activity is often the source of the
constituent in groundwater. Nitrate is considered a human health hazard, particularly for
pregnant women and infants.
Salinity is not generally a high risk for drinking water and primarily affects taste, odor, damage
to pipes and pumps, and reduced effectiveness when treating for other constituents. However,
many crops have low tolerance for salinity, primarily tree crops such as almonds.
The primary non-point source COCs in the Central Valley, due to the intense agricultural
practices, are salinity or TDS and nitrate. These constituents have been studied in the Central
Valley as part of the CV-SALTS and summarized in a series of technical reports including the
mapping report by LSCE (2019b) described above.
Salinity in the eastern portion of the Subbasin is generally low and meets the relevant drinking
water standards for TDS. However, sufficient data are not available at this time to adequately
delineate salinity in the western Subbasin. In general, TDS concentrations in the western
Sacramento Valley are highest at the margin of the Coast Ranges and can naturally be above
secondary drinking water standards due to local hydrogeologic factors and the presence of
marine sediments (CH2M, 2016).
With respect to nitrate, the CV-SALTS technical analysis classifies the Corning Subbasin as a
low priority Initial Analysis Zone 32 due to its overall low nitrate concentration in groundwater.
The main source of nitrate in the Sacramento Valley is nitrogen fertilizers, however, septic
systems and dairy farms are also potential sources (CH2M, 2017).
The Northern Sacramento Valley Dedicated Monitoring Well Groundwater Quality Assessment
(DWR, 2020d) includes water quality analysis results from 2017 samples collected from 30
DWR observation wells in 7 clusters in the Corning Subbasin. Overall, the report finds that
ambient groundwater quality in the Corning Subbasin is good as the water meets the regulatory
requirements for drinking water supply. The report erroneously identified several locations in the
32

https://www.cvsalinity.org/nitrate-control-program.html
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Subbasin with nitrate results greater than the MCL, due to total dissolved nitrate being compared
to the nitrate as nitrogen MCL of 10 mg/L (instead of comparing to the 45 mg/L nitrate MCL).
The correct results are available through the SWRCB GAMA database and show that in fact,
these values are below the nitrate as nitrogen MCL.
The GAMA geodatabase, Drinking Water Needs Assessment, and SAFER webmaps are based
on the same data compiled by the Water Board used in many of the other regional studies. The
data available through these sources have similar findings to the other regional studies. In
general, groundwater quality in the Subbasin meets the regulatory drinking water limits with
exception of a few isolated results for each constituent.
Beneficial uses that could be affected by non-point source groundwater pollution include
municipal and domestic drinking water, agricultural irrigation, and industrial manufacturing and
services.
3.2.6.3

Summary of the Major Groundwater Quality Concerns in the Subbasin

Major groundwater quality concerns are constituents with elevated or increasing concentrations,
defined relative to the respective MCL and SMCL. Constituents identified as groundwater
quality concerns within the Subbasin are identified in the bullets below and summarized in the
following subsections.
•

Salinity (EC and TDS)

•

Nitrate

•

Arsenic

3.2.6.3.1

Salinity (EC and TDS)

Elevated salinity in groundwater may occur from natural hydrogeologic factors or as a result of
anthropogenic groundwater contamination. Salinity in groundwater is often measured using
TDS, which is the measure of all dissolved substances in groundwater. TDS consist of inorganic
salts and small amounts of organic matter, and are strongly correlated with electrical
conductivity (EC, also referred to as specific conductance). TDS and EC are both used as
indicators of salinity levels in groundwater. The recommended SMCL for TDS is 500 mg/L, and
the upper limit SMCL is 1,000 mg/L. Beyond 1,000 mg/L, water is non-potable and requires
significant desalinization treatment. Analysis of TDS data reviewed for the GAR found that
wells located near the City of Corning had concentrations of TDS above the 500 mg/L
recommended SMCL (CH2M, 2016). No wells exceeded the TDS upper limit SMCL of 1,000
mg/L.
Figure 3-41 and Figure 3-42 display the TDS concentration in the Subbasin’s upper and lower
groundwater zones showing some of the most recent available data in the Sacramento Valley
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based on CV-SALTS data analysis (LSCE, 2019b). These TDS maps were developed from
average measured TDS data at wells located primarily within the eastern portion of the Subbasin
and modeled ambient TDS concentrations throughout the entire Subbasin. The upper zone
includes the production zones of most domestic wells, while the lower zone includes the
production zones of most municipal and other production wells. While these upper and lower
zones vary spatially, analysis of domestic well screens suggest the upper zone is generally no
deeper than 250-300 feet bgs within the Subbasin.
Data collected in the eastern portion of the Subbasin had TDS concentrations generally less than
the SMCL of 500 mg/L with slightly greater concentrations in the upper zone than in the lower
zone. TDS concentrations were estimated up to 750 mg/L in the upper and lower zones of the
western Subbasin, though model interpretation was based on TDS data from outside the
Subbasin boundaries.
The DWR observation well monitoring report identified 2 observation wells in 1 well cluster
with TDS results above the upper SMCL of 1,000 mg/L in the Glenn County portion of the
Subbasin (DWR, 2020d). The results in this location appear to be anomalously high compared to
other regional water quality data. This observation well is near an active dairy and could be
influenced by its operations.
Historical data from public supply wells submitted to DDW correlate well with the information
discussed above. Since 1990 almost all public supply well TDS data on the GAMA geodatabase
are less than 400 mg/L (Figure 3-43). Over the last 20 years, TDS concentrations in City of
Corning and Hamilton City municipal wells have been generally stable around 200 mg/L and
300 mg/L, respectively. Not every public supply well is routinely sampled for TDS and wells
that are routinely sampled are done so infrequently at 3- or 9-year intervals.
In general, wells in the western area of the Subbasin are screened to shallow depths reflecting
limited vertical extent of the Tehama Formation. Well depth decreases to the west, reflecting a
thinning or ‘pinching out’ of the Tehama formation, consistent with the Subbasin HCM (see
cross section A-A’). Beneath the Tehama lies the saline Great Valley Sequence. Screening in this
sequence would yield saline water. If groundwater levels decline, or freshwater recharge is
limited, pumping may result in upwelling of this saline water. TDS values in the western
Subbasin at Black Butte Lake Recreation Area headquarters and campground are historically
below the SMCL. Data from the Flournoy Elementary School exhibit stable detections of TDS
around the SMCL of 500 mg/L (Figure 3-44); this school is in the Red Bluff Subbasin in the
community of Flournoy, which is just north of the Corning Subbasin boundary formed by
Thomes Creek. The following conclusions can be derived from available data in the western
portion of the Subbasin:
•

Salinity in the western area of the subbasin is naturally occurring, associated with saline
formations underlying the Tehama Formation, particularly the Great Valley Sequence.
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•

Available salinity data does not display a significant increasing trend (Figure 3-43).

•

Wells in the western area of the Subbasin are generally shallow, presumably to avoid
being screened in the saline Great Valley Sequence, or the low-yielding and saline
Sierran Basement.

•

Based on hydrogeological understanding of the area, decreases in groundwater recharge
or overpumping could result in upwelling of high salinity from the Great Valley
Sequence into the Tehama Formation.

Overall, TDS in the Subbasin is below the upper SMCL and is generally below the lower SMCL.
The western area of the Subbasin may contain elevated TDS above the lower SMCL resulting
from natural geologic sources, but there is currently insufficient available data to delineate
salinity in this area. Isolated shallow groundwater wells near the City of Corning and the Tehama
and Glenn County line near Hamilton City may contain elevated TDS from anthropogenic point
sources and dairies. The overall TDS trend in the Subbasin is slightly upward in recent history,
which is potentially a result of changes in land use and increased irrigation with groundwater
(Figure 3-43; CH2M, 2016).
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Figure 3-41. Upper Zone TDS Concentration in Corning Subbasin, 2000-2016
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Figure 3-42. Lower Zone TDS Concentration in Corning Subbasin, 2000-2016
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Figure 3-43. TDS Detections in All Active Supply Wells in the Subbasin (GAMA, 2020)

Figure 3-44. Flournoy Public School Well TDS Concentrations
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3.2.6.3.2

Nitrate

Nitrate in groundwater is typically anthropogenic and can originate from nitrogen fertilizers,
dairy farms, and septic systems. Nitrate may be a health hazard and may lead to over-nitrification
of surface waters that promote the proliferation of nitrogen-tolerant plants. Some reports and data
sources summarize nitrogen concentrations as NO3 (Nitrate-NO3) for which the MCL is 45
mg/L and other reports and data sources reviewed summarize nitrogen concentrations as N
(Nitrate-N) for which the MCL is 10 mg/L.
Historical nitrate concentrations analyzed for the GAR indicate that nitrate concentrations are
typically less than the MCL but that concentrations are slightly increasing within the Subbasin
(CH2M, 2016). CV-SALTS program modeled ambient nitrate concentrations in the Subbasin’s
upper and lower groundwater zones show similar findings on Figure 3-45 and Figure 3-46,
respectively (LSCE, 2019b). A few wells within the Subbasin in both the GAR and CV-SALTS
analysis exceed the MCL for nitrate. The maximum nitrate concentration reported in the CVSALTS assessment was 31.7 mg/L Nitrate-N (LSCE, 2019b), though this sample appeared to be
from a shallow point source contaminant assessment and remediation well and therefore does not
likely reflect nitrate conditions in the aquifer depths used for drinking water supply. Other wells
with MCL exceedances screened in the upper zone near the City of Corning and in the upper and
lower zones in northeastern Glenn County, appear to not reflect regional groundwater quality
trends and are likely related to anthropogenic sources such as septic releases and dairies. Across
the Subbasin, nitrate concentrations are generally higher in the upper zone.
Supply well data on the GAMA geodatabase shows that nitrate concentrations are below the
MCL in active supply wells, but concentrations have a slight increasing trend over time. The
maximum concentration for all samples collected from active public supply wells since 1990 is 8
mg/L as shown on Figure 3-47. Nitrate concentrations over time in representative City of
Corning and Hamilton City wells are shown on Figure 3-48 and Figure 3-49. The nitrate
concentration in the City of Corning wells is stable and the maximum concentration reported by
DDW is less than 4 mg/L since 1995. In Hamilton City, the nitrate concentration was close to
7 mg/L in 1 well between 2006 and 2013, but has been less than 5 mg/L in recent years.
The Water Board Drinking Water Needs Assessment webmap uses the publicly available data on
the GAMA geodatabase to assess drinking water risk. The webmap shows average nitrate
concentrations by section using data collected over the past 20 years and also calls out locations
with recent nitrate exceedances of the MCL in the past 3 years. The webmap shows 1 well in the
Subbasin exceeded the nitrate MCL between 2016 and 2019. Apart from this one section with an
MCL exceedance, average nitrate concentrations for PLSS sections are less than 5 mg/L. The
well where the exceedance occurred is actively monitored by the Water Board under the
jurisdiction of the ILRP and its maximum concentration reported on the GAMA geodatabase was
15 mg/L in July 2019.

Corning Subbasin Groundwater Sustainability Plan
November 2021

3-100

The SAFER online webmap uses similar data to the Drinking Water Needs Assessment, but
interpolates aquifer risk as low, medium, or high based on historical groundwater quality data
and domestic well locations. The webmap shows that the aquifer risk for nitrate contamination of
drinking water wells is low except for the area around the ILRP well to the northwest of Corning.
Overall, nitrate in the Subbasin is below 8 mg/L in public supply wells and is generally below
the MCL in ambient groundwater with exception of some isolated shallow groundwater wells
near the City of Corning and along the Glenn and Tehama County border. The areas with nitrate
concentration greater than the MCL are likely related to anthropogenic point sources such as
septic releases, dairies, and contaminant assessment and remediation sites regulated by various
Water Board regulatory programs. The overall nitrate trend in the Subbasin is slightly upward in
recent history, which may eventually pose a risk to water quality in some areas within the
Subbasin should this trend continue (Figure 3-47; CH2M, 2016). Based on this information,
nitrate is not a COC for the GSP, as it is rarely detected at concentration exceeding the MCL and
where it is found, is monitored by other Water Board regulatory programs. Nitrate data will be
assessed periodically during GSP implementation to determine if concentrations increase to a
level that impacts the beneficial use of groundwater in the Subbasin.
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Figure 3-45. Upper Zone Nitrate Concentration in Corning Subbasin, 2000-2016
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Figure 3-46. Lower Zone Nitrate Concentration in Corning Subbasin, 2000-2016
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Figure 3-47. Nitrate Detections in All Active Public Supply Wells in the Subbasin (GAMA, 2020)
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Figure 3-48. Historical Nitrate Concentrations in Municipal Wells in the City of Corning (dashed line shows 10 mg/L MCL)

Figure 3-49. Historical Nitrate Concentrations in Municipal Wells in Hamilton City (dashed line shows 10 mg/L MCL)
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3.2.6.3.3

Arsenic

Arsenic is a trace element that is often naturally present in groundwater and can negatively
impact human health when consumed. Many drinking water sources in California contain arsenic
at or above the MCL of 0.01 mg/L. Arsenic is commonly associated with deeper portions of
sedimentary fill-basins throughout the western United States (Anning et al., 2012). Arsenic is a
commonly detected constituent in groundwater in Tehama County. It is a natural occurring
element in groundwater from the Tuscan formation that originates from the pyroclastic rocks
deposited by volcanic mudflows (Tehama County, 2012).
Arsenic has been detected historically in the eastern portion of the Subbasin, including
occasional concentrations at or above MCL (USGS, 2011). Reported maximum arsenic
concentrations by DDW for active supply wells in the GAMA geodatabase is 0.02 mg/L, which
is above the MCL (Figure 3-50). One well near Richfield had 6 MCL exceedances prior to 2010,
that have since been resolved by a well modification or replacement. Arsenic results in active
supply wells since 2011 are less than or equal to 0.005 mg/L, which is half the MCL. The arsenic
concentration trend over time is stable (Figure 3-50).
The DWR observation well monitoring report identified 3 observation wells in 2 well clusters
with arsenic results above the MCL, at concentrations of 0.012, 0.014, and 0.025 mg/L,
respectively. The wells with arsenic MCL exceedances were co-located with wells with nitrate
exceedances, suggesting a possible anthropogenic source, or possibly an unrelated natural
source.
The Water Board webmaps suggest that arsenic poses little water quality risk in the Subbasin.
The Drinking Water Needs Assessment did not identify PLSS sections with recent MCL
exceedances or 1999-2019 average arsenic concentrations greater than the MCL. The majority of
sections had 20-year average concentrations less than 0.005 mg/L, which is half the MCL, with a
few section average concentrations between 0.005 and 0.008 mg/L. Similarly, the SAFER
webmap showed that arsenic was low risk for groundwater quality impairment in nearly all of
the Subbasin except for a small area along the Tehama and Glenn County line that was
considered medium risk based on the DWR observation well MCL exceedances summarized
above.
In general, arsenic is detected at low concentrations below the MCL in most wells in the
Subbasin. Active public supply well arsenic concentrations reported by DDW were less than half
the MCL since 2010 and the concentration trend is stable. Arsenic has exceeded the MCL
recently in isolated observation wells though these results appear to be isolated and not indicative
of regional trends. Based on this information, arsenic is not a COC for the GSP. Arsenic data will
be assessed periodically during GSP implementation to determine if concentrations increase to a
level that impacts the beneficial use of groundwater in the Subbasin.
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Figure 3-50. Arsenic Detections in All Active Public Supply Wells in the Subbasin (GAMA, 2020)

3.2.7 Interconnected Surface Water
Surface water that is connected to the groundwater flow system is referred to as interconnected
surface water. If adjacent groundwater elevations are higher than the stream’s water level, the
stream is said to be gaining stream because it receives water from a connected aquifer. If the
groundwater elevation is lower than the water level in the stream, it is termed a losing stream
because it loses water to the surrounding groundwater flow system. If the groundwater elevation
is below the streambed elevation, the stream and groundwater are considered to be disconnected.
SGMA does not require that disconnected stream reaches be analyzed or managed. These
concepts are illustrated on Figure 3-51.
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Figure 3-51. Conceptual Representation of Interconnected Surface Water (Source: USGS, 1999)

3.2.7.1

Analysis of Surface Water and Groundwater Interconnection

The Subbasin’s major surface water bodies are generally connected to groundwater
intermittently throughout the year, as Subbasin geology does not support significant barriers
between streams and surficial formations. Of all formations and deposits present at surface in the
Subbasin, only the Red Bluff Formation is a potential barrier to connection between streams and
groundwater. It is a thin layer of partially cemented sand and gravel, the cemented areas of which
restrict vertical flow. However, streambed recharge is unaffected by the Red Bluff formation as
streams have eroded through the cement into more permeable sediments below (TCFCWCD,
2012).
In absence of geologic barriers, surface water-groundwater connection is largely dependent on
local groundwater elevations. If groundwater elevations are not sufficiently high the water table
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may become disconnected from streams, removing direct surface water-groundwater connection.
The magnitude and direction of flow between surface water and groundwater may therefore be
dependent on seasonal or climatic variations in groundwater elevations and surface water
discharge. Except for concrete-lined canals and temporary ponds trapped atop the Red Bluff
Formation, it is reasonable to assume that every surface water feature in the Corning Subbasin is
at least partially hydrogeologically connected to groundwater.
Using the North Sacramento IWFM Model (NSac) integrated hydrologic model, an analysis was
conducted to determine where and when stream reaches (nodes in the model) are likely to be
connected, and then where stream reaches are gaining or losing throughout the Subbasin. As
shown on Figure 3-52, groundwater and surface water are interconnected year-round in the
Sacramento River and parts of the year in some reaches of Stony Creek. Groundwater and
surface water are likely disconnected in most of Thomes Creek. These model results largely
correlate to previous studies and shallow groundwater data. There is a data gap for shallow
groundwater monitoring near Thomes Creek that will be addressed during GSP implementation.
The percentage of time that stream nodes in the groundwater model are simulated as gaining
provides an understanding of the gaining and losing conditions of each stream, as shown on
Figure 3-53. Losing conditions may or may not mean that surface water is connected to
groundwater, depending on the groundwater level near the streams. There is not enough
groundwater level data, particularly along Thomes Creek, to know with certainty if and when
groundwater and surface water are interconnected.
A review of surface water-groundwater connection in the major surface water bodies in the
Subbasin is presented in the paragraphs below.
Sacramento River: The Sacramento River is generally connected to shallow groundwater across
the Northern Sacramento Valley Region. In the Corning Subbasin, the Sacramento River is
typically gaining (Figure 3-53), meaning that groundwater levels are higher than the stream
stage, resulting in groundwater discharge to the River. In periods of high river flows and in areas
with lower groundwater elevations than the stream stage, the River provides an important source
of groundwater recharge to the Subbasin. The Sacramento River is controlled upstream of the
Subbasin at the Shasta Dam and has several diversions and canals that either provide surface
water to the Subbasin or downstream areas. The diversions and canals are discussed in more
detail in Section 3.1.8.3.2.
Thomes Creek: Thomes Creek is mostly disconnected from groundwater and mostly losing
water to groundwater in the Subbasin (Figure 3-53). In the past, some water from Thomes Creek
was diverted for irrigation by riparian users, but now water used for irrigation near Thomes
Creek is either from the Sacramento River diversion in Red Bluff or groundwater pumping.
Thomes Creek often runs dry seasonally to the east of Henleyville.
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Stony Creek: Stony Creek is likely connected to shallow groundwater in most reaches and
alternates seasonally between gaining and losing conditions (Figure 3-53). Stony Creek
streamflow is regulated by Black Butte Dam for flood control and irrigation supply. Surface
water is typically present year-round in upper reaches where the creek is used to convey
irrigation releases to the OUWUA irrigation canal system. Lower reaches of Stony Creek closer
to the Sacramento River are seasonally dry. The fan alluvium surrounding Stony Creek is very
transmissive, and Stony Creek is known as a significant source of direct groundwater recharge,
particularly in areas of heavy groundwater use (DWR, 2004b; DWR, 2006b). In general, Stony
Creek potentially provides direct recharge in the area from the Tehama Colusa Canal to the
Sacramento River where groundwater is used extensively for irrigation. Upstream of the Tehama
Colusa Canal, where surface water is used for irrigation, the roles are reversed, and Stony Creek
receives significant baseflow from groundwater. More information on the Black Butte Dam and
OUWUA irrigation canal system in provided in Section 3.1.8.3.2.
In addition to the major streams discussed above, numerous intermittent and ephemeral creeks
flow eastward across the Subbasin in wet conditions. As mentioned in Section 3.1.8.3.1, flow in
these streams typically occurs only during large storms or especially wet conditions; these
ephemeral streams typically run dry in the summer and fall. Limited information is available on
these smaller ephemeral tributaries that generally convey stormwater runoff from the coastal
range to the Sacramento River. These streams are not explicitly simulated in the NSac model,
however the amount of precipitation runoff that could be conveyed by these streams is simulated
as runoff back to the major streams, as overland flow. These streams are likely not connected to
groundwater in the upper reaches where groundwater levels are deeper than 100 feet below
ground surface. In reaches closer to the Sacramento River, there might be intermittent connection
to shallow groundwater, although there are known areas of perched water from the streams. This
is a data gap, and additional monitoring in these areas will be undertaken during GSP
implementation.
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Figure 3-52. Simulated Depth to Water at Stream Nodes (NSac model)
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Figure 3-53. Percentage of Time Surface Water is Gaining in Groundwater Model Simulations
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Figure 3-54 provides a screenshot in and around the Corning Subbasin of interconnected surface
water locations, as developed by The Nature Conservancy (TNC). 33 This map categorizes the
rivers and streams in the Central Valley on the likelihood that they are interconnected surface
water, using groundwater depth as a proxy to determine if the surface water is hydraulically
connected to groundwater. This map confirms the modeling results and general understanding of
interconnected surface water in the Corning Subbasin. It shows the Sacramento River as likely
connected and gaining, reaches of Thomes Creek and Stony Creek close to the Sacramento River
as likely connected and losing, and reaches of Stony Creek and Thomes Creek further from the
Sacramento River as likely disconnected or uncertain. Similarly, the interconnection of
ephemeral streams is shown as not connected in the upper reaches, with some uncertain areas in
the center of the subbasin and likely connections closer to the Sacramento River.

33

https://icons.codefornature.org/
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Figure 3-54. Interconnected Surface Water Locations (from TNC)
Corning Subbasin Groundwater Sustainability Plan
November 2021

3-114

Figure 3-55 and Figure 3-56 below illustrate groundwater elevations and simulated monthly net
groundwater discharge to streams in 2 wells near the Sacramento River. The seasonal rising and
falling of groundwater elevations is coincident with fluctuations in net groundwater discharge to
streams, indicating a high degree of groundwater-surface water interconnectivity in this area. In
areas of groundwater-surface water interconnection, the relative height of the stream stage and
groundwater elevation drives the directionality and volume of interaction. Other contributing

factors include the hydraulic conductivity of the aquifer and the streambed.
Figure 3-55. Shallow Groundwater Elevations and Monthly Net Groundwater Discharge to Sacramento River,
23N02W34A003M
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Figure 3-56. Shallow Groundwater Elevations and Monthly Net Groundwater Discharge to Sacramento River,
23N02W34A001M

3.2.7.2

Identification of Groundwater-Dependent Ecosystems

GDEs within Corning Subbasin are identified in accordance with §354.16(g) of the GSP
Regulations. The procedure for identifying GDEs follows guidance developed by TNC and
detailed in the Groundwater Dependent Ecosystems under the Sustainable Groundwater
Management Act: Guidance for Preparing Groundwater Sustainability Plans report (Rohde et
al., 2018). This process differentiates between indicators of Groundwater Dependent Ecosystems
(iGDEs), potential Groundwater Dependent Ecosystems, and true Groundwater Dependent
Ecosystems.
•

iGDEs were developed by TNC in partnership with the California Department of Fish
and Wildlife (DFW) and DWR using the best available statewide data. The iGDEs are
identified using locations of springs and seeps, wetlands, and vegetation known to rely on
groundwater. The Nature Conservancy also uses the term “Natural Communities
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Commonly Associated with Groundwater” to refer to these iGDEs. iGDEs in Corning
Subbasin are presented on Figure 3-57.
•

Potential GDE are iGDEs that, through mapping analyses, grow in areas that may be
connected to shallow groundwater and therefore be relying on shallow groundwater for
consumptive use. As such, potential GDEs are considered beneficial users of
groundwater.

•

True GDEs are potential GDEs that have been field-verified to establish that they are
supported by groundwater. The methodology described herein does not identify true
GDEs.

This section identifies potential GDEs using the following 3 criteria:
1.

iGDEs exist as defined by The Nature Conservancy and DWR.

2.

The area is near a riverine environment and existing data demonstrate surface water
and groundwater are interconnected.

3.

Water levels in this area are consistently less than 30 feet below ground surface, the
maximum groundwater level thought to be accessible to the deepest root systems of
GDE species. There is some anecdotal evidence that plants can extend roots to greater
depths than 30 feet in some cases.

An area must meet all 3 criteria to be considered a potential GDE.
Figure 3-57 displays indicators of GDEs in the Subbasin. Along the boundaries of the Subbasin,
Thomes Creek, Stony Creek, and the Sacramento River are identifiable as having potential GDEs
by the presence of high density of groundwater dependent vegetation and potentially shallow
water levels. In the central and eastern part of the basin, Burch Creek and Hall Creek also have
characteristic vegetation associated with potential GDEs. The area near Burch and Hall Creek is
known to have perched groundwater in at least 1 well (Figure 3-28). Groundwater dependent
wetlands are mostly limited to the widest streams, those being the Sacramento River and where
Stony Creek flows out from Black Butte Lake.
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Figure 3-57. Indicators of Groundwater Dependent Ecosystems in Corning Subbasin
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The maximum rooting depth for GDE plants identified by TNC that live in the Sacramento
Valley is 30 feet bgs. 34 This depth was selected as a conservative screening level for potential
GDE locations, as only a few of the mature plants in GDE communities could feasibly extend
roots to this or greater depth. Areas where the potential GDEs are mapped, but the depth to
groundwater is greater than 30 feet are likely not dependent on groundwater but have other
sources of water such as perched water from surface water sources or irrigation canals. There is
some evidence that the deepest roots of valley oaks and possibly other mature GDE species can
reach depths up to 80 feet, though most vegetative species do not have this capacity, and it is not
known if rooting depths deeper than 30 feet are found in the Subbasin.
Groundwater level data for Spring 2018 for CASGEM wells in the Subbasin with depths less
than 150 feet bgs were used to develop shallow groundwater elevation contours that were
subtracted from the digital elevation model (DEM) resulting in a depth to water surface that was
mapped with the iGDE areas on Figure 3-58. Almost all of the wells used in the shallow
groundwater level analysis were installed with screened intervals between 50 and 150 feet bgs,
though well screen and annular seal information was not available for all wells. Due to the lack
of shallow wells available in some portions of the Subbasin near the Sacramento River, the
shallow 30-feet contours were extended into these areas.
Spring 2018 was a relatively high groundwater level for many Subbasin wells, relative to the
groundwater level records since SGMA was enacted on January 1, 2015. This approach provides
for a relatively conservative identification of potential GDEs in the subbasin.
Plant communities indicative of potential GDEs are identified by clipping the iGDE map to the
inferred 30-feet depth to water contour, while also including an area of potential data gap on
Burch Creek as shown on Figure 3-59. These are likely supported by groundwater found at
depths less than 30 feet bgs in close proximity to the Sacramento River on the eastern Subbasin
boundary and Stony Creek in the southeastern portion of the Subbasin near Hamilton City. Many
of the stream reaches mapped as potential GDEs are overgrown with invasive species such as
arundo and tamarisk. The GSAs do not intend to protect non-native invasive species habitat and
in fact, intend to support arundo eradication efforts, as described in more detail in the Projects
and Management Actions in Section 7 of this GSP. Shallow groundwater is found in some
central portions of the Subbasin where Burch Creek and Hall Creek, which are ephemeral, merge
before flowing into the Sacramento River; this could be due to perched groundwater fed by
surface water runoff in this area.
GDE extent in general is not well refined in the Subbasin and is a data gap that will be addressed
during GSP implementation with additional data collection and ground-truthing. For example,
Thomes Creek does not have enough shallow groundwater level monitoring to evaluate changes
34

https://groundwaterresourcehub.org/sgma-tools/gde-rooting-depths-database-for-gdes/
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in groundwater levels relative to GDE vegetation vigor. In addition, evidence reported by local
stakeholders and farmers suggests that the central area of the Subbasin includes invasive species
and is probably mostly fed by irrigation water runoff. GDE health over time can be assessed by
the GSAs in the future relative to changes in groundwater elevation and streamflow using new
remote sensing tools that evaluate changes in vegetation vigor such as the Nature Conservancy’s
GDE Pulse. 35 The GSAs plan to further refine GDE mapping and assess the impact on GDEs due
to streamflow depletion and lowering groundwater levels, should these conditions occur during
GSP implementation.

35

https://gde.codefornature.org/#/home
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Figure 3-58. iGDEs and Depth to Groundwater
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Figure 3-59. Potential GDEs Identified in the Subbasin
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3.2.7.3

Priority Species that Rely on Groundwater-Dependent Ecosystems

A list of threatened and endangered species that may rely on GDEs in the Subbasin was
compiled using information available from the CDFW and TNC. Nine threatened and
endangered species were identified that likely rely on GDE ecosystems in the Subbasin,
summarized in Table 3-10.
Table 3-10. Critical and Threatened Species in the Subbasin that Rely on GDEs
Scientific Name

Common Name

Rana draytonii

California red-legged frog

Coccyzus americanus occidentalis

western yellow-billed cuckoo

Vireo bellii pusillus

least Bell's vireo

Branchinecta conservatio

Conservancy fairy shrimp

Acipenser medirostris

green sturgeon

Oncorhynchus mykiss irideus

steelhead

Oncorhynchus tshawytscha

chinook salmon

Desmocerus californicus dimorphus

valley elderberry longhorn beetle

Thamnophis gigas

giant garter snake

Several steps were taken to determine which threatened and endangered species were likely
found in the Subbasin and of those, which were likely to rely on GDE habitat. First, a list of all
critical species for Glenn and Tehama County was downloaded from the CDFW California
Natural Diversity Database (CNDDB). 36 This list was filtered by state of California and Federal
endangered, threatened, or proposed endangered or threatened species. This filtered list consisted
of 40 species within the counties that make up the Corning Subbasin. The reduced list was crossreferenced with species-specific mapping information available from the CDFW and United
States Fish and Wildlife Service in order to identify species that are likely to be found within the
bounds of the Subbasin in areas where habitat is known to be groundwater dependent. 37 38
Animals such as the gray wolf, Sierra Nevada red fox, and Humboldt marten that are only likely
found at higher elevations of the counties outside of the bounds of the Subbasin were removed
from the list. Finally, the list was cross-referenced with the TNC Critical Species “LookBook” in
order to confirm that the priority species are likely reliant on GDEs (Rohde et al., 2019).
https://wildlife.ca.gov/Data/CNDDB/Maps-and-Data
https://wildlife.ca.gov/Conservation/Plants/Endangered
38
https://ecos.fws.gov/ipac/location/index
36
37
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In addition, Appendix 3D provides a complete list of freshwater species located in the Corning
Subbasin. This list will be used, as appropriate, for future refinements of GDE analysis and
locations during GSP implementation.

3.2.8 Groundwater Conditions Data Gaps and Uncertainty
Data gaps related to groundwater conditions are primarily related to lack of detailed information
on groundwater elevations and groundwater quality in the west area of the Subbasin.
Groundwater Elevations in the Western Area of Subbasin:
Analysis of groundwater elevations in the western Subbasin is limited by the low number of
wells screened and monitored in that area. The absence of this data is very apparent on the
groundwater contours presented on Figure 3-19 and Figure 3-20. Additional wells installed
and/or monitored in this area could help resolve this data gap.
Groundwater Quality in the Western Area of Subbasin:
Groundwater quality is not measured in many wells in the western area as most of the wells are
private domestic wells and are not part of groundwater quality monitoring programs.
Stream Gauge Data:
A number of stream gauges are no longer active in the Subbasin and are also considered a data
gap in measuring stream flows on the lower portions of Thomes Creek. This data gap is further
discussed in Section 5 on Monitoring Networks.
GDE Locations and Extent:
The location and extent of GDEs is estimated based on vegetation mapping and regional
groundwater level data. Actual rooting depth data are limited and will depend on the plant
species and site-specific conditions such as soil and aquifer types, and availability to other water
sources. There are areas in the Subbasin with potential GDEs where insufficient data exist to say
with certainty if GDE vegetation is supported by shallow groundwater or if vegetation is
supported by surface water. This distinction is important as GDEs supported only by surface
water are not subject to the depletion of interconnected surface water SMC. Priority species that
are known to utilize specific GDE habitat are not well defined for the Subbasin.
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4 WATER BUDGETS
This section summarizes the estimated water budgets for the Subbasin, including information
required by the GSP Regulations and other information supporting development of an effective
sustainability plan. In accordance with the GSP Regulations §354.18, this water budget provides
an accounting and assessment of the total annual volume of surface water and groundwater
entering and leaving the subbasin, including historical, current, and projected water budget
conditions, and the change in the volume of groundwater in storage. Water budgets are reported
in graphical and tabular formats, where applicable.

4.1 Overview of Water Budget Development
The GSP Regulations require the development of a subbasin-wide groundwater budget, and a
subbasin-wide surface water budget. In agricultural areas such as the Corning Subbasin, a land
surface budget is an additional useful element to review to assess changes in water demands over
time and evaluate the water demand versus water supply balance due to climatic variations and
land use changes. The land surface budget also ties certain components together from the
groundwater budget and the surface water budget, allowing identification of interim steps in
water use.
The water budget descriptions are divided into 3 subsections: (1) historical water budgets, (2)
current water budgets, and (3) projected water budgets. Within each subsection, a groundwater
budget, a land surface budget, and a surface water budget are presented. Each water budget is
described by providing a brief summary of key observations of trends over time, and relative
contribution to the water budget by different components, to emphasize what portions of the
water budget have the most and least influence on the water resources conditions in the
Subbasin. A table summarizing the amount of water contributed by each component is provided
in addition to a graphical representation of the water budget components over time, on an annual
basis. Each subsection follows the same format.
Water budgets were developed using a modified version of the C2VSimFG Version 1.0,
developed by DWR (DWR, 2020c). C2VSimFG is an integrated regional hydrologic model that
simulates water movement through the land surface, surface water, and groundwater flow
systems using the publicly available Integrated Water Flow Model (IWFM) software. The base
C2VSimFG model was revised by the GSP Development Team to better represent local land and
water use, and to develop more accurate water budgets in the Subbasin. An overview of model
refinements implemented for this GSP is provided in Appendix 4A.
Before presenting the water budgets, a brief overview of the inflows and outflows pertaining to
the Subbasin is provided.
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4.1.1 Water Budget Area and Components
The water budget is an inventory of surface water and groundwater inflows (supplies) and
outflows (demands) to and from the Subbasin. Some water budget components can be measured,
such as streamflow at a gaging station or municipal groundwater pumping from a metered well.
Other components of the water budget are simulated by the model, such as recharge from
precipitation, agricultural groundwater pumping, and change of groundwater in storage. The
change of groundwater in storage is calculated by the model from simulated inflows minus
outflows and is associated with change in groundwater levels.
As described in Section 3-1, the Subbasin is bounded on its northern, southern, and eastern
extents by Thomes Creek, Stony Creek, and the Sacramento River, respectively (Figure 4-1).
Black Butte Lake also forms a portion of the southern boundary. The western boundary is
defined by the westernmost edge of the Tehama Formation. The Subbasin’s vertical boundary is
defined by the bottom of the Tehama and Tuscan Formations, corresponding with the base of
freshwater.
The water budgets for the Subbasin are calculated within the following boundaries:
•

Lateral boundaries: The perimeter of the Corning Subbasin. For the purpose of surface
water budgets, the surface water bodies constituting Subbasin boundaries are considered
to be within the Subbasin.

•

Bottom: The base of the model. This also includes simulation of an unpumped saline
layer below the Subbasin, roughly representing portions of the Upper Princeton Valley
Fill and Great Valley Sequence. The water budget is not sensitive to the exact definition
of Subbasin bottom, because it is defined as a depth below which there is not significant
inflow, outflow, or change in storage.

•

Top: Above the ground surface, such that surface water is included in the water budget.
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Figure 4-1. Corning Subbasin Water Budget Area
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Figure 4-2 presents the general schematic diagram of the hydrologic cycle that is included in the
water budget BMP (DWR, 2016c). Not all of the components represented in this graphic apply to
the Corning Subbasin, and the specific components relevant to this GSP are presented in the
subsections below.

Figure 4-2. Schematic Hydrologic Cycle (DWR, 2016c)

During GSP development, technical coordination among Northern Sacramento Valley GSP
Development Teams occurred to share information and understanding of HCMs, integrated
hydrologic models, and water budgets. Specifically, teams compared simulated cross-boundary
flows and stream-aquifer interaction flows to verify results for overlapping models. The
neighboring models predict the same direction for net boundary flows between subbasins, and
also generally predict similar gaining and losing conditions at streams that create subbasin
boundaries. The flow values are within general orders of magnitude, but a more detailed review
of model inputs, assumptions, and results will help further refine Subbasin and neighboring
models, during GSP implementation, as further discussed in Section 8.
The subsections below describe the Subbasin water budgets including the simulated inflow and
outflow components. The interaction of these water budget components is presented in Appendix
4B.
4.1.1.1

Groundwater Budget Components

The groundwater budget represents the Subbasin’s flow below the unsaturated zone and is
developed by extracting groundwater budget components from the model over the Corning
Subbasin zone budget area (Figure 4-1). Evaluation of the groundwater budget provides an
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understanding of subbasin-wide trends in groundwater use, flows between subbasins, and
groundwater-surface water connection.
Groundwater budget components applicable in the Subbasin are summarized below and
illustrated on Figure 4-3.
Groundwater Inflows:
•

Deep Percolation to Groundwater - Recharge from precipitation or irrigation water
applied at surface that percolates to groundwater in the saturated zone

•

Subsurface Inflow - Inter-aquifer flow from neighboring Subbasins into the Subbasin

•

Inflow from Foothills - Subsurface flow from small watershed aquifers west of the
Subbasin to groundwater in the Subbasin

•

Recharge from Black Butte Lake - Flow which percolates to groundwater from the bed
of Black Butte Lake

•

Streambed Recharge - Flow which percolates to groundwater from stream channels

•

Canal Leakage – Flow which percolates to groundwater from unlined canals that cross
the subbasin. Canal Leakage is simulated as a direct recharge amount to groundwater
along the canal alignment. Therefore, it is grouped with Deep Percolation to Groundwater
in water budget tables and figures. Any difference between Deep Percolation to
Groundwater in the groundwater and land surface budgets thus reflects the inclusion of
Canal Leakage

Groundwater Outflows:
•

Subsurface Outflow - Inter-aquifer flow from the Subbasin to neighboring Subbasins

•

Agricultural Pumping - Groundwater extracted from wells for use in agriculture
irrigation

•

Urban and Domestic Pumping - Groundwater extracted from wells for domestic and
urban use

•

Groundwater Discharge to Streams - Flow that discharges from groundwater into
stream channels
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Figure 4-3. Illustration of Groundwater Budget Components
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4.1.1.2

Land Surface Budget Components

The land surface budget simulates the Subbasin’s land surface system composed of the soil/land
surface, root zone, and unsaturated zone. The land surface budget is developed by extracting land
surface budget components from the historical model over the Corning Subbasin zone budget
area (Figure 4-1). Evaluation of the land surface budget lends insight into trends in land and
water use and the responsiveness of the surficial hydrologic system to inter-annual changes in
precipitation.
Land surface budget components applicable in the Subbasin are summarized below and
illustrated on Figure 4-4.
Land Surface Inflows:
•

Precipitation - All precipitation that falls within the Subbasin

•

Applied Groundwater - Water that is extracted from groundwater and applied to crops
in the Subbasin

•

Applied Surface Water - Water that is diverted from surface water bodies and canals
(primarily the Corning Canal) and applied to crops in the Subbasin

Land Surface Outflows:
•

Deep Percolation to Groundwater - Recharge from precipitation or water applied at
surface that percolates to groundwater

•

Evapotranspiration - Water transpired by crops and native vegetation or evaporated into
the atmosphere

•

Overland Flow - Precipitation that runs off the land surface into surface water bodies.
Treated water from the City of Corning Wastewater Treatment Plant is released into the
Sacramento River; however, this is not currently included in the model.

•

Irrigation Return Flow to Streams - Applied agricultural water that runs off the land
surface into surface water bodies
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Figure 4-4. Illustration of Land Surface Budget Components

4.1.1.3

Surface Water Budget Components

A Subbasin-wide surface water budget encompassing the surface water bodies bounding and
within the Subbasin is required in the GSP Regulations. The surface water budget is developed
by extracting surface water budget components from the historical model over Thomes Creek,
Stony Creek (including Black Butte Lake), and the Sacramento River, the 3 major streams within
the Corning Subbasin (Figure 4-1 and Figure 3-17 in the HCM Section). Three individual stream
surface water budgets are also presented, which detail the inflows and outflows for Thomes
Creek, Stony Creek, and the Sacramento River. Evaluation of these surface water budgets
increases understanding of Subbasin-wide trends in groundwater-surface water connection,
surface water use, and the responsiveness of the surface water system to historical climatic
variation.
Surface water budget components applicable in the Subbasin are summarized below.
Surface Water Inflows:
•

Inflow from Upstream of Subbasin - Surface water inflow from major streams outside
of the Subbasin into the Subbasin’s streams
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•

Inflow from Small Tributaries - Surface water inflow from minor streams outside of
the Subbasin into the Subbasin’s streams

•

Groundwater Discharge to Streams - Flow that discharges from groundwater into
stream channels. The component of groundwater-surface water interaction where
groundwater enters a stream under gaining conditions

•

Overland Flow to Streams - Precipitation that runs off the land surface into surface
water bodies

•

Irrigation Return Flow to Streams - Applied agricultural water that runs off the land
surface into surface water bodies

Surface Water Outflows:
•

Stream Outflow Outside of Subbasin - Surface water outflow from the Subbasin. In the
Corning Subbasin, all surface water flows out through the Sacramento River at the
boundary with the Colusa and Butte Subbasins

•

Surface Water Diversions- Water that is diverted from surface water bodies and applied
to crops in the Subbasin

•

Streambed Recharge - Flow which percolates down to groundwater from stream
channels, also known as seepage from streambed. The component of groundwater-surface
water interaction where streamflow percolates down to groundwater under losing
conditions.

•

Diversion to Glenn-Colusa Canal - Flow diverted into the Glenn-Colusa Canal (there is
also a small diversion going to the M&T Ranch). Note that the Corning and Tehama
Colusa Canals diversions are outside of the Corning Subbasin boundary, but are included
within the NSac model.

•

Flood Bypass near M&T Ranch - Flood bypass that diverts high flows from the
Sacramento River left (west) bank into Butte Basin which eventually flow to Sutter
Bypass.

•

Riparian Evapotranspiration – Evapotranspiration of surface water by plants along
riparian corridors

•

Recharge to Groundwater from Black Butte Lake – Flow that percolates to
groundwater from the bed of Black Butte Lake

•

Black Butte Lake Losses – Other flow that leaves Black Butte Lake, including lake
evapotranspiration and the diversion to the Orland Unit Project (OUP) southside canal
that exports water to the Colusa Subbasin.

The difference between inflows and outflows is equal to the change in storage for all water
budgets.
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4.1.2 Model Assumptions and Limitations for Water Budget Development
Data sources and limitations for the water budget components described above are presented in
Table 4-1. Data and interpretation uncertainty associated with the model is further discussed in
Appendix 4A. The level of accuracy and certainty is highly variable between water budget
components, depending largely on the quality of model input data or available calibration data.
Water budget uncertainty may be reduced over time as GSP monitoring programs are
implemented and the resulting data are used to check and improve the modeling tools and
resulting water budgets. Incorporation of locally refined water budget information may also
increase model simulation accuracy.
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Table 4-1. Water Budget Components Data Sources and Limitations
Water Budget
Component
Land Surface Inflows

Source of Model Input Data

Limitations

Historical precipitation data as
provided by the AN81m dataset
from the PRISM

Precipitation is summarized over model element areas and may
therefore not capture all variation over the element area

Applied Groundwater

Simulated using land use water
demands and surface water
applications

Groundwater pumping rates are not derived from measured
pumping data. They are estimated from crop acreages, crop
water demand estimates, and surface water delivery estimates.
Land use was developed on an element scale, and crop water
demand estimates were developed on a regional scale.

Applied Surface Water

Historical surface water diversion
and delivery data

Derived from available historical records which are not always
complete. Partitioning diversions to farm deliveries and losses is
estimated.

Simulated by model

Estimated, limited data for calibration

Precipitation

Land Surface Outflows
Deep percolation to
groundwater

Simulated by model

Regional evapotranspiration rates are used for broad crop
categories. Actual on-farm rates may differ based on irrigation
technology, management practices, crop age and density, and
other factors
Estimated, limited data for calibration

Simulated by model

Estimated, limited data for calibration

Inflow from Upstream of
Subbasin

Simulated by model using
historical streamflow
measurements at stream
headwaters and simulated surface
water budget components

Subject to limitations in available streamflow measurements and
estimates of stream inflows from and outflows to adjacent lands.
These include diversions, precipitation, evaporation, runoff, return
flows, gains from groundwater, and seepage to groundwater

Inflow from Small
Tributaries

Simulated by model

Estimated, there is no gauge data for inflows from the ephemeral
streams discharging from upstream watersheds bordering the
model

Simulated by model

Estimated, limited data for calibration

Simulated by model

Estimated, limited data for calibration

Simulated by model

Estimated, limited data for calibration

Evapotranspiration
Overland Flow
Irrigation Return Flow to
Streams

Simulated using land use
evapotranspiration coefficients

Surface Water Inflows

Groundwater Discharge to
Streams
Overland Flow to Streams
Irrigation Return Flow to
Streams
Surface Water Outflows

Streambed Recharge

Simulated by model using
historical streamflow
measurements at stream
headwaters and simulated surface
water budget components
Historical surface water diversion
and delivery data
Simulated by model

Black Butte Lake Losses

Simulated by model

Downstream Outflow
Outside of Subbasin
Surface water diversions
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Subject to limitations in available streamflow measurements and
estimates of stream inflows from and outflows to adjacent lands.
These include diversions, precipitation, evaporation, runoff, return
flows, gains from groundwater, and seepage to groundwater
Derived from available historical records which are not always
complete
Estimated, limited data for calibration
Represents multiple lake loss components including lake
evaporation and the diversion to the OUP southside canal.
Including all uncertainty associated with these components.

4-11

Water Budget
Component
Diversion to Glenn-Colusa
Canal
Flood Bypass
Groundwater Inflows
Deep Percolation to
Groundwater

Source of Model Input Data
Historical surface water diversion
and delivery data
Historical time series of bypass
flows.
Simulated by model

Subsurface Inflow

Simulated by model

Inflow from Foothills

Simulated by model

Recharge from Black
Butte Lake
Streambed Recharge
Groundwater Outflows
Subsurface Outflow
Agricultural Pumping
Urban and Domestic
Pumping
Groundwater Discharge to
Streams

Limitations

Simulated by model
Simulated by model
Simulated by model

Estimated, limited data for calibration.
Subject to uncertainty in simulated heads and aquifer hydraulic
properties
DWR acknowledges current C2VSim boundary inflows from small
watersheds may be too high in the North Sacramento Valley.
Limited data is available
Subject to uncertainty in simulated heads and lakebed hydraulic
properties
Estimated, limited data for calibration

Simulated using urban water
demands

Estimated, limited data for calibration
Groundwater pumping rates and depths are not derived from
measured pumping data. They are estimated from crop acreages,
crop water demand estimates and surface water delivery
estimates
Groundwater pumping rates are based on delivery data or on percapita water use data applied to population data

Simulated by model

Estimated, limited data for calibration

Simulated using crop type, crop
water demands, and surface water
applications
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4.1.3 Water Budget Time Frames
The GSP Regulations require water budgets for 3 different time frames, representing historical
conditions, current conditions, and projected conditions. Although significant seasonal variation
is simulated by the model (which operates on a monthly timestep), the GSP does not consider
seasonal water budgets. All water budgets are developed for complete water years.
In accordance with the GSP Regulation 23 CCR §354.18(c), the GSP quantifies a current,
historical, and projected water budget for the Subbasin, as follows:
•

The historical water budget is intended to evaluate how past water supply availability has
affected aquifer conditions and the ability of groundwater users to operate sustainably.
GSP Regulations require that the historical water budget include at least the most recent
10 years of water budget information (depending on data availability).

•

The current water budget is intended to allow the GSA and DWR to understand the
existing supply, demand, and change in storage under the most recently available
population, land use, and hydrologic conditions.

•

The projected water budgets are intended to quantify the estimated future baseline
conditions without implementation of GSP projects and management actions. The
projected water budgets are based on information from the historical budget and include
an assessment of uncertainty due to climate change. The projected water budgets estimate
the future baseline conditions concerning hydrology, water demand, and surface water
supply over a 50-year planning and implementation horizon. Historical trends in
hydrologic conditions are used to project forward 50 years while considering projected
climate change assumptions.

Figure 4-5 summarizes the 3 timeframes for the water budgets developed for this GSP.
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HISTORICAL WATER BUDGETS
(historical calibrated base model)
Historical land use, water use, climate, and hydrology
Time frame: WY 1974-2015

CURRENT WATER BUDGETS
(forward looking model)
Current land use (2018 for Tehama Co, 2015 for Glenn Co) and water use (2015)
Historical climate and hydrology from WY 1974 -2015

PROJECTED WATER BUDGETS
(projected model used for implementation simulations)
Current land use (2018 for Tehama Co, 2015 for Glenn Co) and water use (2015)
Projected climate and hydrology in 2030 and 2070

Figure 4-5. Summary of GSP-required Water Budget Time Frames

4.1.3.1

Historical Water Budgets

Historical conditions should go back to the most reliable historical data that are available for
GSP development and water budgets calculations. For this GSP, the historical time frame is
defined as WY 1974-2015 using historical land use, water use, climate, and hydrology, as
simulated by the Northern Sacramento Valley portion of the calibrated C2VSimFG model (NSac
model; Appendix 4A).
4.1.3.2

Current Water Budgets

Current conditions are generally the “most recent conditions” for which adequate data are
available. Current conditions are not precisely defined by DWR but can include an average over
a few recent years with various climatic and hydrologic conditions (for example, centered around
the most recent drought in 2015, which is also the effective date of SGMA). Alternatively,
current water budgets may represent current conditions with respect to land and water use,
simulated over the historical climate and hydrologic conditions to better assess the variability of
climate on what is understood as most recent land and water use. For this GSP, the current model
time frame is a simulation of current land and water use conditions projected over 50 years into
the future, using historical climate and hydrology, assuming no climate change or change in
anthropogenic activity. The current time frame represents a current or recent Subbasin land and
water use, while repeating the historical climate and hydrology to identify variations in the water
budget due to climate with current water management. For this model simulation, the current
land use in the Subbasin is represented by 2018 cropping (Land IQ, 2020) for the Tehama
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County portion, and 2015 land use (as represented currently in the available model) for the Glenn
County portion. Current surface water use was set for the entire simulation at 2015 applications
for a conservative estimate of potential groundwater pumping. WY 2015 reflects a drought year
with low to no surface water deliveries and associated increases in groundwater pumping. The
model simulates groundwater pumping based on crop demand and availability of surface water
(Appendix 4A).
4.1.3.3

Future Projected Water Budgets

Projected conditions should include a time frame of 50 years into the GSP planning and
implementation horizon, including projected climate change, population, and land use changes.
To simulate projected conditions, the current model as described above is used with climate
change assumptions over a 50-year hydrologic projection. In summary, the projected model
includes current land use (2015 and 2018) and water use (2015), while altering climate and
hydrology to account for climate change, as projected around 2030 and 2070. As a result, 2
projected water budgets were developed for this GSP, using DWR 2030 and 2070 central
tendency climate change projections.
As discussed in the DWR Guidance Document on climate change (DWR, 2018b):
The projected water budgets can be developed for 2 future conditions using a climate period
analysis as follows:
•

Water budget representing conditions at 2030 with uncertainty (i.e., using 50 years of
historical record representative of the range of inter-annual variability as a baseline)

•

Water budget representing conditions at 2070 with uncertainty (using the same 50-year
period as for 2030)

These water budgets do not represent a specific 50-year projected future, but rather simulate
approximate hydrologic conditions over a 50-year period that may occur in 2030, and
approximate hydrologic conditions that may occur in 2070.
Projected water budgets, in addition to a review of sustainable management criteria, are useful to
evaluate if sustainability will be maintained over the 50-year planning and implementation
horizon. Projected future baseline conditions are then used to simulate potential projects and
management actions in case sustainability criteria cannot be maintained with projected climate
assumptions.

4.1.4 Key Water Budget Take-Aways
As described above, this GSP includes 3 types of water budgets (groundwater, surface water, and
land surface budget) over 3 time periods: historical, current, and projected. Each water budget
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provides important information on relative contribution of each component to the overall water
budget. When comparing the results from each of the 3 time frames, potential trends in water
budget gains and losses can be established for future subbasin management. The pie charts
shown on Figure 4-6 summarize average annual groundwater budget components for each
simulated water budget time frame and help illustrate key differences between the time frames.
Key take-aways of the detailed water budgets in the Subbasin can be summarized as follows:
•

As simulated over the entire historical period, it appears that the Corning Subbasin
has not been subject to overdraft, as the change of groundwater in storage is positive,
with simulated groundwater inflows exceeding simulated groundwater outflows;
however, water levels have been dropping in the past 15 years in some areas,
reflected in the decreasing change in storage value, which leads to a negative change
in storage for the current water budget.

•

The historical water budget is not the most critical to review for GSP implementation;
rather, it gives an understanding of past behavior and interactions of various flow
components. The water budgets provide background information that is
complementary to the Basin Setting.

•

The groundwater budget provides key information such as total groundwater
pumping, and change in groundwater storage annually, and cumulatively over the full
simulation period. The land surface budget provides information on the total water
demand and relative use of surface water versus groundwater. The surface water
budget primarily is used to assess stream depletions. In this Subbasin, streams are
forming the boundary with other subbasins, and therefore, there are uncertainties in
the stream depletion estimates due to actions within the Subbasin, as compared to
neighboring subbasins.

•

Cumulative and annual change in storage is slightly declining in the current water
budget simulation compared to the historical water budget; therefore, if water
management strategies remain the same as they are now, the Subbasin will continue
to experience groundwater level and storage declines and an overall worsening of
conditions compared to historical conditions.

•

An increase in irrigated farmland and decrease in surface water deliveries causes
groundwater pumping for irrigation to increase over time. Average annual
agricultural pumping increased by about 20,700 AF from the historical
(132,300 AF/yr) to current simulation (153,000 AF/yr) and is projected to continue to
increase in the future compared to current conditions, from 6,300 AF in 2030
(159,300 AF/yr) to 14,300 AF in 2070 (167,300 AF/yr). The simulated historical
average annual change of groundwater in storage is 6,900 AF, which indicates a
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subbasin generally in balance over the historical time period. This is further
evidenced by the calculated cumulative 39 gain in groundwater storage of 290,300 AF
over the historical simulation period.
•

The current water budget shows an average 5,800-AF decrease in annual change of
groundwater in storage as compared to the historical time frame. This results in a
cumulative change of groundwater in storage of 56,100 AF over the 50-year
simulation period, down 234,200 AF from the historical groundwater budget, driven
mainly by decreases in surface water availability and an increase in groundwater
pumping.

•

The projected water budgets result in an additional depletion of 700 AF of
groundwater in storage per year on average in the 2030 simulation, and a depletion of
1,500 AF/yr on average in the 2070 simulation, as compared to simulated current
conditions. These annual changes culminate in an additional 34,900 AF loss of
groundwater in storage in the 2030 projection and an additional 75,800-AF loss in the
2070 projection as compared to simulated current conditions. The 2070 projected
water budget results in a cumulative change in storage of -19,700 AF over the 50-year
projected period, indicative of an imbalanced water budget.

•

The current, 2030, and 2070 water budgets display increasingly less groundwater
discharge to streams and more streambed recharge to groundwater, indicating that
progressively lowered groundwater elevations in the future may draw more water
from the Subbasin’s streams, and contribute less groundwater baseflow in return.

•

Overall observations regarding historical, current, and future baseline groundwater
budgets:
o Historical: Subbasin is generally in balance but the trend is downward in
recent decades
o Current (if all things stay the same): Somewhat declining trend in water levels
due to increased pumping. Overall a bit worse than historical.
o

39

Projected baseline with climate change: The Subbasin begins to experience
continual imbalance, particularly in the 2070 projection; will probably need to
implement projects to maintain water levels.

total annual change in storage over the simulation time frame
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•

The projected future water budget is what the GSP uses to evaluate SMC, and which
helps define the sustainable yield of the Subbasin.

•

Revised simulated projected water budgets, incorporating changes in conditions as
well as projects and management actions undertaken, along with sustainability
indicator monitoring and SMC evaluation, will provide “proof” of continued
sustainability during GSP implementation.
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Historical Simulation

Current Simulation

2030 Simulation

2070 Simulation

Figure 4-6. Groundwater Budget Pie Charts
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4.2 Historical Water Budgets
4.2.1 Groundwater Budget
The complete historical annual groundwater budget is summarized in Table 4-2 and presented in
time series on Figure 4-9 and Figure 4-10. Figure 4-7 highlights the groundwater budget inflow
components, while Figure 4-8 presents outflows. Figure 4-9 displays all components of the
groundwater budget, while Figure 4-10 groups components related to subsurface inflow and
groundwater-surface water interaction to show net values into and out of the aquifer.
The historical groundwater budget is dominated by 4 primary components: deep percolation to
groundwater, agricultural pumping, flow between groundwater and surface water, and inter-basin
subsurface flow.
•

Deep percolation represents 52% of total groundwater inflow in an average year, though
the total volume varies significantly with climate, ranging from 50,700 to 292,600 AF/yr
(Table 4-2; Figure 4-7).

•

Agricultural pumping constitutes 43% of groundwater outflow, and similarly ranges from
85,200 to 132,300 AF/yr with variation largely dependent on climate, land use, and
surface water use.

•

Groundwater-surface water interaction occurs in both gaining and losing reaches across
the Subbasin, as shown in Table 4-2 and detailed further in Section 4.2.3. Subbasin-wide
streambed recharge comprises 16% of total groundwater inflows in an average year,
while groundwater discharge to streams comprises 23% of total outflows in an average
year. Subbasin-wide, a net volume of 33,100 AF of groundwater discharges into the
Subbasin’s streams in an average year (Table 4-2; Figure 4-8).

•

Subsurface flows constitute 30% of total groundwater inflows and 28% of total
groundwater outflows in an average year; on a net basis the Subbasin generally receives
inflows from Red Bluff and Los Molinos Subbasins, and provides outflows to Vina and
Colusa Subbasins (Table 4-2; Figure 4-11). The net subsurface flow to Butte Subbasin is
negligible. These trends in subsurface flow occur largely due to Sacramento Valley-wide
groundwater gradients that direct groundwater from north to south, and from west to east
on the western side of the Sacramento River. Subsurface flows are also impacted by
seasonal groundwater pumping occurring in agricultural areas.

Time series figures of the groundwater budget overlain on Sacramento Valley water year type
classification support analysis of climatic and historical factors influencing the Subbasin’s
groundwater budget (Figure 4-9; Figure 4-10). Historical wet periods (namely 1981-1986 and
1994-2000) result in increased deep percolation to groundwater and reduced groundwater
pumping due to associated increases in surface water use and reduced irrigation demands.
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Likewise, the Subbasin is highly responsive to extended dry periods (namely 1975-1977, 19871993, and 2012-2016), largely driven by decreases in deep percolation to groundwater and
increased reliance on groundwater extraction. The groundwater budget displays consistent net
groundwater discharge to streams and net subsurface inflows over the historical period, though
these net flows are relatively minor in contrast to deep percolation to groundwater and
agricultural pumping (Figure 4-9).
The annual change of groundwater in storage fluctuates between -130,200 and 123,100 AF with
an annual average of 6,900 AF, which shows a subbasin generally in balance over the historical
time period. The Subbasin displays a cumulative 40 gain in groundwater storage of 290,300 AF
over the historical simulation period. These periodic fluctuations illustrate the Subbasin’s
response to wet and dry periods and point towards a generally balanced groundwater budget over
the historical period. Toward the tail end of the historical period (2011 onward) the Subbasin
experiences 4 consecutive years of decline in annual groundwater storage, driven by both the
recent statewide drought and changes in land and water use and availability across the Subbasin.
The current water budget period (Section 4.3) and the discussion of water supply and reliability
in Section 4.2.5 further examine the influence and implications of these recent trends.

40

total annual change in storage over the simulation time frame
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Table 4-2. Historical Annual Groundwater Budget Summary
All values are in acre-feet, rounded to nearest 100 AF

Inflows

Outflows

Storage

Average in
Critically
Dry/Dry Years

Average in
Below
Normal/Above
Normal Years

Average in
Wet Years

Component

Average

%
Contribution*

Deep Percolation to
Groundwater

161,200

52%

116,350

176,100

212,600

Streambed Recharge

51,100

16%

46,400

56,150

53,500

Inflow from Colusa

17,700

6%

16,650

18,550

18,600

Inflow from Red Bluff

44,500

14%

43,950

45,550

44,500

Inflow from Butte

1,500

<1%

1,350

1,400

1,800

Inflow from Los Molinos

21,300

7%

21,200

22,000

20,800

Inflow from Vina

10,700

3%

21,200

22,000

20,800

Inflow from Foothills

1,500

<1%

1,100

1,650

1,900

Recharge to Groundwater
from Black Butte Lake

2,600

1%

2,100

2,750

3,000

Urban and Domestic
Pumping

3,600

1%

3,650

3,850

3,500

Agricultural Pumping

132,300

43%

141,400

127,700

122,600

Outflow to Colusa

32,200

11%

32,350

31,450

32,200

Outflow to Red Bluff

12,300

4%

11,750

12,050

13,500

Outflow to Butte

1,500

0%

1,550

1,600

1,300

Outflow to Los Molinos

12,900

4%

11,800

12,200

14,600

Outflow to Vina

26,200

9%

25,000

25,650

28,200

Groundwater Discharge
to Streams

84,200

28%

70,250

83,900

104,400

Annual Change of
Groundwater in Storage

6,900

-

-38,350

35,850

47,300

Cumulative Change of
Groundwater in Storage
from WY 1974 to WY
2015

290,300

-

-

-

-

* Percent contribution of component to average total inflow/outflow. Small discrepancies between inflow minus outflow and change in storage
may occur due to rounding.
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Figure 4-7. Historical Groundwater Budget Inflow
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Figure 4-8. Historical Groundwater Budget Outflows
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Figure 4-9. Historical Groundwater Budget
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Figure 4-10. Historical Groundwater Budget of Net Flows
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Figure 4-11. Historical Groundwater Budget Annual Average Net Subsurface Flows From Neighboring Subbasins
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4.2.2 Land Surface Budget
The historical annual land surface budget is summarized in Table 4-3 and presented in time
series on Figure 4-12.
Inflow to the land surface system is dominated by precipitation (63%), supplemented by applied
groundwater (22%) and applied surface water (16%). Outflow from the land surface system is
primarily from evapotranspiration (50%), deep percolation to groundwater (20%), and overland
flow (22%) (Table 4-3; Figure 4-12). The land surface system is highly dependent on annual
precipitation, with total flow correlating strongly with climate classification (Figure 4-12).
Applied groundwater increases in dry years and decreases in wet years, related to increased
groundwater demand during dry years. Applied surface water and irrigation return flows to
streams generally display the opposite trend, associated with surface water use increasing in wet
years and decreasing in dry years.
Over the historical period, particularly from 2011 onward, the volume of applied surface water
has declined, correlated to both the recent statewide drought and more local decreases in surface
water delivery within the Subbasin. These decreases in applied water, coupled with a large
decrease in precipitation, bring about some of the lowest volumes of deep percolation to
groundwater seen across the historical period.
Table 4-3. Historical Annual Land Surface Budget

All values are in acre-feet, rounded to nearest 100 AF

Inflows

Outflows

Storage

Component

Min

Max

Average

%
Contribution*

Precipitation

189,200

829,800

391,800

65%

Applied Groundwater

89,700

161,400

135,900

22%

Applied Surface Water

36,600

114,300

79,000

13%

Deep Percolation to Groundwater

48,500

287,100

157,000

26%

Evapotranspiration

246,400

322,200

292,200

48%

Overland Flow

15,600

449,100

136,000

22%

Return Flow to Streams

12,100

28,800

19,900

3%

Change in Soil and Unsaturated Zone
Storage

-69,800

52,400

1,700

* Percent contribution of component to average total inflow/outflow. Small discrepancies between inflow minus outflow and change in storage
may occur due to rounding.
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Figure 4-12. Historical Land Surface Budget
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4.2.3 Surface Water Budget
The surface water budget includes inflows from and outflows to surface water bodies within the
subbasin. Three major streams occur in the Subbasin at its north, east, and south boundaries with
the neighboring subbasins: Thomes Creek, Sacramento River, and Stony Creek, respectively.
Since these streams receive and provide flows from neighboring subbasins in addition to the
Corning Subbasin, it is difficult to estimate a subbasin-specific surface water budget. Instead, the
surface water budgets presented below include simulated flows for the entire stream systems as it
passes within the Corning Subbasin, including flows from outside of the subbasin, for a complete
balanced surface water budget overview, including recharge to groundwater and other losses on
Black Butte Lake. Note that the groundwater budget only includes stream recharge for model
nodes that fall within the Subbasin boundary (at their border).
In addition to the 3 major streams, numerous intermittent (ephemeral) streams cross the
subbasin, originating from the Coastal Range foothills and discharging into the Sacramento
River. These streams are not explicitly simulated in the integrated model. They provide overall
flow to the system in the form of groundwater recharge and runoff to the Sacramento River, but
these flow components are primarily represented in the land surface budget as small watershed
inflow, and not presented here as part of the surface water budget.
Several canals also cross the subbasin to deliver surface water within the subbasin and to
neighboring subbasins (See Section 3.1 for more details). Unlined canals, such as the Corning
Canal, allow for some amount of leakage to groundwater through the dirt (unlined) canal bottom.
To account for this leakage, a small amount of recharge is added to the model recharge
component along the canal’s alignment. This recharge component is accounted for in the
groundwater budget as deep percolation to groundwater, as the canals are not explicitly
simulated as physical surface water features in the model. The Tehama Colusa Canal flows
through the Corning Subbasin but is lined and does not provide significant recharge to
groundwater. Similarly, the OUWUA surface water delivery system, which provides surface
water in the southern portion of the Subbasin, is lined and does not represent significant recharge
to the Subbasin.
Therefore, the historical surface water budget encompasses the 3 major streams bounding the
Subbasin and is developed by extracting surface water budget components from the historical
model over Thomes Creek, Stony Creek, and the Sacramento River within the Corning Subbasin
(Figure 4-1). Stony Creek also includes an accounting of recharge to groundwater and other
losses on Black Butte Lake. Evaluation of the surface water budget increases understanding of
Subbasin-wide trends in groundwater-surface water connection, surface water use, and the
responsiveness of the surface water system to historical climatic variation. The historical surface
water budget is summarized in Table 4-4 and presented in time series on Figure 4-13 and Figure
4-14. Figure 4-13 displays all components of the surface water budget, while Figure 4-14
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presents surface water inflow and outflow on a net basis to aid visualization of components
otherwise dwarfed by upstream and downstream streamflows on Figure 4-13.
The vast majority (approximately 97%) of inflow to the surface water system is composed of
inflow from areas outside of the Subbasin in the form of stream inflow from upstream of the
Subbasin (96%) and inflow from small tributaries (1%). This inflow is supplemented by overland
flow and groundwater discharge to streams, which constitute 2% and 1% of total inflow,
respectively. Irrigation return flows to streams comprise another small percentage of inflow less
than 1%. In an average year, approximately 91% of surface water inflow leaves via the
Sacramento River. The remainder is diverted to the Glenn-Colusa Canal (7%), diverted by
riparian water rights holders (1%), occurs as losses from Black Butte Lake (1%), enters
groundwater as streambed recharge (<1%), or is evapotranspired along riparian corridors (<1%).
GSP Regulations require a total surface water budget over the entire subbasin. However, in this
subbasin the total volume of flow in the Sacramento River far exceeds flows in Thomes and
Stony Creeks, and therefore the Subbasin-wide surface water budget is numerically dominated
by the Sacramento River. As such, stream-level surface water budgets are presented below for
Thomes Creek, Stony Creek, and the Sacramento River separately, to better understand each
river system’s hydrologic trends over time. To remain concise, this Subbasin-wide surface water
budget is not presented for the current or projected model periods, which instead only show the
stream-level surface water budgets.
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Table 4-4. Historical Annual Surface Water Budget
All values are in acre-feet, rounded to nearest 100 AF

Inflows

Component

Minimum

Maximum

Average

%
Contribution*

Inflow from Upstream of Subbasin

5,335,000

23,384,400

10,993,400

96%

Inflow from Small Tributaries

6,518

182,300

67,600

1%

Overland Flow

22,200

761,700

235,800

2%

Irrigation Return Flows to Streams

25,600

38,900

30,800

<1%

Groundwater Discharge to Stream

55,400

166,700

90,400

1%

Streambed Recharge

20,800

111,200

53,500

0%

4,711,800

23,217,500

10,380,600

91%

Riparian ET

26,700

43,800

36,400

<1%

Surface water diversions

39,800

205,400

78,900

1%

Diversion to Glenn-Colusa Canal and
Bypass

540,000

1,028,800

787,100

7%

Recharge to Groundwater from Black
Butte Lake

13,800

19,500

17,800

<1%

Black Butte Lake Losses

-7,800

119,500

63,700

1%

Downstream Outflow South of Subbasin

Outflows

* Percent contribution of component to average total inflow/outflow. Small discrepancies between total inflow and outflow may occur due to
rounding.
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Figure 4-13. Historical Surface Water Budget
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Figure 4-14. Historical Surface Water Budget Net Flows
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4.2.3.1

Sacramento River Budget

The historical Sacramento River budget is summarized in Table 4-5 and presented in time series
on Figure 4-15. The vast majority of inflow to the Sacramento River arrives as inflow from areas
outside of the Subbasin and small tributaries (97%), with the remaining 3% arriving from
overland flow (2%), groundwater discharge to streams (1%) and irrigation return flows to
streams (<1%). Outflows depart the Sacramento River primarily as downstream outflow (92%)
and diversions to the Glenn-Colusa Canal (7%).
On a net basis, the Sacramento River is gaining from groundwater in all years, with the net gain
smaller in dry years when groundwater elevations are lower. Agricultural diversions and
diversions to the Glenn-Colusa Canal fluctuate inter-annually depending on climate, but
generally remain consistent over the historical period.
Table 4-5. Sacramento River Historical Annual Surface Water Budget
All values are in acre-feet, rounded to nearest 100 AF

Inflows

Component

Minimum

Maximum

Average

% Contribution*

Inflow from Upstream of Basin

5,306,500

22,028,200

10,538,700

97%

Inflow from Small Tributaries

6,518

139,200

56,800

<1%

Overland Flow

18,300

615,500

194,800

2%

Irrigation Return Flows to Streams

19,700

33,400

25,400

<1%

Groundwater Discharge to Stream

54,400

145,900

88,700

1%

0

33,500

7,300

<1%

4,710,600

21,953,100

10,067,200

92%

14,500

25,300

21,200

<1%

6,400

31,700

21,500

<1%

540,000

922,500

759,200

7%

0

240,700

28,000

<1%

Streambed Recharge
Downstream Outflow South of
Subbasin
Outflows Riparian ET
Agricultural Diversions
Flow to Glenn-Colusa Canal
Flow to Flood Bypass

* Percent contribution of component to average total inflow/outflow. Small discrepancies between total inflow and outflow may occur due to
rounding.
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Figure 4-15. Sacramento River Historical Surface Water Budget

4.2.3.2

Stony Creek and Black Butte Lake Budget

The historical Stony Creek and Black Butte Lake budget is summarized in Table 4-6 and
presented in time series on Figure 4-16. Most inflow to this system is composed of flow from
areas outside of the Subbasin and small tributaries (95%), supplemented by overland flow (4%)
and irrigation return flows to streams (1%). Stony Creek is losing on a net basis, with
groundwater discharge to streams composing less than 1% of inflow, but roughly 4% of outflow.
Stony Creek generally loses a larger volume of water as streambed recharge during dry years
when groundwater elevations are lower. Black Butte Lake discharges roughly 17,800 AF to
groundwater annually (4% of outflow).
Stony Creek is subject to significant surface water diversions (12%), providing significant
volumes of irrigation water to OUWUA’s North district. These diversions fluctuate interannually with climate, but generally remain consistent over the historical period. During wet
years, a larger volume is typically diverted given the larger amount of surface water available.
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Table 4-6. Stony Creek and Black Butte Lake Historical Annual Surface Water Budget
All values are in acre-feet, rounded to nearest 100 AF
Minimum

Maximum

Average

%
Contribution*

Inflow from Upstream of Basin

21,900

1,412,700

450,000

94%

Inflow from Small Tributaries

0

16,100

2,800

1%

Overland Flow

3,200

70,500

21,500

4%

Irrigation Return Flows to Streams

1,800

7,100

4,400

1%

Groundwater Discharge to Stream

0

22,600

1,700

<1%

Streambed Recharge

0

70,600

19,200

4%

Downstream Outflow to Sacramento River

1,200

1,264,400

313,400

65%

Riparian ET

6,000

13,600

10,500

2%

Surface Water Diversions

7,900

181,100

55,900

12%

Recharge to Groundwater from Black
Butte Lake

13,800

19,500

17,800

4%

Black Butte Lake Losses

-7,800

119,500

63,700

14%

Component

Inflows

Outflows

* Percent contribution of component to average total inflow/outflow. Small discrepancies between total inflow and outflow may occur due to
rounding.
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Figure 4-16. Stony Creek and Black Butte Lake Historical Surface Water Budget
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4.2.3.3

Thomes Creek Budget

The historical Thomes Creek budget is summarized in Table 4-7 and presented in time series on
Figure 4-17. Most inflow to Thomes Creek is composed of flow from areas outside of the
Subbasin and small tributaries (92%), supplemented by overland flow (8%) and irrigation return
flows to streams (1%). Thomes Creek is a strongly losing stream, with no groundwater discharge
to the stream in all years and streambed recharge composing 11% of total outflow. Streambed
recharge to groundwater increases during wet years when total streamflow volume is higher.
Surface water diversions on Thomes Creek (1%), which provide water to Thomes Creek WD and
minor riparian diversions, are in decline over the historical period. In response to the recent
drought (WY 2013-2015), these diversions stop entirely, and there was no diversion on Thomes
Creek during WY 2015.
Table 4-7. Thomes Creek Historical Surface Water Budget
All values are in acre-feet, rounded to nearest 100 AF
Minimum

Maximum

Average

%
Contribution*

Inflow from Upstream of Basin

15,600

567,600

226,700

89%

Inflow from Small Tributaries

0

38,200

8,000

3%

Overland Flow

800

75,600

19,500

8%

Irrigation Return Flows to Streams

700

1,700

1,100

<1%

Groundwater Discharge to Stream

0

0

0

0%

Streambed Recharge

4,400

40,600

27,000

11%

Downstream Outflow to
Sacramento River

9,000

638,800

222,000

87%

Riparian ET

3,600

6,300

4,700

2%

0

4,200

1,500

1%

Component

Inflows

Outflows

Surface water diversions

* Percent contribution of component to average total inflow/outflow. Small discrepancies between total inflow and outflow may occur due to
rounding.
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Figure 4-17. Thomes Creek Historical Surface Water Budget

4.2.4 Subbasin Budget
A Subbasin-wide water budget is summarized in Table 4-8 and presented visually on Figure
4-18. As this water budget requires changes to budget component calculation to account for the
total flow of water into and out of the Subbasin, additional explanation of components is
provided in Table 4-8. An average of around 95% of total flow into the Subbasin arrives as
Surface water inflow, stressing the importance of surface water in the Subbasin’s overall
hydrology. Precipitation forms another 2% of inflow, with the remainder composed of
groundwater-surface water interactions, overland flow, and subsurface inflows from areas
outside of the Subbasin.
Surface water outflow through the Sacramento River composes roughly 89% of outflow on
average, in addition to another 7% of flow that is diverted to areas outside of the Subbasin, of
which a large portion enters the Glenn-Colusa Canal. The total change in Subbasin water storage
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is positive on average, indicating that the Subbasin has generally been in balance over the
historical period. However, decreases in precipitation correlated with the recent statewide
drought result in losses of total water storage.
Table 4-8. Subbasin Annual Water Budget Summary
All values are in acre-feet, rounded to nearest 100 AF
Component
Precipitation
Surface Water Inflow

Inflows

11,061,000

Precipitation that falls on Subbasin
Surface water that flows into Stony Creek, Thomes Creek,
and the Sacramento River where they enter the Subbasin,
plus flow from small watersheds

97,100

Subsurface inflow into the Subbasin from neighboring
subbasins and foothills

Groundwater Discharge
to Streams from Outside
Subbasin

3,800

Net groundwater discharge into Stony Creek, Thomes Creek,
and Sacramento River from neighboring Subbasins

Overland Flow and
irrigation return flow to
Streams from Outside
Subbasin

110,700

Overland flow and irrigation return flow into Stony Creek,
Thomes Creek, and Sacramento River from neighboring
Subbasins

Evapotranspiration

328,600

Evapotranspiration that occurs on the Subbasin’s land
surface and riparian evapotranspiration along Stony Creek,
Thomes Creek, and Sacramento River

10,380,600

Surface water outflow where the Sacramento River leaves
the Subbasin

Subsurface Outflow

84,800

Subsurface outflow from the Subbasin into neighboring
subbasins

Losses on Black Butte
Lake Outside of
Subbasin

74,900

Losses on Black Butte Lake to areas outside of the Subbasin
including groundwater recharge to Colusa Subbasin, ET, and
diversions.

787,000

The total amount of surface water that is diverted from the
Subbasin to neighboring areas, including diversions to
Glenn-Colusa Canal and M&T bypass minus the amount of
surface water that is imported into the Subbasin

Total Diverted Surface
Water to Areas Outside
of Subbasin

Storage

391,800

Additional Explanation

Subsurface Inflow

Surface Water Outflow

Outflows

Average

Change in Subbasin
Storage

8,500
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Figure 4-18. Historical Total Subbasin Water Budget
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4.2.5 Subbasin Water Supply Reliability
4.2.5.1

Surface water supplies

As described in Section 3.1.8, surface water is available in the Subbasin for areas within
managed water districts, which account for only 12% of the total Subbasin area. The total current
irrigated agricultural acreage within the Subbasin is approximately 30% of the total Subbasin
area, and approximately 40% of the irrigated area has access to surface water supplies. Other
surface water supplies are from smaller riparian and appropriative water rights users along
streams. The majority of the water supply source in the Subbasin comes from groundwater
(Figure 4-12; Table 4-3).
Surface water deliveries from outside of the subbasin to Corning Subbasin water districts have
decreased over the historical period, particularly in recent years (Figure 4-19). The model
simulation period ends in 2015, at the height of the last major drought, and shows the proportion
of surface water supplies versus groundwater supplies has decreased, similar to other historical
dry periods. However, since many districts received zero water allocations in 2014 and 2015,
surface water supplies declined severely in those 2 years, forcing growers to turn to groundwater
to maintain their crops, in particular tree crops that have recently been more prominent in the
Subbasin.
The total simulated volume of surface water application within the Subbasin varies over the
historical period from roughly 40,000 to 120,000 AF/yr, dependent largely on precipitation and
corresponding available surface water, in addition to land use trends. From 2013 onward, surface
water application drops sharply, corresponding to a lack of available surface water in the recent
statewide drought (Figure 4-19). Note that simulated surface water applications may not exactly
match the actual surface water used, because of model approximations.
Figure 4-20 through Figure 4-23 display simulated groundwater and surface water use in the
modeled application areas of Corning WD, Thomes Creek WD, Kirkwood WD, and OUWUA
North, respectively. While long-term surface water use in OUWUA North has remained fairly
consistent, the other 3 water districts have experienced large declines in surface water deliveries
and increasing dependence on groundwater as the primary or sole source of water.
4.2.5.2

Groundwater supplies

Simulated groundwater use within the subbasin ranges across the historical period from around
80,000 AF to over 160,000 AF/yr, dependent on changes in land use, available surface water,
and climatic variation (Figure 4-19). Groundwater applications have generally increased over the
historical period, correlated primarily with increases in total irrigated agricultural land and local
transitions from row crops and pasture to more permanent crops such as almonds, walnuts, and
olives. Historical land use trends are described in more detail in the Plan Area Section 2.
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Figure 4-19. Subbasin Simulated Historical Applied Water Summary
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Figure 4-20. Application Area Simulated Water Supply, Corning Canal to Corning WD
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Figure 4-21. Application Area Simulated Water Supply, Corning Canal to Thomes Creek WD
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Figure 4-22. Application Area Simulated Water Supply, Tehama Colusa Canal to Kirkwood WD
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Figure 4-23. Application Area Simulated Water Supply, Stony Creek to OUWUA North

4.2.5.3

Recent Surface Water Supply Availability Challenges

Figure 4-24 through Figure 4-26 display recent historical records of surface water application for
Corning WD, Thomes Creek WD, OUWUA’s North District, and Kirkwood WD. These graphs
help describe Subbasin surface water applications past the model’s end date of WY 2015. While
surface water application in Corning WD (Figure 4-24) and OUWUA North (Figure 4-27) have
recovered since decadal lows seen around 2014-2015, applications remain generally lower than
historical. Applications in Thomes Creek WD (Figure 4-25) and Kirkwood WD (Figure 4-26)
dropped drastically during the drought and remain well below pre-drought levels.
The sections below provide a summary of surface water supplies from data collected from the
Districts, as well as trends of surface water versus groundwater use.
4.2.5.3.1

Corning Water District

Corning Water District has adequate surface water supply with a good surface water contract
amount that generally could satisfy the majority of the surface water supply needs of the district
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in wet and normal years (Table 4-9). However, in recent years, after the last drought, more
growers have turned to groundwater, reducing the amount of surface water used within the
district, and increasing the amount of groundwater use. In addition, the total CVP contract
amount for the District, which was originally 23,000 AF/yr, decreased to 20,000 AF/yr in 2018
and then to 15,000 AF/yr in 2020, due to the District selling parts of their allocations.
Corning WD is able to work with other CVP users along the Tehama Colusa Canal to transfer
water in and out of the district to manage surface water supply based on its growers’ needs and to
generate revenue (Table 4-9).
Table 4-9. Corning Water District Surface Water Contract Allocation
Year

Allocation %

Allocation
Total AF

Transfer in
(AF)

Transfer out
(AF)

Actual Surface
Water Used (AF)

2010

100%

23,000

0

0

10,811

2011

100%

23,000

0

0

10,554

2012

100%

23,000

0

29

14,550

2013

75%

17,250

0

982

13,461

2014

0%

0

1,063

0

1,063

2015

0%

0

688

0

688

2016

100%

23,000

0

0

9,166

2017

100%

23,000

0

0

9,901

2018

100%

20,000

0

0

8,987

2019

100%

20,000

0

0

8,077

2020

50%

7,500

200

0

7,700

Note: Since 2020, the District’s total allocation is 15,000 AF/yr.
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Figure 4-24. Corning WD Recent Surface Water Use, from Measured Data (Corning WD, 2020)

4.2.5.3.2

Thomes Creek Water District

Thomes Creek WD has drastically reduced its use of surface water since the 2012-2016 drought
(Figure 4-25), when the District received zero surface water allocations, forcing growers with
permanent crops to drill wells to pump groundwater. However, since the drought, growers have
preferred to continue using groundwater instead of surface water, due to increased cost of surface
water, and unreliability of surface water deliveries. Growers also made large investments in
infrastructure to access groundwater supplies (well, irrigation system refinements, and related).
As a result, groundwater use is more prominent within the District than in the past.
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Figure 4-25. Thomes Creek WD Recent Surface Water Use, from Measured Data (Thomes Creek WD, 2020)

4.2.5.3.3

Kirkwood Water District

Kirkwood WD has stopped using surface water since the 2012-2016 drought (Figure 4-26), when
the District received zero surface water allocations, forcing growers with permanent crops to drill
wells to pump groundwater. However, since the drought, growers have preferred to continue
using groundwater instead of surface water, due to increased cost of surface water, and
unreliability of surface water deliveries. Growers also made large investments in infrastructure to
access groundwater supplies (well, irrigation system refinements, and related). As a result,
groundwater use is more prominent within the District than in the past.
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Figure 4-26. Kirkwood WD Recent Surface Water Use, from Measured Data (USBR, 2020)

4.2.5.3.4

Orland Unit Project (Northside)

Available surface water usage data from the Orland Unit Project’s Northside service area
presents consistent application of over 20,000 AF of surface water within the Subbasin since
WY1993 (Figure 4-27). Total application volume is not strongly correlated with climate, and
applications have ranged from around 23,000 to 47,000 AF since WY1993.
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Figure 4-27. OUWUA North District Recent Surface Water Use, from Measured Data
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4.3 Current Water Budgets
As described further in Section 4.1.3.2, the current model time frame is a simulation of current
land and water use conditions, assuming no climate change or change in anthropogenic activity.
The current time frame uses current land use (2018 for Tehama County and 2015 for Glenn
County) and current surface water use (2015), while repeating the historical climate and
hydrology. The historical climate and hydrology sequence are repeated over a 50-year period to
bring the current timeframe out to 2066, to allow for more direct comparison with the projected
water budgets timeframe. The historical 41 years of climate and hydrology from the calibrated
model (representing WY1974-2015) was repeated for the projected period, and then the first 9
years of the historical period were repeated to create a 50-year projected time frame. The future
projected water budgets described below follow the same time period, to facilitate direct
comparison between current and projected conditions with climate change.
When compared to the historical groundwater simulation, inputs to the current model time frame
are characterized largely by decreased surface water use and an increase in irrigated acreage,
primarily in orchard crops. As WY 2015 was at the tail end of the recent statewide drought with
mostly zero CVP allocations, surface water diversions were lower across the entire Northern
Sacramento Valley than in recent earlier years.

4.3.1 Groundwater Budget
The current groundwater budget is summarized in Table 4-10 and presented in timeseries on
Figure 4-28 and Figure 4-29. Major differences between the historical groundwater budget and
the current groundwater budget include the following:
•

A 19,400-AF decrease in average deep percolation to groundwater caused primarily by
decreases in surface water applications.

•

A 6,800-AF increase in average streambed recharge, and a 16,300-AF decrease in
groundwater discharge to streams, driven by lower groundwater elevations near streams.

•

A 20,700 AF increase in agricultural pumping driven by decreased surface water
applications.

•

A 5,800-AF decrease in average annual change of groundwater in storage largely
attributable to the trends described above.

The above changes result in a cumulative change of groundwater in storage of 56,100 AF over
the 50-year simulation period, down 234,200 AF from the historical groundwater budget, driven
mainly by decreases in surface water availability. These results suggest that current land use and
water use trends may not be sustainable if continued over another 43 years, absent of
considerations of climate change.
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Table 4-10. Current Groundwater Budget Summary
All values are in acre-feet, rounded to nearest 100 AF

Inflows

Outflows

Storage

Average in
Critically Dry /
Dry Years

Average in
Below Normal /
Above Normal
Years

Average in
Wet Years

Component

Average

%
Contribution*

Deep Percolation to
Groundwater

141,800

47%

98,900

157,700

175,800

Streambed Recharge

57,900

19%

51,850

62,650

58,500

Inflow from Colusa

14,500

5%

13,150

15,000

15,900

Inflow from Red Bluff

48,100

16%

47,550

48,450

48,600

Inflow from Butte

1,000

0%

850

950

1,100

Inflow from Los Molinos

24,100

8%

24,100

24,300

24,000

Inflow from Vina

12,300

4%

24,100

24,300

24,000

Inflow from Foothills

1,600

1%

1,200

1,750

1,900

Recharge to Groundwater
from Black Butte Lake

2,000

1%

1,750

2,300

2,200

Urban and Domestic Pumping

4,900

2%

4,900

4,900

4,900

Agricultural Pumping

153,000

51%

164,100

147,750

145,000

Outflow to Colusa

34,000

11%

34,850

34,100

31,700

Outflow to Red Bluff

10,300

3%

10,050

10,300

11,000

Outflow to Butte

2,300

1%

2,350

2,350

2,100

Outflow to Los Molinos

9,600

3%

9,050

9,600

10,700

Outflow to Vina

20,000

7%

19,000

19,900

21,400

Groundwater Discharge to
Streams

67,900

22%

57,350

69,250

80,900

Annual Change of
Groundwater in Storage

1,100

-49,600

26,550

32,000

Cumulative Change of
Groundwater in Storage

56,100

-

-

-

-

* Percent contribution of component to average total inflow/outflow. Small discrepancies between inflow minus outflow and change in storage
may occur due to rounding.
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Figure 4-28. Current Groundwater Budget
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Figure 4-29. Current Groundwater Budget Net Flows
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4.3.2 Land Surface Budget
The current land surface budget is summarized in Table 4-11 and presented in timeseries on
Figure 4-30. Major differences between the historical land surface budget and the current land
surface budget include the following:
•

A 32,800-AF decrease in applied surface water, driven by the low diversion volumes in
WY2015

•

A 21,900-AF increase in average applied groundwater correlated with the above decrease
in applied surface water and recent land use changes from 2015-2018 that increased the
Subbasin’s total irrigated acreage.

•

A 17,700-AF decrease in deep percolation to groundwater attributable to lower volumes
of total applied water and smaller decreases in overland flow and return flow to streams.

Overall, the current land surface budget compared to historical reflects a system with drastically
decreased applied surface water, increased groundwater application, and decreased deep
percolation to groundwater. As the current land surface budget incorporates low current
(WY2015) surface water use, agricultural land use switches to groundwater as its primary source
of water across much of the Subbasin. These trends are largely caused by the low diversion
volumes present in WY 2015 that are incorporated into the current model period.
Table 4-11. Current Land Surface Budget
All values are in acre-feet, rounded to nearest 100 AF

Inflows

Outflows

Storage

Component

Minimum

Maximum

Average

%
Contribution*

Precipitation

189,200

829,800

389,500

66%

Applied Groundwater

126,400

182,800

157,800

27%

Applied Surface Water

46,000

48,300

46,200

8%

Deep Percolation to Groundwater

65,700

263,600

139,300

23%

Evapotranspiration

272,900

323,200

302,100

51%

Overland Flow

18,100

456,900

136,800

24%

Return Flow to Streams

13,100

20,200

15,100

3%

Change in Soil and Unsaturated Zone
Storage

-58,400

32,400

200

* Percent contribution of component to average total inflow/outflow. Small discrepancies between inflow minus outflow and change in storage
may occur due to rounding.
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Figure 4-30. Current Land Surface Budget

4.3.3 Surface Water Budget
4.3.3.1

Sacramento River Budget

The current Sacramento River budget is summarized in Table 4-12 and presented in timeseries
on Figure 4-31. Major differences in average annual components between the historical
Sacramento River budget and the current Sacramento River budget include the following:
•

A 27,500-AF decrease in groundwater discharge to streams and 11,200-AF increase in
streambed recharge, potentially resulting from lowered groundwater levels and increased
flow in the Sacramento River

•

A 310,700 AF increase in inflow from upstream of basin, correlated with a decrease in
diversions upstream of the Corning Subbasin

•

A 188,000-AF decrease in flow to the Glenn-Colusa Canal

Overall, the current Sacramento River budget compared to the historical budget reflects a system
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with decreased diversions, increased total surface water flow, and decreased groundwater
discharge to streams. Decreased diversions and increased total surface water flow result from the
use of WY2015 diversions, which were low due to zero to minimal surface water allocations as a
result of the recent statewide drought. Decreased diversions along the Sacramento River north of
the Subbasin result in increased flow from upstream of the Subbasin.
Table 4-12. Current Sacramento River Surface Water Budget
All values are in acre-feet, rounded to nearest 100 AF

Inflows

Component

Minimum

Maximum

Average

%
Contribution

Inflow from Upstream of Basin

5,550,600

22,213,100

10,849,400

97%

Inflow from Small Tributaries

9,811

139,200

57,400

1%

Overland Flow

20,600

621,800

193,300

2%

Irrigation Return Flows to Streams

21,800

26,400

24,600

<1%

Groundwater Discharge to Stream

37,200

112,400

61,200

1%

0

49,300

18,500

<1%

4,970,900

22,362,200

10,547,900

94%

Riparian ET

14,200

24,100

20,400

<1%

Surface water diversions

23,200

23,200

23,200

<1%

Flow to Glenn-Colusa Canal

571,200

571,200

571,200

5%

4,700

254,400

4,700

<1%

Streambed Recharge
Downstream Outflow South of Subbasin
Outflows

Flow to Bypass

* Percent contribution of component to average total inflow/outflow. Small discrepancies between total inflow and outflow occur due to
rounding.
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Figure 4-31. Current Sacramento River Surface Water Budget

4.3.3.2

Stony Creek and Black Butte Lake Budget

The current Stony Creek budget is summarized in Table 4-13 and presented in timeseries on
Figure 4-32. Major differences in average annual components between the historical Stony Creek
budget and the current Stony Creek budget include the following:
•

A 11,900-AF increase in streambed recharge and a 500-AF decrease in groundwater
discharge to streams resulting from lower groundwater elevations along Stony Creek.

•

An 8,600-AF decrease in surface water diversions.

•

An 800-AF decrease in irrigation return flows to streams attributable to decreased surface
water application Subbasin-wide.

Overall, the current Stony Creek budget compared to the historical budget reflects a system with
decreased overland flow and irrigation return flow contribution, decreased diversions, and
decreased groundwater discharge to streams.
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Table 4-13. Current Stony Creek and Black Butte Lake Water Budget
All values are in acre-feet, rounded to nearest 100 AF
Minimum

Maximum

Average

%
Contribution*

Inflow from Upstream of Basin

21,900

1,412,700

451,100

94%

Inflow from Small Tributaries

0

16,100

2,800

1%

Overland Flow

3,400

71,500

21,600

4%

Irrigation Return Flows to Streams

2,400

9,800

3,600

1%

Groundwater Discharge to Stream

300

2,100

1,200

<1%

Streambed Recharge

900

64,200

31,100

6%

Downstream Outflow to Sacramento River

700

1,317,800

306,100

64%

Riparian ET

5,400

11,000

9,000

2%

Surface water diversions

9,800

56,700

47,300

10%

Recharge to Groundwater on Black Butte
Lake

13,300

18,800

17,100

4%

Black Butte Lake Losses

-4,200

124,800

69,800

15%

Component

Inflows

Outflows

* Percent contribution of component to average total inflow/outflow. Small discrepancies between total inflow and outflow may occur due to
rounding.
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Figure 4-32. Current Stony Creek and Black Butte Lake Water Budget

4.3.3.3

Thomes Creek Budget

The current Thomes Creek budget is summarized in Table 4-14 and presented in timeseries on
Figure 4-33. Major differences in average annual components between the historical Thomes
Creek budget and the current Thomes Creek budget include the following:
•

A 1,500 decrease in surface water diversions, resulting in no surface water diversions on
Thomes Creek over the entire current water budget

•

A 3,800 -AF increase in streambed recharge resulting from lower groundwater elevations
along Thomes Creek.

•

A 1,400 AF decrease in downstream outflow to the Sacramento River largely attributable
to Thomes Creek losing more volume to groundwater as it travels eastward.

Overall, the current Thomes Creek budget compared to the historical budget reflects an
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increasing losing steam with decreased total surface water flow, no surface water diversions, and
increased discharge to groundwater. These trends likely result from lowered groundwater
elevations along Thomes Creek correlated with decreased surface water applications and
increased groundwater pumping.
Table 4-14. Current Thomes Creek Water Budget
All values are in acre-feet, rounded to nearest 100 AF
Minimum

Maximum

Average

%
Contribution*

Inflow from Upstream of Basin

15,600

567,600

227,500

89%

Inflow from Small Tributaries

0

38,200

8,100

3%

Overland Flow

900

76,400

19,400

8%

Irrigation Return Flows to Streams

800

1,100

1,000

<1%

Groundwater Discharge to Stream

0

0

0

0%

Streambed Recharge

5,300

46,200

30,800

12%

Downstream Outflow to Sacramento
River

8,400

642,500

220,600

86%

Riparian ET

3,500

6,100

4,500

2%

0

0

0

0%

Component

Inflows

Outflows

Surface water diversions

* Percent contribution of component to average total inflow/outflow. Small discrepancies between total inflow and outflow may occur due to
rounding.
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Figure 4-33. Current Thomes Creek Water Budget Net Flows

4.4 Projected Water Budgets
Two projected water budgets are presented, one incorporating estimated 2030 climate change
projections and one incorporating estimated 2070 climate change projections. Both climate
projections represent central tendencies of climate change model projections for the years 2030
and 2070, respectively (DWR, 2018b). These projected water budgets represent 50 years of
future conditions incorporating projected climate change. These projections do not simulate a
specific 50-year projected future, but rather simulate approximate hydrologic conditions that may
occur in 2030, and approximate hydrologic conditions that may occur in 2070.
The climate change projections are based on the available climate change and projected
hydrology data provided by DWR (DWR, 2018b). For this GSP, the projected time frame is
defined as WY 2016-2066 with current land use (2018 in Tehama County, 2015 in Glenn
County) and current surface water use (2015), while altering climate and hydrology to account
for climate change as projected around 2030 and 2070.
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Projected water budgets are useful to verify that sustainability will be achieved in the 20-year
implementation period and maintained over the 50-year planning and implementation horizon.

4.4.1 Method and Assumptions used to Develop Projected Water Budgets
Precipitation, evapotranspiration, stream inflow, and surface water diversions were adjusted for
the 2030 and 2070 water budgets using publicly available DWR climate change and hydrology
data and guidance (DWR, 2018b). In both scenarios, precipitation and ET are projected to
increase in the Northern Sacramento Valley, with the 2070 period displaying larger increases in
precipitation and ET (Figure 4-34). A more detailed description of projected 2030 and 2070
scenario development is included in Appendix 4-C.
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Figure 4-34. Projected Precipitation and ET Changes at 2030 and 2070 [DWR, 2018b]
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4.4.2 Projected 2030 and 2070 Groundwater Budgets
The projected 2030 and 2070 groundwater budgets are summarized in Table 4-15, along with
average values from the current groundwater budget to facilitate comparison. Figure 4-35
through Figure 4-38 display the projected 2030 and 2070 groundwater budgets in time series.
Major differences between the current groundwater budget and the projected groundwater
budgets incorporating climate change include the following, on an annual average basis:
•

A 6,300-AF increase in agricultural pumping in the 2030 budget, and a 14,300-AF
increase the 2070 budget. Agricultural pumping increases are driven largely by increased
ET due to higher temperatures. As surface water applications are constant across all
scenarios, increased ET exacerbates crop water demand, necessitating greater volumes of
groundwater extraction.

•

A 500-AF decrease in inflow from foothills in both 2030 and 2070 budgets, associated
with increased ET in small watersheds west of the Subbasin. Increased ET decreases the
amount of water percolating to groundwater in these small foothill watersheds, reducing
the amount of flow reaching the Subbasin.

•

A 3,000-AF increase in average streambed recharge to groundwater in the 2030 budget,
and an 8,200-AF increase in the 2070 budget. Likewise, the 2030 budget projects a
2,400-AF decrease in groundwater discharge to streams, while the 2070 budget projects a
6,400-AF decrease. These changes are driven by lower groundwater elevations near
streams.

Due in part to the trends discussed above, the projected water budgets result in an additional
depletion of 700 AF of groundwater in storage per year on average in the 2030 simulation, and a
depletion of 1,500 AF/yr on average in the 2070 simulation. These annual average changes
culminate in an additional 34,900 AF loss of groundwater in storage in the 2030 projection and
an additional 75,800-AF loss in the 2070 projection over the 50-year projected period.
Overall, as currently projected by available climate change datasets, trends in climate change
will affect the Subbasin’s groundwater budget by increasing agricultural water demand, resulting
in increased groundwater pumping, as it is anticipated that surface water availability will largely
be the same as current without added projects. Therefore, more water is predicted to flow from
streams to groundwater, resulting in less discharge from groundwater to streams. These changes
are largely driven by increased ET, which increases crop water demand. It is likely that the
increased precipitation in these projected datasets has a counterbalancing effect, reducing
groundwater demand by increasing available water in the land surface system. However, the net
effect results in increased water demand. Further, the increased seasonality associated with these
datasets suggests an increased volume of precipitation in a narrower rainy season, which may not
correspond with the growing season of many crops. Trends in land and surface water use not
Corning Subbasin Groundwater Sustainability Plan
November 2021

4-68

incorporated in these simulations, such as increases in total irrigated acreage or conversion from
non-irrigated lands to orchards, may further exacerbate any changes associated with climate
change and result in a less sustainable groundwater budget.
Table 4-15. Projected 2030 and 2070 Groundwater Budgets Summary
All values are in acre-feet, rounded to nearest 100 AF
Component

Inflows

Outflows

Storage

Current Average

2030 Average

2070 Average

Deep Percolation to Groundwater

141,800

141,600

140,300

Streambed Recharge

57,900

60,900

66,100

Inflow from Colusa

14,500

14,900

14,300

Inflow from Red Bluff

48,100

49,200

49,800

Inflow from Butte

1,000

900

800

Inflow from Los Molinos

24,100

24,500

25,000

Inflow from Vina

12,300

12,100

12,600

Inflow from Foothills

1,600

1,100

1,100

Recharge to Groundwater from Black
Butte Lake

2,000

2,100

2,100

Urban and Domestic Pumping

4,900

4,900

4,900

Agricultural Pumping

153,000

159,300

167,300

Outflow to Colusa

34,000

34,800

37,400

Outflow to Red Bluff

10,300

10,100

9,800

Outflow to Butte

2,300

2,400

2,500

Outflow to Los Molinos

9,600

9,300

8,900

Outflow to Vina

20,000

20,300

20,100

Groundwater Discharge to Streams

67,900

65,500

61,500

Annual Change of Groundwater in
Storage

1,100

400

-400

Cumulative Change of Groundwater in
Storage over the 50-yr simulation period

56,100

21,200

-19,700

Small discrepancies between inflow minus outflow and change in storage may occur due to rounding.
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Figure 4-35. Projected 2030 Groundwater Budget
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Figure 4-36. Projected 2030 Groundwater Budget Net Flows
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Figure 4-37. Projected 2070 Groundwater Budget
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Figure 4-38. Projected 2070 Groundwater Budget Net Flows
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4.4.3 Projected 2030 and 2070 Land Surface Budgets
The projected 2030 and 2070 land surface budgets are summarized in Table 4-16 and presented
in time series on Figure 4-39 and Figure 4-40, respectively.
Major differences between the current land surface budget and the projected land surface budgets
incorporating climate change include the following, on an annual average basis:
•

A 10,500-AF increase in precipitation in the 2030 budget and a 24,200-AF increase in the
2070 budget.

•

An 8,600-AF increase in ET in the 2030 budget and a 17,700-AF increase in the 2070
budget.

•

An 8,200-AF increase in overland flow to streams in the 2030 budget and a 21,700-AF
increase in the 2070 budget, driven by increased precipitation and potentially the
concentration of storms in a shorter rainy season.

•

A 6,300-AF increase in applied groundwater in the 2030 projection and a 14,300-AF
increase in the 2070 projection, resulting from increased ET and associated increases in
water demand.

As expected, the projected land surface budgets reflect a land surface system with increased
precipitation, largely offset by increased evapotranspiration. Much of this increased precipitation
runs off into the Subbasin’s water bodies as increased overland flow, which coupled with greater
ET, results in negligible change in deep percolation to groundwater.
Examining the annual and cumulative change in soil and unsaturated zone storage, climate
change factors do not appear to have a large effect on overall water storage in the Subbasin’s
land surface system. However, climate change pressures on the land surface system cause
ramifications in the groundwater budget, as evidenced by decreases in groundwater storage
(Table 4-15, Figure 4-35).
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Table 4-16. Projected 2030 and 2070 Land Surface Budgets Summary
All values are in acre-feet, rounded to nearest 100 AF

Inflows

Outflows

Storage

Component

Current
Average

2030
Average

2070
Average

Precipitation

389,500

400,000

413,700

Applied Groundwater

157,800

164,100

172,100

Applied Surface Water

46,200

46,300

46,400

Deep Percolation to Groundwater

139,300

139,100

137,800

Evapotranspiration

302,100

310,700

319,800

Overland Flow

136,800

145,000

158,500

Return Flow to Streams

15,100

15,300

15,400

200

400

600

Change in Soil and Unsaturated Zone Storage

Small discrepancies between inflow minus outflow and change in storage may occur due to rounding.
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Figure 4-39. Projected 2030 Land Surface Budget
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Figure 4-40. Projected 2070 Land Surface Budget
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4.4.4 Projected 2030 and 2070 Surface Water Budgets
4.4.4.1

Sacramento River Budget

The projected 2030 and 2070 Sacramento River budgets are summarized in Table 4-17 and
presented in time series on Figure 4-41 and Figure 4-42, respectively. Major differences in
average annual components between the current Sacramento River budget and the projected
Sacramento River budgets include the following:
•

Large increases in outflow to the Glenn-Colusa Canal in both scenarios, associated with
the increased diversions in the projected simulations compared to low WY2015 water
diversions in the current simulation.

•

A 25,200-AF decrease in inflow from small watersheds in the 2030 simulation and a
24,000-AF decrease in the 2070 simulation. This change is likely resulting from
increased ET in the areas outside of the Subbasin which reduces the annual amount of
stream inflow. Increased precipitation and ET in both scenarios influence flow from
outside of the Subbasin; while increased precipitation increases the total inflow volume,
increased ET reduces the amount of flow that reaches the Subbasin.

•

A 4,600-AF decrease in groundwater discharge to streams in the 2030 simulation and a
11,900-AF decrease in the 2070 simulation. Likewise, an up to 6,400-AF increase in
streambed recharge in the 2030 projection and a 12,500-AF increase in the 2070
projection, driven by lower groundwater elevations along the Sacramento River.

•

Increases in overland flow and riparian ET associated with increased precipitation and ET
in the Subbasin in both scenarios.

As relevant to groundwater sustainability, the projected Sacramento River budgets display a
large decrease in groundwater discharge to streams likely correlated with lower groundwater
elevations along the Sacramento River. The projected climate change scenarios also result in less
upstream inflow and small watershed inflow to the Sacramento River due to increased ET at the
land surface. Increased surface water diversions to the Glenn-Colusa Canal are due to
assumptions in the projected CALSIM model, which were used as inputs to the NSac projected
scenarios models. Since under current conditions diversions were kept constant at 2015 values,
this increase in diversions shows that projected diversions will be greater than the 2015
diversions, on average, considering the variation in projected climate.

Corning Subbasin Groundwater Sustainability Plan
November 2021

4-78

Table 4-17. Projected 2030 and 2070 Sacramento River Surface Water Budgets
All values are in acre-feet, rounded to nearest 100 AF
Component

Inflows

Current Average

2030 Average

2070 Average

Inflow from Upstream of Basin

10,849,400

10,442,900

10,700,800

Inflow from Small Watersheds

57,400

32,200

33,400

Overland Flow

193,300

205,600

226,200

Irrigation Return Flows to Streams

24,600

25,200

25,800

Groundwater Discharge to Stream

61,200

56,600

49,300

Streambed Recharge

18,500

24,900

31,000

10,547,900

9,844,800

10,115,400

Riparian ET

20,400

21,400

22,700

Surface Water Diversions

23,200

23,200

23,200

Flow to Glenn-Colusa Canal

571,200

843,600

838,600

4,700

4,700

4,700

Downstream Outflow South of Subbasin
Outflows

Flow to Bypass
Small discrepancies between total inflow and outflow may occur due to rounding.
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Figure 4-41. Projected 2030 Sacramento River Surface Water Budget
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Figure 4-42. Projected 2070 Sacramento River Surface Water Budget
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4.4.4.2

Stony Creek and Black Butte Lake Budget

The projected 2030 and 2070 Stony Creek and Black Butte Lake budgets are summarized in
Table 4-18 and presented in time series on Figure 4-43 and Figure 4-44, respectively. Major
differences in average annual components between the current Stony Creek budget and the
projected Stony Creek budgets include the following:
•

A 3,500-AF increase in inflow from small watersheds in the 2030 budget and a 3,800-AF
increase in the 2070 budget, resulting in increased precipitation in the small watersheds
west of the Subbasin

•

A 400-AF decrease in groundwater discharge to streams in the 2030 budget and a 600-AF
decrease in the 2070 budget, resulting from lowered groundwater elevations along Stony
Creek. The 2030 budget projects an 1,800-AF increase in streambed recharge, while the
2070 budget projects a 5,400-AF increase.

•

Increases in overland flow to streams and riparian ET in both budgets, associated with
increased precipitation and ET in the Subbasin

As seen in the Sacramento River budget, the projected scenarios indicate a shift towards
increased losses to groundwater and decreased groundwater discharge to streams on Stony
Creek. These trends are due to lower Subbasin-wide groundwater elevations, which are in turn
driven by increased ET and increased groundwater pumping.
Table 4-18. Projected 2030 and 2070 Stony Creek and Black Butte Lake Water Budgets
All values are in acre-feet, rounded to nearest 100 AF
Component

Inflows

Outflows

Current Average

2030 Average

2070 Average

Inflow from Upstream of Basin

451,100

442,300

447,800

Inflow from Small Watersheds

2,800

6,300

6,600

Overland Flow

21,600

22,900

25,100

Irrigation Return Flows to Streams

3,600

3,500

3,400

Groundwater Discharge to Stream

1,200

800

600

Streambed Recharge

31,100

32,900

36,500

Downstream Outflow to Sacramento River

306,100

312,300

339,000

Riparian ET

9,000

9,200

9,400

Surface Water Diversions

47,300

44,500

43,600

Groundwater Recharge on Lake

17,100

17,100

17,100

Black Butte Lake Losses

69,800

60,000

37,700

Small discrepancies between total inflow and outflow may occur due to rounding.
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Figure 4-43. Projected 2030 Stony Creek and Black Butte Lake Water Budget
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Figure 4-44. Projected 2070 Stony Creek and Black Butte Lake Water Budget
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4.4.4.3

Thomes Creek Budget

The projected 2030 and 2070 Thomes Creek budgets are summarized in Table 4-19 and
presented in time series on Figure 4-45 and Figure 4-46, respectively. Major differences in
average annual components between the current Thomes Creek budget and the projected Thomes
Creek budgets include the following:
•

Increased inflow from upstream of the Subbasin and from small watersheds in both
budgets, resulting from increased precipitation in areas west of the Subbasin.

•

A 100-AF increase in streambed recharge to groundwater in the 2030 budget, and an
increase of 1,500 AF in the 2070 budget. In the current and both projected scenarios,
Thomes Creek does not receive any groundwater discharge.

•

Increases in overland flow to streams and riparian ET associated with increased
precipitation and ET in the Subbasin.

The projected Thomes Creek water budgets reflect a stream with greater total surface flow and
increased streambed recharge to groundwater. These predicted increases in streamflow are due to
increased precipitation in the Subbasin and foothills to the west. In addition to greater
streamflow, lower groundwater elevations along Thomes Creek influence the increases in
streambed recharge.
Table 4-19. Projected 2030 and 2070 Thomes Creek Water Budgets Summary
All values are in acre-feet, rounded to nearest 100 AF
Component

Current Average

2030 Average

2070 Average

227,500

224,800

245,200

Inflow from Small
Watersheds

8,100

13,300

14,300

Overland Flow

19,400

20,900

23,400

Irrigation Return Flows to
Streams

1,000

1,000

1,100

Groundwater Discharge to
Stream

0

0

0

Streambed Recharge

30,800

30,900

32,300

Downstream Outflow to
Sacramento River

220,600

224,500

246,800

4,500

4,600

4,800

0

0

0

Inflow from Upstream of
Basin

Inflows

Outflows

Riparian ET
Surface Water Diversions

Small discrepancies between inflow minus outflow may occur due to rounding.
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Figure 4-45. Projected 2030 Thomes Creek Water Budget
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Figure 4-46. Projected 2070 Thomes Creek Water Budget

Corning Subbasin Groundwater Sustainability Plan
November 2021

4-87

4.4.5 Uncertainties in Projected Water Budget Simulations
While significant uncertainty exists regarding the prediction of atmospheric conditions, the 2030
and 2070 central tendency scenarios provided by DWR are considered best available science at
the time the GSP was developed, and can be used to adequately describe likely future conditions
for SGMA planning and implementation (DWR, 2018b). As described by DWR, there is an
approximately equal likelihood that actual future conditions will be more stressful or less
stressful than those described by the recommended scenarios, therefore these conditions provide
a solid middle-ground on which to examine future groundwater sustainability with climate
change. Further specifics regarding uncertainty in projected water budget simulations are
described in the climate change guidance released by DWR (DWR, 2018b). As climate change
science improves and newer data become available, DWR will release revised projected climate
change datasets to be used in future GSP updates.

4.4.6 Sustainable Yield
The sustainable yield of the Subbasin is an estimate of the quantity of groundwater that can be
pumped on a long-term average annual basis without causing undesirable results. Basin-wide
pumping within the sustainable yield estimate is neither a measure of, nor proof of,
sustainability. Sustainability under SGMA is only demonstrated by avoiding undesirable results
for the 6 sustainability indicators. However, estimates of sustainable yield using the current and
projected simulations may prove useful in estimating the need for projects and management
actions to help achieve and maintain sustainability.
The role of sustainable yield estimates in SGMA, as described in the Sustainable Management
Criteria (SMC) BMP (DWR, 2017), are as follows:
“In general, the sustainable yield of a basin is the amount of groundwater that can be
withdrawn annually without causing undesirable results. Sustainable yield is referenced
in SGMA as part of the estimated basinwide water budget and as the outcome of avoiding
undesirable results.
Sustainable yield estimates are part of SGMA’s required basinwide water budget. Section
354.18(b)(7) of the GSP Regulations requires that an estimate of the basin’s sustainable
yield be provided in the GSP (or in the coordination agreement for basins with multiple
GSPs). A single value of sustainable yield must be calculated basinwide. This sustainable
yield estimate can be helpful for estimating the projects and programs needed to achieve
sustainability.”
Groundwater elevations simulated in the projected 2070 model scenario compared to minimum
thresholds, indicate undesirable results are unlikely. Therefore, average annual pumping in the
2070 projected simulation can be used as an estimate of sustainable yield for the Subbasin.
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However, the 2070 groundwater budget indicates an average annual negative change in
groundwater storage of 400 AF. Accordingly, this number is subtracted from average annual
projected 2070 simulated pumping values to develop the sustainable yield, resulting in a
sustainable yield of 171,800 AF of groundwater pumping per year.

4.5 Summary
The water budgets calculated for different time frames provide a snapshot of overall groundwater
conditions on a subbasin-wide scale for past, current, and potential future scenarios to help with
groundwater sustainability planning.
The simulated historical groundwater budget indicates a mostly balanced budget with an overall
positive annual average change of groundwater in storage, and a cumulative change of
groundwater in storage that is increasing over time, indicating no overdraft. However, between
2012 and 2015, annual change in storage declined to negative values. This could be the start of
declining groundwater in storage and overdraft could occur if this trend continues. The historical
model only simulates subbasin conditions until 2015; however, based on the review of more
recent groundwater elevation measurements, it is evident that groundwater levels continue to
decline in some parts of the Subbasin (Section 3.2.2) since the 2012-2016 drought, and total
recovery has not occurred such as in previous wet years following drought years. As a result, the
simulated current groundwater budget indicates a decrease in average annual change in
groundwater in storage compared to the historical time period, based on a continuation of
increased groundwater pumping and a decrease in surface water use observed since the drought.
This trend could be further exacerbated with projected climate change effects, as evidenced by
the projected 2030 and 2070 scenarios which present increasingly lower average annual change
in groundwater storage. The simulated current, 2030, and 2070 water budgets also display
progressively less groundwater discharge to streams due to lowering groundwater levels,
indicating that the Subbasin may draw more water from streams into groundwater given current
land use, water use, and the influence of projected climate change. Therefore, it will be necessary
to implement projects and management actions to halt this declining trend in groundwater levels
and keep the Subbasin sustainable into the future. Water budget tables including annual
component flow by water year are included in Appendix 4D for all tables presented here.
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5 MONITORING NETWORKS
5.1 Overview
This section describes the monitoring networks in the Corning Subbasin that the GSAs intend to
use to assess groundwater sustainability conditions and identify sustainable management criteria.
This description of the monitoring network was prepared in accordance with GSP Regulation
§354.32. The section includes a detailed description of the monitoring objectives, monitoring
networks, monitoring protocols, and data reporting plan for assessing each applicable
sustainability indicator in the Subbasin. The GSAs used DWR Monitoring Protocols Standards
and Sites BMP (Monitoring Protocol BMP; DWR, 2016d) and Monitoring Networks and
Identification of Data Gaps BMP (Monitoring Network BMP; DWR, 2016e) to create a
monitoring plan that will provide the necessary information to assess groundwater sustainability
in the Subbasin. The GSAs used existing data as much as possible for the monitoring networks,
which were compiled from various sources (TCFCWCD, 2012; Davids Engineering and West
Yost Associates, 2018).

5.1.1 Monitoring Objectives
SGMA requires monitoring networks that allow for the collection of data of sufficient quality,
frequency, and distribution to characterize groundwater and related surface water conditions in
the Subbasin and evaluate changing conditions that occur through implementation of the Plan.
The monitoring network is intended to:
•

Monitor changes in groundwater and related conditions relative to measurable objectives
and minimum thresholds, and thereby demonstrate progress toward achieving measurable
objectives

•

Assess potential impacts to the beneficial uses or users of groundwater

•

Quantify annual changes in water budget components, as applicable

The sustainable management criteria, including descriptions of the sustainability goal,
undesirable results, measurable objectives, and minimum thresholds, are described in Section 6,
Sustainable Management Criteria.

5.1.2 Approach to Monitoring Networks
Monitoring networks were developed for each of the 5 sustainability indicators applicable to this
GSP:
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•

Chronic lowering of groundwater levels

•

Reduction in groundwater storage

•

Land subsidence

•

Degraded groundwater quality

•

Depletion of interconnected surface water

As described in the Groundwater Conditions Section 3.2.4, seawater intrusion is not an
applicable sustainability indicator for the Subbasin and is therefore not discussed further in this
section.
The monitoring networks presented in this section consist of locations used historically by
various entities to monitor groundwater, surface water, and subsidence in the Subbasin. The
locations and data used for developing monitoring networks are from publicly available sources.
There are monitoring data gaps for some sustainability indicators that will need to be addressed
during implementation of the GSP, as discussed in Section 8.5 on GSP Implementation. Data
gaps will be filled through the expansion of the existing monitoring networks or collection of
additional information. Filling these data gaps and developing more extensive and complete
monitoring systems will improve the GSAs’ ability to demonstrate sustainability and refine the
existing conceptual and numerical hydrogeologic models.

5.2 Groundwater Level Monitoring Network
The sustainability indicator for chronic lowering of groundwater levels is routine groundwater
level measurement in designated monitoring wells. The GSP regulations require a sufficient
network of wells to demonstrate groundwater occurrence, flow directions, and hydraulic
gradients within the principal aquifer and between the principal aquifer and surface water
features.

5.2.1 CASGEM Groundwater Level Monitoring Program
In November 2009, the state amended the Water Code to mandate statewide groundwater
elevation monitoring through collaboration between local agencies and DWR. In response, DWR
created the CASGEM program wherein local agencies upload available water elevation data and
DWR maintains the database in a format that is readily and widely available to the public. The
goal of the CASGEM program is to collect and store groundwater elevation data such that
current and future groundwater management programs can draw upon the data to assess seasonal
and long-term trends in local groundwater conditions.
A CASGEM monitoring program was established in both Tehama and Glenn Counties, in
collaboration with DWR and other local agencies. The approved CASGEM monitoring plans for
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each county are provided in Appendix 5A. The CASGEM monitoring networks in both counties
include dedicated groundwater level observation wells that were installed by DWR. The Tehama
County CASGEM monitoring network also includes supply wells to which owners voluntarily
give access for groundwater level measurements. Access is also provided voluntarily for
groundwater level measurements in Glenn County supply wells, and measurements are made
public on the state CASGEM website; however, these wells are not officially part of the Glenn
County CASGEM well network (Appendix 5A). The groundwater level measurements from both
observation and supply wells are uploaded to the DWR CASGEM database.
The CASGEM program was intended specifically to serve the purpose that is now required of
the groundwater elevation monitoring network under SGMA. As such, the CASGEM network is
the foundation and basis for the GSP groundwater elevation monitoring network described
herein. After incorporating the CASGEM network into the GSP groundwater elevation
monitoring network, no future CASGEM reporting will be necessary, as groundwater level
reporting will take place during GSP implementation for SGMA compliance. All groundwater
elevation data will continue to be collected by the GSAs in collaboration with the counties and
DWR for consistency with previous CASGEM efforts and will be reported to DWR through the
monitoring module of the SGMA GSP upload tool. An assessment of well access agreements
and coordination with DWR will be developed during the early years of GSP Implementation to
transition between the 2 monitoring programs.
The CASGEM well network in the Corning Subbasin included 144 total monitoring wells as of
February 17, 2020. Of these wells, 50 have either been decommissioned or have not been
routinely monitored in the past 12 years and therefore are assumed to no longer be accessible for
monitoring in the future. Consequently, there are 94 monitoring wells in the current CASGEM
database that have been routinely monitored since 2012 and are generally gauged for
groundwater levels on at least a semi-annual frequency that can be used to develop the GSP
groundwater level monitoring network, as discussed below.

5.2.2 GSP Groundwater Level Monitoring Network
The purpose of the GSP groundwater level monitoring network is to provide information to
assess historical groundwater level data in the Subbasin and provide a basis to select
representative monitoring locations for development and assessment of groundwater level SMC.
The GSP groundwater level monitoring network includes 102 wells; there are 94 CASGEM
wells and 8 new observation wells installed during the past year to supplement the GSP
monitoring network.
The GSP groundwater level monitoring wells are shown on Figure 5-1 and summarized in Table
5-1. The detailed well installation information including well name, type, depth, screen interval
(if known), and surveyed location is summarized in Appendix 5B. For the purpose of this
section, all well types listed in the appendix and tables are referred to herein as “monitoring
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wells.” As DWR is working on updating their well access agreements and refining monitoring
networks, the GSAs will coordinate to update well information and refine the groundwater level
monitoring network over the next 5 years, if needed.
Table 5-1. GSP Groundwater Level Monitoring Wells.

Total Wells
18

Wells with
Known
Screen
Interval
14

Avg. Screen
Length
(feet)
30

Min. Screen
Depth
(feet bgs)
40

Min. Well
Depth
(feet bgs)
68

Avg. Well
Depth
(feet bgs)
153

Max. Well
Depth
(feet bgs)
270

Agricultural

37

27

261

12

90

326

1,350

Observation*
Industrial
GSP
Monitoring
Well Sum

45
2

45
2

55
20

25
70

71
100

501
120

1,204
140

102

88

GSP
Monitoring
Well Type
Domestic

feet bgs = feet below ground surface
* A cluster of 4 observation wells was installed in Tehama County by DWR in late 2021. The construction information for these wells is not
available at this time; therefore, well screen statistics do not reflect the depths of these wells. This information will be added to the Annual
Report.
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Figure 5-1. GSP Groundwater Level Monitoring Network
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The following provides a summary of 2 main types of wells in the GSP groundwater level
monitoring network:
•

There are 45 observation wells installed in 12 clusters in the Subbasin. 6 clusters are in
Glenn County, and 6 are in Tehama County. Each of the well clusters consists of 2 to 5
wells installed in close proximity with screens at different discrete depths of the aquifer.
The purpose of this configuration is to allow for the assessment of variations in
groundwater trends at various depths over time. These data can be used to make
inferences about hydrogeologic connection and water use at various depths of the aquifer.
Cluster wells can also be used to calculate the vertical groundwater head gradients, which
indicate the upward or downward direction of groundwater flow over time in that
location. The 12 clusters were installed under the direction of DWR between 2003 and
2021. The observation well depths range from 68 to 1,204 feet and were constructed with
screen intervals ranging from 10 to 276 feet in length. About half of the observation well
screen intervals are 20 feet or less.

•

The remaining 57 wells in the GSP monitoring network were installed for water supply
purposes but also provide access for groundwater level measurement. These wells were
or are currently used as production wells for agricultural (irrigation and stock watering),
domestic, or industrial purposes. Well owners have voluntarily provided DWR and/or
county representatives access to measure groundwater levels in these wells. Since
production wells are installed for groundwater extraction, their well design is different
than that of typical dedicated observation wells. In general, production well screens cover
greater intervals of the aquifer than do observation wells. Production wells also typically
contain dedicated pumps that may impede groundwater level measurement access or may
be in use when the GSAs intend to gauge or sample the wells. Coordination with well
owners is necessary when monitoring these wells.

5.2.3 Additional Monitoring Well Locations
Several new monitoring wells were recently installed and are added to the groundwater level
monitoring network for this GSP. Glenn County received a Technical Support Services (TSS)
Grant from DWR to install a new cluster of observation wells at the border of Glenn and Tehama
Counties west of Interstate 5 and north of Stony Creek. This cluster of 4 observation wells was
installed in February 2021 with discrete screen intervals at depths ranging from 40 to 700 feet
bgs. Tehama County also received DWR grant funding under the Critical Water Transfers
Program (CWT) to install a cluster of 4 observation wells in the Tehama County Public Works
Corning Maintenance Yard, north of the City of Corning. The depths and screen intervals for the
wells in this new Tehama County well cluster are not available yet. The locations and
construction details of the new wells will be verified by the GSAs during preparation of the 2021
Annual Report, or as soon as the information is available.
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5.2.4 Representative Monitoring Network for Groundwater Levels
According to §354.36 of the GSP regulations and DWR BMP for Monitoring Networks and
Identification of Data Gaps (DWR, 2016e), Representative Monitoring Points [RMP(s)] may be
selected to consolidate reporting of quantitative observations of the sustainability indicators as
long as the RMP reflects general conditions in the area. A total of 58 RMP wells representative
of general conditions in the Subbasin were identified for establishing SMC. These wells and
SMCs will be used during the GSP implementation phase to evaluate sustainability.
The RMP wells were divided into subsets of shallow zone wells and deep zone wells to check
the representativeness of the network at various depths of the aquifer. A depth of 450 feet bgs
was selected as the distinction between shallow and deep RMP wells, based on historical
convention of the Northern Sacramento Valley groundwater elevation mapping, and also the
depth of most domestic wells in the Subbasin. Of domestic wells in the subbasin, 99% have well
depths that are 450 feet or less below ground surface. Of production wells in the subbasin, 81%
have well depths that are 450 feet or less below ground surface, while 19% have well depths that
are greater than 450 feet below ground surface. The deepest production well in the subbasin has
a well depth of 1,320 feet below ground surface, as of late 2019.
The shallow zone RMP well network includes 37 wells with screening intervals that are entirely
less than 450 feet bgs, and the deep zone includes 21 wells with screening intervals that include
depths greater than 450 feet bgs. Seven of these deep zone wells have a top of screen interval
less than 450 feet bgs, and 2 have a well depth greater than 450 feet but an unknown screening
interval.
The RMP well network is a subset of the initial GSP monitoring network. The RMP network was
refined using the following rationale:
•

4 locations were added to the RMP network that were recently installed or added to the
GSP monitoring network as discussed in Section 5.2.3.

•

12 GSP monitoring wells did not have well screen information. 6 of these wells were
installed near other representative wells that had similar groundwater level trends so were
removed from the RMP well network. 6 wells without screen interval information were
retained in the RMP well network, as they were installed in locations that did not have
enough lateral coverage within the rest of the network to justify exclusion. Obtaining the
well screen information for these 6 locations is considered a data gap to be addressed
during GSP implementation as discussed in Section 5.2.6.

•

12 additional voluntary GSP monitoring network wells were installed in a similar
location and depth as another representative well; therefore, these wells were removed
from the RMP well network.
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•

21 of the 45 GSP observation cluster wells were not included in the RMP well network as
the groundwater level trends matched closely with other wells in the cluster. As such, 22
total wells were selected for the shallow and deep RMP networks from the 11 observation
well clusters in the Subbasin.

Table 5-2 summarizes the well location data for the RMP monitoring wells. Figure 5-2 shows the
locations of wells in the shallow RMP network, and Figure 5-3 shows the location of wells in the
deep RMP network. Hydrographs showing groundwater elevations over time, well locations,
surveyed elevations, and well screen information are included for each well in Appendix 5B
(well information) and Appendix 5C (hydrographs). The RMP well network will be reviewed
during each future 5-year update to fill data gaps, assess well conditions, and add or remove
wells based on GSP monitoring needs. New wells can also be added during annual reports if they
become available and deemed appropriate for GSP monitoring.
Table 5-2. Groundwater Level RMP Well Summary Data
RMP
Network

State Well
Number

Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow

21N01W04N001M
22N01W19E003M
22N01W29N003M
22N02W01N003M
22N02W15C004M
22N02W18C003M
22N03W01R002M
22N03W05F002M
22N03W06B001M
22N03W12Q003M
23N02W16B001M
23N02W28N004M
23N02W34A003M
23N02W34N001M
23N03W04H001M
23N03W13C006M
23N03W16H001M
23N03W22Q001M
23N03W24A003M
23N03W25M004M
24N02W17A001M
24N02W20B001M
24N02W29N003M
24N03W02R001M
24N03W03R002M

Well Type

Total Well
Depth
(feet bgs)

Perforated
Interval
(feet bgs)

Latitude
(NAD 83)

Longitude
(NAD 83)

Domestic
Irrigation
Observation
Observation
Observation
Observation
Observation
Irrigation
Domestic
Domestic
Irrigation
Observation
Irrigation
Industrial
Irrigation
Observation
Domestic
Irrigation
Domestic
Observation
Domestic
Domestic
Observation
Domestic
Domestic

100
500
400
440
258
188
314
218
210
124
120
205
125
100
270
182
150
380
199
155
140
120
388
270
132

-80 - 400
189 - 380
210 - 370
210 - 220
165 - 175
270 - 280
188 - 218
195 - 210
112 - 123
100 - 120
100 - 170
104 - 124
70 - 100
200 - 270
95 - 135
144 - 150
-180 - 199
120 - 130
120 - 140
100 - 120
200 - 290
-112 - 132

39.69710
39.75002
39.72627
39.78356
39.76344
39.76820
39.78662
39.79560
39.79527
39.77050
39.85339
39.81167
39.81079
39.79930
39.88039
39.85430
39.84932
39.82597
39.83915
39.81925
39.94124
39.92745
39.89962
39.96665
39.95860

-121.98930
-122.02669
-122.01052
-122.04614
-122.07716
-122.13645
-122.14552
-122.22780
-122.24339
-122.14910
-122.09629
-122.10200
-122.07105
-122.08500
-122.19808
-122.15350
-122.20168
-122.18757
-122.14301
-122.15900
-122.10400
-122.11234
-122.12275
-122.16465
-122.18120
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Reference
Point
Elevation
(feet AMSL)
137.68
157.79
149.99
161.50
192.25
225.54
228.53
298.89
309.90
232.94
186.53
204.43
171.01
185.92
261.90
215.59
278.08
235.97
207.44
237.40
212.20
223.43
213.76
257.95
279.46
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RMP
Network

State Well
Number

Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow

24N03W14B001M
24N03W16A001M
24N03W17M001M
24N03W24E001M
24N03W26K001M
24N03W29Q001M
24N03W35P005M
24N04W14N002M
24N05W23L001M
25N02W31G002M
Glenn TSS Well
Tehama CWT
Well
22N01W29N002M
22N02W01N002M
22N02W15C002M
22N02W18C001M
22N03W01R001M
23N02W28N002M
23N03W07F001M
23N03W13C004M
23N03W17R001M
23N03W25M002M
23N04W13G001M
24N02W29N004M
24N03W17M002M
24N03W29Q002M
24N04W33P001M
24N04W34K001M
24N04W34P001M
24N04W36G001M
25N03W36H001M
Glenn TSS Well
Tehama CWT
Well

Deep
Deep
Deep
Deep
Deep
Deep
Deep
Deep
Deep
Deep
Deep
Deep
Deep
Deep
Deep
Deep
Deep
Deep
Deep
Deep
Deep

Well Type

Total Well
Depth
(feet bgs)

Perforated
Interval
(feet bgs)

Latitude
(NAD 83)

Longitude
(NAD 83)

Industrial
Irrigation
Domestic
Domestic
Irrigation
Observation
Domestic
Domestic
Stock
Irrigation
Observation
Observation

140
195
108
224
245
372
120
180
235
115
TBD
TBD

130 - 140
85 - 195
100 - 108
212 - 220
103 - 175
130 - 360
100 - 120
--93 - 113
TBD
TBD

39.94214
39.93760
39.93460
39.92147
39.90609
39.90305
39.88510
39.92972
39.91976
39.98198
39.79549
39.94093

-122.16762
-122.20210
-122.23490
-122.15879
-122.16893
-122.22456
-122.17370
-122.28761
-122.39783
-122.12937
-122.25500
-122.18303

Reference
Point
Elevation
(feet AMSL)
294.05
290.97
316.48
298.45
283.46
316.18
251.46
375.52
530.90
223.80
TBD
TBD

Observation
Observation
Observation
Observation
Observation
Observation
Irrigation
Observation
Irrigation
Observation
Irrigation
Observation
Irrigation
Observation
Irrigation
Irrigation
Irrigation
Irrigation
Irrigation
Observation
Observation

670
730
825
1062
515
580
790
835
720
513
560
741
505
575
780
750
535
750
524
TBD
TBD

549 - 641
700 - 710
760 - 781
841 - 1029
470 - 480
550 - 570
240 - 790
815 - 825
360 - 720
470 - 500
-590 - 710
315 - 495
490 - 550
250 - 780
310 - 750
290 - 475
320 - 750
-TBD
TBD

39.72627
39.78356
39.76342
39.76820
39.78662
39.81170
39.86618
39.85430
39.84559
39.81925
39.85270
39.89960
39.93458
39.90305
39.88760
39.88933
39.88578
39.89290
39.97888
39.79549
39.94093

-122.01052
-122.04614
-122.07717
-122.13645
-122.14550
-122.10200
-122.24796
-122.15350
-122.21995
-122.15900
-122.26100
-122.12270
-122.23443
-122.22456
-122.32070
-122.29434
-122.30107
-122.25731
-122.14458
-122.25500
-122.18303

150.68
161.31
192.37
224.64
228.17
204.37
314.40
215.88
302.50
237.68
360.71
213.45
316.80
315.76
424.56
421.50
440.10
362.20
241.00
TBD
TBD

TBD = to be determined
-- = not available
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Figure 5-2. Shallow Groundwater RMP Well Locations (less than 450 feet deep)
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Figure 5-3. Deep Groundwater RMP Well Locations (greater than 450 feet deep)
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5.2.5 Groundwater Level Monitoring Protocols
Groundwater level monitoring will be conducted by the GSAs or their designated entities.
Manual groundwater level measurements will be collected periodically in each well using an
electronic sounder or steel tape. Electronic sounders consist of a graduated wire equipped with a
weighted electric sensor. When the sensor is lowered into water, a circuit is completed and an
audible beep is produced, at which point the sampler will record the depth to groundwater. This
is the preferred method for monitoring water levels in the Subbasin, but other methods may be
used. For instance, some production wells may have lubricating oil floating on top of the water
column; oil and groundwater levels in these well will be gauged with an oil water interface probe
or steel tape with oil and water indicator paste.
All manual groundwater level measurements in the Subbasin wells will abide by the following
protocols:
•

Equipment usage will follow manufacturer specifications for procedure and maintenance.

•

In wells that have been subjected to recent pumping (within a few days of measurement),
a measurement will be taken after pumping has ceased and the groundwater level has
recovered to a stable level. If a well pump cannot be turned off during the scheduled
monitoring event, then a measurement will be collected if possible, and accompanied by
an explanatory note.

•

For each well, multiple measurements will be collected to ensure the well has reached
equilibrium such that no significant changes in groundwater level are observed.

•

Equipment will be thoroughly cleaned after measurements at each well location in order
to prevent cross-contamination among wells.

•

The groundwater level measurement will be collected from a permanent reference mark.
If a well is found to not have a permanent reference mark, one will be made on the north
side of the casing to ensure subsequent measurements reference the same point.

The observation wells in the Subbasin are equipped with pressure transducers capable of
collecting more frequent data than is collected using manual measurements. It is the intention of
the GSAs or cooperating agencies to continue to equip the observation wells with pressure
transducers; however, in the event of device failure, or lack of funding, at a minimum, seasonal
manual measurements will be taken. Installation and use of pressure transducers for groundwater
level measurements will follow the protocol below:
•

In order to calibrate the transducer data a groundwater level measurement device such as
an electronic sounder or steel tape will be used to measure the current groundwater level
prior to installation of the probe. The groundwater level will be measured following the
protocols listed above.
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•

All transducer installations will follow manufacturer specifications for installation and
calibration. The time on the transducer internal clock will be synchronized with the
computer satellite time.

•

The well identification (or ID), transducer identification, transducer range, transducer
accuracy, and cable serial number will be recorded in any log or datasheet used to
document measurements.

•

The type of pressure transducer (vented or non-vented) will be noted for barometric
compensation needs. If non-vented units are used, data will be corrected for natural
barometric pressure changes using a barometric pressure logger or if unavailable, weather
station data.

•

All transducer cables will be secured to the well head with a well dock or another reliable
method. This cable will be marked at the elevation of the reference point to allow
estimates of future cable slippage (as needed).

•

Transducer data will be periodically checked against hand measured groundwater levels
to monitor electronic drift, highlight cable movement, and ensure the transducer is
operating correctly. These checks will occur at least annually, typically during routine
site visits.

•

Transducer data will be downloaded when water levels are measured, on a semi-annual
basis. Transducer data will be entered into the data management system (DMS) as soon
as possible. Once the transducer data has been successfully downloaded and stored, the
data will be deleted or overwritten to ensure adequate data logger memory.

•

Desiccant for vented transducers will be replaced as needed, or at least annually, in order
to prevent failure of the transducers. Non-vented transducers do not require routine
maintenance.

5.2.6 Groundwater Level Monitoring Data Gaps
The GSP regulations allow the GSP to use existing monitoring sites for the monitoring network.
Wells used for monitoring, however, are limited by restrictions in §352.4(c) of the GSP
regulations which requires GSAs to provide specific information for any well used as a
monitoring well, including construction information, such as well perforation intervals.
According to §352.4(c)(2), if an Agency relies on wells that lack information on casing
perforations, borehole depth, or total well depth to monitor groundwater conditions for the GSP,
the Agency shall describe a schedule for acquiring monitoring wells with the necessary
information, or demonstrate to DWR that such information is not necessary to understand and
manage groundwater in the basin. The well depth is known for each well used in the monitoring
network; however, for 14 of the 102 total wells, well screen intervals are unknown, as shown in
Table 5-1. Since there is only one principal aquifer in the Subbasin, the lack of well screen data
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for some groundwater level monitoring wells does not preclude these wells from being used to
understand and manage groundwater in the subbasin. The lack of well screen data for some of
the monitoring wells is a data gap of lesser importance for understanding groundwater conditions
and will be addressed through video logging of wells with unknown screen intervals, as
described in Section 8, Plan Implementation.
A visual analysis of data gaps in the existing groundwater level monitoring network was
performed using the Monitoring Network and Identification of Data Gaps BMP (DWR, 2016e)
as a reference. While there is no definitive requirement regarding monitoring well density, the
BMP cites several studies that recommend 0.2 to 10 wells per 100 square miles (Heath, 1976;
Sophocleous, 1983; Hopkins and Anderson, 2016). The BMP notes that professional judgement
should be used to design a monitoring network that accounts for high-pumping areas, proposed
projects, and other subbasin-specific factors.
The Corning Subbasin encompasses approximately 323 square miles. Applying the BMP
guidance to the Subbasin as a whole, the well network for groundwater level measurement
should consist of at least 30 wells at approximately even spatial distribution. The GSP
groundwater level monitoring network consists of 102 wells in 68 unique locations, as some
wells are installed in clusters at different depths. The RMP network consists of 58 wells, 37 of
which are in the shallow portion of the aquifer and 21 of which are in the deep portion of the
aquifer. The wells are spatially distributed relatively evenly throughout the eastern two-thirds of
the Subbasin, where groundwater use is the highest in the Subbasin, both on the horizontal and
vertical plane, as shown on Figure 5-1. In summary, there is adequate spatial coverage with the
current monitoring well network to measure groundwater level fluctuations in the vast majority
of the Subbasin.
There are a few localized spatial data gaps shown on Figure 5-4 and Figure 5-5, where
monitoring wells at one or more depths could be used to help further refine the understanding of
groundwater conditions in areas of high groundwater use. These data gaps are noted near
Thomes Creek west of Henleyville and in the western one-third of the Subbasin in the limited
areas where land is used for agriculture. The generalized locations for new wells were selected to
provide adequate data for the following objectives listed in the Monitoring Network BMP:
•

Produce seasonal water elevation maps

•

Map groundwater depressions and recharge areas

•

Estimate change in groundwater storage

•

Demonstrate conditions at Subbasin boundaries

The proposed wells could also be used to aid in the evaluation of groundwater and surface water
interaction as discussed in Section 4.6.3. The data gap areas shown on Figure 5-4 and Figure 5-5
will be addressed in the future for each area by either identifying an existing well that meets the
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criteria for a valid monitoring well or drilling a new well, as further described in the Plan
Implementation summary. As noted in Section 2.3 and 2.4 of the Plan Area, and shown on
Figure 5-4 and Figure 5-5, large portions of the western one-third of the Subbasin are open
grassland or shrubland with very minimal groundwater pumping; therefore, measuring
groundwater levels in some of these areas is not considered a data gap for the GSP. If land use
changes in the future, the monitoring network will be re-assessed to add more wells in this area
as needed.
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Figure 5-4. Potential Shallow Groundwater RMP Data Gaps
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Figure 5-5. Potential Deep Groundwater RMP Data Gaps
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5.3 Groundwater Storage Monitoring Network
Per the GSP Regulations, the quantitative metric for reduction of groundwater in storage is the
amount of total annual groundwater pumping that can be withdrawn. However, there are
different ways to establish and calculate the appropriate metric:
1. Calculating the annual change in storage directly:
For example: Using groundwater elevation data from the monitoring network, then
developing contour maps to calculate the annual change in storage by assuming a storage
coefficient and aquifer thickness.
2. Calculating the annual pumped water, and comparing it to the sustainable yield:
This method has a high degree of uncertainty, as only public water suppliers are currently
reporting metered usage. The GSAs would need to estimate an approximate amount of
pumping for agricultural wells based on estimated demand by crop, and domestic wells
based on per capita use.
Since change in storage is directly correlated to the change in annual groundwater levels in the
Subbasin, using groundwater elevation data from the monitoring network as a proxy allows the
GSAs to estimate changes in groundwater in storage. If groundwater levels decline, groundwater
in storage decreases, and if groundwater levels increase, storage increases. This method for
estimating storage change using groundwater levels as a proxy allows the GSAs to estimate the
necessary data to meet GSP Regulations without having to develop a metering program at this
time.

5.3.1 Groundwater Storage Monitoring Locations
Groundwater storage changes in the Subbasin will be measured or estimated using the same
groundwater elevation RMP network described in Section 5.2.4. The density of monitoring sites
and frequency of measurements required from these sources will enable the GSAs to
demonstrate short-term, seasonal, and long-term trends.

5.3.2 Groundwater Storage Monitoring Protocols
Monitoring change in groundwater storage due to groundwater pumping will be accomplished
using existing monitoring protocols for the groundwater level monitoring network.

5.3.3 Groundwater Storage Monitoring Data Gaps
The same data gaps identified for the groundwater level monitoring network apply for the
groundwater storage monitoring network.
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5.4 Groundwater Quality Monitoring Network
The sustainability indicator for degraded groundwater quality is evaluated by collecting and
analyzing samples from a network of groundwater quality monitoring wells. The GSP
Regulations require sufficient spatial and temporal data to determine groundwater quality trends
and to address known groundwater quality issues. Existing groundwater quality monitoring
programs in the Subbasin are described in Section 2 - Plan Area, and groundwater quality
distribution and trends are described in the Section 3.2 - Groundwater Conditions. COCs were
identified in Section 3.2 based on an evaluation of constituents in the Subbasin relative to
drinking water standards. There are no regionally extensive point-source contaminant plumes in
the GSP area. As such, the selected monitoring network is intended to monitor non-point source
pollution and naturally occurring groundwater quality concerns, as applicable.

5.4.1 Groundwater Quality Monitoring Locations
The existing active groundwater quality monitoring networks in the Subbasin used for the GSP
monitoring network include the following:
•

Drinking water quality is monitored in water supply wells per Title 22 of the CCR. The
State Water Resources Control Board (SWRCB) DDW oversees monitoring of public
water supply systems that serve more than 200 service connections. Smaller systems are
overseen by the Tehama County Environmental Health Department and Glenn County
Environmental Health Department.

•

Sporadic ambient groundwater quality data have been collected by DWR in the
observation well clusters in the Subbasin since 2005. The data, which are publicly
available through the SWRCB Geotracker/GAMA database, were not collected as part of
a specific regulatory program. Currently, DWR halted this groundwater quality
monitoring program and is re-assessing the need for additional monitoring in the future.

•

The CVRWQCB ILRP includes sampling and analysis of one domestic well in the
Subbasin. This Groundwater Quality Trend Monitoring Network has been sampled by the
SVWQC on an annual basis since 2018.

•

Glenn County has conducted annual testing of 4 irrigation supply wells in the Subbasin
since 2003.

•

The Central Valley Dairy Representative Monitoring program includes sampling and
analysis of 5 wells at one site in the Subbasin.

For each of these networks, the GSAs will be able to download the data directly from the
program websites for their annual review and report submittal. The following sections provide
additional details on each of these programs and sites included in the GSP monitoring network.
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5.4.1.1

Public Drinking Water Supply Monitoring Locations

Public drinking water supply wells are included in the groundwater quality monitoring network,
as they are routinely sampled to meet CCR Title 22 water quality reporting requirements as
regulated by the SWRCB DDW and the Glenn and Tehama County Departments of
Environmental Health. There are 28 active public drinking water supply wells used in the
Subbasin. The municipal wells in Corning and Hamilton City are required to collect samples for
a wide array of analysis to meet Title 22 groundwater quality requirements. Smaller systems are
only required to report results to the county and are not required to routinely test for all Title 22
analytes. Locations of the public drinking water supply wells in the Subbasin are shown on
Figure 5-6 and summarized in Table 5-3.
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Table 5-3. Groundwater Quality Monitoring Network – Public Drinking Water Supply Wells

Water System
Bartels Giant Burger
Black Butte Lake, Buckhorn
Group, USCOE
Black Butte Lake, Buckhorn
RA, USCOE
Black Butte Lake,
Headquarters, USCOE
Cal-Water Service Co. Hamilton City
Capay Joint Union Elementary
School

Well Screen
Interval
(ft bgs)
180-260

Latitude
(NAD 83)
39.92794

Longitude
(NAD 83)
-122.20275

DDW Well ID
5201083-001

Local Well ID
WELL 01

5200670-001

WELL 01

--

39.81224

-122.37418

5200672-001

WELL 01

--

39.81061

-122.36676

136 - 196

39.81384

-122.32873

60 - 312

39.73898

-122.00993

1110002-001

WELL 02 - NEW
WELL
WELL 01-01

1110002-002

WELL 02-01

70 - 130

39.74412

-122.01423

1110002-003

WELL 02-02

71 - 122

39.74400

-122.01417

1100527-001

WELL 01

--

39.79773

-122.08427

5210001-001

6TH ST. WELL

123 - 260

39.93101

-122.18367

195 - 205

39.93525

-122.16973

130 - 230
150 - 500

39.93017
39.92502

-122.17953
-122.17414

160 - 262

39.93415

-122.19724

200 - 260

39.92948

-122.16488

120 - 300

39.91625

-122.19534

--

39.92042

-122.16678

--

39.93436

-122.20217

5201142-002

Corning RV Park

5200255-001

BLACKBURN
AVE. WELL
BUTTE ST. WELL
PEACH ST. WELL
WELL 06 - EDITH
AVE.
FRIPP STREET
WELL
HIGHWAY 99W
WELL
CLARK PARK
WELL
WELL 01

E Headstart

5200541-001

WELL 01

--

39.97890

-122.16485

Irvine Finch River Access
Jehovah's Witnesses Corning
Kirkwood Elementary School

1110300-001

WELL 01

--

39.75027

-121.99764

5200338-001

WELL 01

--

39.92836

-122.15456

5200520-001

WELL 01

--

39.85710

-122.16315

Lake Elementary School

1100440-001

WELL 01

--

39.76932

-122.15948

Lazy Corral Mobile Home Park

5200516-001

WELL 01

--

39.92106

-122.19675

Maywood Farms

5200865-001

WELL 01

--

39.90502

-122.22567

Maywood Mobile Home Park

5200556-001

WELL 01

--

39.93689

-122.20201

Richfield Elementary School
Sierra Pacific Industries Richfield
Woodson Bridge Mobile Home
Park

5200565-001

WELL 01
WELL 01 RICHFIELD

--

39.97455

-122.14360

--

39.98038

-122.17052

100 - 140

39.90942

-122.09708

5210001-002
5210001-003
5210001-005
City of Corning

5210001-008
5210001-009
5210001-010
5210001-019

5201055-001
5200551-001
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Figure 5-6. Groundwater Quality Monitoring Network - Public Drinking Water Supply Wells
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5.4.1.2

DWR Groundwater Quality Monitoring

Water quality testing has been conducted sporadically since the early 2000s by DWR at 22 of the
37 observation well clusters in the Subbasin. Samples from these wells have been analyzed for a
wide variety of water quality constituents, including nitrate, arsenic, and TDS. Results of these
monitoring events are uploaded to the GAMA GeoTracker database. The DWR groundwater
quality monitoring well network in the Subbasin is shown on Figure 5-7 and summarized in
Table 5-4. Seven of the 10 observation well clusters in the Subbasin were sampled by DWR 2 or
3 times between 2005 and 2017. A total of 18 individual observation wells in 5 clusters were
sampled in the Glenn County portion of the Subbasin, and 4 individual observation wells in 2
clusters were sampled in the Tehama County portion of the Subbasin.
5.4.1.3

ILRP Groundwater Quality Trend Monitoring Program

One domestic well in the Subbasin was included in the ILRP monitoring network sampled by the
Sacramento Valley Water Quality Coalition. The well (ILRP number SVWQC00020) was
sampled and analyzed annually under the direction of the SVWQC in 2018 and 2019. The GSAs
intend to review the ILRP well data for GSP updates, but will not have a role in data collection,
analysis, or reporting. The ILRP well is not part of the CASGEM or GSP groundwater level
monitoring networks. Starting in 2022, as part of the ILRP, all domestic wells that are located on
agricultural parcels will need to be monitored for nitrate and report it directly to the Regional
Board; those values could be used to identify potential groundwater quality impacts to domestic
well users, as needed.
5.4.1.4

Dairy Program

The Central Valley Dairy Representative Monitoring program includes sampling and analysis of
5 observation wells at one site in the Subbasin (LSCE, 2020). The Site, Brentwood Farms, is
between the City of Corning and Hamilton City in Tehama County. One well couplet
BRE-MW-1S/D is installed upgradient of the property, one well couplet BRE-MW-2S/D is
installed cross-gradient of a pasture, and one well couplet BRE-MW-3S/D is installed adjacent to
an animal housing. Each of the wells is sampled quarterly except for BRE-MW-3D.
BRE-MW-2S has been periodically dry in the recent sampling events. In 2019, the wells were
sampled quarterly for TDS, nitrate, and ammonia/ammonium and annually for common cations
and anions. Sample results are summarized in annual reports provided to the CVRWQCB. Data
will soon be made available on the GAMA website for public download and could then be used
for the GSP monitoring network. The location of the wells is shown on Figure 5-7 and
summarized in Table 5-4.
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5.4.1.5

Glenn County Groundwater Quality Monitoring Program

Glenn County conducts annual groundwater quality monitoring at 4 irrigation wells in the
Subbasin. Measurements are taken for temperature, conductivity, and pH using field water
quality meters. The location of the wells is shown on Figure 5-7 and summarized in Table 5-4.
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Table 5-4. Groundwater Quality Monitoring Network
Well Screen
Interval (ft
bgs)
859 - 1135

Latitude
(NAD 83)
39.72627

Longitude
(NAD 83)
-122.01052

Last Sample
2017

Well ID
22N01W29N001M

Type
Observation

Monitoring
Program
DWR

22N01W29N002M

Observation

DWR

549 - 641

39.72627

-122.01052

2017

22N01W29N003M

Observation

DWR

189 - 380

39.72627

-122.01052

2017

22N01W29N004M

Observation

DWR

89 - 99

39.72627

-122.01052

2017

22N02W01N001M

Observation

DWR

810 - 1050

39.78356

-122.04614

2017

22N02W01N002M

Observation

DWR

700 - 710

39.78356

-122.04614

2017

22N02W01N003M

Observation

DWR

210 - 370

39.78356

-122.04614

2017

22N02W01N004M

Observation

DWR

70 - 80

39.78356

-122.04614

2017

22N02W15C003M

Observation

DWR

370 - 380

39.76344

-122.07716

2017

22N02W15C004M

Observation

DWR

210 - 220

39.76344

-122.07716

2017

22N02W15C005M

Observation

DWR

60 - 70

39.76344

-122.07716

2017

22N02W18C001M

Observation

DWR

841 - 1029

39.76820

-122.13645

2017

22N02W18C002M

Observation

DWR

414 - 434

39.76820

-122.13645

2017

22N02W18C003M

Observation

DWR

165 - 175

39.76820

-122.13645

2017

22N02W18C004M

Observation

DWR

55 - 65

39.76820

-122.13640

2017

22N03W01R001M

Observation

DWR

470 - 480

39.78662

-122.14550

2017

22N03W01R002M

Observation

DWR

270 - 280

39.78662

-122.14552

2017

22N03W01R003M

Observation

DWR

60 - 70

39.78662

-122.14552

2017

24N02W29N003M

Observation

DWR

200 - 290

39.89962

-122.12275

2017

24N03W29Q001M

Observation

DWR

130 - 360

39.90305

-122.22456

2017

24N03W29Q002M

Observation

DWR

490 - 550

39.90305

-122.22456

2017

24N03W29Q003M

Observation

DWR

650 - 710

39.90305

-122.22456

2017

Domestic

ILRP

134 - 161

39.94540

-122.22980

2019

BRE-MW1S

Observation

Dairy

15 - 30

39.83378

-122.133

2019

BRE-MW1D

Observation

Dairy

85 – 100

39.83378

-122.133

2019

BRE-MW2S

Observation

Dairy

95 - 105

39.82874

-122.133

2019

BRE-MW2D

Observation

Dairy

116 - 126

39.82871

-122.132

2019

BRE-MW3S

Observation

Dairy

88 - 98

39.83096

-122.125

2019

Red 5

Irrigation

Glenn County

140 - 350

39.7834

-122.14048

2021

Red 11

Irrigation

Glenn County

100 - 320

39.73185

-122.0094

2021

Red 12

Irrigation

Glenn County

--

39.68637

-121.97684

2021

Red 13

Irrigation

Glenn County

80 - 430

39.75342

-122.076373

2021

SVWQC00020
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Figure 5-7. Groundwater Quality Monitoring Well Network
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5.4.1.6

Groundwater Quality RMP Network

Since the groundwater quality SMC uses TDS as a metric, the groundwater quality RMP
network only includes wells that are used to actively monitor TDS. The groundwater quality
RMP network consists of the following wells:
•

11 municipal supply wells for the City of Corning and Hamilton City

•

4 small water system supply wells

The wells in the groundwater quality RMP network for salinity shown on Figure 5-8 will be
sampled periodically for TDS. TDS results will need to be reported annually to DWR during
GSP annual updates. The GSAs will collaborate with the public supply well agencies for
monitoring and reporting purposes. In addition, DWR observation well sample results may be
included during GSP implementation, if that network is revived. The GSAs will collaborate with
DWR, as needed.
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Figure 5-8. Groundwater Quality RMP Well Locations

Corning Subbasin Groundwater Sustainability Plan
November 2021

5-28

5.4.2 Groundwater Quality Monitoring Protocols
The GSAs will rely on groundwater quality monitoring data from existing programs where
available; therefore, the GSAs will not have a direct role in data collection. Monitoring of
drinking water supply wells is the responsibility of the entity that provides the water to the
public. Drinking water quality data from public systems are collected, analyzed, and reported in
accordance with state and federal regulations. For the drinking water wells in the Subbasin, the
monitoring protocols are reviewed and approved by either the DDW, Glenn, or Tehama County
Environmental Health Department and may vary by agency.
Groundwater quality monitoring of observations wells is conducted periodically by DWR.
Monitoring of groundwater quality in observation wells may be conducted by the GSAs, should
DWR discontinue the periodic sampling it has performed in recent years, and the GSAs
determine the data is needed for groundwater quality assessment. DWR provided guidance for
GSP groundwater quality sampling protocols in the Monitoring Protocols BMP (DWR, 2016d).
While specific groundwater sampling protocols vary depending on the constituent and the
hydrogeologic context, the protocols provided in the Monitoring Protocols BMP provide the
following paraphrased guidance, which is applied to all applicable groundwater quality sampling
of observation wells, as needed for GSA-led well monitoring:
•

Prior to sampling, the sampler will contact the laboratory(s) to schedule sample analysis,
obtain appropriate sample containers, and clarify any sample holding times or sample
preservation requirements. Laboratory(s) must be able to provide a calibration curve for
the desired analyte and are instructed to use reporting limits that are equal to or less than
the applicable data quality objectives, regional water quality objectives, or screening
levels.

•

Each well used for groundwater quality monitoring will have a unique identifier (ID).
This ID will be written on the well housing or the well casing (if not there already) to
avoid confusion.

•

Sample containers will be labeled prior to sample collection if possible. The sample label
will include the sample ID, sample date and time, sample personnel, sample location,
preservative used, analyte, and analytical method.

•

In the case of wells with dedicated pumps, samples will be collected at or near the
wellhead. Samples will not be collected from storage tanks, at the end of long pipe runs,
or after any water treatment.

•

Prior to any sampling, the sampler will clean the sampling port and/or sampling
equipment so that it is free of any contaminants and also decontaminate sampling
equipment between sampling locations to avoid cross-contamination between samples.
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•

The current groundwater elevation will be measured in the well prior to lowering a
sample pump or turning on the dedicated pump.

•

Wells should be sampled either using low-flow or 3 well casing volume sampling
methods. Low-flow sampling consists of purging at a low rate less than 0.13 gallons per
minute and measuring groundwater quality parameters until they stabilize within a
specific range (Puls and Barcelona, 1996). Low-flow sampling is best suited for wells
with short well screens less than 20 feet in length. Three well casing volume sampling
will consist of purging 3 standing volumes of water from the well to ensure that the
groundwater sample is representative of ambient groundwater and not stagnant water in
the well casing. If pumping causes a well to go dry, the condition will be documented,
and the well will be allowed to recover to within 90% of the original level prior to
sampling. For deep and large casing diameter wells, purging 3 well volumes may not
always be applicable, so professional judgement will be practiced for purging and
sampling.

•

In addition to the constituent of interest, field parameters of dissolved oxygen, electrical
conductivity, temperature, oxidation reduction potential and pH will be collected for each
sample during well purging. Samples will not be collected until these parameters
stabilize. Parameters will be considered stabilized at the following ranges for 10 to 15
minutes: dissolved oxygen and oxidation reduction potential, ±10%; temperature and
electrical conductivity, ±3%; and pH ±0.2%.

•

All field instruments will be calibrated each day of use, cleaned between samples, and
evaluated for drift throughout the day of use.

•

Samples will be collected under laminar flow conditions if possible (i.e., without
turbulence and bubbles). This may require reducing pumping rates prior to sample
collection.

•

Samples will be collected according to the appropriate standards listed in the Standard
Methods for the Examination of Water and Wastewater (Rice et al., 2012) and the USGS
National Field Manual for the Collection of Water Quality Data (Cunningham et al.,
2011). The specific sample collection procedures reflect the type of analysis to be
performed and characteristics of the constituent.

•

All samples requiring preservation will be preserved as soon as practically possible and
filtered appropriately as recommended for the specific constituent.

•

Samples will be chilled and maintained at 4°C to prevent degradation of the sample prior
to analysis.

•

Samples must be promptly shipped under chain of custody documentation to the
appropriate laboratory to avoid exceeding holding times.
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5.4.3 Groundwater Quality Monitoring Data Gaps
DWR’s Monitoring Networks and Identification of Data Gaps BMP (DWR, 2016e) states,
“The spatial distribution must be adequate to map or supplement mapping of known
contaminants.” Using this guidance, professional judgment was used to verify that current
groundwater quality monitoring wells provide sufficient spatial density for salinity monitoring
and analysis. There are currently no prominent spatial data gaps in the groundwater quality
monitoring network. Several groundwater quality monitoring programs exist in the basin to
monitor both point source and non-point source groundwater constituents. Analytical results
from these monitoring programs show that groundwater is of good quality for the beneficial use
of groundwater throughout the Subbasin. The GSAs will continue to rely on these existing
groundwater quality monitoring programs to collect and report data during GSP implementation.
The GSP groundwater quality monitoring network will be re-evaluated every 5 years to assess if
additional groundwater quality monitoring wells should be included. A potential data gap that
may occur in the future is that DWR does not currently have plans to continue monitoring the
observation well groundwater quality network in the Subbasin. The GSAs recommend that DWR
continue to monitor ambient groundwater quality in the network of observation well clusters in
the Subbasin in the future. With the continued monitoring of these wells, there is adequate spatial
coverage to assess the extent of known contaminants or COCs, particularly because groundwater
quality in the portions of the Subbasin used for groundwater pumping is generally suitable for
drinking and agricultural purposes.
A secondary data gap that should be filled as funding is available is that well construction
information, including well screen intervals, is not known for some of the public supply wells
and one of the Glenn County groundwater quality monitoring program wells. Confirmation of
well construction details for these wells will be included in the Implementation Plan of this GSP.

5.5 Land Subsidence Monitoring Network
The sustainability indicator for land subsidence is evaluated by monitoring land deformation
using survey monuments, extensometers, or InSAR data. As described in Section 3.2.5, land
subsidence in the Subbasin has been measured historically by each of these 3 methods. Available
data indicate that little to no inelastic subsidence has occurred in the Subbasin during the past 2
decades.

5.5.1 Land Subsidence Monitoring Locations
There are 3 different land subsidence monitoring networks available for use in the Subbasin:
•

InSAR land surface elevation data used to measure subsidence is collected monthly by
satellite for the entire state. The dataset is currently compiled and provided by DWR on
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their publicly available SGMA Data Viewer web map 41 approximately on an annual
basis.
•

Twenty land surface elevation survey monuments in the Subbasin were installed and
surveyed for the Sacramento Valley Height-Modernization Project, through a
collaborative effort by DWR, USBR, and county and local agency representatives. The
subsidence monuments were surveyed throughout the Northern Sacramento Valley in
2008 and 2017, providing a baseline and single value for land surface elevation change
(DWR, 2018a). Measurements were also collected at the Glenn County locations in 2004
and at a subset of the Glenn County locations in 2015 as discussed in Section 3.2.5.1.
Survey monuments are planned to be surveyed by DWR every 5 years moving forward.
Since the last survey event was in 2017, the next planned event is in 2022. This will
allow for a five-year comparison of land surface deformations at these monuments. Data
will be made available by DWR for public download.

•

Subsidence and water levels have been measured and downloaded by DWR for one
extensometer in the Subbasin on an approximately quarterly schedule from 2004 to 2019.
This extensometer well (22N02W15C002M) was installed with a screen from 759 to 780
feet bgs; therefore, the extensometer measures expansion and compression of the
Quaternary alluvium and Tehama/Tuscan Formation aquifer systems above this depth at
this location (Davids Engineering, 2018). Downloaded data is uploaded to the DWR
Water Data Library approximately on a quarterly schedule.

During GSP implementation, the GSAs will continue to assess subsidence using each of these 3
available data sources. The InSAR surveys are done by satellite and are made available by DWR
at no cost. There is no local monitoring needed for this network; however, data may need to be
analyzed at a local level. Locations of the subsidence monuments and extensometer installed in
the Subbasin are summarized in Table 5-5 and shown on Figure 5-9. For recent subsidence
monument surveys, local agencies supplied staff to conduct the monitoring and DWR provided
supplies and lead the project. DWR has been responsible for monitoring the extensometer in the
Subbasin and making the data available.

41

https://sgma.water.ca.gov/webgis/?appid=SGMADataViewer#landsub
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Table 5-5. Subsidence Monitoring Network Locations
Monument ID

Monument Type

Latitude
(NAD 83)

Longitude
(NAD 83)

K276

Survey benchmark

39.85597

-122.35743

CORN

Survey benchmark

39.92219

-122.35569

BUTG

Survey benchmark

39.81924

-122.32766

EUCA

Survey benchmark

39.89180

-122.30629

Q106

Survey benchmark

39.93041

-122.29194

LBRL

Survey benchmark

39.88271

-122.22991

02CJ

Survey benchmark

39.90712

-122.21400

BRHM

Survey benchmark

39.95738

-122.20616

MICH

Survey benchmark

39.90685

-122.11628

SRGS

Survey benchmark

39.83735

-122.19917

N852

Survey benchmark

39.81094

-122.17439

2966

Survey benchmark

39.79196

-122.22757

ORLA

Survey benchmark

39.76937

-122.19439

CAPA

Survey benchmark

39.78291

-122.10560

VIOL

Survey benchmark

39.76765

-122.07905

271F

Survey benchmark

39.83481

-122.08764

PMPR

Survey benchmark

39.78589

-122.04759

HAMI

Survey benchmark

39.74611

-122.02140

WILD

Survey benchmark

39.71467

-121.96672

CREE

Survey benchmark

39.73198

-122.41428

22N02W15C002M

Extensometer

39.76351

-122.07728
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Figure 5-9. Subsidence Monitoring Network
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The RMP network for subsidence is represented by DWR-provided InSAR data, as they will be
available on an annual basis for review and analysis with the SMC in the annual reports. InSAR
data are collected at many points and composited by DWR into average measurements in a grid
pattern made up of approximately 2.5-acre cells. Each InSAR cell measurement is the average of
many discrete vertical displacement point measurements. Section 6.9 provides additional detail
on the use of this dataset to meet GSP monitoring needs.

5.5.2 Land Subsidence Monitoring Protocols
The GSAs will rely on DWR to continue updating the 3 publicly available subsidence datasets
that were used to develop this GSP. The GSAs assume that DWR will follow the protocols
available on SGMA Data Viewer and in the 2018 DWR subsidence survey report (DWR, 2018),
provided in Appendix 5D.

5.5.3 Land Subsidence Monitoring Data Gaps
There are no spatial data gaps in the subsidence monitoring network. InSAR measurements are
collected across the entire Subbasin. The permanent subsidence monument network is dispersed
relatively evenly throughout the portions of the Subbasin used for groundwater pumping and
most prone to inelastic subsidence. These survey monuments will be used to ground-truth InSAR
subsidence measurements should the InSAR surveys indicate that land subsidence is occurring in
the Subbasin. The most recent DWR subsidence survey report recommended that the monument
be surveyed every 5 years; the next DWR survey is expected to occur in 2022 (DWR, 2018a).
The extensometer will continue to be monitored by DWR as a physical line of evidence for
elastic or inelastic ground surface deformation in response to groundwater level changes in the
aquifer.
There are no data gaps identified for the land subsidence sustainability indicator at this time,
since existing data sources provide sufficient information at a scale that is appropriate for the
GSP implementation.

5.6 Interconnected Surface Water Monitoring Network
Interconnected surface water and groundwater will be assessed in areas of the Subbasin where
streams are connected to groundwater and groundwater pumping occurs in the vicinity of
streams. In addition, the location of potential GDEs was taken into consideration for the
monitoring network. The interconnected surface water monitoring network will provide the
necessary data to characterize spatial and temporal exchanges between surface water and
groundwater. The monitoring data will be used to further calibrate the groundwater model for
estimating locations and quantities of groundwater and surface water interaction during GSP
implementation.
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5.6.1 Interconnected Surface Water Monitoring Locations
The interconnected surface water monitoring network incorporates surface water monitoring and
groundwater level monitoring. The current surface water monitoring network consists of 5 active
stream gauges that measure river stage and/or discharge, summarized in Table 5-6 and shown on
Figure 5-10. The interconnected surface water monitoring network also includes a subset of the
shallow RMP groundwater monitoring network identified in Section 5.2.4. The interconnected
surface water groundwater monitoring network consists of the observation wells that are close to
interconnected reaches of the Sacramento River and Stony Creek. The network only includes
observation wells as these wells were constructed specifically to monitor groundwater levels, in
contrast to supply wells which are designed for groundwater extraction but are also used to
monitor groundwater levels as a secondary purpose. The groundwater level monitoring network
component of the interconnected surface water monitoring network is described in detail in
Section 5.2.4 and summarized in Table 5-7.
Table 5-6. Interconnected Surface Water Monitoring Locations – Active Stream Gauges
Gauge
ID

Gauge Name

Monitoring
Agency

Data Source

River Stage
(Feet MSL)
Start Date

River Discharge
(CFS)
Start Date

BBQ

STONEY CK BLW BLACK
BUTTE DAM

USACE

CDEC

1/20/2010

NA*

SCG

STONY CK NR GRIZZLY
FLAT (CO RD 200A)

USBR

CDEC

12/9/2014

12/9/2014

THO

THOMES CREEK AT
PASKENTA

DWR

DWR Water Data
Library / CDEC

1/1/2002

12/18/1997**

VIN

SACRAMENTO RIVER AT
VINA BRIDGE-MAIN CH

DWR

DWR Water Data
Library

10/1/1975

4/13/1945

HMC

SACRAMENTO R NR
HAMILTON CITY CA

DWR

DWR Water Data
Library

10/1/1975

4/21/1945

* = not available
** = stopped monitoring river discharge at THO in 2013
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Table 5-7. Interconnected Surface Water Monitoring Locations – Shallow Groundwater Monitoring Wells
State Well Number

Well Type

Total Well
Depth
(feet bgs)

Perforated
Interval
(feet bgs)

Latitude
(NAD 83)

Longitude
(NAD 83)

Reference Point
Elevation
(feet AMSL)

22N01W29N003M

Observation

400

189 - 380

39.72627

-122.01052

149.99

22N02W01N003M

Observation

440

210 - 370

39.78356

-122.04614

161.50

22N02W15C004M

Observation

258

210 - 220

39.76344

-122.07716

192.25

22N02W18C003M

Observation

188

165 - 175

39.76820

-122.13645

225.54

22N03W01R002M

Observation

314

270 - 280

39.78662

-122.14552

228.53

23N02W28N004M

Observation

205

100 - 170

39.81167

-122.10200

204.43

24N02W29N003M

Observation

388

200 - 290

39.89962

-122.12275

213.76

Glenn TSS Well

Observation

TBD

TBD

39.79549

-122.25500

TBD
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Figure 5-10. Interconnected Surface Water Monitoring Network
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5.6.2 Interconnected Surface Water Monitoring Protocol
Monitoring protocols for collecting groundwater levels were described in Section 5.2.5.
Streamflow data are currently collected in the Subbasin by the USACE, USBR, and DWR. Raw
daily stream stage and discharge are reported by the USACE, USBR, and DWR through CDEC.
DWR also provides streamflow and stream stage data in their Water Data Library database. The
GSAs will download the stream data an annual basis to report in the annual reports.

5.6.3 Interconnected Surface Water Monitoring Data Gaps
The interconnected surface water monitoring network includes data gaps that need to be
addressed to characterize groundwater level fluctuation and its impact on stream stage and
discharge for implementation of the GSP. For example, there is a lack of shallow observation
wells currently available near connected streams to effectively monitor streamflow depletion in
all portions of the Subbasin. This is a common data gap in the Sacramento Valley. For this initial
GSP, a subset of the groundwater level shallow RMP observation wells will be used as a proxy.
Two specific shallow monitoring well data gaps were identified in Section 5.2.5 that would help
characterize groundwater and surface water interaction adjacent to Thomes Creek and the
northern boundary of the Subbasin as shown on Figure 5-2 and Figure 5-4.
Another monitoring location data gap is that many of the formerly active stream gauges in the
Subbasin are no longer available for monitoring. Replacing or reviving the inactive stream gauge
stations would provide adequate spatial coverage for streamflow monitoring in the Subbasin.
TNC developed the “Gage Gap” mapping tool 42 to identify streams that they believe have
adequate or inadequate streamflow gaging information (TNC, 2019). The following description
was paraphrased from their report:
The gauge gap analysis relies on stream segment, gauge station, and drainage area
datasets from a variety of sources. A well-gauged stream segment has a gauge that
reports data in real-time on a state or federally managed data portal. Almost well gauged
streams are streams where a gauge is present that only reports height or stage (not flow)
and/or data reporting is delayed up to 18 months. These gauges are considered to be good
targets for rehabilitation or retrofitting. Poorly gauged streams are stream segments that
have no active stream gauge for stage or flow OR a stream gauge is present, but the data
is not reported in a state or federally managed data portal. Segments without an active
gauge, but with a gauge in upstream or downstream segments were characterized as one
of the three categories described above using a simple analysis of drainage area. It was
determined that a drainage area upstream of a gauge was sufficiently monitored until the
42

https://gagegap.codefornature.org/
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drainage area of that upstream segment falls below 50% of the drainage area at the
gauged location. If the stream segment downstream of the gauged segment exceeds
150% of the drainage area of the gauged location, the segment is considered to be poorly
gauged.
Figure 5-11 shows the result of the stream gauge analysis in the Corning Subbasin. This figure
shows that Thomes Creek is a poorly gauged stream that could benefit from additional stream
gaging for more adequate data. Since Thomes Creek is likely mostly disconnected from
groundwater, the lack of an active stream gauge on the lower reaches may not be as important as
other data gaps in the Subbasin monitoring networks. The other major stream reaches in the
Subbasin are adequately gauged. By addressing the groundwater level monitoring and stream
gauge data gaps along Thomes Creek, the GSAs will establish a sufficient monitoring network of
wells and stream gauges along each major creek and river in the Subbasin. This will allow for
analysis of stream stage and discharge fluctuation in response to changing groundwater levels
and gradients (both vertically in cluster wells and horizontally in other wells).
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Figure 5-11. Stream Gauge Evaluation Map (data from TNC)
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5.7 Data Management System and Data Reporting
The GSAs developed a DMS that is used to store, review, and upload data collected as part of the
GSP development and implementation. The DMS adheres to the following GSP regulations:
•

Article 3, Section 352.6: Each Agency shall develop and maintain a data management
system that is capable of storing and reporting information relevant to the development or
implementation of the Plan and monitoring of the Subbasin.

•

Article 5, Section 354.40: Monitoring data shall be stored in the data management system
developed pursuant to Section 352.6. A copy of the monitoring data shall be included in
the Annual Report and submitted electronically on forms provided by the Department.

5.7.1 DMS Design and Organization
The Corning Subbasin DMS consists of a Microsoft Access database that includes stations and
related time-series data for wells and other monitoring sites used in the development of the GSP.
These include wells in the monitoring networks, including RMP wells, and other sites. The data
are organized in stations tables for groundwater monitoring wells, groundwater quality
monitoring wells, subsidence monitoring sites, and surface water monitoring sites and in
time-series data tables for groundwater level, groundwater quality, subsidence, and surface water
stage and discharge, respectively.
These data tables were designed based on GSP data upload templates provided by DWR. The
groundwater monitoring wells table includes, among other attributes, the following information
for each well:
•

State and Local Well Names

•

Subbasin

•

County

•

Monitoring Network

•

Latitude/Longitude

•

Reference Point and Land Surface Elevations

•

Well Completion Type

•

Well Depth

•

Screened Interval Top and Bottom Depths

•

Well Status

•

Sustainable Management Criteria, if applicable
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The subsidence monitoring sites table includes similar attributes for extensometers and
monuments that measure subsidence. With the exception of 4 wells monitored by Glenn County
for electrical conductivity, the groundwater quality and surface water monitoring sites are
monitored through existing programs; therefore, these tables have fewer attribute fields but
include a field with URLs linking to the existing program sites. The 4 Glenn County electrical
conductivity wells are included in the groundwater monitoring wells table.
Related tables for groundwater level and subsidence time-series data were also designed based
on GSP data upload templates provided by DWR and include, among other fields, the following
information for each time-series data record:
•

Local Well Name

•

Measurement Date and Time

•

Measurement Reading

•

Measurement Method and Accuracy

•

Collecting Agency

•

Comments

Time-series data tables for USGS streamflow data and GAMA groundwater quality data are also
included in the DMS and include data provided through those existing program sites. A diagram
outlining the organization of the DMS Access database is shown on Figure 5-12.
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Figure 5-12. . Organizational Diagram of DMS
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In addition to the Access database, the Corning Subbasin DMS also includes an ArcGIS Online web mapping application that allows
visualization of key GIS layers, including monitoring network well locations, groundwater level contours, and other data related to the
GSP development process. Figure 5-13 outlines how this web mapping application is integrated with the DMS.

Figure 5-13. Organizational Diagram of Web Mapping Application
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5.7.2 Data Management Process
The GSAs collaborated with Tehama County and Glenn County on the design of the DMS and
on the data upload process. The data used to populate the Corning Subbasin DMS are listed in
Table 5-8. Categories marked with an ‘X’ indicate datasets that are publicly accessible or
available from Glenn or Tehama County and other sources that were used in populating the
DMS.
Table 5-8. Datasets Used in Populating the DMS
Data Category
Well and Site
Information

Well
Construction

Water
Level

X

X

X

Glenn County DMS

X

X

X

GeoTracker GAMA

X

USGS Gauge Stations

X

USGS/DWR/InSAR

X

Data Sets
DWR (CASGEM)

Streamflow

Subsidence

Water
Quality

X

X

X
X

X
X

During the initial populating of the DMS, data were first compiled in Excel tables modeled
closely on the GSP data upload templates provided by DWR. Then, data were imported to the
Access DMS and were reviewed to comply with quality objectives. The review included the
following checks:
•

Identifying outliers that may have been introduced during the original data entry process
by others.

•

Removing or flagging questionable data being uploaded in the DMS. This applies to both
historical and new groundwater level and quality data.

After the initial data upload and GSP submission, updated data are compiled in the input Excel
tables and imported annually to the Access DMS. GIS data in the web mapping application is
also updated annually. Figure 5-14 describes this process.
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Figure 5-14. DMS Data Management Process Diagram
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6 SUSTAINABLE MANAGEMENT CRITERIA
This section defines the conditions that constitute sustainable groundwater management,
discusses the process by which the Corning Subbasin will characterize undesirable results, and
establishes minimum thresholds and measurable objectives for each applicable sustainability
indicator.
This is the fundamental section in the GSP that defines sustainability in the Subbasin and
addresses significant regulatory requirements. The measurable objectives, minimum thresholds,
and undesirable results detailed in this section define the Subbasin’s future conditions and
commits the GSA to actions that will meet these objectives. Defining these SMC requires a
significant level of analysis and scrutiny, and this section includes adequate data to explain how
SMC were developed and how they influence all beneficial uses and users in the Corning
Subbasin. The section follows a consistent format that contains the following information
required by Section 354.22 et. seq of the regulations and outlined in the SMC BMP (DWR,
2017):
•

How locally defined significant and unreasonable conditions were developed

•

How minimum thresholds were developed, including:
o The information and methodology used to develop minimum thresholds
(§354.28 (b)(1))
o The relationship between minimum thresholds and the relationship of these minimum
thresholds to other sustainability indicators (§354.28 (b)(2))
o The effect of minimum thresholds on neighboring basins (§354.28 (b)(3))
o The effect of minimum thresholds on beneficial uses and users (§354.28 (b)(4))
o Relevant federal, state, or local standards (§354.28 (b)(5))
o The method for quantitatively measuring minimum thresholds (§354.28 (b)(6))

•

How measurable objectives were developed, including:
o The methodology for setting measurable objectives (§354.30)
o Interim milestones (§354.30 (a), §354.30 (e), §354.34 (g)(3))

•

How undesirable results were developed, including:
o The criteria for defining undesirable results (§354.26 (b)(2))
o The potential causes of undesirable results (§354.26 (b)(1))
o The effects of these undesirable results on the beneficial users and uses
(§354.26 (b)(3))
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6.1 Definitions
The SGMA Legislation and GSP Regulations contain a number of new terms relevant to the
SMC. These terms are defined below using the definitions included in the GSP Regulations.
Where appropriate, additional explanatory text is added in italics. This explanatory text is not
part of the official definitions of these terms.
•

Interconnected surface water refers to surface water that is hydraulically connected at
any point by a continuous saturated zone to the underlying aquifer and the overlying
surface water is not completely depleted.
Interconnected surface waters are sections of streams, lakes, or wetlands where the
groundwater table is at or near the ground surface.

•

Interim milestone refers to a target value representing measurable groundwater
conditions, in increments of five years, set by an Agency as part of a Plan.
Interim milestones are targets such as groundwater elevations that should be achieved
every five years to demonstrate progress towards sustainability.

•

Management area refers to an area within a basin for which the Plan may identify
different minimum thresholds, measurable objectives, monitoring, or projects and
management actions based on differences in water use sector, water source type, geology,
aquifer characteristics, or other factors.
Management Areas are not required in the GSP, and it is possible to establish different
SMC in different areas of a subbasin without identifying specific management areas.

•

Measurable objectives refer to specific, quantifiable goals for the maintenance or
improvement of specified groundwater conditions that have been included in an adopted
Plan to achieve the sustainability goal for the basin.
Measurable objectives are goals that the GSP is designed to achieve.

•

Minimum threshold refers to a numeric value for each sustainability indicator used to
define undesirable results.
Minimum thresholds are indicators of a significant and unreasonable condition. For
example, the level of a pump in a well may be a minimum threshold because groundwater
levels dropping below the pump level would be a significant and unreasonable condition.

•

Representative monitoring refers to a monitoring point within a broader network of
sites that typifies one or more conditions within the basin or an area of the basin.

•

Significant and unreasonable conditions
“Significant and unreasonable conditions” is a phrase used to identify conditions that
lead to undesirable results but is not specifically defined in the GSP Regulations. This
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expression is often confused with, or used interchangeably with, undesirable results.
However, significant and unreasonable conditions are physical conditions to be avoided
(such as declining groundwater levels that may dry up wells); an undesirable result is a
quantitative assessment based on minimum thresholds. Defining significant and
unreasonable conditions early in the process of developing SMC for each sustainability
indicator helps set the framework by which the quantitative SMC metrics are determined.
•

Sustainability indicator refers to any of the effects caused by groundwater conditions
occurring throughout the basin that, when significant and unreasonable, cause undesirable
results, as described in Water Code Section 10721(x).
There are six sustainability indicators defined by SGMA. The five sustainability
indicators relevant to this Subbasin include chronic lowering of groundwater levels;
reduction of groundwater storage; degraded water quality; land subsidence; and
depletion of interconnected surface waters.

•

Uncertainty refers to a lack of understanding of the basin setting that significantly
affects an Agency’s ability to develop sustainable management criteria and appropriate
projects and management actions in a Plan, or to evaluate the efficacy of Plan
implementation, and therefore may limit the ability to assess whether a basin is being
sustainably managed.

•

Undesirable Result means one or more of the following effects caused by groundwater
conditions occurring throughout the basin per Water Code Section 10721:
1. Chronic lowering of groundwater levels indicating a significant and unreasonable
depletion of supply if continued over the planning and implementation horizon.
Overdraft during a period of drought is not sufficient to establish a chronic lowering
of groundwater levels if extractions and groundwater recharge are managed as
necessary to ensure that reductions in groundwater levels or storage during a period
of drought are offset by increases in groundwater levels or storage during other
periods.
2. Significant and unreasonable reduction of groundwater storage.
3. Significant and unreasonable seawater intrusion.
4. Significant and unreasonable degraded water quality, including the migration of
contaminant plumes that impair water supplies.
5. Significant and unreasonable land subsidence that substantially interferes with surface
land uses.
6. Depletions of interconnected surface water that have significant and unreasonable
adverse impacts on beneficial uses of the surface water.
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Undesirable Result is not defined in the GSP Regulations. However, the description of
undesirable result states that it should be a quantitative description of the combination of
minimum threshold exceedances that cause significant and unreasonable effects in the
subbasin. An example undesirable result is more than 20% of the measured groundwater
levels being lower than the minimum thresholds. Undesirable results should not be
confused with significant and unreasonable conditions. Significant and unreasonable
conditions are physical conditions to be avoided; an undesirable result is a quantitative
assessment based on minimum thresholds.

6.2 Sustainability Goal
Per Section §354.24 of the GSP Regulations, the sustainability goal for the Subbasin has 3 parts:
•

A description of the sustainability goal

•

A discussion of the measures that will be implemented to ensure the Subbasin will be
operated within sustainable yield

•

An explanation of how the sustainability goal is likely to be achieved

Description of the Sustainability Goal for the Corning Subbasin:
The goal of the Groundwater Sustainability Plan is to ensure sufficient and affordable
water of good quality be available on a sustainable basis to meet the unique needs of
agricultural, residential, municipal, industrial, recreational, tribal and environmental
users within the Corning Subbasin, both now and in the future. The GSAs recognize that
sustainability can only be possible with the support of the public and coordination of
local, state, tribal and federal agencies and the utilization of both surface and
groundwater resources.
Measures to be implemented to ensure sustainability:
Projects and management actions the GSAs have identified as potential measures to be
implemented to ensure sustainability are included in Section 7 of this GSP. While all of the
identified measures may not be implemented, some combination of these measures will be
implemented to ensure the Subbasin is operated within its sustainable yield and achieves
sustainability through the avoidance of undesirable results. Section 7 describes the initial
prioritization and sequencing of measures which are considered likely to be implemented in the
early stages of GSP implementation. In particular, the GSAs intend to prioritize implementation
of the identified management actions first, prior to initiating more complex projects, which are
currently in the conceptual stage.
These management actions and project types include:
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Management Actions:
•

Well management

•

Grower education on best management practices and water demand management

•

Policy and ordinances that control pumping growth

•

Water transfers and contracting

Projects:
•

In-lieu recharge through direct surface water delivery for irrigation

•

Indirect recharge through reduction of non-beneficial evapotranspiration (e.g., removal of
invasive species) or increased percolation (e.g., stormwater capture)

•

Direct recharge through use of unlined canals and ephemeral streams

•

In-lieu recharge through use of off-stream surface water detention ponds

For each of these management actions and project types, a number of priority projects with
specific conceptual designs are described in Section 7.
Description of how the sustainability goal will be achieved:
The measures listed above will help the GSAs achieve sustainability in the Subbasin within 20
years by the following means:
•

Educating stakeholders, providing best management tools, and incentivizing changes in
behavior to improve chances of achieving sustainability.

•

Incentivizing growers within Water Districts to make use of their full CVP surface water
allocation.

•

Increasing awareness of groundwater pumping impacts to promote voluntary reductions
in groundwater use through improved water use practices.

•

Increasing basin recharge by capturing surface water under approved or modified
permits.

As mentioned throughout the GSP sections, data gaps were identified during the development of
this GSP, that will be resolved over time, as described in Section 8 Plan Implementation.
Therefore, the GSAs reserve the right to adaptively manage the groundwater within the subbasin
and to modify any of the SMCs in the future during the 20-year GSP implementation phase. This
adaptive management approach allows the GSAs to better manage the groundwater in the
subbasin as new data are collected, understanding of Subbasin conditions improves, and initial
projects and management actions are implemented towards reaching sustainability in 2042.
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6.3 General Process for Establishing Sustainable Management Criteria
The SMC presented in this section were developed using publicly available information,
feedback gathered during public meetings, and recommendations of GSA staff and CSAB
members. The general process included:
•

Review of existing local management considerations

•

Analysis of the historical datasets specific to the sustainability indicator

•

Presentation of information at public meetings

•

Discussion with the GSA staff, CSAB, and other local stakeholders on the SMC
requirements and implications

•

Consideration of feedback from the GSA staff, CSAB, and local stakeholders on
potential SMC

•

Modification of SMC based on input received

This general process resulted in the SMC presented in this section.

6.4 Management Areas
SGMA allows for the establishment of management areas within a basin or subbasin to
distinguish different monitoring and management criteria and facilitate implementation of the
GSP. Management areas have not been established in the Corning Subbasin at this time.
However, the GSAs reserve the right to establish management areas, during future GSP updates,
if deemed necessary.

6.5 Sustainable Management Criteria Summary
Table 6-1 provides a summary of the SMCs for each of the 5 sustainability indicators that are
applicable in the Subbasin. Seawater intrusion, the sixth sustainability indicator presented in the
GSP Regulations, is not applicable to the Corning Subbasin as discussed in Section 3.2. The
rationale and background for developing these criteria are described in detail in the following
sections.
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Table 6-1. Sustainable Management Criteria Summary
Sustainability
Indicator
Chronic lowering
of groundwater
levels

Interim
Milestones
Linear trend
between
current
conditions and
measurable
objective.

Measurement
Annual fall groundwater
elevation measured in
representative monitoring
well network by county or
DWR.

Minimum Threshold
Stable wells: Minimum fall
groundwater elevation since 2012
minus 20-foot buffer.
Declining wells: Minimum fall
groundwater elevation since 2012
minus 20% of minimum groundwater
level depth.

Measurable Objective
Stable wells: Maximum fall
groundwater elevation since 2012
Declining wells: Maximum fall
groundwater elevation in 2015

Reduction in
groundwater
storage

Using groundwater levels
as a proxy, same as
chronic lowering of
groundwater levels
network

Amount of groundwater in storage
when groundwater elevations are at
their minimum threshold – since
groundwater levels are used as a
proxy, same as chronic lowering of
groundwater levels minimum
thresholds

Linear trend
between
current
conditions and
measurable
objective.

Degraded
groundwater
quality

Annual TDS measured by
water providers at public
supply wells in the
Subbasin.

TDS concentration of 750 mg/L at
public supply wells.

Amount of groundwater in
storage when groundwater
elevations are at their
measurable objective - – since
groundwater levels are used as a
proxy, same as chronic lowering
of groundwater levels
measurable objectives
California lower limit SMCL
concentration for TDS of
500 mg/L measured at public
supply wells.

Land Subsidence

Inelastic land subsidence
measured by InSAR data
available from DWR, and
periodic measurements at
the survey monuments

No more than 0.5 foot of cumulative
subsidence over a five-year period
(beyond the measurement error),
solely due to lowered groundwater
elevations

Identical to
current
conditions

Depletion of
interconnected
surface water

A subset of shallow wells
used for monitoring the
chronic lowering of
groundwater levels, of
DWR observation wells
near interconnected
streams.

Same as chronic lowering of
groundwater levels.

Zero inelastic subsidence, in
addition to any measurement
error. If InSAR data are used, the
measurement error is 0.1 ft and
any measurement of 0.1 ft or less
would not be considered inelastic
subsidence.
Same as chronic lowering of
groundwater levels.
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Identical to
current
conditions

Linear trend
between
current
conditions and
measurable
objective.

Undesirable Result
20% of groundwater elevations
measured at RMP wells drop below
the associated minimum threshold
during 2 consecutive years. If the
water year type is dry or critically dry
then levels below the MT are not
undesirable if groundwater
management allows for recovery in
average or wetter years.
Same as chronic lowering of
groundwater levels.

At least 25% of representative
monitoring sites exceed the minimum
threshold for water quality for 2
consecutive years at each well where
it can be established that GSP
implementation is the cause of the
exceedance.
Any exceedance of a minimum
threshold that is irreversible and
caused by lowering groundwater
elevations.

Same as chronic lowering of
groundwater levels.
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6.6 Chronic Lowering of Groundwater Levels SMC
6.6.1 Locally Defined Significant and Unreasonable Conditions
Locally defined significant and unreasonable conditions were determined based on discussions
with GSA staff, input from CSAB members, and other local stakeholders, and is defined as
follows:
Chronic lowering of groundwater levels is considered to be locally significant and
unreasonable if it results in insufficient water supply to meet the needs of beneficial users
in the Subbasin.

6.6.2 Minimum Thresholds
Section §354.28(c)(1) of the GSP Regulations states that “The minimum threshold for chronic
lowering of groundwater levels shall be the groundwater elevation indicating a depletion of
supply at a given location that may lead to undesirable results.”
An approach for setting minimum thresholds at representative monitoring wells in the Subbasin
was developed through review of recent historical data, understanding of Subbasin conditions,
and discussions with CSAB and stakeholders at a number of CSAB public meetings.
Minimum thresholds were established as follows:
•

For wells that had recent historical (between 2010 and 2019) stable groundwater
elevations (stable wells): Minimum fall groundwater elevation since 2012 minus 20-foot
buffer

•

For wells that had recent historical (between 2010 and 2019) declining groundwater
elevations (declining wells): Minimum fall groundwater elevation since 2012 minus 20%
of minimum groundwater level depth.

Minimum thresholds and measurable objectives were not specifically assigned with the above
approach to 5 new wells added to the RMP network in 2020 or later, including
24N05W23L001M and 4 new wells in the new grant-funded Glenn and Tehama County
observation well clusters. The SMC for these observation wells were interpolated from nearby
wells as described in the section below. The 2020 groundwater levels were used to define the
SMC for 24N05W23L001M using a similar process for older monitoring wells described above.
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6.6.2.1

Information and Methodology Used to Establish Minimum Thresholds and Measurable
Objectives

The development of minimum thresholds and measurable objectives follow a similar process and
are described concurrently in this section. The information used for establishing the chronic
lowering of groundwater levels minimum thresholds and measurable objectives include:
•

Historical groundwater elevation data from wells monitored in the Subbasin by DWR,
Glenn County, and Tehama County

•

Results of groundwater model simulations

•

Feedback from discussions with GSA staff, CSAB members, and local stakeholders on
challenges and goals within the Subbasin

•

The definition of significant and unreasonable conditions developed based on local
feedback

An initial estimate of preliminary minimum thresholds and measurable objectives was developed
early in the process using the following approach:
•

Review information from previous groundwater management planning efforts in the
Subbasin prior to SGMA enactment. Previous groundwater elevation metrics were
documented in the Tehama County Groundwater Management Plan as Trigger Levels
and Awareness Actions and in Glenn County groundwater management planning process
as BMOs. This review also included preliminary presentations for pre-SGMA revisions
to the draft revised Glenn County BMOs given at the Glenn County Water Advisory
Committee and Technical Advisory Committee meetings between 2014 and 2016

•

Identify RMP wells for developing SMC in the shallow and deep portions of the principal
aquifer of the Subbasin. This process is detailed in Section 5.2.3 of this GSP.

•

Develop a methodology to identify potential impacts to the shallowest well users
(primarily domestic wells) based on a set of key wells. The selected key wells were used
in prior county-level groundwater management efforts. The locations were used in this
analysis to determine how various water levels would impact beneficial uses and users of
groundwater in the Subbasin

•

Apply the methodology developed at key wells to the RMP network of wells

•

Plot the draft minimum thresholds and measurable objectives on the respective
monitoring well hydrographs.

Each of the main steps used to develop the preliminary minimum thresholds and measurable
objectives is described in more detail in Appendix 6A.

Corning Subbasin Groundwater Sustainability Plan
November 2021

6-9

The preliminary groundwater level minimum thresholds and measurable objectives were
reviewed by the CSAB and stakeholders. Based on their feedback, the following revisions were
incorporated into the minimum thresholds and measurable objectives.
Refine historical basis for minimum threshold and measurable objectives:
As detailed in Appendix 6A, the initial minimum thresholds were set at 2019 groundwater
elevations. A review of groundwater elevations showed that since 2012, elevations have reached
historical minimum levels due to drought, increased groundwater pumping, and limited surface
water availability, but they did not always occur in 2019. Therefore, the minimum thresholds
were modified to be based on data from the lowest groundwater levels measured since 2012.
Fall groundwater elevations were selected to establish minimum thresholds and measurable
objectives. Using fall data to define water level goals allows for the management towards
preventing significant and unreasonable conditions such as wells going dry or low water levels
causing substantially increased pumping costs.
Establish approximate zones of similar water level trends:
A qualitative review of general water level trends at RMP wells was used to assign general
approximate zones of similar water level trends within the Subbasin. Fall groundwater level data
were reviewed to assess recent (2010 to 2019) general trends to identify zones of similar
characteristics. Each well was assigned a trend qualitatively using one of the following 4
classifications:
1. Stable
2. Slight decline
3. Decline
4. Insufficient data
In general, groundwater elevations have declined in much of the Corning Subbasin since 2012
and have reached historical minimum levels in many wells. The reasons for this overall declining
water level trend are drought, less reliable surface water supplies, and increased reliance on new
wells due to increased reliance on groundwater by crops previously irrigated with surface water,
and agricultural expansion which lead to increased groundwater pumping. In general,
groundwater level declines are greater in wells west of I-5, and lesser in wells east of I-5. In
some wells closest to the Sacramento River and Stony Creek the groundwater levels have been
relatively stable since 2010. Thus, 3 general zones of similar water level trend characteristics
were identified, from west to east. There are 8 RMP locations with insufficient data to assign a
trend, but likely trends can be inferred in these locations based on nearby wells. Figure 6-1 and
Figure 6-2 show the stable and declining zones used to define the minimum thresholds and
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measurable objectives in both the upper and lower portions of the principal aquifer, respectively.
It should be noted that these approximate zones of similar groundwater level trends were only
established for purposes of defining appropriate minimum thresholds for different areas in the
subbasin, per stakeholder feedback, and do not constitute actual management areas or precise
well characteristic or impact determinations. These approximate zones should not be used
beyond the specific purpose as described herein and may not have a specific purpose in the GSP
implementation or update. Water levels and minimum thresholds are assessed at each RMP well,
and therefore these zones do not further influence how wells in some areas get assessed relative
to SMC. Further, Figure 6-1 and Figure 6-2 provide a general visual representation of these
approximate zones, but to not represent specific areas that fall into 1 or the other category.
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Figure 6-1. Qualitative Groundwater Level Trends at Shallow RMP Wells with Approximate Areas of Similar Trends
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Figure 6-2. Qualitative Groundwater Level Trends at Deep RMP Wells with Approximate Areas of Similar Trends
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Review projected model simulation results
Guidance on setting groundwater elevation minimum thresholds and measurable objectives were
compiled from the projected baseline groundwater model simulations. The following
summarizes the methodology for incorporating the simulation results into the SMC:
•

The projected groundwater model was used to simulate groundwater elevations with
current conditions (2015 surface water use, and 2015 to 2018 land use) and projected
climate change at 2070 conditions (without any projects).

•

Simulated groundwater levels with current operations and projected climate change show
that there would be an average groundwater level decline of 10 feet (up to 20 feet in some
areas).

•

Less variation and decline in groundwater levels were projected closer to the Sacramento
River due to surface water recharge.

•

Generally, groundwater levels throughout the Subbasin are projected to stabilize at a new
low level below the current conditions.

•

The model results were used to establish buffers below associated historical groundwater
levels to account for projected climate change impacts on Subbasin conditions.

Assign revised minimum thresholds and measurable objectives
Based on the model results, for the stable wells in the eastern portion of the Subbasin, a 20-foot
buffer was added to the low groundwater levels selected in the previous activity to account for
future climate change and irrigation practices. The measurable objective for wells with stable
groundwater levels was set to the maximum fall groundwater elevation since 2012, consistent
with the initially proposed measurable objective to allow for levels to go back to where they
were prior to the 2012-2016 drought.
The minimum threshold for wells with declining groundwater levels was set to the minimum fall
groundwater elevation since the 2012 measurement, minus 20% of the depth to water because a
20-foot buffer was considered too restrictive and not flexible enough to allow variation in depth
based on how deep the wells are and local conditions. The measurable objective for wells with
declining groundwater levels was set to maximum fall measurement since 2015 rather than the
maximum fall measurement since 2012, because it may be impractical to rebound to fall 2012
measurements in those wells that have reached a newer low level.
Table 6-2 provides the depth to groundwater at the minimum threshold for each well, and the
difference between the minimum threshold and the minimum groundwater elevation since 2012;
the latter provides an indication of the additional drawdown allowed at each well before reaching
the minimum threshold.
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Table 6-2. Minimum Thresholds Development at Each Well

Groundwater
Level Trend
Stable

Depth to
Groundwater
at Minimum
Threshold
Feet
48.4

Difference Between
Minimum Threshold
and Minimum GW
Elevation Since 2012
Feet
20.0

RMP
Network
Shallow

State Well Number
21N01W04N001M

Well Type
Domestic

Total Well
Depth
Feet
100

Shallow

22N01W19E003M

Irrigation

500

Stable

60.1

20.0

Shallow

22N01W29N003M

Observation

400

Stable

58.3

20.0

Shallow

22N02W01N003M

Observation

440

Stable

62.2

20.0

Shallow

22N02W15C004M

Observation

258

Stable

108.3

20.0

Shallow

23N02W16B001M

Irrigation

120

Stable

88.1

20.0

Shallow

23N02W28N004M

Observation

205

Stable

100.1

20.0

Shallow

23N02W34A003M

Irrigation

125

Stable

61.8

20.0

Shallow

23N02W34N001M

Industrial

100

Stable

74.1

20.0

Shallow

24N02W17A001M

Domestic

140

Stable

61.3

20.0

Shallow

24N02W20B001M

Domestic

120

Stable

73.1

20.0

Shallow

25N02W31G002M

Irrigation

115

Stable

54.5

20.0

Deep

22N01W29N002M

Observation

670

Stable

73.5

20.0

Deep

22N02W01N002M

Observation

730

Stable

86.8

20.0

Deep

22N02W15C002M

Observation

825

Stable

134.7

20.0

Deep

23N02W28N002M

Observation

580

Stable

104.4

20.0

Deep

25N03W36H001M

Irrigation

524

Stable

80.1

20.0

Shallow

22N02W18C003M

Observation

188

Slight Decline

93.9

15.7

Shallow

22N03W01R002M

Observation

314

Slight Decline

104.9

17.5

Shallow

22N03W05F002M

Irrigation

218

Slight Decline

121.0

20.2

Shallow

22N03W06B001M

Domestic

210

Slight Decline

71.9

12.0

Shallow

22N03W12Q003M

Domestic

124

Slight Decline

69.7

11.6

Shallow

23N03W04H001M

Irrigation

270

Slight Decline

81.5

13.6

Shallow

23N03W13C006M

Observation

182

Slight Decline

92.5

15.4

Shallow

23N03W16H001M

Domestic

150

Slight Decline

103.8

17.3

Shallow

23N03W22Q001M

Irrigation

380

Slight Decline

106.1

17.7

Shallow

23N03W24A003M

Domestic

199

Slight Decline

88.8

14.8

Shallow

23N03W25M004M

Observation

155

Slight Decline

114.7

19.1

Shallow

24N02W29N003M

Observation

388

Slight Decline

90.6

15.1

Shallow

24N03W02R001M

Domestic

270

Slight Decline

85.4

14.3

Shallow

24N03W03R002M

Domestic

132

Slight Decline

86.7

14.5

Shallow

24N03W14B001M

Industrial

140

Slight Decline

118.6

19.8

Shallow

24N03W16A001M

Irrigation

195

Slight Decline

108.4

18.1

Shallow

24N03W24E001M

Domestic

224

Slight Decline

161.8

27.0

Corning Subbasin Groundwater Sustainability Plan
November 2021

6-15

Well Type
Irrigation

Total Well
Depth
Feet
245

Groundwater
Level Trend
Slight Decline

Depth to
Groundwater
at Minimum
Threshold
Feet
110.9

24N03W35P005M

Domestic

120

Slight Decline

71.4

11.9

Deep

22N02W18C001M

Observation

1,062

Slight Decline

161.1

26.9

Deep

22N03W01R001M

Observation

515

Slight Decline

111.6

18.6

Deep

23N03W13C004M

Observation

835

Slight Decline

108.7

18.1

Deep

23N03W25M002M

Observation

513

Slight Decline

126.1

21.0

Deep

24N02W29N004M

Observation

741

Slight Decline

88.6

14.8

Shallow

24N03W17M001M

Domestic

108

Decline

126.0

21.0

Shallow

24N03W29Q001M

Observation

372

Decline

136.9

22.8

Shallow

24N04W14N002M

Domestic

180

Decline

153.7

25.6

Deep

23N03W07F001M

Irrigation

790

Decline

126.0

21.0

Deep

23N03W17R001M

Irrigation

720

Decline

115.2

19.2

Deep

23N04W13G001M

Irrigation

560

Decline

201.0

33.5

Deep

24N03W17M002M

Irrigation

505

Decline

144.0

24.0

Deep

24N03W29Q002M

Observation

575

Decline

140.9

23.5

Deep

24N04W33P001M

Irrigation

780

Decline

241.1

40.2

Deep

24N04W34K001M

Irrigation

750

Decline

237.1

39.5

Deep

24N04W34P001M

Irrigation

535

Decline

256.6

30.8

Deep

24N04W36G001M

Irrigation

750

Decline

179.0

29.8

RMP
Network
Shallow

State Well Number
24N03W26K001M

Shallow

Difference Between
Minimum Threshold
and Minimum GW
Elevation Since 2012
Feet
18.5

Hydrographs showing groundwater levels over time, minimum thresholds, and measurable
objectives for each RMP well are included in Appendix 6B. The minimum threshold values for
each RMP well are provided in Table 6-3.
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Table 6-3. Chronic Lowering of Groundwater Levels Minimum Thresholds, Measurable Objectives, and Interim
Milestones

State Well Number
21N01W04N001M
22N01W19E003M
22N01W29N003M
22N02W01N003M
22N02W15C004M
22N02W18C003M
22N03W01R002M
22N03W05F002M
22N03W06B001M
22N03W12Q003M
23N02W16B001M
23N02W28N004M
23N02W34A003M
23N02W34N001M
23N03W04H001M
23N03W13C006M
23N03W16H001M
23N03W22Q001M
23N03W24A003M
23N03W25M004M
24N02W17A001M
24N02W20B001M
24N02W29N003M
24N03W02R001M
24N03W03R002M
24N03W14B001M
24N03W16A001M
24N03W17M001M
24N03W24E001M
24N03W26K001M
24N03W29Q001M
24N03W35P005M
24N04W14N002M
24N05W23L001M #
25N02W31G002M
Glenn TSS Well ^
Tehama CWT Well
^
22N01W29N002M
22N02W01N002M
22N02W15C002M
22N02W18C001M

2027 Interim
Milestone
(ft NAVD88)
113.5
127.7
123.2
133.2
135.4
147.6
143.9
199.7
253.5
174.8
132.8
139.3
135.1
145.9
194.0
145.3
193.4
152.7
137.4
150.3
170.9
173.3
146.9
188.6
207.3
195.3
200.7
216.3
169.2
191.1
210.5
192.0
247.4
345.8
191.4
262.8

2032
Interim
Milestone
(ft NAVD88)
114.3
127.8
123.2
134.3
138.3
147.8
143.9
201.3
257.1
174.8
133.6
140.4
135.2
145.9
194.0
145.4
193.4
152.7
137.4
150.3
170.9
173.3
150.6
188.6
207.3
195.3
200.7
216.3
169.2
191.1
210.9
192.0
247.4
345.8
191.4
262.8

2037
Interim
Milestone
(ft NAVD88)
115.2
128.0
123.3
135.4
141.2
148.1
143.9
202.9
260.6
174.8
134.5
141.6
135.4
145.9
194.0
145.5
193.4
152.7
137.4
150.3
170.9
173.4
154.4
188.6
207.3
195.3
200.7
216.3
169.2
191.1
211.2
192.0
247.4
345.8
191.4
262.8

Measurable
Objective
(ft NAVD88)
116.1
128.1
123.4
136.5
144.1
148.4
143.9
204.5
264.1
174.8
135.3
142.7
135.5
145.9
194.0
145.6
193.4
152.7
137.4
150.3
170.9
173.4
158.1
188.6
207.3
195.3
200.7
216.3
169.2
191.1
211.6
192.0
247.4
345.8
191.4
262.8

RMP
Network
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow

Well Type
Domestic
Irrigation
Observation
Observation
Observation
Observation
Observation
Irrigation
Domestic
Domestic
Irrigation
Observation
Irrigation
Industrial
Irrigation
Observation
Domestic
Irrigation
Domestic
Observation
Domestic
Domestic
Observation
Domestic
Domestic
Industrial
Irrigation
Domestic
Domestic
Irrigation
Observation
Domestic
Domestic
Stock
Irrigation
Observation

Minimum
Threshold
(ft NAVD88)
89.3
97.7
91.7
99.3
84.0
131.6
123.6
177.9
238.0
163.2
98.4
104.3
109.2
111.8
180.4
123.1
174.3
129.9
118.6
122.7
150.9
150.3
123.2
172.6
192.8
175.5
182.6
190.5
136.7
172.6
179.3
180.1
221.8
312.0
169.3
237.5

Shallow

Observation

181.8

199.6

199.6

199.6

199.6

Deep
Deep
Deep
Deep

Observation
Observation
Observation
Observation

77.2
74.5
57.7
63.5

120.0
134.7
119.7
90.4

120.6
134.7
120.3
90.4

121.3
134.7
121.0
90.4

121.9
134.7
121.6
90.4
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State Well Number
22N03W01R001M
23N02W28N002M
23N03W07F001M
23N03W13C004M
23N03W17R001M &
23N03W25M002M
23N04W13G001M
24N02W29N004M
24N03W17M002M
24N03W29Q002M
24N04W33P001M *
24N04W34K001M &
24N04W34P001M &
24N04W36G001M &
25N03W36H001M
Glenn TSS Well ^
Tehama CWT Well
^

RMP
Network
Deep
Deep
Deep
Deep
Deep
Deep
Deep
Deep
Deep
Deep
Deep
Deep
Deep
Deep
Deep
Deep

Well Type
Observation
Observation
Irrigation
Observation
Irrigation
Observation
Irrigation
Observation
Irrigation
Observation
Irrigation
Irrigation
Irrigation
Irrigation
Irrigation
Observation

Deep

Observation

Minimum
Threshold
(ft NAVD88)
116.6
100.0
188.4
107.2
187.3
111.6
159.7
124.9
172.8
174.9
183.5
184.4
183.5
183.2
160.9
149.3
160.3

2027 Interim
Milestone
(ft NAVD88)
135.2
127.1
209.9
126.7
207.7
145.3
198.6
147.0
196.8
207.5
227.7
223.9
214.3
214.4
183.3
184.0

2032
Interim
Milestone
(ft NAVD88)
135.2
129.4
209.9
128.2
207.7
147.3
198.6
149.8
196.8
209.2
231.8
223.9
214.3
214.4
183.3
184.0

2037
Interim
Milestone
(ft NAVD88)
135.2
131.6
209.9
129.6
207.7
149.4
198.6
152.7
196.8
210.9
235.9
223.9
214.3
214.4
183.3
184.0

186.1

186.1

186.1

Measurable
Objective
(ft NAVD88)
135.2
133.9
209.9
131.1
207.7
151.5
198.6
155.5
196.8
212.6
240.0
223.9
214.3
214.4
183.3
184.0
186.1

Notes:
Well was first monitored in 2020. The initial minimum threshold is the 2020 fall measurement minus 20% of the depth to groundwater level and
the measurable objective was defined as the fall 2020 groundwater level (24N05W23L001M).
^ Groundwater level has not been measured yet so the minimum threshold and measurable objective were defined using the interpolated
groundwater elevation from neighboring wells as shown on Figure 6-3, Figure 6-4, Figure 6-8, and Figure 6-9 (Glenn TSS Well and Tehama
CWT Well).
& Well was first gauged after 2015; therefore, measurable objective was defined using 2016 to 2019 fall maximum level (23N03W17R001M,
24N04W34K001M, 24N04W34P001M, 24N04W36G001M).
* Well was not gauged in 2015; therefore, minimum threshold was defined using 2014 fall minimum groundwater level (24N04W33P001M).
#

The revised groundwater elevation minimum thresholds and measurable objectives were plotted
at each RMP well, and contour maps were generated with the selected minimum thresholds and
measurable objectives for shallow and deep RMP wells. The minimum threshold contour maps
and wells are shown in Figure 6-3 for the shallower RMP wells, and in Figure 6-4 for the deeper
RMP wells. Measurable objective contour maps are shown in Section 6.6.3.1. These maps were
used to estimate minimum thresholds and measurable objectives at the new observation well
clusters in Glenn County and Tehama County that do not have available groundwater level
measurements yet. Estimated SMC for these new wells will be revisited during the first 2 annual
reports to assess if they are reasonable groundwater elevation targets. A complete evaluation of
all SMC will be conducted during the 5-year GSP update and modified if necessary.
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Figure 6-3. Groundwater Elevation Minimum Threshold Contour Map for the Shallow RMP Wells
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Figure 6-4. Groundwater Elevation Minimum Threshold Contour Map for the Deep RMP Wells
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6.6.2.2

Minimum Thresholds Impact on Domestic Wells

A review of existing domestic well data from DWR’s Online Well Completion Report
Application established that there are currently a number of very shallow wells that are at risk of
going dry in drought years. However, the DWR database of domestic wells does not have very
accurate locations (many wells are shown at the center of a PLSS section), does not always
include construction information, and does not have information about wells that are no longer in
use. In addition, it is known that there are extremely shallow wells in the subbasin with depths of
less than 50 feet that may not be in service anymore, or may not be viable any longer and were or
should be replaced to comply with minimum health standards.
Recognizing this domestic well data uncertainty, an evaluation of potential domestic well
impacts should groundwater levels reach the minimum threshold in all RMP wells, was
developed following these assumptions and steps:
•

Use currently available domestic well data for the 2 counties.

•

Filter out wells drilled earlier than 1991, or 30 years old, which is a typical anticipated
lifespan for low-carbon steel domestic wells (Glotfelty, 2017).

•

Use a 25-foot safety factor on top of shallow domestic well depths to maintain sufficient
water in domestic wells to operate pumps. This assumption provides for a very protective
(or conservative) approach to estimating potential dry wells, given that many wells will
still be able to function with less water in the well casing.

•

Intersect domestic well depths (with 25-foot safety factor) with groundwater elevation
contours of minimum thresholds for the shallow RMP wells (Figure 6-3) and calculate
approximate percentage of wells that may be impacted.

•

Review wells that were potentially dry in 2015 as a frame of reference.

Figure 6-5 shows the approximate location of domestic wells that are 30 years old or less,
categorized by total depth. It is apparent that wells are shallower in the eastern portion of the
Subbasin and deeper in the western portion of the Subbasin. Since the analysis only considered
wells drilled within the last 30 years, it omits older wells that may still be used in the Subbasin.
As a result, the total number of wells potentially at risk of going dry in this analysis may be
lower than the actual number of wells affected. However, this approach was deemed appropriate
for the current analysis given that it was meant to exclude older wells in the well database that
are no longer used. The approach is also consistent with the approach used in neighboring GSPs,
such as the Vina Subbasin, and other GSPs throughout the state. An accurate inventory of
domestic wells is a data gap and included as an item to develop during Plan implementation
(Sections 7 and 8). Also, the domestic well analysis is a conservative approach because it
incorporates an additional 25-foot safety factor to factor in drawdown and the pump setting,
which might not be needed for all wells to access water. Finally, this is a worst-case scenario
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situation, as it is not anticipated that all RMP wells would reach the minimum threshold at the
same time, since that would violate the Subbasin’s undesirable result.
When intersecting the groundwater elevation contours at the minimum threshold for shallow
RMPs with the domestic wells, approximately 16% of domestic wells installed since 1991 are at
risk of getting impacted (Figure 6-6).
As a comparison, fall 2015 groundwater elevation intersected with domestic wells depths
showed approximately 4% of these domestic wells installed since 1991 were potentially dry,
excluding a large data gap area to the west (Figure 6-7).
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Figure 6-5. Approximate Location of Domestic Wells within Corning Subbasin
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Figure 6-6. Domestic Wells at Risk of Being Impacted if Groundwater Levels Reach Minimum Thresholds
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Figure 6-7. Domestic Wells that Likely were Impacted During 2015 Drought
Corning Subbasin Groundwater Sustainability Plan
November 2021

6-25

The proposed minimum thresholds for groundwater elevation will not necessarily protect all
domestic wells because it is impractical to manage a groundwater basin in a manner that fully
protects the shallowest wells. However, the GSAs have included a domestic well management
strategy in the Projects and Management Actions section that includes several actions (including
a well impacts mitigation measure), as described in Section 7.3.2.1. During the 5-year update to
this GSP, a more robust database of domestic wells may be available for the Subbasin in order to
identify domestic wells at risk of going dry, estimate potential impacts of minimum thresholds
on a well-by-well basis, and identify domestic wells that are no longer in use or should be
replaced to comply with more recent well standards.
6.6.2.3

Relationship between Individual Minimum Thresholds and Relationship to Other
Sustainability Indicators

Section 354.28 of the GSP Regulations requires that the description of all minimum thresholds
include a discussion about the relationship between the minimum thresholds for each
sustainability indicator. In the SMC BMP (DWR, 2017), DWR has clarified this requirement.
First, the GSP must describe the relationship between each sustainability indicator’s minimum
threshold (e.g., describe why or how a water level minimum threshold set at a particular
representative monitoring site is similar to or different from water level thresholds in nearby
RMP wells). Second, the GSP must describe the relationship between the selected minimum
threshold and minimum thresholds for other sustainability indicators (e.g., describe how a water
level minimum threshold would not trigger an undesirable result for land subsidence).
The groundwater elevation minimum thresholds and measurable objectives were plotted to check
that they formed smoothly interpolated groundwater elevations in the Subbasin. The minimum
thresholds are unique at every well, but when combined represent a reasonable and realistic
groundwater elevation map. Because the underlying groundwater elevation map is a reasonably
achievable condition, the individual minimum thresholds at RMPs do not conflict with each
other.
Groundwater elevation minimum thresholds may influence other sustainability indicators, as
described below.
•

Change in groundwater storage. A significant and unreasonable condition for reduction
in groundwater storage is pumping in excess of the sustainable yield for an extended
period of years. If the sustainable yield is set at a level that will not create undesirable
results for groundwater levels, and since the change in groundwater storage is tightly
correlated with the groundwater elevation SMC, the change in storage indicator would
not be negatively affected.
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•

Degraded water quality. A significant and unreasonable condition for degraded water
quality is exceeding regulatory limits for COC in production wells due to actions
proposed in the GSP.
Changes in groundwater elevation due to actions implemented to achieve sustainability
could change groundwater gradients, which could cause poor quality groundwater to flow
towards production wells that would not have otherwise been impacted. However, water
quality in the Corning Subbasin is very good. Therefore, the minimum threshold for
groundwater elevations should not directly lead to a significant and unreasonable
degradation of groundwater quality in production wells in most areas. TDS is the only
water quality COC tracked by this GSP. If groundwater levels decline significantly in the
western portion of the subbasin, it could induce movement of higher salinity groundwater
into some areas.

•

Land subsidence. A significant and unreasonable condition for subsidence is any
measurable long-term inelastic subsidence that damages existing infrastructure or creates
a significant reduction of groundwater storage. Groundwater level minimum thresholds
are set lower than current conditions, and therefore may temporarily induce additional
subsidence in some areas. However, pumping-induced subsidence should no longer occur
when reaching the 20-year timeframe for achieving sustainability. Therefore, the
groundwater elevations will not induce additional subsidence after sustainability is
achieved.

•

Depletion of interconnected surface waters. A significant and unreasonable condition
for the depletion of interconnected surface waters is groundwater pumping-induced
depletion of flow in the Sacramento River and Stony Creek, which are interconnected to
groundwater. Lowering average groundwater elevations in areas adjacent to
interconnected surface water bodies will likely increase depletion rates.

6.6.2.4

Effect of Minimum Thresholds on Neighboring Basins and Subbasins

The Corning Subbasin is bounded by 5 neighboring Sacramento Valley subbasins for which
GSPs are being developed concurrently:
•

Red Bluff Subbasin to the north

•

Los Molinos Subbasin to the northeast

•

Vina Subbasin to the east

•

Butte Subbasin to the southeast

•

Colusa Subbasin to the south
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Coordination with the adjacent GSAs responsible for establishing minimum thresholds in
neighboring subbasins occurred throughout the development of this GSP. In general, the
neighboring subbasins used similar approaches to establish their minimum thresholds; therefore,
maintaining groundwater levels above the Corning Subbasin minimum thresholds should not
prevent the neighboring subbasins from achieving sustainability and vice versa. The Corning
Sub-basin GSAs will continue to coordinate closely with the neighboring GSAs and Subbasins to
ensure that the Northern Sacramento Valley area is managed sustainability throughout the GSP
planning and implementation horizon.
Groundwater level analysis near the Corning Subbasin boundaries will be supplemented in GSP
annual updates with data from neighboring subbasin wells, as necessary and applicable, while
the GSAs evaluate and add new or existing wells to address data gaps in the RMP network.
6.6.2.5

Effects of Minimum Thresholds on Beneficial Users and Land Uses

The groundwater elevation minimum thresholds may have several effects on beneficial users and
land uses in the Subbasin.
Agricultural land uses and users. The groundwater elevation minimum thresholds allow some
lowering of groundwater levels in the Subbasin. This could have various effects on beneficial
users and land uses:
•

Agricultural land currently under irrigation may become more valuable as bringing new
lands into irrigation becomes more difficult and expensive. Increased value of land and
resulting higher taxes are largely outside the control of the GSA.

•

Changes to crop types from annual crops to permanent crops is based on market value.
Permanent crops provide less flexibility for irrigation during potential future droughts as
the opportunity to fallow in dry periods does not exist. The groundwater elevation
minimum threshold allows for groundwater irrigation within a reasonable operational
range for current land use to help protect the permanent crops that are already planted.

•

Agricultural land not currently under irrigation may become less valuable because it may
be too difficult and expensive to irrigate.

Urban land uses and users. The Corning Subbasin has very limited municipal groundwater use,
and extensive urban growth is not predicted. In fact, municipal pumping has decreased in recent
years due to increased conservation measures which are expected to continue into the future. An
analysis was conducted of the minimum thresholds in the area where City of Corning public
supply wells are located, by verifying the depth of the public supply wells relative to the
groundwater elevation contours for the minimum thresholds as depicted in Figure 6-3 and Figure
6-4. The analysis found that the minimum thresholds are well above the elevations of the bottom
of the City’s public supply wells for all wells, meaning that the City’s public supply of
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groundwater should not be affected by the subbasin’s minimum thresholds. In addition, tribal
federally reserved water rights will be protected. Therefore, it is not anticipated that the
groundwater elevation minimum threshold will impact urban areas.
Domestic land uses and users (including DACs). The groundwater elevation minimum
thresholds may affect shallow domestic wells, specifically in drought years when more pumping
from agricultural wells is anticipated. Shallow domestic wells may become dry, requiring owners
to drill deeper wells. A well impact mitigation program may be developed to help shallow
domestic well owners.
Ecological land uses and users. Groundwater elevation minimum thresholds may limit the
amount of groundwater pumping in the Subbasin and may limit growth of industries requiring a
substantial amount of groundwater usage. This outcome may benefit ecological land uses and
users by curtailing the conversion of native vegetation to other land uses such as agricultural,
domestic, or industrial uses, and by reducing pressure on existing ecological land caused by
declining groundwater levels. Since groundwater elevation minimum thresholds near
interconnected streams are lower than current groundwater elevations, there may be some
impacts on GDEs in the Subbasin.
6.6.2.6

Relevant Federal, State, or Local Standards

No federal, state, or currently enforced local standards exist for chronic lowering of groundwater
elevations.
6.6.2.7

Method for Quantitative Measurement of Minimum Thresholds

Groundwater elevation minimum thresholds will be directly measured in the shallow and deep
RMP monitoring well networks. Fall measurements will be used to compare to the minimum
thresholds and measurable objectives at each RMP well. Fall measurements are those taken
between September and October. The groundwater level monitoring will be conducted in
accordance with the monitoring protocols outlined in Section 5. Furthermore, the groundwater
level monitoring will meet the requirements of the technical and reporting standards included in
the GSP Regulations. For example, only static conditions will be considered when evaluating
minimum thresholds; if a well is being actively pumped or a nearby well is being pumped, then a
minimum threshold exceedance may not be an undesirable result.

6.6.3 Measurable Objectives
The measurable objectives for chronic lowering of groundwater levels represent target
groundwater elevations that are higher than the minimum thresholds. These measurable
objectives provide operational flexibility to ensure that the Subbasin can be managed sustainably
over a reasonable range of hydrologic variability.
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An approach for setting measurable objectives at RMP wells in the Subbasin was developed
through review of recent historical data, understanding of subbasin conditions, and discussions
with CSAB and stakeholders at a number of CSAB public meetings.
Measurable objectives were established as follows:
•

For stable wells: maximum fall groundwater elevation since 2012

•

For declining wells: maximum fall groundwater elevation in 2015

Measurable objectives for the chronic lowering of groundwater levels are summarized in Table
6-3. The measurable objectives are also shown on the hydrographs for each RMP well in
Appendix 6B.
6.6.3.1

Methodology for Setting Measurable Objectives

The maximum groundwater levels measured in the fall, prior to the recent water level decline
during the last major drought (2012-2016), were selected as being an achievable and desirable
measurable objective for the Subbasin wells that show stable conditions, primarily near the
Sacramento River. For wells with declining groundwater levels, there is a notable change in
conditions in the last 15 years and a continued decline of groundwater levels since the 2012-2016
drought. Since fall groundwater levels were lower in recent years compared to 2015 levels, the
fall maximum groundwater level from 2015 was deemed appropriate for an objective to reach for
sustainability. The measurable objective contour maps are shown in Figure 6-8 for the shallow
RMP wells, and in Figure 6-9 for the deep RMP wells.
An analysis of potential impacts on domestic wells when groundwater levels reach the
measurable objective was completed using the same assumptions and steps described in section
6.6.2.2.
When intersecting the groundwater elevation contours at the measurable objective for shallow
RMPs with the domestic wells, approximately 6% of domestic wells are at risk of getting
impacted (Figure 6-10). This is an approximate percentage of wells in the well completion
database that were likely unable to access water in recent years and therefore will likely need to
be replaced should groundwater levels in the future be lower than or equal to 2015 levels. Wells
installed prior to 1990 were not included in the analysis, so areas with older development may be
impacted more than areas with newer developments by lowering groundwater levels. This
percentage is in line with the approximate percentage of domestic wells that were likely
impacted at the height of the 2012-2016 drought around the 2015 timeframe, and thus the
measurable objectives will not worsen impacts to domestic wells in the Subbasin.
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Figure 6-8. Groundwater Elevation Measurable Objective Contour Map for the Shallow RMP Wells
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Figure 6-9. Groundwater Elevation Measurable Objective Contour Map for the Deep RMP Wells
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Figure 6-10. Domestic Wells at Risk of Being Impacted if Groundwater Levels Reach Measurable Objectives
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6.6.3.2

Interim Milestones

Interim Milestones are quantifiable objectives set at RMP that are used to evaluate progress
towards sustainability over time in 5-year increments until 2042, specifically in 2027, 2032, and
2037 (Table 6-3). Interim Milestones development is based on current groundwater elevation
conditions as of 2020, with the most recent fall measurement being used as a baseline.
Specifically, Interim Milestones are defined as follows:
•

If current groundwater elevations are at or above the measurable objective: The
Interim Milestones are equivalent to the measurable objective.

•

If current groundwater elevations are below the measurable objective: Interim
milestones are projected every five years on a linear trendline from the most recent fall
measurement available to the measurable objective in 2042.

6.6.4 Undesirable Results
6.6.4.1

Criteria for Defining Chronic Lowering of Groundwater Levels Undesirable Results

The chronic lowering of groundwater levels undesirable result is a quantitative combination of
groundwater elevation minimum threshold exceedances.
The SMC BMP (DWR, 2017) provides information on how droughts may affect the groundwater
level SMC:
Chronic lowering of groundwater levels indicating a significant and unreasonable
depletion of supply if continued over the planning and implementation horizon. Overdraft
during a period of drought is not sufficient to establish a chronic lowering of
groundwater levels if extractions and groundwater recharge are managed as necessary
to ensure that reductions in groundwater levels or storage during a period of drought are
offset by increases in groundwater levels or storage during other periods.
Since the Sacramento Valley groundwater subbasins have historically been able to recover after
periods of drought conditions, and anticipating additional improved sustainable management in
the Corning Subbasin, the undesirable result should take into account that the effects of droughts
alone would not establish an undesirable result.
For the Subbasin, the groundwater elevation undesirable result is:
•

An undesirable result occurs when more than 20% of groundwater elevations measured
at RMP wells, drops below the associated minimum threshold during two consecutive
years.
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•

In addition, if the water year type (defined as the Sacramento Valley Water Year Index
developed by DWR, per the calculation as used in 2021) is dry or critically dry then
levels below the minimum threshold are not undesirable if groundwater management
allows for recovery in average or wetter years.

There are currently 58 RMP wells with minimum thresholds in the Subbasin. Therefore, 20% of
wells dropping below their minimum thresholds would mean 11 wells out of the entire network
are allowed to drop below the minimum threshold before reaching an undesirable result. This
allows for 11 exceedances of the minimum thresholds at the same wells two years in a row
before triggering an undesirable result.
Undesirable results provide flexibility in defining sustainability. Increasing the percentage of
allowed minimum threshold exceedances provides more flexibility but may lead to significant
and unreasonable conditions for a number of beneficial users. Reducing the percentage of
allowed minimum threshold exceedances ensures strict adherence to minimum thresholds but
reduces flexibility due to unanticipated hydrogeologic conditions. The undesirable result was set
at 20% to balance the interests of beneficial users with the practical aspects of groundwater
management under uncertainty.
6.6.4.2

Potential Causes of Undesirable Results

An undesirable result for chronic lowering of groundwater levels does not currently exist since
none of the most recent fall 2020 groundwater level measurements were below the minimum
threshold of the existing RMP monitoring wells. Conditions that may lead to an undesirable
result include the following:
•

Surface water shortages. CVP water has become less reliable and more expensive in the
last 10 years. If this continues, more pumping will occur to offset the lack of surface
water availability, as described in Section 4.2.5.

•

Localized deep pumping clusters. Even if regional pumping is maintained within the
sustainable yield, clusters of high-capacity wells may cause excessive localized
drawdowns that lead to undesirable results. This may be the result of irrigated agricultural
land use expansions in areas that do not have access to surface water supplies.

•

Extensive, unanticipated drought. Minimum thresholds were established based on
historical groundwater elevations and reasonable estimates of future groundwater
elevations with projected climate change estimates. Extensive, unanticipated droughts
may lead to excessively low groundwater elevations and undesirable results if
management actions cannot keep up with these extreme conditions. Undesirable results
during future periods of extensive drought are addressed in Section 6.6.4.1.

Corning Subbasin Groundwater Sustainability Plan
November 2021

6-35

•

6.6.4.3

Environmental conditions that affect groundwater recharge. Extensive wildfires in
the watersheds to the west of the subbasin may cause changes in rainfall runoff and
recharge that affect the amount of groundwater recharge that can enter the deeper
portions of the aquifer, resulting in a lower-than anticipated groundwater availability and
lower groundwater levels.
Effects on Beneficial Users and Land Uses

The primary detrimental effect on beneficial users from allowing multiple exceedances occurs if
more than 1 exceedance happens to be in a small geographic area. Allowing 20% exceedances is
reasonable as long as the exceedances are spread out across the Subbasin, and as long as any one
well does not regularly exceed its minimum threshold. If the exceedances are clustered in a small
area, it will indicate that significant and unreasonable effects are repeatedly impacting the same
few stakeholders.

6.7 Reduction in Groundwater Storage SMC
The intention of the GSAs is to have no long-term change in storage once sustainability is
reached (at 2042). As such, the GSAs are committed to pumping at or less than the Subbasin’s
long-term sustainable yield in order to achieve sustainability. The long-term sustainable yield
does not reflect actions or extraction limitations that may be necessary to reach sustainability
during the GSP planning horizon through 2042.

6.7.1 Locally Defined Significant and Unreasonable Conditions
Locally defined significant and unreasonable conditions were determined based on discussions
with GSA staff, input from CSAB members, and other local stakeholders.
Reduction of groundwater in storage that causes significant and unreasonable impacts to the
long-term sustainable beneficial use of groundwater in the basin, are either:
•

Long-term reductions in groundwater storage; or

•

Pumping exceeding the sustainable yield.

6.7.2 Minimum Thresholds
Section 354.28(c)(2) of the GSP Regulations states that “The minimum threshold for reduction
of groundwater storage shall be a total volume of groundwater that can be withdrawn from the
basin without causing conditions that may lead to undesirable results. Minimum thresholds for
reduction of groundwater storage shall be supported by the sustainable yield of the basin,
calculated based on historical trends, water year type, and projected water use in the basin.”
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Section 354.28(c)(6)(d) of the GSP Regulations states that, “An Agency may establish a
representative minimum threshold for groundwater elevation to serve as the value for multiple
sustainability indicators, where the Agency can demonstrate that the representative value is a
reasonable proxy for multiple individual minimum thresholds as supported by adequate
evidence.” Groundwater in storage is directly proportional to groundwater elevation and holding
groundwater elevation consistent throughout the Subbasin is equivalent to no change in storage.
The advantage of using this metric is that it is simple to establish a minimum threshold and
measurable objective amount of water in storage in the Subbasin by mimicking the groundwater
elevation minimum thresholds and measurable objectives.
The following minimum threshold was defined for reduction in groundwater storage using
groundwater elevation as a proxy:
The minimum threshold for reduction in groundwater storage is the amount of groundwater in
storage when groundwater elevations are at their minimum thresholds. Since groundwater levels
are used as a proxy, this would be the same as chronic lowering of groundwater levels minimum
thresholds.
Therefore, at the minimum threshold groundwater elevations, the excess operational storage is
zero.
Although not the metric for establishing change in groundwater storage, it is the intent of the
beneficial users of groundwater in the subbasin to pump at or less than the Subbasin’s long-term
sustainable yield. This is the sustainable yield once the Subbasin has reached sustainability. It
does not reflect actions or extraction limitations that may be necessary to reach sustainability.
SGMA allows 20 years to reach sustainability.
6.7.2.1

Information and Methodology Used to Establish Minimum Thresholds and Measurable
Objectives

The reduction in groundwater storage minimum threshold uses the chronic lowering of
groundwater levels minimum thresholds as a proxy. This level is described in Section 6.6.2,
summarized in Table 6-3, and shown on Figure 6-3and Figure 6-4.
6.7.2.2

Relationship between Individual Minimum Thresholds and Relationship to Other
Sustainability Indicators

The reduction in groundwater storage minimum thresholds has identical relationships to other
sustainability indicators as the chronic lowering of groundwater levels sustainability indicator
described in Section 6.6.2.3 since it uses groundwater levels as a proxy measurement.
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6.7.2.3

Effect of Minimum Thresholds on Neighboring Basins and Subbasins

The selected minimum threshold for reduction in groundwater storage in the Corning Subbasin
was designed to ensure that the neighboring subbasins can be managed sustainably. Since
groundwater elevation measurements were used as a proxy for assessing reductions in
groundwater storage, the same information applies to this section as summarized for chronic
lowering of groundwater level minimum threshold in Section 6.6.2.4. In addition, all neighboring
subbasins also use groundwater levels as a proxy to establish the reduction in groundwater
storage minimum threshold.
6.7.2.4

Effects of Minimum Thresholds on Beneficial Users and Land Uses

The selected minimum threshold for reduction in groundwater storage in the Corning Subbasin
may have several effects on beneficial users and land uses in the Subbasin. Since groundwater
elevation measurements were used as a proxy for assessing reductions in groundwater storage,
the same information applies to this section as summarized for chronic lowering of groundwater
level minimum threshold in Section 6.6.2.5.
6.7.2.5

Relevant Federal, State, or Local Standards

No federal, state, or currently enforced local standards exist for reductions in groundwater
storage.
6.7.2.6

Method for Quantitative Measurement of Minimum Thresholds

Groundwater storage will be measured by using groundwater elevations from the groundwater
elevation monitoring network data as a proxy. The change in storage will be reported similarly to
the groundwater elevation sustainability indicator: as the number of wells exceeding the
minimum thresholds and then number of wells reaching the measurable objectives.
The approach for change in storage estimates will be reviewed every 5 years when the Corning
Subbasin groundwater model is updated, during GSP 5-year assessments, or as needed.

6.7.3 Measurable Objectives
The measurable objective for reduction of groundwater in storage was defined using the chronic
lowering of groundwater levels measurable objectives as a proxy.
The measurable objective is the amount of groundwater in storage when groundwater elevations
are at their measurable objectives. Since groundwater levels are used as a proxy, this would be
the same as chronic lowering of groundwater levels measurable objectives.
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Another way to conceptualize the measurable objective for reduction in groundwater storage is
that on average, the change in groundwater storage becomes 0 at sustainability, when the
groundwater elevations are held at the groundwater level measurable objectives.
6.7.3.1

Methodology for Setting Measurable Objectives

The reduction in groundwater storage measurable objective uses the chronic lowering of
groundwater levels measurable objective as a proxy. This level is described in Section 6.6.3,
summarized in Table 6-3, and shown on Figure 6-8 and Figure 6-9.
6.7.3.2

Interim Milestones

Since groundwater levels are used as a proxy, the interim milestones for reduction in
groundwater storage are the same as for chronic lowering of groundwater levels interim
milestones, established as the linear trend between current conditions and measurable objective.

6.7.4 Undesirable Results
6.7.4.1

Criteria for Defining Chronic Lowering of Groundwater Levels Undesirable Results

The minimum threshold for groundwater storage uses the groundwater elevation
minimum thresholds as a proxy. To retain consistency in all SMCs, the undesirable result
for change in groundwater storage is the same as the undesirable result for groundwater
levels:
•

An undesirable result occurs when more than 20% of groundwater elevations measured
at RMP wells, drops below the associated minimum threshold during 2 consecutive
years.

•

In addition, if the water year type (defined as the Sacramento Valley Water Year Index
developed by DWR, per the calculation as used in 2021) is dry or critically dry then
levels below the minimum threshold are not undesirable if groundwater management
allows for storage recovery in average or wetter years.

Low quantities of groundwater in storage during unanticipated future droughts or
unanticipated climatic conditions do not constitute an undesirable result. This is in
alignment with the SMC BMP (DWR, 2017) which states, “Overdraft during a period of
drought is not sufficient to establish a chronic lowering of groundwater levels if
extractions and groundwater recharge are managed as necessary to ensure that reductions
in groundwater levels or storage during a period of drought are offset by increases in
groundwater levels or storage during other periods.”
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6.7.4.2

Potential Causes of Undesirable Results

Conditions that may lead to an undesirable result for the reduction in groundwater storage
sustainability indicator include the following:
•

Expansion of agricultural, municipal, or industrial pumping. Additional agricultural
or municipal pumping may result in lowered groundwater elevations that reduce
groundwater storage to an undesirable result.

•

Departure from the GSP’s climatic assumptions, including extensive, unanticipated
drought. The undesirable result is established based on reasonable anticipated future
climatic conditions and groundwater elevations. Departure from the GSP’s climatic
assumptions or extensive, unanticipated droughts may lead to excessively low
groundwater recharge and unanticipated high pumping rates. Drier than expected
conditions may reduce groundwater in storage to an undesirable result, if groundwater
levels do not recover during wetter periods.

6.7.4.3

Effects on Beneficial Users and Land Uses

Because the change in groundwater storage mimics the change in chronic lowering of
groundwater levels SMC, the practical effects of the reduction in groundwater storage
undesirable result are identical to the effects from the chronic lowering of groundwater levels
undesirable results.

6.8 Degraded Groundwater Quality SMC
Groundwater in the Subbasin is generally of good quality and does not regularly exceed primary
drinking water standards. Salinity was identified as the only COC in the Subbasin. Therefore,
TDS will be used as a salinity indicator to measure groundwater quality in the Subbasin to assess
potential effects of GSP implementation.

6.8.1 Locally Defined Significant and Unreasonable Conditions
Locally defined significant and unreasonable conditions were determined based on discussions
with GSA staff, input from CSAB members, and other local stakeholders:
Significant and unreasonable water quality conditions occur if Corning Subbasin GSP projects
or management actions cause an increase in the concentration of TDS in groundwater supply
wells that leads to adverse impacts on beneficial users or uses of groundwater.
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6.8.2 Minimum Thresholds
Per GSP Regulations §354.28(c)(4), the minimum threshold requirements for assessing degraded
groundwater quality “shall be the degradation of water quality, including the migration of
contaminant plumes that impair water supplies or other indicator of water quality as determined
by the Agency that may lead to undesirable results.”
Per the GSP requirements, degraded groundwater quality SMC can be based on three different
metrics:
1. Number of affected supply wells
2. Volume of contaminated water
3. Location of an isocontour that exceeds concentrations of COC
As stated in the GSP Regulations, local, state, and federal water quality standards applicable to
the Subbasin need to be taken into consideration when setting water quality SMC. Also, existing
water quality monitoring programs may be used by the GSA to help collect data during GSP
implementation and establish consistency with other programs. Finally, groundwater quality
minimum thresholds are based on a degradation of groundwater quality, not an improvement of
groundwater quality. Therefore, the GSP needs to avoid taking any action that may inadvertently
mobilize groundwater constituents that have already been identified in the Subbasin in such a
way that the constituents have a significant and unreasonable impact that would not otherwise
occur.
For this GSP, the most appropriate metric to develop SMC for degraded groundwater quality is
the number of affected supply wells, since the volume of contaminated groundwater is more
appropriate for large plumes (which do not exist in the Subbasin) and the isocontour method
works best when many wells are known to be contaminated by a single COC, which is also not
the case in this Subbasin.
Therefore, the minimum threshold for degraded groundwater quality is defined as:
The minimum threshold for degraded groundwater for TDS is 750 mg/L at public supply wells.
This minimum threshold is more protective than the upper limit SMCL of 1,000 mg/L.
6.8.2.1

Information and Methodology Used to Establish Minimum Thresholds and Measurable
Objectives

The development of minimum thresholds and measurable objectives follows a similar process
and is described concurrently in this section. The information used for establishing the
groundwater quality minimum threshold and measurable objective includes:
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•

Historical groundwater quality data collected for programs managed by DWR, Glenn
County, CVRWQCB, Tehama County, and USGS

•

Feedback from discussions with GSA staff, CSAB members, and local stakeholders on
challenges and goals within the Subbasin

•

The definition of significant and unreasonable conditions developed based on local
feedback

The general steps for developing minimum thresholds and measurable objectives were:
•

Review and synthesize historical groundwater quality data collected in the Subbasin,
described in Section 3.2.6

•

Identify the type and location of groundwater quality issues in the Subbasin that would
substantially interfere with beneficial water use or surface land uses and determine which
COCs require SMC

•

Identify a monitoring network for measuring groundwater quality in the Subbasin. For
more information on this process, refer to Section 5.5.1 of the Monitoring Networks
Section

Thorough review of groundwater quality historical data revealed that groundwater is generally of
good quality in the Subbasin, and that it can be pumped from almost any location and depth and
used for beneficial use without additional treatment. Salinity was identified as the only
groundwater quality COC since all other constituents are routinely below the regulatory
standards in supply wells in the Subbasin. Salinity is typically measured as TDS in public supply
wells and historical TDS data are generally below the regulatory standard for TDS. However,
groundwater quality data are not available for much of the western portion of the Subbasin where
salinity tends to be higher.
During GSP implementation the GSAs will rely on existing agencies to continue administering
groundwater quality programs that collect salinity and other groundwater quality data. The GSAs
will routinely track progress towards sustainability by downloading TDS data available through
existing public supply well sampling programs. TDS data from public supply wells are
frequently collected by public water providers. The data are free and available to the GSAs
through state and county databases and can easily be compared to existing regulatory standards.
In addition, the GSAs will continue to coordinate with other applicable agencies on current and
future groundwater quality programs, such as the ILRP, to assess overall water quality conditions
in the Subbasin and potential changes due to GSP implementation.
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6.8.2.2

Relationship between Individual Minimum Thresholds and Relationship to Other
Sustainability Indicators

Since the Subbasin’s groundwater quality is generally of good quality and below the TDS
minimum threshold of 750 mg/L, the GSA’s objective is to maintain groundwater quality at
current conditions. Per the GSP Regulations, the GSAs will not be taking any actions to improve
groundwater quality. Keeping groundwater quality at current conditions poses no threat to other
sustainability indicators. However, preventing migration of poor-quality groundwater may limit
projects or management actions needed to achieve minimum thresholds for other sustainability
indicators. During the projects and actions permitting process, water quality monitoring will be
implemented on a project-by-project basis to limit any potential water quality impacts to
beneficial users.
6.8.2.3

Effect of Minimum Thresholds on Neighboring Basins and Subbasins

The Corning Subbasin is bounded by 5 neighboring Sacramento Valley subbasins for which
GSPs are being developed concurrently:
•

Red Bluff Subbasin to the north

•

Los Molinos Subbasin to the northeast

•

Vina Subbasin to the east

•

Butte Subbasin to the southeast

•

Colusa Subbasin to the south

Coordination with the adjacent GSAs responsible for establishing minimum thresholds in
neighboring subbasins occurred throughout the development of this GSP. The selected degraded
groundwater quality minimum threshold for the Corning Subbasin was designed to ensure that
the neighboring subbasins can be managed sustainably. The selected minimum threshold was
identical to the Tehama County subbasins to the north and northeast. Selected minimum
thresholds for the other neighboring subbasins to the south and east (Butte, Colusa, and Vina
Subbasins) were also defined for salinity COCs. Instead of using TDS as a salinity measure,
these subbasins used electrical conductivity and the minimum thresholds are between 800 to 900
microsiemens per centimeter (µS/cm). The TDS minimum threshold of 750 mg/L is roughly
equivalent to 1,150 µS/cm (Brown et al., 1970). The minimum threshold in the Corning
Subbasin is 250 µS/cm greater than the minimum threshold of 900 µS/cm for the Colusa and
Butte Subbasins to the south and southeast and 450 µS/cm less than the minimum threshold of
1,600 µS/cm for the Vina Subbasin to the east. Through continued monitoring and inter-basin
coordination, the Corning Subbasin will help maintain high quality groundwater for all beneficial
users in the region.
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6.8.2.4

Effects of Minimum Thresholds on Beneficial Users and Land Uses

In general, groundwater with TDS at concentrations less than or equal to the minimum threshold
will be suitable for all beneficial use in the Subbasin. There may be some aesthetic concerns
about groundwater with TDS concentrations at or above the lower limit SMCL of 500 mg/L,
which is the measurable objective. However, maintaining TDS concentrations in groundwater
below 750 mg/L, which is more stringent than the upper limit of this secondary regulatory
standard of 1,000 mg/L, means that groundwater should be suitable for all intended beneficial
users and land uses in the Subbasin:
•

Agricultural land uses and users. Maintaining TDS concentrations at or below the
minimum threshold will generally support beneficial water use for irrigation for the crops
that are commonly grown in the Subbasin. Crop yields for salt sensitive crops may start
to decrease at concentrations above the minimum threshold.

•

Urban land uses and users. Maintaining TDS concentrations at or below the minimum
threshold will support beneficial water use for public supply. Exceedance of the
minimum threshold would impact public water supply for aesthetic and taste reasons.

•

Rural residential land uses and users (including DACs). Maintaining TDS
concentrations at or below the minimum threshold will provide adequate potable water
for residential water users. Exceedance of the minimum threshold would impact rural
residential potable supplies for aesthetic and taste reasons.

•

Industrial land uses and users. Maintaining TDS concentrations at or below the
minimum threshold will support beneficial groundwater use for industrial purposes.
Exceedance of the minimum threshold may impact industrial beneficial use of
groundwater for some applications requiring water with TDS below the minimum
threshold.

•

Environmental land uses and users. Maintaining TDS concentrations at or below the
minimum threshold will generally benefit the environmental water uses in the Subbasin.
Exceedance of the minimum threshold may impact species of plants and animals that are
reliant on shallow groundwater or interconnected surface water and are sensitive to
salinity.

6.8.2.5

Relevant Federal, State, or Local Standards

The degraded groundwater quality minimum threshold specifically incorporates state and local
standards for TDS. The lower limit SMCL for TDS is a California regulatory standard per the
State Water Code and was used to set the measurable objective. The minimum threshold is set at
750 mg/L, which is more stringent than the upper limit of this secondary regulatory standard of
1,000 mg/L.

Corning Subbasin Groundwater Sustainability Plan
November 2021

6-44

6.8.2.6

Method for Quantitative Measurement of Minimum Thresholds

Groundwater quality will be directly measured by public water supply providers at the network
of public supply wells shown in Figure 5-9.
Public supply well owners or agencies are responsible for collecting groundwater samples for
analytical testing and reporting data to county and state drinking water agencies. Groundwater
samples will be collected by public water suppliers in accordance with the monitoring protocols
enforced by other agencies. The annual maximum concentration of TDS reported by the
laboratory will be used to compare to the minimum threshold. Should a minimum threshold be
exceeded, the GSAs will consider taking a secondary sample to confirm the exceedance and that
is not due to sample collection or laboratory measurement errors. If the second sample is also
above the minimum threshold, a review will be conducted to identify if the exceedance is due to
GSP implementation.

6.8.3 Measurable Objectives
The measurable objective for groundwater quality represents target groundwater quality in the
Subbasin.
The groundwater quality measurable objective is a TDS concentration of 500 mg/L measured in
public supply wells.
6.8.3.1

Methodology for Setting Measurable Objectives

The groundwater quality measurable objective is defined as the lower limit SMCL for TDS. This
limit is not a health based standard but is related to the water aesthetic and taste. TDS
concentrations measured in supply wells in the Subbasin are historically less than the measurable
objective, which means the water quality is not at risk to reaching the minimum threshold or
causing an undesirable result. This TDS concentration measurable objective is the standard that
the GSAs aim to maintain for groundwater quality in the Subbasin.
6.8.3.2

Interim Milestones

Current TDS concentrations in supply wells are less than the measurable objective. Therefore,
the interim milestones are identical to the current conditions.

6.8.4 Undesirable Results
6.8.4.1

Criteria for Defining Chronic Lowering of Groundwater Levels Undesirable Results

By regulation, the degradation of groundwater quality undesirable result is a quantitative
combination of groundwater quality minimum threshold exceedances. For the Subbasin, any
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groundwater quality degradation is undesirable as a direct result of GSP implementation.
However, some groundwater quality changes are expected to occur independent of SGMA
activities; because these changes are not related to SGMA activities they do not constitute an
undesirable result. Therefore, the degradation of groundwater quality undesirable result is as
follows:
The Undesirable Result occurs when at least 25% of representative monitoring sites exceed the
minimum threshold for water quality for two (2) consecutive years at each location where it can
be established that GSP implementation is the cause of the exceedance.
There are currently 15 groundwater quality RMP wells that are routinely monitored for TDS in
the Subbasin. Therefore, 25% of wells dropping below their minimum thresholds would mean
3 wells out of the entire network are allowed to exceed the TDS minimum threshold before
reaching an undesirable result. This allows for 3 exceedances of the minimum thresholds at the
same wells two years in a row before triggering an undesirable result.
6.8.4.2

Potential Causes of Undesirable Results

Conditions that may lead to an undesirable result include changing pumping locations, depths, or
volumes due to new wells being drilled, or GSP-related projects and management actions. For
example, increased pumping in an area that is susceptible to poor groundwater quality could
trigger groundwater quality degradation that has not been observed before. Also, active
groundwater recharge projects could alter geochemical conditions or mobilize existing
contaminants.
The following lists some general activities that the GSAs will conduct to evaluate if groundwater
quality degradation occurred due to actions implemented by the GSAs:
•

If the GSA has not implemented any projects or actions, then any groundwater quality
degradation has not been caused by GSA activities

•

If monitoring or production wells between a GSA’s project and the impacted well do not
show degradation, then any groundwater quality degradation has not been caused by
GSA activities

•

If the groundwater quality degradation is in close proximity to a GSA activity, the GSA
could:
o Evaluate monitoring data from any projects and actions in the vicinity of the
exceedance
o Review other available groundwater quality data in the vicinity of the exceedance
including analysis of laboratory analytical data and laboratory quality
assurance/quality control measures
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o Resampling of wells if it is established that the GSA projects or actions may be the
cause of minimum threshold exceedances
o For any projects and actions implemented under the GSP, additional groundwater
quality monitoring in the vicinity of the project or management actions sites may be
implemented to determine the possibility of causing undesirable results. Any needed
mitigation measures to avoid the negative conditions will be included.
In addition, the GSAs will routinely coordinate with local and regional agencies that administer
water quality sampling programs to ensure that GSP activities do not affect these programs, and
to share data and information across programs.
6.8.4.3

Effects on Beneficial Users and Land Uses

The degradation of groundwater quality undesirable result only applies to groundwater quality
changes directly caused by projects or management actions implemented as part of this GSP.
This undesirable result does not apply to groundwater quality changes that occur due to other
causes. If groundwater quality degradation due to GSP implementation activities is avoided, the
GSA will have no impact on the use of groundwater in the Subbasin. However, if groundwater
pumping changes, projects, or actions associated with GSP implementation are shown to cause
the degradation of localized groundwater quality, beneficial users and land uses may be
impacted. Adverse impacts of groundwater quality degradation include diminished supply due to
non-compliance with drinking water standards or undue costs for wellhead treatment or well
replacement.

6.9 Subsidence SMC
Land subsidence refers to the gradual lowering or sudden sinking of the land surface. There are
many factors which can contribute to land subsidence, including groundwater pumping, drainage
and decomposition of peatlands, underground mining, oil and gas extraction, hydrocompaction,
natural compaction, sinkholes, and/or thawing permafrost. Amongst these causes of land
subsidence, only aquifer-system compaction due to groundwater pumping is relevant to SGMA
and is applicable to geology, water management, and land use in the Subbasin.

6.9.1 Locally Defined Significant and Unreasonable Conditions
Locally defined significant and unreasonable conditions were determined based on discussions
with GSA staff, input from CSAB members, and other local stakeholders:
Inelastic land subsidence that adversely impacts fixed infrastructure and is caused solely by
lowering of groundwater levels occurring in the Subbasin is significant and unreasonable.
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6.9.2 Minimum Thresholds
Section 354.28(c)(5) of the GSP Regulations states that “The minimum threshold for land
subsidence shall be the rate and extent of subsidence that substantially interferes with surface
land uses and may lead to undesirable results.”
The following minimum threshold was defined for subsidence:
The minimum threshold for subsidence solely due to lowered groundwater elevations is no more
than 0.5 foot of cumulative subsidence over a 5-year period (beyond the measurement error).
6.9.2.1

Information and Methodology Used to Establish Minimum Thresholds and Measurable
Objectives

The development of minimum thresholds and measurable objectives follow a similar process and
are described concurrently in this section. The information used for establishing the subsidence
minimum thresholds and measurable objectives include:
•

Historical subsidence data collected by DWR, Glenn County, and Tehama County. This
includes several land surface elevation surveys at 18 benchmarks, Subbasin-wide InSAR
satellite surveys, and extensometer measurements

•

Feedback from discussions with GSA staff, CSAB members, and local stakeholders on
challenges and goals within the Subbasin

•

The definition of significant and unreasonable conditions developed based on local
feedback

The general steps for developing minimum thresholds and measurable objectives were:
•

Review and synthesize historical subsidence data collected in the Subbasin, described in
Section 3.2.5

•

Identify the amount and location of subsidence in the Subbasin that would substantially
interfere with surface land uses. Per the GSP Regulations, the subsidence impacts must
be due to groundwater use and must be inelastic (irreversible) subsidence to be
considered significant and unreasonable

•

Identify a monitoring network for measuring subsidence in the Subbasin. For more
information on this process, refer to Section 5.4.1 of the Monitoring Networks Section.

To date, there has been little to no historical inelastic subsidence observed in the Subbasin since
monitoring began in 2004 (Section 3.2.5). This is despite overall declining groundwater levels in
much of the Subbasin since 2008, changing land use, and curtailments to surface water
allocations. There is one survey location in the Subbasin near the City of Orland and adjacent to
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the southern Subbasin boundary with greater land surface subsidence than other locations in the
Subbasin. Land surface elevation decreased in this location by 0.29 foot between 2008 and 2017,
while other land surface elevation declines during this same timeframe were less than 0.18 foot.
Similarly, InSAR satellite data showed that less than or equal to 0.1 foot of subsidence occurred
throughout the Subbasin between 2015 and 2019 (Section 3.2.5).
However, based on land subsidence and groundwater elevation data from the neighboring Colusa
Subbasin to the south, there is the potential for future land subsidence in the Corning Subbasin in
areas with clay-rich sedimentary layers at depth and lowering groundwater levels. The
Sacramento Valley-wide land surface elevation survey performed in the Colusa Subbasin in 2008
and 2017 indicated lowering of the land surface to the south of the Corning Subbasin, near
Orland, by up to 0.59 foot. Cumulative InSAR data from 2015 to 2019 similarly showed a
lowering of the land surface of about 0.75 foot in parts of the Colusa Subbasin, near Artois (see
Section 3.2.5 and Figure 6-11). The area with subsidence noted by both surveys and InSAR is
centered about 4 miles south of the Corning Subbasin and mainly covers a north to south
trending 6-mile by 2-mile area around I-5 between Orland and Artois.

Figure 6-11. InSAR Data South of Corning Subbasin as shown on the DWR SGMA Data Viewer Mapping Interface
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Groundwater level declines of up to 50 feet in this area near the Corning Subbasin have been
measured since 2005 as shown in hydrographs on Figure 6-12 for the wells summarized in Table
6-4.
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Figure 6-12. Historical Subsidence and Groundwater Elevation Near Orland
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Total Well
Depth

Perforated
Interval

Latitude

Longitude

Reference Point
Elevation

(feet bgs)
218

(feet bgs)
188 - 218

(NAD 83)
39.7956

(NAD 83)
-122.2278

(feet AMSL)
298.89

Subbasin
Corning

State Well
Number
22N03W05F002M

Well
Type
Irrigation

Corning

22N03W12Q003M

Domestic

124

112 - 123

39.7705

-122.1491

232.94

Corning

22N03W03D001M

Domestic

104

90 - 102

39.797195

-122.196687

270.97

Colusa

22N03W17E001M

Domestic

72

58 - 60

39.765795

-122.230487

Colusa

22N03W30C001M

Domestic

176

160 - 172

39.738995

-122.248387

283.0
285.0

Corning

22N03W10R001M

Domestic

131

111 - 131

39.769695

-122.181187

259.46

Table 6-4. Well Completion Information for Groundwater Level Monitoring Wells near Subsidence Area

Based on the data, extensive subsidence has not occurred in the Subbasin since monitoring began
in 2004. However, conditions exist that could potentially induce future land subsidence
particularly along the southern Subbasin boundary and other areas where groundwater levels are
declining due to groundwater pumping. Major infrastructure in the Corning Subbasin that could
be impacted by future subsidence near this area includes not only I-5, but also the OUWUA
Canal System and Tehama Colusa-Canal. Numerous roads, bridges, and overpasses could also be
affected. It is difficult to assess where subsidence may interfere with surface land uses and
infrastructure; therefore, a single minimum threshold was recommended for the entire Subbasin.
The minimum threshold for subsidence was defined as 0.5 foot over a 5-year period. This
amount of subsidence is approximately equal to the sum of historical subsidence and potential
measurement error in the Subbasin since 2008:
•

The historical subsidence data suggest less than 0.4 foot of subsidence has occurred in the
Subbasin since 2008, with maximum measurements of 0.29 foot measured by land
surface survey between 2008 and 2017 and 0.1 foot measured by InSAR between 2015
and 2019.

•

The InSAR data provided by DWR is subject to measurement error of approximately
0.1 foot. DWR has stated that, on a statewide level, for the total vertical displacement
measurements between June 2015 and June 2019, the errors are as follows (DWR, 2019
and Towill, Inc., 2020):
1. The error between InSAR data (>185 million measurement points total) and
continuous GPS data (137 locations used as validation points) is 16 millimeter
(0.052 foot) with a 95% confidence level.
2. The measurement accuracy when converting from the raw InSAR data to the raster
map provided by DWR, which was calculated by comparing the point data, is
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0.048 foot with 95% confidence level. (Note that errors for this Subbasin could be
different).
By adding the errors 1 and 2, the combined error is 0.1 foot. While this is not a robust statistical
analysis, it does provide an estimate of the potential error in the InSAR maps provided by DWR.
A land surface change of less than 0.1 foot is therefore within the noise of the data and is
equivalent to no subsidence in the Subbasin.
Since no subsidence impacts to critical infrastructure have been noted to date, 0.5 foot of
subsidence in a 5-year period was not considered to be significant or unreasonable in the
Subbasin.
6.9.2.2

Relationship between Individual Minimum Thresholds and Relationship to Other
Sustainability Indicators

The subsidence minimum threshold has little or no impact on other minimum thresholds, as
described below.
•

Chronic lowering of groundwater levels. The subsidence minimum threshold will not
decrease groundwater elevations and therefore will not result in significant or
unreasonable groundwater elevations.

•

Change in groundwater storage. The subsidence minimum threshold will not change
the amount of pumping and therefore will not result in a significant or unreasonable
change in groundwater storage.

•

Degraded water quality. The subsidence minimum threshold does not promote
decreasing groundwater elevations that lead to exceedance of water quality minimum
thresholds and therefore will not result in significant of unreasonable degradation of
water quality.

•

Depletion of interconnected surface waters. The subsidence minimum threshold does
not promote additional pumping or lower groundwater elevations adjacent to
interconnected surface waters. Therefore, the subsidence minimum threshold will not
result in a significant or unreasonable depletion of interconnected surface waters.

6.9.2.3

Effect of Minimum Thresholds on Neighboring Basins and Subbasins

The Corning Subbasin is bounded by 5 neighboring Sacramento Valley subbasins for which
GSPs are being developed concurrently:
•

Red Bluff Subbasin to the north

•

Los Molinos Subbasin to the northeast
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•

Vina Subbasin to the east

•

Butte Subbasin to the southeast

•

Colusa Subbasin to the south

Coordination with the adjacent GSAs responsible for establishing minimum thresholds in
neighboring basins occurred throughout the development of this GSP. The subsidence minimum
threshold for the Corning Subbasin was selected to maintain consistency with neighboring
subbasins.
Since the greatest subsidence in the Subbasin is found on the southern border with the Colusa
Subbasin, interbasin coordination will be instrumental for managing subsidence between
subbasins. The Corning Sub-basin GSAs will coordinate with the Colusa Subbasin GSAs during
GSP implementation to assess if groundwater pumping in the area near Orland leads to an
increase in magnitude or area of known subsidence due to groundwater pumping. Groundwater
pumping in this neighboring Subbasin has the potential to impact the ability of the Corning Subbasin GSAs to meet the subsidence minimum thresholds established in this plan. The Colusa
Subbasin GSP minimum threshold also allows for up to 0.5 feet of subsidence over 5 years in the
area south of the Corning Subbasin, which is identical to the minimum threshold for this
Subbasin. Consequently, the selected minimum thresholds should not interfere with the Corning
and Colusa subbasins’ ability to achieve the subsidence minimum thresholds. The other
neighboring subbasins to the east and north do not appear as prone to subsidence as the Colusa
Subbasin and use similar minimum thresholds to this GSP; therefore, subsidence minimum
thresholds in other neighboring subbasins should not prevent the Corning Subbasin from
achieving sustainability and vice versa.
6.9.2.4

Effects of Minimum Thresholds on Beneficial Users and Land Uses

Available data indicate that there is very little historical long-term subsidence in the Subbasin. If
little to no subsidence continues in the future as anticipated, beneficial users and land uses should
not be impacted by the subsidence minimum threshold. If subsidence is noted in the future at
levels greater than the minimum threshold, reductions in pumping or modifications to current
practices could be necessary. Reductions in pumping and/or changes to current practices would
mainly impact agricultural land use and beneficial use of groundwater in the Subbasin.
Reductions to pumping in the future may need to occur in adjacent areas to the Corning Subbasin
in order to effectively manage regional subsidence.
6.9.2.5

Relevant Federal, State, or Local Standards

No federal, state, or currently enforced local standards exist for subsidence.
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6.9.2.6

Method for Quantitative Measurement of Minimum Thresholds

The minimum threshold for subsidence will be assessed quantitatively using DWR-provided
InSAR data. InSAR data are collected at many points and composited by DWR into average
measurements in a grid pattern made up of approximately 2.5-acre cells. Each InSAR cell
measurement is the average of many discrete vertical displacement point measurements.
Subsidence data from InSAR cells for the previous water year (from October of one year to
October of the following year) will be analyzed and compared to minimum thresholds. Annual
comparison of data and review of monthly values will help the GSAs isolate elastic subsidence
related to seasonal groundwater pumping from inelastic subsidence caused by chronic
groundwater level decline (Figure 3-34 and Figure 3-35).
Important considerations related to the minimum threshold and satellite-based InSAR data
provided by DWR include the following:
•

InSAR measures the total subsidence and does not distinguish between elastic and
inelastic subsidence. While it is difficult to compensate for elastic subsidence, visual
inspection of monthly changes in ground elevations suggest that elastic subsidence is
largely seasonal (Figure 3-34 and Figure 3-35).

•

InSAR measurements do not distinguish whether any observed total subsidence is caused
by lowered groundwater levels due to pumping.

The InSAR dataset may be supplemented by GPS benchmark elevation surveys which are
planned on a 5-year interval by DWR.

6.9.3 Measurable Objectives
The measurable objective for subsidence represents target subsidence rates in the Subbasin.
The measurable objective for inelastic subsidence solely due to lowered groundwater elevations
is zero throughout the subbasin, in addition to any measurement error.
If the InSAR dataset is used, the measurement error is 0.1 ft, and measured annual subsidence of
0.1 ft or less would not be considered measurable inelastic subsidence.
6.9.3.1

Methodology for Setting Measurable Objectives

The subsidence measurable objective is essentially no subsidence when sustainability is reached
in 2042, after accounting for potential measurement error.
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6.9.3.2

Interim Milestones

The subsidence measurable objective is set at current conditions of no long-term subsidence.
There is no change between current conditions and sustainable conditions. Therefore, the interim
milestones are identical to current conditions of zero long-term subsidence, and annual
subsidence of no more than 0.1 foot.

6.9.4 Undesirable Results
6.9.4.1

Criteria for Defining Chronic Lowering of Groundwater Levels Undesirable Results

By regulation, the ground surface subsidence undesirable result is a quantitative combination of
subsidence minimum threshold exceedances. A subsidence undesirable result for the Subbasin is:
Any exceedance of a minimum threshold is an undesirable result if the exceedance is irreversible
and caused by lowering groundwater elevations.
If subsidence is observed in the future, the GSAs will first assess whether the subsidence may be
due to elastic subsidence. If the subsidence is inelastic, the GSAs will further evaluate the data to
assess whether the subsidence is caused by lowered groundwater elevations. The first step in the
assessment will be to check if groundwater elevations near the subsidence measurement have
dropped below historical lows. If groundwater elevations remain above historical lows, the GSAs
shall assume that any observed subsidence was not caused by lowered groundwater levels. If
groundwater levels have dropped below historical lows, the GSAs will attempt to correlate the
observed subsidence with measured groundwater elevations. In addition, if the subsidence occurs
in the Southern portion of the Subbasin near Orland, subsidence and water level data will be
reviewed in coordination with the Colusa Subbasin GSAs to establish if the subsidence was
triggered by actions in the adjacent subbasin. Lastly, if the Subbasin experiences subsidence in
multiple consecutive years that are due to InSAR measurement error, the GSAs will confirm if
the error is not actually net long-term subsidence.
6.9.4.2

Potential Causes of Undesirable Results

Conditions that may lead to an undesirable result include changing pumping locations, depths, or
volumes. For example, increased pumping in an area that is susceptible to subsidence could
trigger subsidence that has not been observed before. The following lists some general activities
that the GSAs will conduct to evaluate if land subsidence was inelastic and occurred due to
groundwater pumping:
•

Review other subsidence datasets for the Subbasin if available, including land surface
elevation surveys and extensometer data; this could also include limited benchmark
surveys
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•

Review groundwater elevation measurements and trends in water level RMPs
(established as part of the declining groundwater level SMC) and other nearby wells
being monitored, including an assessment as to whether groundwater levels are below
historical lows

•

Evaluate known or estimated groundwater pumping near observed land subsidence

6.9.4.3

Effects on Beneficial Users and Land Uses

The undesirable result for subsidence allows for no more than 0.5 foot of cumulative subsidence
in the Subbasin during a 5-year period. This amount of subsidence is not likely to impact
beneficial users and land uses such as highways, canals, and pipelines as it is about equal to the
total subsidence in one portion of the Subbasin and no impacts to infrastructure have been
reported to date. No other beneficial users or land uses are anticipated to be impacted by
subsidence in the Subbasin.

6.10 Depletion of Interconnected Surface Water SMC
Per Section §354.28(C)(6) of the GSP Regulations, the GSAs are responsible for assessing the
location, quantity, and timing of depletions of interconnected surface water due to groundwater
pumping. The depletion of interconnected surface water SMC only applies to locations in the
Subbasin where interconnected surface water exists, similar to the conditions shown on panel A
and B of Figure 6-13. This SMC does not apply to disconnected surface water shown on panel C
of Figure 6-13. As such, large areas of the Subbasin are not considered in this SMC, where
streams, if present, are disconnected from groundwater.
Additionally, per Section §354.16(g) of the GSP Regulations, GDEs are beneficial users of
interconnected surface water and should be considered in the surface water depletion SMC
specifically when using groundwater levels as a proxy.
While SGMA does not require the Plan to address California’s public trust doctrine, a 2018
California Court of Appeal ruling found that groundwater pumping that reduces the flow or
volume of water in a navigable stream (and tributaries that supply navigable streams) may
violate the public trust.
The public trust doctrine is a balancing document, requiring that water rights balance the needs
of private water users with the needs of public users, including environmental users. The various
beneficial uses and users of surface waters were addressed when setting the interconnected
surface water depletion minimum thresholds including riparian rights holders, ecological surface
water users, and recreational surface water users. This is a reasonable review of all uses and
users in an attempt to balance all interests. This is not an assessment about what constitutes a
reasonable beneficial use under Article X, Section 2 of the California Constitution.
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Figure 6-13. Conceptual Representation of Interconnected Surface Water (Winter et al., 1999)
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6.10.1 Locally Defined Significant and Unreasonable Conditions
Locally defined significant and unreasonable conditions for depletion of interconnected surface
water were determined based on discussions with GSA staff, interbasin coordination meetings
with other Sacramento Valley GSP teams and general Sacramento Valley input from TNC and
the Environmental Defense Fund (EDF), input from CSAB members, and other local
stakeholders. Water Code Section 10727.2(b)(4) specifies that if surface water depletion is
considered significant and unreasonable, then conditions should not be allowed to worsen
relative to January 1, 2015, when SGMA was enacted.
Three major streams occur in the Subbasin: Thomes Creek forms the northern boundary of the
Subbasin, the Sacramento River forms the eastern boundary of the Subbasin, and Stony Creek
(including Black Butte Dam) partially forms the southern boundary of the Subbasin (Figure
6-14).
Each of these streams have unique conditions and surface water management regimes, as
discussed in Section 3.2.7. Surface water and groundwater is likely only connected in eastern
portions of the Subbasin along the Sacramento River and possibly in some areas near Thomes
Creek and Stony Creek, as described further below. Several ephemeral streams that originate
through rainstorms in the western coastal range foothills and run dry in the summer are not
considered in the setting of SMC, as they are not likely connected to groundwater at any point.
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Figure 6-14. Major Surface Water Features in the Corning Subbasin
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Locally defined significant and unreasonable conditions were defined individually for the
Sacramento River, Stony Creek, and Thomes Creek streams as follows:
Sacramento River
•

Significant and unreasonable depletion of interconnected surface water on the
Sacramento River occurs if surface water beneficial users are impacted, such as surface
water diverters, riparian habitat, and potential GDEs. The GSAs do not have authority to
manage Shasta Lake reservoir releases and are not required to manage surface waters.
In addition, impacts on the Sacramento River occurring in Subbasins upstream or
adjacent to the Corning Subbasin may occur. Interbasin coordination will be necessary
to assess overall impacts, should they occur.

•

Significant and unreasonable streamflow depletion on the Sacramento River within the
Corning Subbasin does not currently occur.

Stony Creek
•

Significant and unreasonable depletion of interconnected surface water on Stony Creek
occurs if groundwater pumping affects streamflow and impacts any beneficial users
(except invasive species) beyond depletions observed in 2015.

•

Stony Creek is fully adjudicated, and the GSAs do not have authority to manage Black
Butte Dam releases and are not required to manage surface waters.

•

Stony Creek does not provide extensive riparian habitat beyond invasive species
(primarily arundo); invasive species are not protected species and should not be
considered a beneficial user.

Thomes Creek
•

Significant and unreasonable depletion of interconnected surface water on Thomes Creek
occurs if groundwater pumping affects streamflow beyond depletions observed in 2015.

•

Thomes Creek is mostly a disconnected stream and is seasonally dry in lower reaches
and does not support significant surface water diversions; invasive species are also
prevalent on Thomes Creek and should not be considered beneficial users.

6.10.2 Minimum Thresholds
Section 354.28(c)(5) of the GSP Regulations states that “The minimum threshold for depletions
of interconnected surface water shall be the rate or volume of surface water depletions caused by
groundwater use that has adverse impacts on beneficial uses of the surface water and may lead to
undesirable results.” Section §354.36(b) of the GSP Regulations provide an option for using
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groundwater elevations as a proxy metric for depletions of interconnected surface water
minimum thresholds and measurable objectives.
To use groundwater elevations as a proxy for depletions of interconnected surface water, the
GSP must demonstrate significant correlation between groundwater elevations and depletions of
interconnected surface water caused by groundwater use. Correlation between groundwater
levels and surface water depletion was determined to be significant based on the results of
groundwater model simulations discussed in the Section 3.2.7. Therefore, groundwater
elevations are an appropriate proxy for defining the depletion of interconnected surface water
minimum thresholds and measurable objectives. In addition, a conceptual method was proposed
by EDF and is widely regarded in the Sacramento Valley to be an approach of choice, given the
documented and important interconnection of the major Sacramento Valley streams to
groundwater: the basic concept is that as water levels drop, it increases the vertical gradient at
streams and leads to potential streamflow depletion.
Groundwater elevation minimum thresholds were established in depletion of interconnected
surface water RMP wells near interconnected stream reaches shown in Figure 5-10. This network
of 8 wells, which is a subset of the shallow wells for the chronic lowering of groundwater levels
RMP, and only includes shallow wells from the DWR observation well clusters, will be refined
with the addition of dedicated monitoring wells closer to and in data gap areas of the
interconnected streams, as described in the plan implementation section. The minimum
thresholds for groundwater levels at surface water depletion RMPs are identical to minimum
thresholds for chronic lowering of groundwater RMPs in shallow wells defined in Section 6.6.2.
Since the shallow wells near the streams were categorized as stable wells in the chronic lowering
of groundwater levels SMC, the minimum threshold at these wells is the minimum fall
groundwater elevation since 2012 minus a 20-foot buffer. The minimum thresholds and
measurable objectives for individual RMP wells are summarized in Table 6-5.
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Table 6-5. Surface Water Depletion Minimum Thresholds, Measurable Objectives, and Interim Milestones

State Well
Number
22N01W29N003M
22N02W01N003M
22N02W15C004M
22N02W18C003M
22N03W01R002M
23N02W28N004M
24N02W29N003M
Glenn TSS Well

Well Type
Observation
Observation
Observation
Observation
Observation
Observation
Observation
Observation

Minimum
Threshold
(ft NAVD88)
91.7
99.3
84.0
131.6
123.6
104.3
123.2
237.5

2027 Interim
Milestone
(ft NAVD88)
123.2
133.2
135.4
147.6
143.9
139.3
146.9
262.8

2032 Interim
Milestone
(ft NAVD88)
123.2
134.3
138.3
147.8
143.9
140.4
150.6
262.8

2037 Interim
Milestone
(ft NAVD88)
123.3
135.4
141.2
148.1
143.9
141.6
154.4
262.8

Measurable
Objective
(ft NAVD88)
123.4
136.5
144.1
148.4
143.9
142.7
158.1
262.8

6.10.2.1 Information and Methodology Used to Establish Minimum Thresholds and
Measurable Objectives
The minimum thresholds for depletion of interconnected surface waters are developed using the
definition of significant and unreasonable conditions described above, public information about
critical habitat, locations of interconnected surface water derived from the integrated hydrologic
model, and public information about water rights.
Beneficial Users of Interconnected Surface Water
The various beneficial uses and users of surface waters were addressed when setting the
interconnected surface water depletion minimum thresholds. The categories of beneficial uses
and users that were reviewed include:
•

Riparian water rights holders on the Sacramento River. On Thomes Creek, it is uncertain
if any riparian water is still being diverted from this low flow stream.

•

CVP water rights holders on the Sacramento River:
o River flow controlled upstream at Shasta Dam to satisfy Delta outflows and exports,
fish habitat, and surface water rights holders
o TCCA Diversion to TCC and Corning Canal
o Diversion at Glenn-Colusa Canal

•

Stony Creek adjudicated stream with federal water contract holders

•

Ecological surface water users, including GDEs, but also invasive species along much of
the Stony Creek corridor

•

Recreational surface water users (including protected riparian habitat areas that constitute
parks and recreational areas along the Sacramento River)
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Location of interconnected surface water
The NSac integrated hydrologic model was used to identify the location of interconnected
surface waters and to develop an estimate of areas that may be losing or gaining reaches.
Shallow groundwater and surface water levels simulated by the NSac model are used to identify
the location of interconnection and evaluate the frequency with which different stream reaches
are connected with groundwater in the underlying aquifer. The magnitude of stream depletions in
relation to shallow groundwater elevations in interconnected reaches are evaluated in
Section 3.2.7. In general:
•

Sacramento River is fully connected to groundwater and mostly gaining water from
groundwater

•

Thomes Creek is mostly disconnected from groundwater and mostly losing water to
groundwater

•

Stony Creek is likely partially or seasonally connected to groundwater and may gain or
lose water depending on water year type and seasons

•

Ephemeral streams are likely disconnected from groundwater

The minimum thresholds for depletion of interconnected surface water are based on the concept
that as groundwater levels decrease, the vertical gradient at streams increase and lead to potential
streamflow depletion. Considering all the beneficial uses and users, the CSAB determined that
surface water depletion was not significant and unreasonable in 2015 for the Subbasin stream
reaches of the Sacramento River, Stony Creek, or Thomes Creek. The Sacramento River flows in
the Corning Subbasin are managed through releases from Shasta Dam. These flows are
specifically timed for the benefit of endangered fish species in the River. During the 2015
drought, agricultural surface water providers did not receive any of their allocations, to leave
enough water in the River to protect environmental flows. The majority of groundwater pumping
in the subbasin occurs further away from the Sacramento River. Stony Creek and Thomes Creek
regularly go dry in the summer and early fall, and therefore do not likely provide habitat for
endangered fish species.
Furthermore, it is likely that slightly lower groundwater elevations near streams will not
suddenly cause significant and unreasonable conditions to occur. As such, the groundwater
elevation minimum thresholds and measurable objectives were established using identical
methods developed for the chronic lowering of groundwater level SMC, considering the same
factors addressed in developing these criteria presented in Section 6.6.2.1.
There are data gaps in the surface water depletion RMP network that will be addressed during
GSP implementation, particularly along Thomes Creek. There are several recent additions to the
groundwater level monitoring network near Thomes Creek in the Red Bluff Subbasin to the
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north that will be tracked and discussed as needed in GSP annual updates until the RMP network
in the Subbasin can be expanded. Minimum thresholds and measurable objectives will be defined
for new RMP locations when added to the GSP monitoring networks during GSP annual updates.
Therefore, as the data gaps are addressed, the GSAs reserve the right to modify the surface water
depletion SMCs and RMPs to better represent local conditions.
6.10.2.2 Relationship between Individual Minimum Thresholds and Relationship to Other
Sustainability Indicators
The depletion of surface water minimum threshold could influence other sustainability indicators
as follows:
•

Chronic lowering of groundwater levels. The depletion of interconnected surface water
minimum thresholds is developed using the same approach as the chronic lowering of
groundwater levels minimum thresholds. Most of the RMP network for streamflow
depletion is included in the chronic lowering of groundwater levels RMP network;
therefore, minimum threshold exceedances in surface water depletion RMPs will also be
minimum threshold exceedances in chronic lowering of groundwater level RMPs.

•

Change in groundwater storage. The depletion of interconnected surface water
minimum thresholds is developed using the same approach as the change in groundwater
storage minimum thresholds. Most of the RMP network for streamflow depletion is
included in the change in groundwater storage RMP network; therefore, minimum
threshold exceedances in surface water depletion RMPs will also be minimum threshold
exceedances in change in groundwater storage RMPs.

•

Degraded water quality. The depletion of interconnected surface water minimum
thresholds does not promote increased groundwater pumping near interconnected streams
to an extent that should cause exceedance of the water quality minimum threshold.

•

Subsidence. The depletion of interconnected surface water minimum thresholds does not
promote increased groundwater pumping near interconnected streams to an extent that
should cause exceedance of the subsidence minimum threshold.

6.10.2.3 Effect of Minimum Thresholds on Neighboring Basins and Subbasins
The Corning Subbasin is bounded by 5 neighboring Sacramento Valley subbasins for which
GSPs are being developed concurrently:
•

Red Bluff Subbasin to the north

•

Los Molinos Subbasin to the northeast

•

Vina Subbasin to the east

•

Butte Subbasin to the southeast
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•

Colusa Subbasin to the south

Coordination with the adjacent GSAs responsible for establishing minimum thresholds in
neighboring subbasins occurred throughout the development of this GSP. Given that stream
reaches form the boundaries between the Corning Subbasin and the neighboring subbasins,
interbasin coordination is especially critical for this SMC. The depletion of interconnected
surface water minimum threshold for the Corning Subbasin was selected to not substantially
lower groundwater levels or impact streamflow depletion, thereby allowing for the neighboring
subbasins to be managed sustainably. The neighboring subbasins all selected to use groundwater
levels as a proxy to assess the streamflow depletion SMCs. The methods used to select the
minimum thresholds were slightly different in each case but generally result in minimum
thresholds that are equivalent to or slightly lower than the historical minimum measured
groundwater levels. Therefore, the Corning Subbasin should not impede neighboring Subbasins
from meeting their minimum thresholds by maintaining streamflow depletion within or close to
the historical range. Additional inter-basin coordination during GSP implementation will help
refine monitoring networks. SMC may be refined, as necessary, when data gaps are filled with a
more robust interconnected streamflow monitoring network.
Groundwater level analysis near the Corning Subbasin boundaries will be supplemented in GSP
annual updates with groundwater level data from neighboring subbasin wells, as necessary, while
the GSAs evaluate and add new or existing wells to address data gaps in the RMP network. The
primary data gaps are near the Red Bluff Subbasin boundary along Thomes Creek.
6.10.2.4 Effects of Minimum Thresholds on Beneficial Users and Land Uses
The depletion of interconnected surface water minimum thresholds may have variable effects on
beneficial users and land uses in the Subbasin.
Agricultural land uses and users. The depletion of interconnected surface water minimum
threshold prevents lowering of groundwater elevations adjacent to certain parts of streams and
rivers. This has the effect of limiting the amount of groundwater pumping in these areas.
Limiting the amount of groundwater pumping may limit the quantity and type of crops that can
be grown adjacent to streams and rivers.
Urban land uses and users. The depletion of interconnected surface water minimum threshold
prevents lowering of groundwater elevations adjacent to certain parts of streams and rivers. This
may limit the amount of urban pumping near rivers and streams such as Hamilton City, which
could limit urban growth in this area. The City of Corning is not adjacent to interconnected
surface water and therefore should not be impacted by these minimum thresholds.
Domestic land uses and users (including DACs). The depletion of interconnected surface
water minimum threshold may benefit existing domestic land users and uses near streams. The
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minimum threshold maintains groundwater elevations near streams at levels slightly below
historical levels, thus protecting the operability of relatively shallow domestic wells. However,
these minimum thresholds may limit the number of new domestic wells that can be installed near
rivers or streams to limit the additional drawdown from the new wells.
Ecological land uses and users. The depletion of interconnected surface water minimum
thresholds should limit impacts to ecological beneficial uses and users by preventing significant
and unreasonable depletions. However, some additional impacts may occur because groundwater
levels, and the associated stream depletions, may be greater than current conditions.
6.10.2.5 Relevant Federal, State, or Local Standards
No federal, state, or currently enforced local standards exist for depletion of interconnected
surface water.
6.10.2.6 Method for Quantitative Measurement of Minimum Thresholds
Groundwater elevation will be directly measured at RMP wells for comparison to the depletion
of interconnected surface water minimum thresholds. The annual minimum groundwater
elevation collected in the fall will be compared to the minimum threshold for depletion of
interconnected surface water. Groundwater level monitoring will be conducted in accordance
with the monitoring protocols outlined in Section 5.

6.10.3 Measurable Objectives
The measurable objective for depletion of interconnected surface water was defined using the
chronic lowering of groundwater levels measurable objectives as a proxy. Since the shallow
wells near the streams were categorized as stable wells in the chronic lowering of groundwater
levels SMC, the measurable objective at these wells is the maximum fall groundwater elevation
since 2012. The measurable objectives for each depletion of interconnected surface water RMP
are listed in Table 6-5.
6.10.3.1 Methodology for Setting Measurable Objectives
The measurable objective for depletion of interconnected surface water is identical to the chronic
lowering of groundwater level measurable objectives, for the subset of wells in both RMP
networks. The measurable objectives are either the fall maximum groundwater elevation since
2012 for wells with stable water level trends or the fall 2015 maximum groundwater level for
wells with declining groundwater level trends. Using either method, the measurable objective for
depletion of interconnected surface water is greater than or equal to the groundwater level in the
fall of 2015. Using shallow groundwater levels of 2015 for the measurable objective has
regulatory backing; in most shallow wells near the streams, fall groundwater levels have either
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increased slightly since 2015, or in some instances, groundwater levels declined slightly and then
recovered, indicating stable groundwater levels near the streams.
6.10.3.2 Interim Milestones
The interim milestone for depletion of interconnected surface water are identical to the chronic
lowering of groundwater levels interim milestones.

6.10.4 Undesirable Results
6.10.4.1 Criteria for Defining Chronic Lowering of Groundwater Levels Undesirable Results
By regulation, the depletion of interconnected surface water undesirable result is a quantitative
combination of minimum threshold exceedances. For the Subbasin, the undesirable result is:
An undesirable result occurs if 20% of RMP wells exceed the minimum threshold
during 2 consecutive years.
This percentage will be reevaluated when the monitoring network is fully established. Depletion
of interconnected surface water during unanticipated future droughts or unanticipated climatic
conditions do not constitute an undesirable result. This is in alignment with the SMC BMP
(DWR, 2017) which states, “Overdraft during a period of drought is not sufficient to establish a
chronic lowering of groundwater levels if extractions and groundwater recharge are managed as
necessary to ensure that reductions in groundwater levels or storage during a period of drought
are offset by increases in groundwater levels or storage during other periods.”
6.10.4.2 Potential Causes of Undesirable Results
Conditions that may lead to an undesirable result for the depletion of interconnected surface
waters include the following:
•

Localized pumping increases. Even if the Subbasin is adequately managed at the
Subbasin scale, increases in localized pumping near interconnected surface water bodies
could unreasonably increase surface water depletion.

•

Departure from the GSP’s climatic assumptions, including extensive, unanticipated
drought. Minimum thresholds were established based on anticipated future climatic
conditions. Departure from the GSP’s climatic assumptions or extensive, unanticipated
droughts may lead to excessively low groundwater elevations that increase surface water
depletion rates.
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6.10.4.3 Effects on Beneficial Users and Land Uses
During average hydrologic conditions and over the long term, the undesirable result will not
have a negative effect on the beneficial users and uses of groundwater. However, pumping
during dry years could temporarily increase rates of surface water depletions. Therefore, there
could be short-term impacts on all beneficial users and uses of surface water during dry years.
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7 PROJECTS AND MANAGEMENT ACTIONS
7.1 Introduction
This section describes the projects and management actions that will allow the Subbasin to attain
and maintain sustainability in accordance with §354.42 and §354.44 of the GSP regulations. In
this GSP, the term management actions generally refers to activities that support groundwater
sustainability without infrastructure; projects are activities supporting groundwater sustainability
that require infrastructure and associated permitting processes to implement (e.g., California
Environmental Quality Act [CEQA]).
The general approaches adopted by the projects and management actions in the Corning
Subbasin for achieving sustainability revolve around the following:
•

Provide for more flexible use of water resources to increase conjunctive use such that
groundwater supplies are augmented or conserved to facilitate beneficial use during dry
conditions and not worsening current groundwater conditions or impacting beneficial
users

•

Develop an array of best practices in water management applicable to the Subbasin

•

Incentivize beneficial users of water to apply best practices

•

Maximize available surface water use to allow for in-lieu recharge of groundwater for
Subbasin sustainability

•

Set the stage for cooperation and collaboration for local, state, and federal agencies in
successful water resources management in the Subbasin

The projects and management actions included in this section outline a potential framework for
achieving sustainability. However, several details remain to be negotiated before many of the
projects and management actions can be implemented:
•

Additional vetting by all necessary stakeholders, since implementing projects and
management actions will be a collaborative effort between the GSAs and coordinating
partners such as the USBR, TCCA, the Paskenta Band, and local water districts.

•

Funding sources will need to be identified as projects and management actions and are
likely beyond the agreed-upon scope for funding operation of the GSA, collecting
monitoring data, and compiling required reports

•

Projects that extend beyond Subbasin boundaries may require additional coordination
efforts with neighboring GSAs
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The projects and management actions included in this section are supported by the best available
information and best available science; however, further information may need to be collected in
the implementation period to refine projects and management actions. If a project or
management action is determined not to be feasible or the benefits do not outweigh the costs, it
may not be implemented. All projects and management actions listed in this Section are subject
to further evaluation.
The list of projects and management actions included herein will be refined during GSP
implementation. Any potential changes to the list of projects and management actions will be
reported in annual reports and/or the 5-year GSP update, as appropriate. Not all of the projects
and management actions described are likely necessary to attain sustainability. The GSAs will
initiate negotiations and discussions regarding specific projects and management actions during
the early years of GSP implementation.
Per the GSP Regulations, descriptions of each priority project and management action
summarized in the sections below include the following:
•

Relevant measurable objectives benefitting from the project or management action

•

Description and evaluation of expected benefits

•

Circumstances for implementation, including the criteria that would trigger
implementation or termination of projects or management actions, public noticing
requirements, relevant regulations, and required permits

•

Possible implementation schedule

•

Legal authority to implement the project or management action

•

Estimated costs

The approach to implementing the projects and management actions will provide public entities
and individual landowners flexibility in how they manage water and how the Subbasin achieves
groundwater sustainability.

7.2 Process for Identifying and Developing Projects and Management
Actions
Throughout the GSP development, information was gathered on the current and potential future
challenges to maintaining sustainability in the Subbasin. The following subsections describe how
information was assessed and compiled to develop a set of applicable projects and management
actions that are tailored to the needs of the Subbasin.
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7.2.1 Overview of Current and Projected Conditions
General data collection and analysis provided for an overview of current conditions (see Section
3, Basin Setting) and identification of areas of concern that will be the focus of GSP
implementation, to make sure Subbasin sustainability is achieved everywhere in the Subbasin, by
taking into consideration applicable beneficial users and uses of groundwater. In addition, the
simulated projected water budget (see Section 4, Water Budgets) was used to assess projected
conditions accounting for historical variations in hydrologic year types, the decrease in surface
water use and the increase in groundwater use, and projected climate change. On average, over
the 50-year planning and implementation horizon, the model predicts increased pumping and a
storage change that goes from net increase to net decrease. In other words, the additional
pumping is inducing a negative change in storage, with more outflows than inflows. The
additional pumping is predicted to induce increased stream leakage. This information indicates
that some areas in the Subbasin need targeted projects and management actions to achieve and
maintain sustainability (see Figure 7-1).

Figure 7-1. Areas Identified with Groundwater Concerns or Protection Needs
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7.2.2 Report Reviews
During GSP data collection and background review, a number of applicable reports were
identified that could not only provide information on subbasin conditions, but also provide input
on past, planned, and potential projects and management actions that had been identified in the
Subbasin. These reports included the following:
•

Agricultural Water Management Plans developed by Water Districts

•

Orland Unit Water Users’ Association reports and planning documents

•

County Hazard Mitigation Plans

•

Tehama County Groundwater Recharge Investigation and Pilot Program Report

•

Glenn County Groundwater Reliability and Recharge Pilot Project Summary Report

•

County General Plans

•

City of Corning General Plan

•

Resource Conservation Districts (RCD) Websites and Reports

•

Tehama County Watershed Reports

Applicable projects from these reports were compiled for further evaluation.

7.2.3 Stakeholder Outreach and Understanding of Project Needs
A series of outreach calls and interviews was conducted with stakeholders and advisors in the
Subbasin to identify water resource management challenges and planned or conceptual projects
and management actions that may help with overall subbasin sustainability. Outreach calls and
interviews were held with Water District General Managers, the Stony Creek Watermaster,
county RCD managers, City of Corning public works staff, University of California – Davis
extension specialists and farm advisors, USBR staff, and Farm Bureau representatives. During
these calls, past feasibility studies and reports were assessed for current applicability, and
additional newer reports and studies were identified to add to the inventory of applicable projects
and management actions.
Some of the key items identified during these interviews revolved around the need for:
•

Improved surface water reliability in areas that have access to surface water (Water
Districts)

•

Recharging flood waters

•

Identification of areas where supply wells have gone dry and how this could be mitigated

•

Land use planning approaches and well permitting
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•

Invasive species control

Further coordination with the Paskenta Band will occur during GSP implementation to ensure
GSP projects and management actions do not negatively impact their water resources operations.

7.2.4 Projects and Management Actions Compilation and Prioritization
The information gathered on potential projects and management actions was then compiled into
a comprehensive list for evaluation with stakeholders and CSAB members. Project information
was categorized based on the type of project or management action, the purpose and description
of the project, potential effects on sustainability indicators, and identification of collaborating
agencies and potential funding sources. The detailed lists were made available to the public for
review and discussed at several CSAB public meetings. Stakeholder feedback was gathered at
the public meetings, and CSAB members provided additional input to be considered for
prioritization. Several screening criteria were considered at a high level in the general evaluation
and prioritization of the projects, such as:
•

Cost (capital and operations and maintenance [O&M])

•

Recharge benefit and other benefits

•

Potential impacts

•

Status of implementation (feasibility study, pilot project, permitting, conceptual)

•

Water source(s), rights, and legal authority

•

Effects on sustainability indicators

•

Permitting and regulatory compliance needs

•

Administration logistics

•

Water availability

•

General feasibility

•

Public acceptance

•

Beneficial users that benefit from the project or management action

•

Implementing agency(ies)

The detailed lists of potential projects and management actions that were initially considered and
reviewed with the stakeholders and CSAB are provided in Appendix 7A. Additional details on
priority management actions and projects are provided in the subsections below. A few primary
projects and management actions were identified that addressed concerns for long-term
sustainability, as shown on Figure 7-2. There was great emphasis by stakeholders and CSAB
members on the need for collaboration with water districts, counties, cities, and USBR, and other
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agencies, as appropriate. Also, emphasis should be given to incentivizing rather than mandating
local users in adapting new approaches to water use and implementing projects.
As such, management actions will be prioritized over projects for early implementation. Many
projects described below are in the conceptual phase, and the projects will require additional
information gathering and thorough feasibility studies to determine if they can be implemented.
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Figure 7-2. General Project and Management Action Categories and Areas of Implementation to
Assist with Groundwater Sustainability
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7.2.5 Challenges and Opportunities
Stakeholders and CSAB members identified a number of potential challenges that may prevent
successful project implementation, as well as opportunities for collaboration (Table 7-1).
Additional details on implementation challenges that relate to each specific project are further
described in the project descriptions below.
Table 7-1. Challenges and Opportunities for Implementation of Projects and Management Actions
Challenge
Availability and cost of surface water from CVP – current
water pricing is prohibiting surface water use
Surface water availability for recharge
Uncontrolled ag growth in areas with insufficient quantity of
water (lack of surface water, and declining groundwater
levels)
Grower and beneficial user outreach and education

Opportunity
Review pricing structure and collaborate with DWR and
USBR on water allocations, water rights, and streamlined
permitting processes
Identify potential surface water sources for groundwater
recharge projects.
Coordinate with county general planning, ordinance, and well
permitting, as well as cities and other agencies with land use
planning authority
Collaboration with a variety of partners to improve water
management and efficiency for all beneficial uses (UCCE,
NRCS, Water Districts, TCCA, USBR, municipal water
providers, etc.); take advantage of grant funding and
education opportunities

7.3 Management Actions
Management actions are new or revised non-structural programs or policies that are intended to
reduce or optimize local groundwater use. Management actions will be implemented as a priority
to ensure more sustainable water resources management, on-farm practices, and well permitting.
Management actions are generally deemed a locally cost-effective way to achieve and maintain
sustainability, prior to developing more costly projects and programs.
The GSAs recognize that any management actions that impact the Paskenta Band must recognize
the Tribe's sovereignty and authority to manage its own resources. The Tribe's participation in
the management actions including data sharing, reporting, well management, ordinances, land
use, and best management practices will be negotiated independent of any other agency or
stakeholder within the Subbasin.
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7.3.1 Overview of Management Action Types
Five major types of management actions are identified that can be implemented to help the
Subbasin achieve sustainability:
1.

Water demand management

2.

Well management

3.

Policy and ordinances that control pumping growth

4.

Water transfers / contracting

5.

Grower education / best management practices

7.3.1.1

Management Action Type 1: Water demand management

Demand management would decrease the demand for groundwater by completing irrigation
system improvements for reduced water loss and reductions of non-beneficial ET, or land idling
to eliminate crop evapotranspiration. Reducing demand through irrigation system improvement
generally requires that steps be taken to reduce evaporation of applied water or reduce or
eliminate applied water that otherwise leaves the Subbasin. Although there are benefits for crop
health and yields, reducing the amount of applied water through efficient irrigation also reduces
the volume of unintended groundwater recharge, so water savings benefits from irrigation
efficiency may not always result in increased water levels or groundwater in storage. This
management action type can also be implemented as part of a grower education program, as
described below.
7.3.1.2

Management Action Type 2: Well management

Shallow domestic and small agricultural wells have been reported to go dry because of lowering
groundwater levels in some parts of the Subbasin and in some dry years. It is important to
identify if the reasons for the well impacts are due to 1) well maintenance and construction
issues, 2) influence by deeper pumping in the vicinity, or 3) drought conditions. A thorough well
inventory of currently used, abandoned, and dry wells will help the GSAs in identifying areas of
concern that warrant additional protective measures.
7.3.1.3

Management Action Type 3: Policy and ordinances that control pumping growth

Sustainable groundwater management is inherently linked to land use management. Land use
ordinances and other county and city policies can help set limits on future land use to control
water demands and pumping growth, commensurate with the sustainable groundwater
management goals of the subbasin. In addition, well permitting revisions can help with better
well management and protection of nearby wells.
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7.3.1.4

Management Action Type 4: Water transfers / contracting

There is limited surface water available in the Subbasin and its reliability can be impacted during
dry years, contractual limitations or allocations, or other regulatory constraints. However, CVP
contractors in the western Sacramento Valley have been working together to implement water
transfers and revise contracts to help efficiently manage the available resources on an annual
basis. Long-term planning and incentives to keep more surface water within the Subbasin will
help with overall sustainable groundwater management.
7.3.1.5

Management Action Type 5: Grower education / best management practices

Adoption of irrigation best management practices through water management education will help
growers make the best use of available water resources and support Subbasin sustainability.
Grower best management practices include using irrigation and soil management techniques that
use water as efficiently as possible. Incentivizing conjunctive use of surface water and
groundwater through grower education is crucial for efficient use of the water resources
available in the Subbasin. Conjunctive use means that surface water is used in years it is
available so that groundwater can be relied on during times of drought. Currently, groundwater is
often the preferred water source for landowners using modern pressurized irrigation systems as it
is available on demand, arrives to the surface already pressurized, has substantially less filtration
requirements than surface water, and has historically been reliable in quantity and quality.
Pumping costs are comparable to surface water costs or, where costs are higher, additional
benefit justifies a higher expense. Stressing the importance of conjunctive use through grower
education will be critical for Subbasin sustainability.

7.3.2 Priority Management Actions
Based on these general categories, 4 priority management actions summarized in Table 7-2 were
identified for achieving sustainability in the Subbasin. These management actions were identified
as the most reliable, implementable, locally cost effective, and acceptable options to stakeholders
and are described in the sections below.
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Table 7-2. Priority Management Actions
Name

Management Action Type

Purpose

Location

Description

Well Management Program

Well management

Better understand domestic
and small ag well issues in the
Subbasin and protect well
owners from future impacts

Entire Subbasin

Includes various projects, incentives, and actions,
such as:
1. Compile well inventory
2. Provide education and outreach to well owners
3. Develop a well incident reporting system
4. Establish a well mitigation program

Grower Education

Grower education/best
management practices

Grower education relating to
on-farm practices for
sustainable groundwater
management. This includes
promoting conjunctive water
use and water use efficiency.
Provide information on water
resource management for
more flexible use

Initial focus on
Corning,
Thomes Creek,
and Kirkwood
WDs

Educate growers on the value of using surface water
over groundwater when available, replacing inefficient
wells, adding organic amendments to improve
moisture retention, soil mapping for custom irrigation
timing and duration. Explore starting a groundwater
users cooperative to coordinate pumping schedules
(this could also happen in the Capay Area).

Policies and Ordinances

Policy and ordinances that
control pumping growth

Establish water and land use
management restrictions on
future well pumping and new
agricultural growth, for better
sustainable groundwater
management

Both counties,
start with
Tehama
County

Coordinate with counties to establish or revise county
well permitting, water use, and land use ordinance or
policies to align with GSP.

Use of Full Surface Water Allocation

Grower education/best
management practices &
water transfers/contracting

Incentivize growers within
districts to use all contracted
surface water for better
conjunctive use

Water Districts

Implementation-Ready project in Corning WD. Needs
infrastructure improvements in OUWUA, Thomes
Creek WD, and Kirkwood WD

Corning Subbasin Groundwater Sustainability Plan
November 2021

7-11

7.3.2.1

Management Action 1: Well Management Program

This program is aimed at better understanding domestic and small agricultural well issues in the
Corning Subbasin to protect well users from potential future impacts. Potential activities that
could be part of this program include:
•

WELL INVENTORY:
A more thorough well inventory will be developed that includes information on well
location, construction, and use. The GSAs will compile publicly available data from
DWR’s Well Completion Report Application and SGMA Data Viewer. These
applications provide access to a continuously updated dataset that provides a link to the
well completion report for each well and information on well use, location, location
accuracy, and construction. This dataset will be used to identify domestic wells within the
Corning Subbasin. In many cases, well locations are tagged at the center of a PLSS
section, and many wells do not have construction information, so additional research
needs to be conducted to further refine the data. A previous domestic and irrigation well
inventory program in Glenn County began in approximately 2010 and was further refined
in 2016-2017 to support an initial Glenn County HCM. This inventory entailed robust
quality control and digitization of available well completion reports from the year 1970
forward provided by DWR and Glenn County Environmental Health Department and
included GIS placement of each well to at least the Assessor Parcel Number (APN) scale.
This project spanned all of Glenn County and therefore overlaps the southern portion of
Corning Subbasin. A similar analysis can be extended through the remainder of the
Subbasin to detail existing domestic wells within Tehama County as well.

•

EDUCATION AND OUTREACH:
The GSAs and/or other partnering organizations and agencies will provide information
and resources to domestic and small agricultural well owners. The information and
resources will include guidance and potential funding for well testing, inspection, and
replacement. These resources will be targeted to well owners in locations where supply
wells have gone dry or have water quality impacts.

•

WELL INCIDENT REPORTING SYSTEM:
The GSAs could assist Tehama County and Glenn County with developing or improving
a well incident reporting system in each county. Each county and DWR have basic well
incident tracking systems that record reported water supply issues due to wells running
dry or other related well maintenance issues such as pump cavitation and air entrainment.
This system could be expanded with the help of the GSAs. This interface would facilitate
communication with stakeholders and, when combined with groundwater elevation
measurements, would allow robust analysis of areas with declining groundwater
elevations. Specifically, the counties will use information on groundwater trends to
identify areas where wells are likely to have gone dry or have other well impacts,
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whereupon communication and outreach could be targeted to owners/drillers of wells in
these areas. This system would also provide a way for well owners, drillers, and pump
service contractors to report well problems, allowing the counties to more actively
respond and target assistance through the well mitigation program.
•

WELL MITIGATION PROGRAM:
A well mitigation program will be established to address impacted wells. Specific actions
that could be implemented by this mitigation program include well deepening, well
replacement, or connection to existing public supply networks. Wells requiring mitigation
based on specific criteria, may be identified using the well incident reporting system
described above. Recommended methodology for developing a well mitigation program
including potential cost is presented in Appendix 7B, a document developed by Self-Help
Enterprises, Leadership Counsel for Justice and Accountability, and the Community
Water Center. This document outlines 6 key elements required for a robust mitigation
program:
1. A thorough inventory of active well locations to increase understanding of the
distribution and groundwater conditions in at-risk wells
2. An adaptive management trigger system developed in conjunction with SMC to
allow for management to adjust prior to the occurrence of adverse impacts
3. A drinking water well impact model to quantify understanding of how
groundwater elevation and quality declines in monitoring wells may lead to
negative impacts in nearby at-risk drinking water wells
4. Public outreach and education to ensure the public is aware of the mitigation
program and its intended benefits
5. Mitigation measures to adjust groundwater management activities and implement
short- or long-term solutions where applicable
6. Eligibility and access documentation to determine which Subbasin residents are
eligible to participate in the mitigation program, well eligibility based on well
construction parameters, and protocols to determine potential mitigation actions
such as well deepening, repair, or replacement

To confirm that the GSP protects domestic well water availability and quality to the extent
practicable, the Plan was reviewed per the “Human Right to Water Scorecard for the Review of
Groundwater Sustainability Plans” guidance 43. This guidance was prepared by a consortium of
the Leadership Counsel for Justice and Accountability, California Integrated Water Systems,
43

https://leadershipcounsel.org/wp-content/uploads/2020/05/HR2W-Letter-Scorecard.pdf
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Union of Concerned Scientists, Self-Help Enterprises, Community Water Center, and Clean
Water Action to help GSAs address the human right to water in GSPs. Implementation of
domestic well management measures described in this section would ensure that the GSP is
protective of the human right to sufficient quantity and quality water to meet all beneficial uses,
including drinking water supply.
7.3.2.1.1

Relevant Measurable Objectives

Measurable objectives benefiting from improved well management include:
•

Groundwater elevation. Mitigation and avoidance of wells going dry will help meet the
Subbasin sustainability goals.

7.3.2.1.2

Expected Benefits and Evaluation of Benefits

The primary benefit of implementing a well management program is to mitigate impacts to well
owners by reducing the number of wells that would be impacted by lowering of groundwater
levels. By developing a more complete inventory of wells and identifying the wells more likely
to be impacted by lowering of groundwater levels, the GSAs can provide education and outreach
to well owners to deepen or replace wells. An improved dry well reporting system would
facilitate this targeted outreach. The well mitigation program would help identify and avoid
impacts to well owners.
7.3.2.1.3

Circumstances for Implementation

Since domestic and small agricultural wells are already experiencing challenges in the Subbasin,
this program will be implemented immediately upon adoption of the GSP. The well mitigation
program will rely on the cooperation of well owners to share their information with the GSAs.
Collaboration with organizations such as Rural Community Assistance Corporation (RCAC) and
Self-Help Enterprises would help foster relationships between the GSAs and local well owners to
help with development of future outreach, education, and mitigation programs.
7.3.2.1.4

Public Noticing, Permitting, and Regulatory Process

Information about this program will be shared with stakeholders through the GSAs’ e-mail lists,
will be posted on the GSP website, and information will be available at GSA offices. In addition,
water districts, and other local agencies will be asked to help spread the word to domestic and
small agricultural well owners. Well deepening or replacement would require a well permit from
the respective county. No other permitting or regulatory requirements are anticipated to
implement this management action.
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7.3.2.1.5

Implementation Schedule

A general schedule to implement the domestic well management program is outlined below. It
should take approximately 3 years to build the well mitigation program after which it will be
used and maintained annually during the GSP implementation process.
Task Description

Year 1

Year 2

Year 3

Annually

Domestic Well Inventory
Education and Outreach
Dry Well Reporting System
Well Mitigation Program
Figure 7-3. Domestic Well Management Implementation Schedule

7.3.2.1.6

Legal Authority

No legal authority is needed to implement a well management program.
7.3.2.1.7

Estimated cost

The total cost of the well management program is expected to be proportional to the expansion of
the program over time. Costs will be developed and described in the GSP annual reports as
specific activities are planned and implemented. The initial annual cost for grower education and
outreach on well management is estimated to be $100k per year, for developing the well
inventory and dry well reporting system is a $150k one-time cost, and implementing the well
mitigation program is $500k per year.
7.3.2.2

Management Action 2: Grower Education Relating to On-Farm Practices for Sustainable
Groundwater Management

The purpose of this management action is to provide research, education, and outreach to
growers on the following topics: on-farm - groundwater management nexus, essential water use
terms, the promises and pitfalls of irrigation efficiency, and on-farm practices for sustainable
groundwater management. This section summarizes the main concepts related to grower
education with additional detail of grower education topics and implementation practices
provided in Appendix 7C.
Groundwater sustainability is inextricably connected to the on-farm water management decisions
that growers make. The aquifers in which groundwater is stored and transmitted are dynamic
systems that are directly impacted by conditions on the land surface. The water sources that
growers use, the irrigation practices they apply, and the many other agronomic decisions they
make can have impacts on groundwater quantity and quality.
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This management action for the Subbasin will be comprised of a grower outreach program that
will inform and educate growers about opportunities and resources to support groundwater
sustainability through their on-farm practices, while also maintaining or improving agricultural
productivity. Implementation of these on-farm practices will be recorded, along with estimated
or measured benefits to groundwater sustainability resulting from these practices. Topics
identified for the grower education program are summarized in Appendix 7C.
The 4 categories of on-farm management actions for sustainable groundwater management are:
6.

Maximizing the use of surface water. This allows for less groundwater pumping and
promotes in-lieu recharge.

7.

Managing soils to improve infiltration and root zone soil moisture storage. This will
allow crops to more effectively use precipitation and reduce the need for irrigation.

8.

Reducing (and minimizing) non-beneficial ET. This could be accomplished through
precision irrigation scheduling, switching from flood irrigation to micro-irrigation
when appropriate, and practicing regulated deficit irrigation.

9.

Establishing a groundwater user cooperative. This cooperative will coordinate
agricultural pumping schedules to lessen the stress on the aquifer due to concentrated
pumping in an area.

In aggregate, these practices will promote sustainable groundwater management throughout the
Subbasin. The GSAs will consider forming an On-Farm Working Group to facilitate
communication with growers during GSP implementation.
7.3.2.2.1

Relevant Measurable Objectives

The measurable objectives benefiting from grower education include:
•

Groundwater elevation. BMPs that promote less pumping will result in higher
groundwater levels.

•

Groundwater storage. Groundwater in storage is directly related to groundwater levels,
so higher groundwater levels will help achieve long-term sustainable yield.

•

Land subsidence. BMPs that reduce the pumping stress on the local aquifer(s) thereby
reduce the potential for subsidence.

•

Interconnected surface. Conjunctive use of water resources lessens the burden of
groundwater-pumping induced streamflow depletion.

7.3.2.2.2

Expected Benefits and Evaluation of Benefits

The primary benefit of implementing an outreach and education program is to provide the latest
technologies and opportunities to modify agricultural practices that would allow farmers to
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optimize their operations. This program could also be a mechanism for securing grant
opportunities, funded through the GSAs to identify pilot programs and other innovative
technological advancements that could provide an overall groundwater basin benefit.
Implementation of grower education activities is expected to benefit all of the relevant
measurable objectives. Encouraging growers to implement on-farm water management practices
that maximize surface water use, reduce non-beneficial evapotranspiration is expected to provide
in-lieu recharge benefits to the groundwater system, which helps mitigate depletion of surface
water and subsidence caused by groundwater pumping. Encouraging soil management to
enhance infiltration is expected to enhance direct groundwater recharge. Both in-lieu and direct
recharge are anticipated to benefit groundwater levels and groundwater storage.
7.3.2.2.3

Circumstances for Implementation

The circumstance for implementation is for willing farmers to participate in an education and
outreach program and to work with the GSAs to identify opportunities. No other triggers are
necessary or required.
GSAs will implement the grower education program by planning, preparing, and conducting
outreach efforts related to the topics above. Outreach efforts may include seminars, trainings,
workshops, and publications on topics related to on-farm water management and groundwater
sustainability.
As GSAs begin to conceptualize and implement specific grower education programs and tools,
they may consider partnering with local grower groups, educational and agricultural extension
professionals, and others who are experienced in grower outreach and are knowledgeable about
local agricultural practices. Potential agencies and groups that GSAs may consider partnering
with are:
•

University of California Cooperative Extension (UCCE; formerly the Farm and Home
Advisor)

•

County RCDs

•

NRCS

•

California State University, Chico (Chico State)

•

University of California, Davis (UC Davis)

•

Farm Bureau

Staff and researchers at UCCE, Chico State, and UC Davis regularly partner with counties and
other local agencies to conduct applied research and education programs throughout California.
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7.3.2.2.4

Public Noticing, Permitting, and Regulatory Process

Public outreach would be a key component of a grower education program. The public and other
agencies will be notified of planned grower education activities through outreach and
communication channels. There are no anticipated permitting or regulatory processes that would
affect the grower education program.
7.3.2.2.5

Implementation Schedule

Implementation of grower education programs is anticipated throughout GSP implementation,
with planning efforts beginning the first year of GSP implementation. Over time, programs will
be tailored to reflect current technologies and best practices in on-farm water management,
especially as the GSAs’ understanding of groundwater conditions in the Corning Subbasin
grows. A general implementation schedule for grower education programs is presented on Figure
7-4.
Task Description

Year 1

Year 2

Annually

Education Topic Planning
Partnership Development
Education Program Implementation
Figure 7-4. Grower Education Program Implementation Schedule

7.3.2.2.6

Legal Authority

GSAs have the authority to plan and partner with other groups to implement grower education
activities.
7.3.2.2.7

Estimated Cost

The total cost of the grower education program will vary depending on the types and extent of
educational outreach. Grower outreach and education through social media communication may
be inexpensive, while seminars, trainings, workshops, and publications will likely incur planning
and development costs. Total costs are expected to be proportional to the expansion of the
education program over time. Costs will be developed and described in the GSP annual reports
as specific education activities are planned and implemented. The initial estimated cost for
grower education and outreach is $100k per year.
7.3.2.3

Management Action 3: Policies and Ordinances

Policies and ordinances pertain to county or GSA actions such as land use change restrictions,
well permitting modifications, or water use ordinances. Land use restrictions and well permitting
fall under the purview of the county (planning department and environmental health department,
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respectively), while water use ordinances and policies can be adopted and implemented by the
GSAs per their statutory role. The GSAs will actively work with land use planners and well
permitting entities in their respective counties to develop and/or suggest policies and ordinances
that would help manage groundwater sustainably.
One example of revised policies for sustainable groundwater management is a revised well
permitting process that considers groundwater levels, sustainable management criteria, nearby
wells, and well construction details when permitting new wells. Tehama County has started
discussion and development of a well permit modification process, whereby certain areas within
the Subbasin that show vulnerability to groundwater sustainability due to declining groundwater
levels, lack of surface water, or rapid expansion of agricultural lands, would necessitate
additional well permitting requirements in order to get permitted.
Through this management action, Tehama County would review existing well permitting
ordinances and assess whether additional well permitting requirements are warranted to maintain
sustainable groundwater conditions in the Subbasin. As needed, county ordinances could be
updated to follow the latest DWR-recommended well standards (described in DWR Bulletin 74).
The management action may also improve the well permitting and installation program to help
protect water quality, allow for better screening, and avoid interference or impacts of pumping
on neighboring wells.
Glenn County is also considering a similar well permitting modifications. Three key areas for
potential policy updates may include requirements for well spacing, pumping capacity and parcel
size, and well casing/screen depths. In addition, all new wells permitted within Glenn County
that are larger than 6 inches in diameter, are required to install a well meter.
Potential requirements around this Tehama County well permit registration activity include:
•

Well data tracking

•

Domestic well management

•

Design criteria for new agricultural wells

•

Requirements for deeper seals and/or placement of well seals at certain depths

•

Restrict new pumping in specific areas

A similar approach could be developed for Glenn County.
7.3.2.3.1

Relevant Measurable Objectives

The measurable objectives benefiting from updated policies and ordinances include:
•

Groundwater elevation. Policies and ordinances that promote less pumping will result
in higher groundwater levels.
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•

Groundwater storage. Policies and ordinances that reduce pumping contribute to
increasing groundwater elevations. In turn, groundwater in storage will also increase and
will help achieve long-term sustainable yield.

•

Land subsidence. Policies and ordinances that reduce pumping stress on the local
aquifer(s) thereby reduce the potential for subsidence.

•

Interconnected surface water. Policies and ordinances that reduce pumping stress on
the local aquifer(s) thereby reduce the depletion of interconnected surface waters.

7.3.2.3.2

Expected Benefits and Evaluation of Benefits

Policies and ordinances regarding land use restrictions (such as to curb new agricultural growth
expansion), water use (such as pumping restrictions during certain water year types), and well
permitting (to reduce effects in shallow wells), all provide benefits to beneficial users and uses in
the Subbasin by reducing pumping growth and lessening the impacts on all well owners.
7.3.2.3.3

Circumstances for Implementation

The GSA staff plan to initiate conversations with land use planning and well permitting entities
within Glenn and Tehama Counties to share information and discuss potential policy and
ordinance changes early in the GSP implementation process. These management actions will
continue to be pursued throughout GSP implementation.
7.3.2.3.4

Public Noticing, Permitting, and Regulatory Process

Any policy or ordinance change will need to follow strict public meeting and noticing
requirements, pursuant to the Ralph M. Brown Act. The GSA will follow proper permitting and
regulatory processes for implementing policy changes.
7.3.2.3.5

Implementation Schedule

The Tehama County revised well permit registration process will be finalized within 1 year after
GSP submittal. A schedule for additional land use, water use, and well permitting policy changes
will be developed during GSP implementation and provided in annual GSP updates.
7.3.2.3.6

Legal Authority

The GSAs will coordinate with the counties for any action that falls under the county jurisdiction
and may affect GSP implementation or groundwater sustainability.
7.3.2.3.7

Estimated Cost

The costs for this management action will be determined based on the policy or ordinance that is
implemented and will be developed as more specific items are developed.
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7.3.2.4

Management Action 4: Use of Full Surface Water Allocations

The use of the full surface water allocations available to Water Districts in the Subbasin would
improve conjunctive use of water resources and improve overall stability of water levels and
access to groundwater in times of drought.
Surface water use in the Subbasin has declined since the last major drought from 2012-2016, in
response to surface water availability challenges and increased grower preference for
groundwater use, due in part to investments made in wells. Currently, approximately 40% of the
Subbasin’s irrigated area has access to surface water supplies, with major active purveyors
including OUWUA through the Orland Project and Corning WD, Thomes Creek WD, and
Kirkwood WD through CVP contracts and surface water deliveries by the TCCA (Figure 7-5). If
these purveyors were able to ensure full utilization of their contracted surface water allocations
in wet and above normal years, it would improve the Subbasin’s overall water balance and lead
to recovery or stabilization in groundwater levels. In 2014 and 2015 the CVP-contractors in the
Subbasin received none of their surface water allocations, causing growers that relied on surface
water to install groundwater production wells or fallow their fields. Since the 2012-2016
drought, growers have continued to use their wells rather than return to surface water irrigation
due to surface water reliability, increasing surface water cost, investments made in infrastructure
and systems to support using a groundwater well for irrigation purposes, and high costs for
setting up a dual water source system for surface water and groundwater irrigation.
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Figure 7-5. Active Water Districts and Canals in Corning Subbasin

7.3.2.4.1

Relevant Measurable Objectives

Relevant measurable objectives benefiting from use of the full surface water allocation include:
•

Groundwater elevation. Surface water use in-lieu of groundwater will result in less
groundwater pumping and higher groundwater levels.

•

Groundwater storage. Surface water use in-lieu of groundwater contributes to
increasing groundwater elevations, increased groundwater in storage, and will help
achieve long-term sustainable yield.

•

Land subsidence. Surface water use in-lieu of groundwater reduces the potential for
subsidence caused by groundwater pumping.

•

Interconnected surface water. Surface water use in-lieu of groundwater reduces the
pumping stress on the local aquifer(s) and thereby reduces the depletion of interconnected
surface waters.
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7.3.2.4.2

Expected Benefits and Evaluation of Benefits

Expected benefits from project implementation were evaluated using a groundwater model
scenario that aims to simulate effects of Water Districts utilizing their full surface water
allocations in the future. The simulation approach and results of this Full Allocation Scenario
(FAS) is described in detail in Appendix 7D. The FAS simulation results in a 10,500 AF
decrease in annual groundwater pumping compared to the projected baseline scenario. This
decrease in pumping produces an average of 900 AF/yr of additional groundwater storage,
building to an additional 42,700 AF of cumulative groundwater storage after 50 years of
simulation. This increase in storage increases the groundwater levels by up to 20 feet in portions
of the Subbasin in Corning WD where groundwater level trends have been declining since 2012.
Reduced groundwater pumping, positive change in groundwater storage, and increased
groundwater levels also have positive benefits on the land subsidence and interconnected surface
water sustainability indicators.
This project assumes the preservation of current surface water allocations for the active water
districts within the Subbasin. If surface water allocations for one or multiple districts are lowered
in the future, the expected benefit of this project will be decreased.
7.3.2.4.3

Public Noticing, Permitting, and Regulatory Process

There are no public noticing, permitting, or regulatory requirements for the Water Districts to use
their full surface water allocations.
7.3.2.4.4

Circumstances for Implementation

Increased use of surface water allocations can be implemented immediately as no new surface
water right must be acquired. There are some challenges and costs associated with utilization of
additional surface water in some areas, primarily related to additional filtration and installation of
pressurization required to utilize surface water. The increased cost of CVP water is also a factor.
The GSAs will collaborate with the Districts to support use of existing surface water allocations
as funds become available and specific plans begin to form. No additional circumstances for
implementation are necessary.
Coordination with USBR and existing active water districts, namely Corning WD, Thomes
Creek WD, Kirkwood WD, and OUWUA, will be crucial to the success of this project. Grower
education within the Water Districts will be needed for successful implementation of conjunctive
use of surface water and groundwater. Corning WD has installed pressurized irrigation systems
in most of their district for using surface water to source drip irrigation systems. The OUWUA
and other Water District irrigation systems are not pressurized so would need significant
upgrades to use surface water in lieu of groundwater for supplying drip irrigation. The cost to
install and operate pressurized systems could be prohibitive.
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7.3.2.4.5

Implementation Schedule

Use of full surface water allocations may theoretically begin immediately in the Corning WD
since their infrastructure has been updated. It is anticipated that a period of up to 5 years may be
required to implement additional infrastructure changes required to facilitate this management
action in Thomes Creek WD, Kirkwood WD, and OUWUA. Implementation may also vary
according to existing district surface water infrastructure. A more concrete implementation
schedule for this effort will be initiated as soon as funds and stakeholder buy-in allows. After
initial infrastructure improvements are completed, additional efforts are not anticipated beyond
routine operations and maintenance activities.
7.3.2.4.6

Legal Authority

The GSAs will collaborate with the water districts and USBR to follow legal authority regarding
utilization of surface water allocations and construction of surface water infrastructure, as
needed.
7.3.2.4.7

Estimated Cost

The estimated cost of utilizing surface water, as opposed to groundwater, has been estimated by
Corning WD in previous annual reports and water management plans (Corning WD, 2009;
Corning WD, 2017; Davids Engineering, 2020). Table 7-3 below summarizes the agricultural
groundwater and surface water costs to Corning WD growers in previous years. Total
approximate surface water costs to the grower have gradually risen over the past 10 years. In
addition, surface water use may entail further expenses such as secondary filtration, further
adding costs to the Water Districts and/or grower (Section 7.3.1.3). Trends in groundwater and
surface water costs to Corning WD growers are likely mirrored in the Subbasin’s other water
districts.
Despite costs being roughly equivalent or slightly greater than surface water, groundwater use is
typically more flexible and reliable. Groundwater can be pumped at any time for immediate
availability for frost protection and early or late season irrigation and does not typically require
additional filtration. The slightly lower cost of surface water is outweighed by the flexibility and
reliability of groundwater.
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Table 7-3. Agricultural Groundwater and Surface Water Costs to Corning WD Growers
Annual
Report
Year

Approximate
Groundwater Cost
per acre-foot

CVP Surface Water
Cost per Acre-Foot

Corning WD Fees

Total Approximate
Surface Water Cost to
Grower per acre-foot

2009

-

$45

$7.40 or $10.41*

$52.40 or $55.41*

2017

$70-$100

$45

$19

$64

2019

$70-$100

$57**

$18

$75

* Dependent on acreage
**CVP cost backed out from total costs to grower and Corning WD Fees

7.4 Projects
Projects involve new or upgraded infrastructure to improve sustainable groundwater
management in the Subbasin. Several potential projects that are currently being pursued by other
agencies are included in this GSP. Most of the projects are still at the conceptual level and will
require additional development and feasibility studies during Plan Implementation.
The GSAs compiled a list of potential projects based on prior planning efforts conducted in the
Subbasin, meetings with stakeholders, and feedback from the public. The list of all potential
projects for the Subbasin is in Appendix 7A. The project list was narrowed by cost effectiveness
and likelihood of implementation. The GSAs selected 6 priority projects for further consideration
based on the projects being the most reliable, implementable, locally cost-effective, and
acceptable to stakeholders. A subset of these priority projects will be implemented by the GSAs
or partner agencies during the SGMA planning horizon between 2022 and 2042. Alternative
projects are lower priority concepts that may be implemented based on the need for additional
measures to achieve sustainability.
In summary:
•

Priority Projects: The priority projects are the projects with the most potential per the
selection criteria that could be implemented under the GSP. However, not all Priority
Projects may be required depending on final benefit of each project.

•

Alternative Projects: The alternative projects are the generally less cost-effective or
less-developed projects. Depending on the efficacy of the priority projects, one or more
of the alternative projects may be implemented to meet the SMCs. Alternative projects
are described at a higher level, to be considered during GSP implementation.

Each of the projects listed below should be treated as a generalized project representative of a
range of potential project configurations. Details of the projects including facility locations,
pipeline routes, recharge mechanisms, and other details may change in future analyses and
planning efforts.
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The GSAs recognize that any project considered for implementation must be evaluated to ensure
it does not impact the Paskenta Band's federally reserved water rights or tribal sovereignty.
Projects that do potentially impact the Tribe must be negotiated and approved by the Tribe.

7.4.1 Overview of Project Types
Priority and alternative projects described in this section generally fall into one of three primary
types or mechanisms that promote or enhance sustainable groundwater management: Direct
recharge, in-lieu recharge, and reduction of non-beneficial evapotranspiration (ET).
7.4.1.1

Project Type 1: Direct Recharge

Direct recharge of aquifers can be done through percolation of water in recharge basins or using
injection wells to inject water directly into the groundwater basin. Intentional, direct recharge is
commonly referred to as Managed Aquifer Recharge (MAR), or Flood-Managed Aquifer
Recharge (Flood-MAR) if recharge is done with flood water. Several of the projects listed in this
section fall into this project type. Potential sources of water to be used for direct recharge
projects are summarized in Appendix 7E.
Groundwater recharge projects can be coupled with flood risk reduction benefits to increase
groundwater storage and decrease flood risks in the Subbasin. These types of projects include
levee setback, river restoration, managed aquifer recharge using flood flows (Flood-MAR),
improved stormwater management, and runoff reduction through watershed fire damage
restoration.
Recharge basins are large artificial ponds that are filled with water that seeps from the basin into
the groundwater system. Recharge efficiencies can range greatly, and the recharge efficiency of a
recharge basin is contingent on the properties of the underlying soil, losses to evaporation, and
potential seepage into streams or shallow sediments before it can recharge the deeper aquifers.
Injection wells can be used to inject available water supplies directly into the groundwater basin.
Injection can occur year-round, including during the rainy season. Injection wells are typically
more efficient at raising groundwater elevations than recharge basins because they target specific
aquifer zones. Although they have a very high efficiency, injection wells are generally more
expensive to operate than recharge basins. They may require storage ponds to temporarily hold
water prior to injection. Additionally, injection wells require higher quality water than recharge
basins and permitting requirements are more extensive.
In addition, dry wells can be used to collect and store stormwater runoff in urban areas.
7.4.1.2

Project Type 2: In-lieu Recharge

The practice of using surface water supplies to meet crop water demands instead of pumping
groundwater is referred to as in-lieu recharge. This practice reduces groundwater extraction and
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allows the groundwater basin to recharge naturally. In-lieu recharge is the primary mechanism of
“conjunctive use” whereby surface water is used when available (generally in wet year types)
and groundwater is used in dry years.
Groundwater is often the preferred water source for landowners using modern pressurized
irrigation systems as it is available on-demand, arrives to the surface already pressurized, has
substantially less filtration requirements than surface water, and has historically been reliable in
quantity and quality. Additionally, depths to groundwater in areas of the Subbasin are relatively
shallow and thus pumping costs are low. In contrast, existing surface water suppliers are
generally limited by infrastructure capacity to provide water to their users on a rotational or
arranged demand schedule, both of which do not provide the same convenience and flexibility as
private groundwater pumping. However, improved conveyance systems, irrigation infrastructure
modernization and grower education can increase the level of water delivery service (flexibility
in frequency, rate, and duration) offered by water districts and incentivize conjunctive use. Full
use of available allocated surface water would help provide in-lieu groundwater recharge in the
Subbasin where surface water is available.
Incentivizing surface water use for in-lieu recharge projects can be difficult because there are
several significant advantages to groundwater pumping for growers.
7.4.1.3

Project Type 3: Reduce non-beneficial ET

Many of the irrigation canals and streams that provide natural recharge and habitat in the
Subbasin are overgrown with arundo and other invasive plants that transpire water intended for
crop irrigation. Removal of invasive, high water using plants from surface water features in the
Subbasin would increase water available for irrigation, recharge, or other uses.

7.4.2 Assumptions Used in Developing Projects
Assumptions and issues for each project need to be carefully reviewed and revised during the
pre-design phase of each project. Project designs, and therefore costs, could change considerably
as more information is gathered.
The cost estimates included below are order of magnitude estimates. These estimates were made
with little to no detailed engineering data. The expected accuracy range for such an estimate is
within +50% or –30%. The cost estimates are based on perception of current conditions at the
project location. They reflect professional opinion of costs at this time and are subject to change
as project designs mature.

7.4.3 Priority Projects
The priority projects are summarized in Table 7-4. Short descriptions of each priority project are
included in the sections below. Generalized costs are also included for planning purposes.
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Table 7-4. Priority Projects
Project Name

Project Type

Purpose

Location

Project Development
Status

OUWUA Infrastructure
Improvements for In-Lieu
Recharge

In-lieu groundwater
recharge

Improve surface water conveyance and irrigation
infrastructure for surface water use in lieu of groundwater
pumping

Orland Project Area

Pre-Design/Planning Stage

Regional Surface Water
Transfers for In-Lieu Recharge

In-lieu groundwater
recharge

Incentivize the use of surface water within the subbasin by
transferring water into the Subbasin from other CVP
districts

Water Districts

Implementation-Ready

Invasive Plant Removal

Reduction of NonBeneficial ET

Invasive plan removal to reduce shallow groundwater use
and restore native habitat

Focus on Stony
Creek

Pre-Design/Planning Stage

Groundwater Recharge through
Unlined Conveyance Features

Direct Groundwater
Recharge

Groundwater recharge through unlined canals and natural
drainages including ephemeral streams

Tehama County

Conceptual

Off-stream Surface Water
Storage

In-lieu groundwater
recharge

Off-stream temporary storage of flood waters on private
lands

Outside District
Areas - Tehama
County

Conceptual

City of Corning Stormwater
Recharge

Direct Groundwater
Recharge

City of Corning stormwater improvements/groundwater
recharge

City of Corning

Conceptual
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7.4.3.1

Priority Project 1: OUWUA Infrastructure Improvements for In-Lieu Recharge

The OUWUA Infrastructure Improvements for In-Lieu Recharge project goal is to modernize
infrastructure and add management tools necessary to support and promote expanded surface
water use for irrigation in lieu of groundwater pumping. The project incentivizes existing surface
water users to continue using surface water for modern pressurized irrigation systems. The goal
of the project is to maximize the use of surface water on lands within the OUWUA service area
and potentially on neighboring lands within the context of strategic annexations.
The In-Lieu Recharge project would include infrastructure modernization that would be planned,
designed, and implemented over time per a strategic phasing plan. The modernization project for
this Subbasin is focused on OUWUA’s Northside service area and is guided by four broad
objectives:
1.

Maintain and enhance the reliability and utilization of the surface water supply to
promote long-term sustainability of and access to groundwater for agriculture
production, domestic, and urban uses in dry years.

2.

Modernize infrastructure that has reached the end of its useful life, become obsolete, or
does not support current and future water management initiatives

3.

Expand data collection and data management within OUWUA to support
modernization, planning, and water management best practices

4.

Increase knowledge of OUWUA water users and staff and support initiatives (by
OUWUA and others) regarding conjunctive use, groundwater conditions, water use
efficiency, and best management practices

The scope of this project only includes lands within the Subbasin, that are irrigated by the
Northside canal. Should a similar project be undertaken within the Southside service area, in the
neighboring Colusa Subbasin, the two neighboring GSAs will coordinate with OUWUA for
efficiency.
The broadly defined objectives of the project are developed in large part based on past work that
the OUWUA has completed or been involved in, including:
•

2003 CALFED Modernization (Planning Study)

•

2003, 2006 Stony Creek Fan Report

•

2005 ITRC Orland Unit Water Users’ Association Modernization Plan and Specifications

•

Orland Project Regulating Reservoir and Associated Canal Improvements

•

2016 ITRC Rapid Appraisal
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•

Northside Phase 1 Modernization (Completed)

•

Northside Phase II Modernization (Conceptual).

•

On-Canal Pump Turnout Policy

•

Lateral Pipeline Conversion in Urban Areas (On-Going)

•

2017 AWMP

The Program is formulated around the following 6 focus areas or project concepts that would
improve OUWUA’s ability to increase delivery flexibility with the objective of increasing in-lieu
recharge. More details on the OUWUA projects are provided in Appendix 7F.
1. Northside Phase II Modernization Project
The Northside Distribution System Improvement Project would combine a regulating reservoir
with improvements to lateral headings and the Northside main canal (Laterals 100 and 130). The
improvements would pass flow adjustments from the lateral headings to regulating reservoirs to
minimize system spillage while enabling system operators to provide additional delivery
flexibility to growers.
2. Lateral Pipeline Conversions
OUWUA delivers water to its water users on a rotational basis whereby each water user receives
water on a set interval, typically 12-14 days, that varies by water availability. Converting certain
lateral canals to closed, gravity pressurized pipelines that can be left charged would enable
increased flexibility and reduced operations cost and effort to accommodate this flexibility.
3. Data Collection and Management
This project would include the expansion of the OUWUA’s existing SCADA system with
additional monitoring locations to inform operations and to maximize the benefits of the
modernized infrastructure.
4. Tehama-Colusa Canal Interties
This project would formulate and effectuate an agreement between OUWUA, the TCCA, and the
USBR to allow OUWUA to utilize the Tehama-Colusa Canal as an intertie conveyance between
its Northside laterals and also to its Southside service area. This would enable surpluses to be
discharged to the canal and either conveyed to other lateral systems or exchanged as credit to
meet demands elsewhere in the OUWUA. The canal connection could also facilitate future water
transfers to other CVP contractors. OUWUA is currently in discussion with USBR to take title of
the Orland Project facilities and allow for revenue generation through the transfer and sale of
surplus water.
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5. Potential Land Annexations
This project would consider existing or future annexations and consider opportunities to expand
surface water delivery service to areas that currently rely on groundwater.
6. Grower Outreach and Education
Educating existing water users and growers on the modernization initiatives and delivery service
offerings is essential to encouraging conjunctive use. Outreach and education would be
conducted by OUWUA staff with support from local agencies and technical consultants.
Additional details on such a grower education program are provided in Management Action 2
above.
7.4.3.1.1

Relevant Measurable Objectives

The relevant measurable objectives benefiting from this project are:
•

Groundwater elevation. Surface water use in-lieu of groundwater will result in less
groundwater pumping and higher groundwater levels.

•

Groundwater storage. Surface water use in-lieu of groundwater contributes to
increasing groundwater elevations, increased groundwater in storage, and will help
achieve long-term sustainable yield.

•

Land subsidence. Surface water use in-lieu of groundwater reduces the potential for
subsidence caused by groundwater pumping.

•

Interconnected surface water. Surface water use in-lieu of groundwater reduces the
pumping stress on the local aquifer(s) and thereby reduces the depletion of interconnected
surface waters.

7.4.3.1.2

Expected Benefits and Evaluation of Benefits

The proposed project, in its entirety, is estimated to facilitate increased conjunctive use in the
OUWUA resulting in approximately 12,000 to 25,000 AF/yr of additional surface water use inlieu of groundwater pumping. This in turn would increase groundwater levels and groundwater
in storage. More than half of OUWUA water use is in the Colusa Subbasin to the south. Since
the OUWUA is along an interconnected stream (Stony Creek) and near an area of known
subsidence centered in the Colusa Subbasin, preventing groundwater level declines through inlieu groundwater recharge would benefit both of these sustainability indicators.
7.4.3.1.3

Public Noticing, Permitting, and Regulatory Process

A planning study and preliminary design phases would be required to refine the defined projects,
project features, costs, and benefit. Implementation would be contingent upon this planning
stage, and also on final permits and environmental approvals. The following permitting agencies
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would be involved in project implementation: USBR, USACE, CDFW, USFWS, TCCA,
SWRCB, RWQCB, and Glenn County. OUWUA would be the project owner. The project would
require environmental clearance at the Federal level (National Environmental Policy Act
[NEPA]) and at the state level (CEQA).
OUWUA currently participates or initiates discussions with the USACE, the USBR, and other
agencies to evaluate policies that limit OUWUA’s flexibility in delivering and storing water. Part
of these negotiations include OUWUA having the ability to transfer water through the TCCA.
Such action, however, will require Congressional authorization.
7.4.3.1.4

Circumstances for Implementation

This project is considered a priority project and the GSA and OUWUA would seek to implement
all or parts of the project as soon as financially and legally possible. The GSAs and OUWUA
will seek funding sources and continue dialogue with the TCCA and USBR partners necessary to
implement the project. Should the costs outweigh the benefits to the extent that the project is not
practical for immediate implementation, the project may be initially implemented on a smaller
scale and expanded over time.
7.4.3.1.5

Implementation Schedule

Implementation of this project would require up to 6 years to plan, design, permit, and construct
(Figure 7-6). Implementation may be expedited if a single funding source can be readily
identified or extended if the project must be phased according to available funds.
Task Description

Year 1

Year 2

Year 3

Year 4

Year 5

Year 6

Phase I – Planning and Study
Phase II – Agreements, Design, CEQA, Permitting
Phase III – Construction
Phase IV – Implementation
Figure 7-6. OUWUA Modernization Implementation Schedule

7.4.3.1.6

Legal Authority

The OUWUA Orland Project infrastructure lies entirely within the Glenn County portion of the
Corning Subbasin and therefore only the Corning Sub-basin GSA has jurisdiction over this
project. The Corning Sub-basin GSA has the authority under the CWC (Section 10726.2
(b)) to “Appropriate and acquire surface water or groundwater and surface water or groundwater
rights” and “conserve and store within or outside the agency” as well as authority regarding “the
spreading, storing, retaining, or percolating into the soil of the waters for subsequent use” (CWC,
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2014). For implementation of this project, the Corning Sub-basin GSA would likely partner
with individual landowners or other stakeholders within the Subbasin that may also have legal
authority to implement this project, including OUWUA, USBR, USACE, and TCCA. In
addition, coordination with the Glenn Groundwater Authority, the GSA for the area in the Colusa
Subbasin may occur if timing for the southside modernization project is concurrent to the
northside modernization project.
7.4.3.1.7

Estimated Cost

Construction costs are based on prior estimates where available. TCCA intertie costs are from
the 2003 OUWUA Modernization Assessment (CH2M Hill, 2003) and Northside Phase II
project costs are from the 2017 AWMP (Davids Engineering, 2017). Other costs were
independently estimated for this GSP. All estimates are referenced to 2021 dollars and are
considered preliminary and subject to change. The range of costs reflects uncertainty at this stage
of planning. Total capital and O&M costs are summarized in Table 7-5 below:
Table 7-5. OUWUA Modernization Cost Estimates
Project Cost Category

Estimated Total Cost

Notes

Estimated Capital Costs

$15,000,000 to $23,000,000

Includes estimated costs for the six projects
listed

Estimated O&M Costs

$350,000 to $550,000

Includes estimated annual costs for the six
projects listed

7.4.3.2

Priority Project 2: Regional Water Transfers for In-Lieu Recharge

The objective of this project is to facilitate inter- or intra-basin transfers of CVP or Orland
Project water to maximize surface water use in lieu of groundwater pumping. To realize recharge
benefits, this project must be complemented by other actions such as the OUWUA Infrastructure
Improvements for In-Lieu Recharge to encourage surface water use over groundwater.
Within the Corning Subbasin, surface water deliveries are largely made through contracts with
the Federal Government as part of the CVP and conveyed through the Tehama-Colusa and the
Corning Canals, or from Stony Creek under rights held by the Orland Project and operated by
OUWUA. The Tehama-Colusa Canal also conveys supplies to districts in the Colusa and Yolo
Subbasins. Engaging in inter- and intra-basin water transfers of excess surface water supplies to
maximize its use would offset groundwater pumping for irrigation purposes. Excess water
availability varies by water district and year type, primarily due to differences in water contracts.
There are multiple factors that will influence the ability of contractors in the Corning Subbasin to
divert what have historically been excess supply. Although allocations are determined on an
annual time period, there are also limitations based on the time of diversion, the flow rate
diverted, and the bypass flow requirements. In-lieu recharge projects should be designed to be as
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flexible as possible in order to divert water based on supply conditions. Historically, the
destination of CVP excess supply is determined by the water transfer market and supplies may
be transferred out of basin. Therefore, prioritizing in-basin use would require agreements and
funding strategies.
Incentivizing surface water use for in-lieu recharge projects can be difficult because there are
several significant advantages to groundwater pumping for growers. Groundwater is available
on-demand, arrives to the surface already pressurized, and has substantially less filtration
requirements than surface water. Depth to groundwater in the Stony Creek Fan (which stretches
from Black Butte Reservoir east to the Sacramento River and south to Willows) is typically
between 10 and 40 feet, keeping groundwater pumping costs low. These advantages make
groundwater pumping generally preferred especially for micro-irrigation systems typically used
for orchards. For in-lieu recharge projects to be successful, the water districts must incentivize
surface water use so that is preferred by growers.
To determine when there has been surplus water available under existing CVP Tehama-Colusa
and Corning Canal contracts – allocations in excess of deliveries – historical data from 2000 to
2019 were reviewed for a general indication of excess water that could be transferred into the
Subbasin from other Districts. The average total excess for CVP contractors in the Corning,
Colusa, and Red Bluff Subbasins, across all water year types and Water Districts, was 44,300
AF/yr. The average total excess was 9,100 AF/yr for Corning Subbasin, 34,700 AF/yr for Colusa
Subbasin, and 500 AF/yr for Red Bluff Subbasin. Table 7-6 below shows average annual excess
by water year type for the Corning Subbasin, while Table 7-7 shows the same for the Red Bluff
and Colusa Subbasins. Red Bluff and Colusa Subbasin excess water could be transferred into (or
exchanged with) the Corning Subbasin CVP contractors. Negative values are likely due to the
purchase of transfer water in low allocation years, although the actual volume of transferred
water is not known.
It was estimated that an additional 40,000 to 120,000 AF/yr of supplemental supplies may be
available in the Stony Creek watershed that could allow for transfers into the Corning Subbasin
(CH2M Hill, 2003). It is possible that conditions have changed since this report was published
and revised estimates will be developed during implementation feasibility study for this project.
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Table 7-6. Estimated Average Surplus Allocation by Water District in Corning Subbasin and by Water Year Type
Corning Subbasin Average 2000-2019 Allocation - Deliveries
(Surplus Allocation), AF
Water Year
Type
W
AN
BN
D
C
Average

Corning WD
11,900
6,200
10,800
2,900
-1,900
6,500

Thomes Creek
WD
3,200
500
2,500
-500
-1,900
900

Corning
Subbasin
17,000
8,800
15,400
4,000
-3,500
9,100

Kirkwood WD
1,900
2,100
2,100
1,600
300
1,700

Note: Estimated values from available CVP delivery data

Table 7-7. Estimated Average Surplus Allocation by Water District in Neighboring Subbasins and by Water Year Type
Average 2000-2019 Allocation - Deliveries (Surplus Allocation), AF
Water Year Type

Red Bluff
Subbasin

Colusa Subbasin

OAWD

Westside
WD

Kanawha
WD

Glide
WD

La
Grande
WD

Davis
WD

4-M
WD

Holthouse
WD

Glenn
Valley
WD

Cortina
WD

MyersMarsh
MWC

Colusa
Subbasin
Total

8,000

30,900

12,300

-2,600

2,300

900

3,700

1,700

100

600

100

68,700

13,100

400

30,800

18,000

-3,900

1,500

2,300

3,900

600

1,100

900

-200

68,300

17,300

12,300

34,200

19,100

300

3,200

1,000

4,000

1,600

700

900

200

94,700

-300

-10,400

-6,900

12,800

700

-6,500

0

200

1,800

1,000

100

400

100

-6,700

C

-1,000

-30,300

-8,300

-18,500

-10,600

-3,700

-600

-2,400

-500

200

-600

-300

0

-75,600

Average

500

1,300

1,700

19,700

8,500

-3,200

1,400

400

2,700

1,100

300

500

0

34,700

Proberta
WD

CCWD

1,800

10,700

AN

300

BN

1,300

D

W

Note: Estimated values from available CVP delivery data
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7.4.3.2.1

Relevant Measurable Objectives

Relevant measurable objectives benefiting from this project:
•

Groundwater elevation. Surface water use in-lieu of groundwater will result in less
groundwater pumping and higher groundwater levels.

•

Groundwater storage. Surface water use in-lieu of groundwater contributes to
increasing groundwater elevations, increased groundwater in storage, and will help
achieve long-term sustainable yield.

7.4.3.2.2

Expected Benefits and Evaluation of Benefits

Maximizing water transfers with the intent of facilitating in-lieu groundwater recharge has the
benefit of increasing groundwater levels and groundwater storage. This stored groundwater can
be extracted in years when no transfer water is available, or if delivery systems are capacity
constrained.
7.4.3.2.3

Public Noticing, Permitting, and Regulatory Process

No new water supply sources are required for this project. The project would utilize existing
supplies held in right or contractually by the Orland Project or the CVP Contractors. Therefore,
there are no public noticing, permitting, or regulatory requirements necessary to transfer water.
There are regulatory requirements in place that could be revised to make water transfer easier
and more financially viable.
Water transfers or exchanges between CVP contractors are not regulated by the State Water
Resources Control Board unless the point of diversion, purpose of use, or place of use under
CVP’s water right will change to complete the transfer. Thus, CVP transfers only need review
and approval from the USBR.
7.4.3.2.4

Circumstances for Implementation

Increased use of Orland Project and CVP surface water allocations through inter-basin transfers
is an ideal project due to predictable anticipated benefits on groundwater elevations and relative
ease of implementation as no new surface water right must be acquired. However, for
widespread adoption the cost of transfer water and the installation of dual-source irrigation
systems must be equal to or less than the cost of groundwater pumping. This could present a
significant financial challenge for the GSA. Water transfer fees charged by the USBR also
increase the cost. The framework and administration process are established for water transfers
and conveyance and distribution infrastructure is present in existing water districts. Therefore, no
additional circumstances for implementation are necessary.
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Coordination with USBR and existing active water districts, namely Corning WD, Thomes
Creek WD, Kirkwood WD, and OUWUA, will be crucial to the success of this project.
Additionally, the ability for OUWUA to complete water transfers is contingent on their
acquisition of title for the Orland Project and the construction of connections to the TCC. Grower
education within the Districts will also be needed for successful implementation of conjunctive
use of surface water and groundwater within the Districts.
7.4.3.2.5

Implementation Schedule

While water transfers may theoretically begin immediately, it is anticipated that additional
infrastructure and education is required to create and facilitate the demand for transfer water
amongst existing groundwater users within districts or those districts with chronically
insufficient supply. Additionally, strategies for improving the cost effectiveness of using transfer
water must be developed.
7.4.3.2.6

Legal Authority

The GSAs will collaborate with the water districts and USBR to follow legal authority regarding
water transfers, use of existing CVP and Orland Project infrastructure for conveyance, and
construction of surface water infrastructure, as needed.
7.4.3.2.7

Estimated Cost

Information from Corning WD suggests that groundwater pumping costs can range from $70$100 per AF while the cost of CVP project transfer water is highly variable and has been as high
as $350 per AF during recent dry years. The cost of water transfers must be lower than the cost
of pumping groundwater for water transfers to be financially viable.
7.4.3.3

Priority Project 3: Invasive Plant Removal

The Subbasin has significant populations of Arundo donax (arundo) and tamarisk species along
reaches of the Sacramento River, Stony Creek, Thomes Creek, and other smaller ephemeral
streams and drainages. Ongoing invasive plant removal work is performed in the Subbasin under
the oversight of the Resource Conservation District (RCD) of Glenn County in partnership with
local agencies, organizations, and private landowners. The GSAs will support and seek to
enhance the existing eradication programs in the Subbasin, including in Tehama County, as
applicable, by working with the Tehama County RCD.
Arundo and tamarisk thrive and spread quickly in braided stream habitats endemic to the
Corning Subbasin (Cal-IPC, 2020; Cal-IPC, 2003). The riparian corridors in the Subbasin along
Stony Creek, Thomes Creek, and the Sacramento River provide natural, unchanneled waterways
for establishment of dense stands of these invasive plants. Where established, the plants can
replace much of the natural abundance and diversity of native species found in GDEs. At this
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time, there is not enough information about the feasibility of tamarisk removal to make it a
priority of this GSP and this project will focus on arundo removal only. The California Invasive
Plant Council (Cal-IPC) compiled a recent study on arundo in the Central Valley, summarizing
the extent, impacts, recommended treatment strategies, and benefits of plant removal (Cal-IPC,
2020). The study incorporated 2019 arundo mapping provided by Cal-IPC shown on Figure 7-7.
The extent of arundo occurrence in these reaches in the Subbasin was found to be some of the
most widespread and impactful in the Central Valley, particularly on lower Stony Creek. Based
on the Cal-IPC database, about 600 acres of land in the Subbasin is infested with arundo (Figure
7-7).

Figure 7-7. Extent of Arundo within and Close to the Subbasin
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Removal of arundo is challenging due to its widespread nature, resistance to removal,
environmental permitting restrictions, and funding. Arundo is commonly spread downstream
during flood events; therefore, the Cal-IPC recommends working upstream to downstream for
eradication. Growth patterns for these plants are slow and steady once established, making
removal feasible with a systematic approach. The study estimated the costs and benefits of
arundo removal, outlined in Section 7.4.3.3.7. There are numerous permitting requirements for
invasive plant management that must be considered in the cost assessment.
In the Glenn County Community Wildfire Protection Plan, Glenn County RCD declared invasive
species removal planning as one of four priorities for wildfire protection in the County (Glenn
County RCD, 2011). The plan identified priority areas for invasive plant control for fire
management along Lower Stony Creek and the Sacramento River wildlife conservation areas
under jurisdiction of the USFWS, CDFW, and TNC. Securing long-term funding for invasive
plant removal was one of the priorities of this plan. A Lower Stony Creek Watershed Restoration
Plan was completed by Glenn County RCD (Glenn County RCD, 2010), and one of the
management goals and objectives of this plan was to control arundo and tamarisk spread. The
Glenn County Community Wildfire Protection Plan is currently being updated with an
anticipated finalization date in early 2022; the invasive plant removal project remains a high
priority in the updated document, and will likely include Upper Stony Creek to the priority list.
The City of Orland is also involved with arundo removal on Stony Creek because of the fire risk
it presents. Arundo has become so thick in the Orland area that it has provided significant fuel
for wildfires. In May 2021, the City of Orland submitted a grant application to the California
Department of Forestry and Fire Protection for the purchase of a bulldozer, transport vehicle, and
trailer, specifically for the removal of arundo on Stony Creek. If successful, the City of Orland
Fire Department offered contributing funds, equipment, and staff to help address routine arundo
maintenance along the Stony Creek corridor in the Corning and Colusa Subbasins.
This preferred project proposes continuing the efforts made by the RCDs, City of Orland, and
other local entities to clear arundo from the riparian corridors around Stony Creek, Thomes
Creek, and the Sacramento River. For thorough removal of these invasive species, routine
maintenance would have to be performed to ensure that plants do not re-establish after
eradication efforts. The scope and schedule for the arundo removal project will be developed by
the GSA in collaboration with the Glenn and Tehama County RCDs and local landowners.
7.4.3.3.1

Relevant Measurable Objectives

Relevant measurable objectives benefiting from this project include:
•

Groundwater elevation. Removal of invasive, high water using plants will result in
lower evapotranspiration and shallow groundwater use, therefore will increase
groundwater levels.
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•

Groundwater storage. Removal of invasive, high water using plants contributes to
increasing groundwater elevations, increased groundwater in storage, and will help
achieve long-term sustainable yield.

•

Interconnected surface water. Removal of invasive, high water using plants reduces
depletion of interconnected surface waters and benefits GDEs and in-stream habitat.

7.4.3.3.2

Expected Benefits and Evaluation of Benefits

There are many benefits of arundo removal from the riparian corridors in the Subbasin. As it
relates to this GSP, the primary benefit of this project is increased surface water available for
environmental flows, irrigation, and groundwater recharge due to reduced evapotranspiration.
Invasive species removal would increase the volume of water in the rivers and creeks for
environmental flows, irrigation supply, and groundwater recharge. Cal-IPC provided a summary
of literature and an estimate of the water savings benefit of regional arundo removal (Cal-IPC,
2020). Arundo in the Central Valley uses approximately 19.4 AF/yr of water per acre of
vegetation and the Cal-IPC standard water use for replacement vegetation or open substrate after
invasive plant removal is 4 AF/yr per acre. By removing and replacing arundo with a less water
intensive vegetation, the Subbasin may save 15.4 AF/yr per acre of arundo removed. Since
approximately 600 acres of land in the Subbasin are covered with arundo, removal of this
invasive species would result in a 9,240 AF/yr reduction in water use.
In addition to water savings and fire risk reduction, invasive plant removal has other benefits.
Thick stands of invasive plants can over time lead to a narrower river channel, increase flow
velocities, erode channel banks, and damage bridges when large portions of vegetation break
loose. One modeling study estimated that flooding has increased by 10-19% as a result of arundo
in the Stony Creek River system (Cal-IPC, 2020). Removal of arundo would help restore the
natural braided stream profile, which would in turn decrease flooding and improve conveyance
in the Subbasin. Invasive species also crowd out native species and remove valuable riparian
habitats which harbor bird species and provide shading, bank stability, and lower temperatures
for instream habitat and associated species such as steelhead.
Changes in groundwater elevation, and surface water depletion due to invasive plant eradication
will be monitored using the networks described in Section 5 of this GSP. A direct correlation
between invasive species eradication and changes in groundwater elevations, or surface water
depletion is likely not possible because this is only one among many management actions and
projects that will be implemented in the Subbasin.
7.4.3.3.3

Circumstances for Implementation

Arundo removal is already a priority of the Glenn County and Tehama County RCDs and other
partnering agencies, organizations, and private landowners. The GSA intends to support these
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ongoing efforts as funds become available and specific plans begin to form. No additional
circumstances for implementation are necessary.
Arundo removal efforts to date have not been fully successful due to the following:
•

Lack of public acceptance in some areas

•

Lack of funding support

•

Intensive permitting costs and restrictions

•

Need for ongoing maintenance

Widespread stakeholder approval of this project will be needed for successful arundo removal
and maintenance. As a result, community engagement will be instrumental in any successful
invasive plant eradication program.
7.4.3.3.4

Public Noticing, Permitting, and Regulatory Process

Information about this program will be shared with stakeholders through the GSAs’ e-mail lists,
will be posted on the GSP website, and information will be available at GSA offices. In addition,
RCDs will work with local landowners to describe this project and gather public input.
The permitting process of the existing invasive species eradication programs will be continued as
part of this project. Glenn County RCD has secured CEQA permits for arundo eradication in the
past, but updated CEQA permits would need to be acquired. In addition to CEQA, it is also
likely that CDFW Streambed Alteration Agreement permit will need to be acquired for
large-scale plant removal efforts (Cal-IPC, 2020). Other permits may be required if work is to be
performed on federal land, if endangered species are to be disturbed, or if herbicides are to be
applied.
7.4.3.3.5

Implementation Schedule

The implementation schedule is presented on Figure 7-8. The implementation schedule for these
ongoing efforts will be initiated as soon as funds and stakeholder buy-in allows. Arundo control
is a long-term process, with projects implementing initial work lasting 3 to 5 years and typically
taking an additional 10 to 15 years of re-treatments (Cal-ICP, 2020).
Task Description
Year 1
Year 2
Year 3
Phase I – Initial Treatment
Phase II – Re-treatment
Phase III – Ongoing Monitoring and Maintenance
Figure 7-8. Implementation Schedule for Invasive Species Eradication
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7.4.3.3.6

Legal Authority

The GSAs will collaborate with the Glenn and Tehama County RCDs to follow the legal
authority for invasive species eradication contained in the existing eradication programs.
7.4.3.3.7

Estimated Cost

The cost of arundo control using an integrated approach with mechanical and chemical tools was
estimated as $35,000 per acre (Cal-IPC, 2020). This cost accounts for initial treatment,
permitting, and long-term maintenance to ensure removal. Since there are approximately
600 acres of arundo in the Subbasin, the cost to remove the plants would be approximately
$21,000,000. The indirect projected yield for the invasive species eradication project is estimated
at 9,240 AF/yr. The amortized cost of water for this project is estimated at $2,270/AF/yr. Benefit
values for arundo removal were provided by Cal-IPC for water, geomorphology, fire reduction,
and sensitive species benefits (Cal-IPC, 2020). The benefit to cost ratio for the Sacramento,
Thomes Creek, and Stony Creek watersheds was estimated to be 1.4 to 1.7, meaning the benefits
outweighed the costs by nearly 50% (Cal-IPC, 2020).
7.4.3.4

Priority Project 4: Groundwater Recharge through Unlined Conveyance Features

This multi-benefit project would utilize the Corning and Tehama Colusa Canals to transport
winter and spring flows from the Sacramento River to streams and drainages in the Corning
Subbasin. The main goals of the project are:
1.

Increase groundwater recharge in areas with recent declining groundwater level trends
in some portions of the Subbasin, through conveyance by the unlined Corning Canal
and creek beds

2.

Enhance stream flows, increase interconnected surface water, and improve overall
GDE health along streams in the Subbasin

The source of water for this project would be the Sacramento River, upstream of the Subbasin.
During the winter and spring when Sacramento River discharge is at its highest, a small
percentage of total flow would be diverted at the Red Bluff Diversion to the Corning and
Tehama Colusa Canal systems. The canals would be used to convey the water to the Corning
Subbasin where water would be discharged using existing flood control turnouts and drains to
numerous stream reaches including Thomes Creek, Stony Creek, and a few smaller ephemeral
streams shown on Figure 7-9,. This project would use existing canals, diversions, turnouts, and
drains where possible. It is assumed that there are existing operational turnouts or drains on the
TCCA canals where they cross Thomes Creek, Stony Creek, and other ephemeral creeks in the
Subbasin including Jewett, Burch, Brannin, Hall, and Sour Grass Creek (Figure 7-10 and Figure
7-11). Some new infrastructure may be needed to add lifting pump stations and maybe additional
turnouts to creeks. Some groundwater recharge would be induced through the unlined Corning
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Canal and the natural creek beds. Except for the water that percolates to groundwater, most of
the water used for this project would flow back to the Sacramento River in one of several places
in the Subbasin. This project could also be used to benefit the Red Bluff Subbasin to the north
and the Colusa Subbasin to the south.
Development of groundwater recharge on creeks that may impact the Paskenta Band will require
consultation with and approval by the Tribe to the extent they may impact the Tribe's interests.
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Figure 7-9. Layout of Canals and Surface Water Features in Corning Subbasin
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Figure 7-10. Conceptual Diversion Points North of Corning Subbasin
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Figure 7-11. Conceptual Diversion Points within Corning Subbasin

7.4.3.4.1

Relevant Measurable Objectives

Relevant measurable objectives benefiting from this project include:
•

Groundwater elevation. Increased groundwater recharge will result in higher
groundwater levels.

•

Groundwater storage. Increased groundwater recharge will result in higher groundwater
levels, increased groundwater in storage, and will help achieve long-term sustainable
yield.

•

Interconnected surface water. Increased groundwater recharge will result in higher
groundwater levels, which reduces the depletion of interconnected surface waters.
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7.4.3.4.2

Expected Benefits and Evaluation of Benefits

The project would increase groundwater recharge in the Subbasin, that would benefit areas with
groundwater pumping for irrigation and declining groundwater level trends. An example area
that could benefit from groundwater recharge induced increase in groundwater levels and storage
is the Corning WD lands downstream of where the Corning Canal intersects Thomes Creek.
Increasing in-stream flows would benefit priority species, such as salmon and steelhead, by
increasing stream stage, improving rearing habitat, and providing potential spawning habitat. The
USBR could potentially receive credit for ecosystem enhancement provided by this project to
meet environmental mitigation measures in the 1992 Central Valley Project Improvement Act
(CVPIA), Title 34 of Public Law 102-575.
7.4.3.4.3

Public Noticing, Permitting, and Regulatory Process

This project is currently in a conceptual approach stage, as it is not feasible as constituted under
the current regulatory framework of the TCCA, USBR, and DWR. The general high costs and
cumbersome regulations associated with moving water through federal infrastructure in the
Northern Sacramento Valley has been a significant barrier for utilizing the existing CVP
infrastructure for non-irrigation uses such as conveyance for groundwater recharge projects and
flood control. This project may require revised legislation and more flexible agreements for it to
be advanced to feasibility planning stages during GSP implementation. Discussion of public
noticing, permitting, and regulatory process for implementation of this conceptual project is
premature. Implementation of this project relies upon coordination between many stakeholders,
but most importantly between the USBR, TCCA, DWR, and the GSAs. As currently constituted,
the canals cannot be used to carry excess flood waters in the winter and spring for groundwater
recharge projects. Ultimately, the proposed project cannot be implemented until the CVPIA is
revised.
7.4.3.4.4

Circumstances for Implementation

Following the necessary amendments to the CVPIA, a feasibility study would be prepared for the
project. If the costs are greater than the benefits the project may not be practical. Also, there may
be timing issues with the project as canal maintenance is performed during the season that it
would be implemented. Should the feasibility study show that benefits outweigh the costs of the
project, the GSAs in collaboration with water districts that manage the infrastructure may wish to
proceed and implement the project.
7.4.3.4.5

Implementation Schedule

Should the GSAs decide to pursue this project, the first step would be to engage the USBR,
TCCA, and DWR in feasibility discussions. If an agreement is made that allows the project to
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proceed, then the next step would be a feasibility study for developing the more detailed
conceptual design and estimating the costs and benefits. This study is anticipated to be conducted
over 1 to 2 years. Following the feasibility study, if the project is implemented, it is anticipated
the planning, design, and construction may take up to 5 years.
7.4.3.4.6

Legal Authority

The GSAs have the authority under the CWC (Section 10726.2 (b)) to “Appropriate and acquire
surface water or groundwater and surface water or groundwater rights” and “conserve and store
within or outside the agency” as well as authority regarding “the spreading, storing, retaining, or
percolating into the soil of the waters for subsequent use.” In addition, the 1957 Tehama County
Flood Control and Water Conservation Act was established to: “provide for control of and
disposition of storm and flood waters of the District; provide water for any present or future
beneficial use or uses of lands or inhabitants within the district, including acquisition, storage,
and distribution for irrigation, domestic, fire protection, municipal, commercial, industrial,
recreational, and all other beneficial uses.”
For implementation of this project, the GSAs would need to cooperate with the TCCA and
USBR to ensure that use of the CVP infrastructure does not violate the current agreements in
place as well as coordination on logistics.
7.4.3.4.7

Estimated Cost

This is a conceptual project; more details will be developed during Plan implementation.
7.4.3.5 Priority Project 5: Off-Stream Surface Water Storage
This concept of diverting flood waters for off-stream storage and subsequent irrigation or for
direct recharge has been widely studied and is being pursued in numerous groundwater basins
across California. Off-stream surface water storage would provide water for irrigation in-lieu of
groundwater pumping. This concept has been pursued in the past on a smaller scale by individual
landowners within the Subbasin; these landowners will be consulted during the feasibility study.
This project is dependent upon acquiring a new water supply, likely from ephemeral streams.
There are a number of ephemeral streams that originate in the foothills of the Coastal Range in
the western portion of the Corning Subbasin and flow eastward towards the Sacramento River.
These streams include Jewett Creek, Houghton Creek, Parker Creek, Burch Creek, Hall Creek,
Brannin Creek, Rice Creek, Sour Grass Creek, Moore Creek, and Gay Creek (Figure 7-12).
During periods of high flow in the winter and spring, a portion of these flood flows could be
diverted for either (1) off-stream storage and subsequent use for irrigation or (2) direct
groundwater recharge through Flood-MAR or dedicated recharge basins. A new water right
through the SWRCB would have to be obtained for diversion in storage in off-channel ponds or
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small reservoirs. Infrastructure would likely be located on private property through collaborative
arrangements with the landowner.
Development of off-stream storage on creeks that have the potential to impact the Paskenta Band
will require consultation with and approval by the Tribe to the extent they impact the Tribe's
interests.

Figure 7-12. Ephemeral Streams within the Corning Subbasin.

This project is conceptual in nature and further investigation into the feasibility and potential
costs and benefits is required. Further evaluation of this project and potential implementation
would be accomplished by the GSAs, in coordination and partnership with individual
landowners or other stakeholders within the Subbasin.
This project would require the design and construction of new diversion and conveyance
infrastructure, as well as either off-stream storage facilities or recharge areas. A feasibility study
would need to be conducted to evaluate the timing and estimated volumes of water available for
diversion, as well as associated sizes and estimated costs for construction of required
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infrastructure. The ephemeral streams in the Corning Subbasin are flashy, or prone to short
periods of high flow. The flashy nature of stream flows leads to a need for large pumps to
capture as much water as quickly as possible when unallocated stream flows are available, but
the infrequent occurrence of such high flow on these ephemeral streams risk leaving pumps
sitting idle a high proportion of time. This in turn affects costs and economic feasibility.
An analysis of streamflow frequency and volume of the ephemeral streams in the subbasin would
need to be completed to determine the potential volumes and reliability of the water source for
this project. Assuming the feasibility study determines that available volumes are sufficient to
justify planning and construction costs, GSAs or private landowners would need to submit an
application for a temporary, streamlined, or permanent appropriative water right permit from
SWRCB.
Further evaluation of this project and potential implementation would be accomplished by the
GSAs, working in coordination and partnership with individual landowners or other stakeholders
within the subbasin. Monitoring and quantification of benefits would also be accomplished by
the GSAs in coordination with other stakeholders and partners.
7.4.3.5.1

Relevant Measurable Objectives

Relevant measurable objectives benefiting from this project include:
•

Groundwater elevation. Surface water use in-lieu of groundwater or increased
groundwater recharge will result in higher groundwater levels.

•

Groundwater storage. Surface water use in-lieu of groundwater or increased
groundwater recharge will result in higher groundwater levels, increased groundwater in
storage, and will help achieve long-term sustainable yield.

•

Groundwater quality. Increased groundwater recharge with high quality surface water
may improve the naturally higher salinity groundwater in the western portion of the
Subbasin.

7.4.3.5.2

Expected Benefits and Evaluation of Benefits

Surface water storage and subsequent use for irrigation will provide a new surface water supply
source that would reduce groundwater pumping, while increasing in-lieu groundwater recharge.
This will help offset current and future groundwater pumping in areas of the Subbasin that have
not historically had access to surface water supplies. This project may also provide flood
reduction benefits to the extent high flow events are reduced by diversions. Surface storage and
groundwater recharge projects both conceptually use high surface water flows to increase
groundwater in storage. Surface storage is subject to some evaporation. However, this practice
has the advantage of preserving groundwater in storage by reducing pumping, which makes this
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method potentially more efficient than other direct recharge methods like Flood-MAR or
dedicated groundwater recharge basins. With direct recharge methods there is more uncertainty
about the fate of the recharge waters both in terms of where and when they are ultimately stored
and available for pumping, and the potential for water quality impacts.
7.4.3.5.3

Circumstances for Implementation

The implementation of this project will be dependent on the results of the feasibility study.
Additionally, if the costs and benefits do not make the project practical and reasonable for
immediate implementation following the feasibility study, the project may still potentially be
implemented in the future if the conditions of the Subbasin change such that the benefits
outweigh the cost. The project may also be initially implemented on a smaller scale and
expanded over time. Circumstances that would influence or dictate feasibility and
implementation of this project include:
•

Availability of surface water and approval of temporary or permanent appropriative water
right from SWRCB.

•

Suitability of lands for construction of capture, conveyance, and storage infrastructure.

•

Interested and willing landowners and project partners.

•

Permitting and environmental compliance.

7.4.3.5.4

Implementation Schedule

The feasibility study and closer evaluation of the project will be the first phase of
implementation; this is anticipated to be conducted over 1 to 2 years. Following the feasibility
study, if the project is implemented, it is anticipated the planning, design, and construction may
take up to 5 years.
7.4.3.5.5

Legal Authority

The GSAs have the authority under the CWC (Section 10726.2 (b)) to “Appropriate and acquire
surface water or groundwater and surface water or groundwater rights” and “conserve and store
within or outside the agency” as well as authority regarding “the spreading, storing, retaining, or
percolating into the soil of the waters for subsequent use.” For implementation of this project, the
GSAs would also likely partner with individual landowners or other stakeholders within the
subbasin that may also have legal authority to implement this project.
7.4.3.5.6

Estimated Cost

The estimated costs for implementation of this project will be dependent on the project
location(s) and stream(s) selected for recharge, as well as the anticipated diversion volumes and
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resulting construction and maintenance costs for diversion and conveyance infrastructure.
Decisions regarding whether the diverted waters are used for off-stream storage and subsequent
irrigation or for direct recharge will also have an impact on cost. Estimated costs will be
evaluated more closely during the feasibility study. The project(s) might need grant support in
some form to be affordable for local users.
7.4.3.6

Priority Project 6: City of Corning Stormwater Improvements and Groundwater Recharge

The City of Corning is situated close to several ephemeral streams that are conducive to flash
floods. Localized flooding during recent wet years within the urban limits and to the south of the
City overwhelmed existing drainage systems and inundated streets and bridges causing flooding
damage to property and infrastructure. The GSAs could work with Tehama County and the city
to identify locations that would benefit from improved stormwater management with the added
benefit of increasing stormwater infiltration to groundwater (Flood-MAR). Specific information
regarding past flooding events, locations, and damages is limited. The specific locations where
historical flooding and high-water events noted in the Tehama County reports and in local news
sources are shown on Figure 7-13.

Figure 7-13. Recent Flooding Locations in the City of Corning
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The Tehama County flood and hazard mitigation planning efforts recommend that the City
address areas with drainage problems to prevent future damage to properties and infrastructure
(Wood Rodgers, 2006; Tehama County, 2018). Recommendations in these plans include
improving drainage, increasing stream carrying capacity by removing invasive plants, silt, and
other debris from channels, and potentially improving road and railroad crossings that either
cause or at risk from future flood damage.
Multi-benefit stormwater capture mitigation strategies could be implemented in partnership
between the GSAs and the City of Corning DPW and the Tehama County RCD. The City of
Corning does not maintain a significant stormwater system in their community. However,
flooding issues exist, and recharging groundwater into the aquifer is a goal. The City requires
developers to implement low impact development (LID) projects for all new development areas.
This project could add to this approach and consist of independent, localized drainage systems
targeted in specific areas with recurring flooding. This GSP project would entail installation of
stormwater capture technology that promotes stormwater infiltration for groundwater recharge.
Two strategies to improve stormwater capture and increase groundwater recharge that are well
suited for the City of Corning include LID features and dry wells.
The USEPA defines low impact development as, “systems and practices that use or mimic
natural processes that result in the infiltration, evapotranspiration or use of stormwater in order to
protect water quality and associated aquatic habitat.” 44 LID technologies include vegetative
swales, permeable asphalt, planter beds, and other similar features. LID is best suited for areas
with high surface infiltration rates.
Dry wells are stormwater infiltration galleries installed in the vadose zone (above the
groundwater table), for infiltration of stormwater and groundwater recharge (Geosyntec, 2020).
Dry wells are better suited than LID for locations with poor surface drainage or with limited
surface space or access for LID construction. Both LID and dry wells have the benefit that they
do not necessarily need to be connected to the city stormwater capture and piping system. A
typical schematic of a dry well is shown on Figure 7-14. Dry wells can be constructed with
features that maximize removal of pollutants, reduce dry well clogging, and promote efficient
infiltration. This configuration allows water to flow passively through pre-treatment before
percolating through the dry well to the vadose zone. This multi-faceted approach decreases the
risk of dry well clogging causing flooding impacts or groundwater quality degradation from
stormwater runoff.

44

https://www.epa.gov/nps/urban-runoff-low-impact-development

Corning Subbasin Groundwater Sustainability Plan
November 2021

7-53

Figure 7-14. Typical Schematic for Dry Well Stormwater Recharge System (SWRCB, 2020)

There are 2 general concerns about LID and dry well feasibility (Geosyntec, 2020):
1. Groundwater quality degradation is possible from stormwater infiltration
2. Groundwater mounding from stormwater infiltration can cause surface seeps
This type of project works best in areas like the City of Corning with deep groundwater levels,
low risk for shallow groundwater contaminants, and permeable subsurface geologic layers.
Groundwater levels in the City of Corning were between 60 and 90 feet below ground surface
between 2012 and 2020. This groundwater level should be deep enough to avoid mounding
issues and allow contaminants that infiltrate with stormwater to attenuate in soil before they
reach and impact the groundwater supply. However, some localized areas of shallow or perched
groundwater may exist and will be reviewed during project feasibility planning. Therefore, the
ultimate location of the dry wells will be also based on groundwater levels in the area of flooding
concerns. Groundwater quality is good in municipal and small water system wells in and around
the city, suggesting that groundwater quality impacts from urbanization and stormwater
infiltration have not been an issue to date. Some pilot studies and water quality testing would
likely have to be performed should the City implement a large scale dry well or LID project, in
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collaboration with the GSAs. Finally, most of the soil around the City of Corning was classified
as “moderately good,” “good,” or “excellent” groundwater banking suitability, making it
promising for surface infiltration projects (Figure 7-15). Areas with soil classified as “poor”
groundwater banking suitability are less promising for surface recharge, but subsurface
conditions could be better suited. The quaternary alluvium geology in this area has subsurface
ancestral stream channels with coarse grained sediments that support groundwater recharge.

Figure 7-15. Soil Agricultural Banking Index Near City of Corning Flooding

7.4.3.6.1

Relevant Measurable Objectives

Relevant measurable objectives benefiting from this project include:
•

Groundwater elevation. Increased groundwater recharge will result in higher
groundwater levels.

•

Groundwater storage. Increased groundwater recharge will result in higher groundwater
levels, increased groundwater in storage, and will help achieve long-term sustainable
yield.
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•

Land subsidence. Increased groundwater recharge reduces the potential for subsidence
caused by overdraft from lowering of groundwater levels.

7.4.3.6.2

Expected Benefits and Evaluation of Benefits

This proposed project provides multiple benefits to City of Corning residents and the City of
Corning DPW. LIDs or dry wells would decrease flood risks in areas where recent flood impacts
have been noted. Most of the watershed to the west of the Subbasin was burnt in the 2020
wildfire season and therefore runoff is expected to increase in the future. In addition, climate
change impacts are expected to increase flash flood events in the future as well. Through
implementation of this project, the DPW could improve stormwater capture and prevent
flooding, while providing a source of groundwater recharge for the aquifer. With LID or dry
wells, stormwater infiltration would percolate to groundwater, rather than being conveyed
through surface water drainages out of the Subbasin through the Sacramento River. Groundwater
recharge from LID or dry wells would offset some groundwater level declines and storage loss
due to pumping for the City of Corning municipal supply and other groundwater users in this
area creating a more reliable groundwater supply.
7.4.3.6.3

Public Noticing, Permitting, and Regulatory Process

Multi-benefit stormwater capture mitigation strategies could be implemented in partnership
between the GSAs, the DPW, and the Tehama RCD. Since this project is still in its conceptual
phase, exact permitting and reporting requirements are uncertain. It is possible that LID and/or
dry wells would require permitting and reporting for construction, operation, and maintenance.
Requirements for municipal dry wells are likely more involved than LID since they require an
additional U.S. Environmental Protection Agency (U.S. EPA) permit, as summarized from the
SWRCB Dry Well Handout (SWRCB, 2014):
Dry wells are subject to the U.S. EPA Underground Injection Control (UIC) regulations. In
California, Class V wells are overseen by the US EPA’s Region 9 office. A dry well is considered
a Class V injection well, which is defined as a conduit for non-hazardous fluids that is deeper
than it is wide. Dry wells may be authorized to operate as long as they are registered with the US
EPA, and only inject uncontaminated stormwater. The US EPA has no design requirements for
dry wells; that responsibility is left to local authorities. However, the following design practices
are encouraged:
•

Should not be constructed deeper than the seasonal high-water table

•

Follow local guidelines for setback distances from the dry well bottom to the water table

•

Go through a thorough site evaluation to prevent the spread of contaminants

•

Utilize pre-treatment to remove sediment and the pollutants that they frequently carry
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•

Use backfill to improve dry well column stability

Many requirements and design specifications for dry wells come from guidelines linked to the
NPDES (National Pollution Discharge Elimination System) permits, issued by the State or
Regional Water Boards for stormwater systems. Not all cities and counties have such
requirements.
7.4.3.6.4

Circumstances for Implementation

The GSAs intend to support ongoing efforts by the City of Corning DPW to maintain and
improve flood control structures. Project implementation will be initiated as funds become
available and specific plans begin to form. No additional circumstances for implementation are
necessary.
7.4.3.6.5

Implementation Schedule

Should the City of Corning DPW and GSAs decide to pursue this project, the first step would be
to conduct a design study for estimating the planning, design, and construction costs and
benefits. This analysis may take up to 5 years to initiate and complete prior to project
implementation.
7.4.3.6.6

Legal Authority

The GSAs have the authority under the CWC (Section 10726.2 (b)) to “conserve and store water
within or outside the agency” as well as authority regarding “the spreading, storing, retaining, or
percolating into the soil of the waters for subsequent use.”
7.4.3.6.7

Estimated Cost

The costs and maintenance requirements for LID and dry wells vary depending on site specifics
and are therefore uncertain at this point for this conceptual project. LID stormwater basins are
generally low cost and low maintenance alternatives to traditional stormwater capture systems.
Dry wells are higher maintenance and higher cost alternatives to LIDs but are likely comparable
in cost to a retrofit the current stormwater capture system. Dry wells have an added benefit of
groundwater recharge that should be accounted for in future cost analyses. Operation and
maintenance requirements for LID and dry wells include periodic removal of sediment and other
debris from pre-treatment swales, sedimentation basins, and dry wells. LID and dry wells do not
require the substantial stormwater capture and piping systems used for most stormwater systems.
The permitting and monitoring costs and permit requirements for LID and dry wells is uncertain.
The City of Corning may need a separate NPDES permit for the new stormwater capture
mitigation strategies. Since the scope of this project is not fully developed, estimated costs will
be evaluated during the design study of the project.
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7.4.4 Alternative Projects
The priority projects listed above, coupled with the management actions described in Section 7.3
might not lead to full sustainability in the Subbasin. Five alternative projects are included in this
GSP for further review during implementation, as needed. These projects will be implemented
only if they are deemed cost effective, more favorable than priority projects, and/or are necessary
to achieve sustainability. The alternative projects are summarized in Table 7-8 and described
below.
Table 7-8. Alternative Projects
Alternative
Project #

Project Name

Water Supply

Project Type

1

Recycled Water Use for Crop
Irrigation

City of Corning/Hamilton City
treated wastewater

In-lieu groundwater
recharge

2

Groundwater Recharge Pond South of
Corning

215 CVP water and irrigation
runoff

Direct recharge

3

TNC multi-benefit recharge projects

215 CVP water or unused
irrigation water

Direct recharge

4

California Olive Ranch Groundwater
Recharge Project

215 CVP water or unused
irrigation water

Direct recharge

5

Thomes Creek flood water diversions
for recharge

Thomes Creek flood flows

Direct recharge

6

Groundwater Substitution Transfers
from other Tehama County Subbasins

1. Environmental flows from
Los Molinos habitat
restoration projects

In-lieu groundwater
recharge

2. City of Red Bluff WWTP
Note: Section 215 of the Reclamation Reform Act (RRA) allows for excess and unstorable winter/spring flows to be purchased by Water
Districts through USBR (Appendix 7E).

7.4.4.1

Recycled Water Use for Crop Irrigation

The purpose of this project is to use treated wastewater from local cities for agricultural
irrigation purpose for in-lieu groundwater recharge. There is little treated wastewater available in
the Subbasin to use for crop irrigation and treatment plants are located near the Sacramento
River for convenient discharge. However, there is a potential for City of Corning and Hamilton
City wastewater treatment plant recycled water to be used for irrigation at nearby fields.
The City of Corning’s wastewater treatment plant effluent is currently about 0.8 million gallons
per day. It is permitted for 1.4 million gallons per day, should the City grow through population
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increase or annexation. However, water use efficiency measures for drought impact reduction
have caused total water consumption to decrease and is now at 76% of water consumption
compared to 2008.
This conceptual project requires additional evaluation to identify potential feasibility and grower
interest.
7.4.4.2

Groundwater Recharge Pond South of Corning

As part of the Tehama-Colusa Canal water delivery system, a pond managed by USBR collects
runoff and stormwater north of Liberal Avenue near the Corning Canal. This pond is between 2
and 4 AF in size. This pond has historically been used in the winter for flood control when the
Corning Canal overtops, or during maintenance. This pond could be used as an opportunity to
store 215 Water for use during the irrigation season, or for direct recharge. This project would
require USBR approval and collaboration. The potential sources of water for this project are
summarized in Appendix 7E.
7.4.4.3

TNC Multi-benefit Recharge Projects

TNC is interested in partnering with growers for an on-farm, multi-benefit groundwater recharge
program that provides critical wetland habitat for migratory birds. The program would use
surface water supplies to flood and maintain shallow ponds on fallow or dormant fields using
existing diversion, conveyance, and on-farm infrastructure. The program provides financial
compensation to growers for recharging groundwater in the course of normal farming operations
on a variety of crops. TNC seeks to implement the project in July to October or March to April to
provide wetland habitat for migratory birds when water is scarce on the landscape. This on-farm
recharge program requires short-term commitments from growers to irrigate and maintain
shallow depths of 4 inches or less of water on enrolled fields. The program pays for field
preparation, irrigation, and water costs. A pilot program was initiated in Colusa County in 2018
and concluded in the spring of 2020. This program was expanded to include DWR as a partner
and include flood reduction benefits with pilot projects expected in Yolo, Colusa, Glenn, and
Tehama Counties beginning in 2021, provided that water is available. Preliminary conversations
were initiated with Corning WD as a potential partner to implement a pilot project in the Corning
Subbasin.
7.4.4.4

California Olive Ranch Groundwater Recharge Project

An artificial recharge project at the California Olive Ranch property on South Avenue near the
City of Corning is being developed concurrently with the GSP. The project layout shown on
Figure 7-16 involves diverting water from the Tehama-Colusa Canal through an existing
irrigation canal into an existing unlined basin where it can percolate to groundwater. The source
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of water could include Section 215 flood flows and possibly other water sources conveyed
through the canal such as unused CVP contract water.
Feasibility analysis on this project is ongoing. Work is underway to determine the frequency of
Section 215 and other available surface water in the area, to make projections about how
frequently recharge could take place for this project. Discussions have been had with the TCCA
regarding Tehama-Colusa Canal conveyance. A new turnout would be required for this project.
The California Olive Ranch is considering an on-farm ponding test in the winter of 2022 to
estimate infiltration rates in the proposed basin.
This project could be used as a proof of concept by the GSAs to design and implement other
similar groundwater projects in the Subbasin using available surface water supplies.
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Figure 7-16. California Olive Ranch Groundwater Recharge Project Proposed Layout
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7.4.4.5

Thomes Creek Flood Water Diversions for Recharge

It is unclear if there may be additional winter flood flows on Thomes Creek available for
diversion of recharge; this project would evaluate the potential and feasibility of diverting winter
flood flows on Thomes Creek to store off-stream to satisfy summer irrigation needs, or divert to
a recharge pond. The potential sources of water for this project are summarized in Appendix 7E.
7.4.4.6

Groundwater Substitution Transfers from the Tehama County Subbasins

The purpose of this project is to capture surface water flows that were left upstream in streams
tributary to the Sacramento River in the Los Molinos Subbasin for habitat restoration projects.
Two groundwater substitution transfer projects are currently being evaluated conceptually before
going into a feasibility study:
1. Trout Unlimited groundwater substitution transfer (on Deer Creek)
2. TNC groundwater substitution transfer on Mill Creek (or just simply releasing water
down the creek for habitat benefits, that can be diverted to Corning Canal)
The potential habitat restoration projects are in various planning stages but may result in surface
water being left in the streams to improve streamflow conditions for fish passage and other
environmental benefits. TNC is working on the development of a deep test well to see if it would
affect shallow groundwater, should a substitution transfer project be initiated.
This overall conceptual project would be developed in collaboration between Los Molinos and
Corning Subbasins to get access to more surface water. Additional details will be developed
during GSP implementation. The Water Districts in both subbasins will be involved to
coordinate the use of the available infrastructure to divert the available surface water.

7.5 Funding and Collaboration Opportunities
Most of the projects and management actions described above cannot be implemented solely by
the GSAs because they do not own water rights, need support for funding, as well as honoring
the jurisdiction of other agencies. As noted above, collaboration between many entities will need
to occur to implement the projects and management actions, with the GSAs acting as liaisons
between state and local agencies, local water districts, the Paskenta Band, and USBR. Additional
discussion regarding project funding and grant opportunities is provided in the Plan
Implementation Section 8.

7.5.1 Land Use Planning
The GSAs will work on an as-needed basis with Glenn and Tehama Counties, the City of
Corning, Hamilton City CSD, and the Paskenta Band to assist with land use planning efforts.
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Coordination with the counties on land use planning will primarily focus on general plan
updates, as they occur in the future. The GSAs intend to provide input to the counties regarding
land use development, water demands, water availability, and locations of sensitive habitat
including GDEs. The GSAs intend to notify the counties and City of Corning planning
departments during General Plan updates about the potential effects of land use changes on the
GSAs ability to meet SMC for the various sustainability indicators.
In addition, during GSP development, some inquiries were made with regards to gravel mine
permitting and the potential effects on shallow groundwater levels and near-by domestic wells
that are going dry. The GSAs will coordinate with the appropriate permitting agencies to better
understand the effects of gravel mining operations on sustainable groundwater management.

7.5.2 Watershed Protection and Management and Flood Control
Watershed restoration and management benefits include enhanced flood control, greater
groundwater recharge, reduced fire risk, and improved GDE habitat. While not easily quantified
and therefore not currently included as projects in this Plan, watershed management activities
may be worthwhile and benefit the basin, particularly in areas impacted by 2020 wildfires.
Vegetated land reduces flood risk as plant roots hold soil in place, uptake stormwater, and slow
overland flow. Healthy watersheds lead to greater groundwater recharge due to less stormwater
runoff. Many small tributaries in the watersheds have high levels of siltation and diminished
flood-carrying capacity due to invasive vegetation overgrowth. Invasive arundo overgrowth
presents a wildfire risk because it forms thick stands of inaccessible and flammable vegetation.
Finally, watershed restoration could benefit GDE habitat and priority species by providing more
suitable habitat. Removal of silt, debris, and overgrowth of vegetation from streambeds is a
recommended action in the Tehama and Glenn County Hazard Mitigation Plans (Tehama
County, 2018; Michael Baker International, 2018).
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8 GROUNDWATER SUSTAINABILITY PLAN IMPLEMENTATION
This section describes how the GSP for the Corning Subbasin will be implemented. The 2 GSAs,
Tehama County Flood Control and Water Conservation District, and the Corning Sub-basin GSA
(and its member agencies), will be responsible for administering and overseeing Plan
implementation following the GSP submittal by January 31, 2022. Section 8 serves as a roadmap
for addressing GSP implementation activities between 2022 and 2042. This section focuses on
the activities to be completed between 2022 and 2027, prior to the first comprehensive 5-year
update to the GSP.
Implementing this GSP will require the following formative activities:
•

Ongoing GSA administration, stakeholder outreach, and coordination with neighboring
Subbasins’ GSAs

•

Developing funding sources and mechanisms

•

Collecting or compiling groundwater, surface water, and subsidence data per the GSP
monitoring plan

•

Preparing routine GSP reports to update DWR on the status of groundwater sustainability
and other GSP implementation tasks

•

Addressing identified data gaps

•

Expanding and improving the existing monitoring networks

•

Updating the Data Management System (DMS)

•

Updating and refining the hydrologic model

•

Evaluate, prioritizing, and refining projects and management actions

The implementation plan in this section is based on our current understanding of Subbasin
conditions described in Section 3, the monitoring networks summarized in Section 5, and
potential projects and management actions for achieving groundwater sustainability described in
Section 7. Understanding of Subbasin groundwater conditions will evolve over time based on
future data collection, model revisions, interbasin coordination, and stakeholder input. As the
monitoring network and groundwater model are refined and sustainability measures are
implemented, Subbasin conditions may change, and the details of the potential projects and
management actions will adapt to the Subbasins beneficial uses and users’ needs.
The GSAs are responsible for implementing the Plan. This will be accomplished through the
same general process developed during the GSP planning phase. Implementing the GSP requires
the GSAs to oversee and manage day-to-day sustainable groundwater management program
activities including administration, communication, outreach, funding, data collection, technical
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evaluations, and reporting. In addition, the GSAs will be responsible for coordinating the
refinement and implementation of projects and management actions (described in Section 7), in
collaboration with local stakeholders and local, regional, state, and federal agencies.

8.1 Implementation Activity 1: GSAs Administration, Communication, and
Outreach
The GSP management and governance structure during Plan implementation will remain similar
to the planning process, as described in detail in Section 1.

8.1.1 GSAs Administration
The GSAs will be responsible for administering and overseeing GSP implementation as soon as
the GSP is adopted by the GSA boards. The GSP will be implemented under the Memorandum
of Understanding (MOU) signed January 7, 2020, between the 2 GSAs representing the Glenn
and Tehama County portions of the Subbasin, respectively:
1. The Corning Sub-basin GSA (CSGSA) is the exclusive GSA for the portion of the
Subbasin in Glenn County. The Corning Sub-basin GSA was formed through a
Memorandum of Agreement (MOA) between 3 member agencies: Glenn County, GlennColusa Irrigation District (GCID), and Monroeville Water District.
2. The Tehama County Flood Control and Water Conservation District (TCFCWCD) is the
exclusive GSA for the portion of the Subbasin within Tehama County.
The Corning Subbasin Advisory Board (CSAB or Advisory Board) will continue to function as
an appointed advisory board comprised of members of both GSAs. At least 1 member from each
GSA shall be a member of the GSA governing body.
The GSAs are independent organizations with their own staff, administration, and governance
frameworks. Day-to-day GSP operations will be managed by the GSAs, potentially with input
and recommendations from the Advisory Board. Each GSA has its own structure to coordinate
with its county boards, commissions, and member agencies. The GSA roles, responsibilities, and
cost sharing agreements will be developed as needed during the GSP implementation process as
outlined in the MOU.
During GSP implementation the GSAs and member agency staff will routinely report to the
CSAB and their respective agencies, similar to the process for Plan development. The Advisory
Board, and GSA meetings will be publicly noticed and follow procedures consistent with the
Ralph M. Brown Act for transparency and public involvement. This process will allow for a
robust and transparent GSP implementation process that complies with the GSP Regulations.
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8.1.2 Overview of GSP Implementation Activities
The primary administrative roles and GSP implementation responsibilities of the GSAs during
GSP implementation are the following:
•

Subbasin GSA Coordination: Coordination between the 2 Subbasin GSAs is crucial to
ensure that GSP implementation follows the Plan for groundwater sustainability in the
Subbasin. Coordination is outlined in the MOU.

•

Internal GSA coordination: Each GSA has its own internal coordination needs.
The CSGSA will coordinate between member agencies and any subcommittees. The
TCFCWCD will have additional coordination with the county groundwater commission,
subcommittees, and others as needed.

•

Inter-basin Coordination: The GSAs will continue to meet regularly with representatives
from the adjacent subbasins to ensure that the regional groundwater resource is managed
sustainably. This is important in the Northern Sacramento Valley as the groundwater
aquifers are connected hydrogeologically and are recharged by the major rivers and
creeks that form many of the adjacent subbasin boundaries. Regular interbasin
coordination will help the GSAs in the Corning Subbasin and other GSAs in the region
achieve groundwater sustainability. A list of potential activities to be undertaken during
interbasin coordination is provided in Appendix 2D.

•

Public outreach and notification: The GSAs are responsible for regular stakeholder
engagement during GSP implementation including maintenance of the Corning Subbasin
GSP website, hosting public workshops, and routinely engaging the public to share
information about groundwater sustainability implementation activities and receive
feedback. Stakeholder understanding and acceptance of this Plan is crucial for Plan
implementation success. Part of the GSAs role during GSP implementation is to be a
local ambassador in their respective jurisdictions, with active participation and outreach
for groundwater sustainability.

•

Advisory Board and GSA Board meetings: The Advisory Board will meet at least
annually to receive updates on GSP implementation from the GSAs, with more frequent
meetings scheduled, as necessary. The GSAs will meet at regular intervals and will
provide implementation updates periodically to their boards as appropriate.

•

Budget planning and funding oversight: The GSAs must maintain financial viability in
order to implement the GSP; funding mechanisms are further described below. A costsharing agreement between the GSAs may be implemented in accordance with the MOU.

•

Oversight of consultants or contractors: The GSAs may collaborate and retain consultants
and contractors to execute certain activities on behalf of the GSAs such as collecting data
from the GSP monitoring network, developing plans for data gap investigations,
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installing new monitoring sites, refining projects and management actions, and
developing GSP funding mechanisms.
•

Collecting data and reporting sustainability progress: The GSAs will conduct
groundwater condition monitoring and collect monitoring data from external sources, as
described in Section 5. The GSAs will report findings to DWR in annual reports and
5-year updates described in Section 8.3.2.

•

Filling data gaps: The GSAs will investigate or collaborate with consultants and technical
specialists to fill critical data gaps described in the HCM (Section 3.1.9), groundwater
conditions (Section 3.2.8) and monitoring networks (Sections 5.2.6, 5.5.3, and 5.6.3).
Filling data gaps will entail technical studies, installing new monitoring sites, and
refining the groundwater model as new information becomes available and as funding
allows.

•

Implementation of projects and management actions: Projects and management actions
may be necessary for the Subbasin to meet the SMC identified in the Plan, described in
Section 6. During the first 5 years of Plan implementation, the GSAs will collaboratively
refine the projects and management actions identified in Section 7 by assessing
feasibility, costs, expected benefits, permitting, and regulatory circumstances for project
implementation.

8.1.3 Communication and Outreach
Ongoing outreach by both GSAs will remain an important part of GSP implementation to
continue gathering feedback from Subbasin stakeholders and different beneficial users such as
domestic, agricultural, urban, and tribal groundwater users.
The GSAs will routinely provide information to the public about GSP implementation and
sustainability progress. The Corning Subbasin website will be maintained by the GSAs as a
communication tool for posting data, reports, and public meeting information. The GSAs will
also explore additional means and methods for direct and indirect communication with
stakeholders as described in Section 2.16. The GSAs will respond to public inquiries received
and elevate public comments as appropriate.
8.1.3.1

Interbasin Coordination

The GSAs will also serve as the point of contact for inter-agency coordination with the other
GSAs in the region. The interbasin coordination activities that started under GSP development
(summarized in Appendix 2D) will continue during implementation to follow the key goals for
successful regional groundwater sustainability in the Northern Sacramento Valley, such as:
•

Information-sharing on program activities and implementation challenges
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•

Joint analysis and evaluation of data collected and report development

•

Coordination on mutually beneficial activities

•

Coordinated communication and outreach for regional scale public engagement

8.1.3.2

Coordination with other local, regional, state, and federal agencies

Many local agencies will likely play a role in GSP implementation, as mentioned in Section 7.
The neighboring GSAs, County Planning and Environmental Health Departments, Water
Districts, Farm Bureaus, RCDs, and Water Quality Coalitions are among the local and regional
agencies that the GSAs will regularly coordinate with during implementation. In addition, DWR
regional offices will continue to provide technical support to the GSAs. Coordination with the
USBR will be crucial to work out some of the details on project implementation, particularly
where surface water use is needed to implement important conjunctive use projects.
8.1.3.3

Coordination with the Tribes

Outreach and coordination with the Paskenta Band in Tehama County will be ongoing,
specifically in regard to the development of the Tribe’s groundwater monitoring and
management plans. The Tribe may share details of these plans with the GSAs at a suitable time
and provide coordination with the GSP during implementation. In addition, the GSAs will
coordinate with the Tribe on the implementation of projects and management actions.

8.2 Implementation Activity 2: Refinement of GSP Implementation
Funding Sources and Mechanisms
GSP development and initial SGMA outreach have been funded by a DWR grant and in-kind
contributions from the GSAs of the Corning Subbasin. Implementation of the GSP will require
that the GSAs identify and implement new funding mechanisms to carry out the administrative,
reporting, monitoring, and projects and management action activities necessary to achieve the
Corning Subbasin’s Sustainability Goal. Pursuant to the MOU among Corning Sub-basin GSA
members, any future cost-sharing allocations shall be agreed to in writing by the members in
advance of executing any contracts with consultants, vendors, or other contractors or incurring
any expense.
The primary funding sources and mechanisms considered by the GSAs to support future
implementation activities are:
•

GSA Self-Funding: The GSAs may levy fees and assessments within their respective
jurisdictions, pursuant to the applicable requirements and authorities of SGMA,
Proposition 13, Proposition 26, and Proposition 218. SGMA specifically authorizes
GSAs to impose charges to fund the cost of administration, operations, permitting,
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prudent reserve, and other activities necessary or convenient to implement the plan. The
GSAs will coordinate with each other on how they will share GSP implementation costs
and pursue self-funding strategies that best meet their local needs. Multiple fee-types may
be implemented by GSAs. Self-funding mechanisms that are adopted by the GSAs may
be adjusted periodically as new needs are identified and new data become available.
•

Grants: Grant funding from local, state, federal, and other sources will be pursued to
support all applicable implementation activities. Grants are considered an opportunistic
source of funding. The availability of grant funding may vary widely from year to year
depending on which programs are soliciting grant applications, the total grant funding
made available through such programs, and to what purpose awarded grant funding may
be applied (i.e., planning, technical support, project implementation, etc.). In many cases,
grants sought by the GSAs will also require an agency cost-share that will need to be
funded through in-kind services and/or agency revenues. Grant funds are typically
application-based and not guaranteed. See Section 8.2.2 for an overview of potential
near-term grant and cost-share funding opportunities that may be available to the GSAs.

•

Partner Funding: The GSAs are committed to working collaboratively and meeting
regularly with other local agencies and stakeholders to implement projects and
management actions that achieve the Sustainability Goal. The GSAs may coordinate with
local partners to incentivize activities that improve sustainable groundwater management
and project implementation. The GSAs will coordinate with local partners to identify
funding mechanisms and allocation of funding commitments to support proposed projects
and activities located within the respective jurisdictions. Every effort will be made to find
equitable and agreeable solutions including distribution of costs among partnering
agencies.

•

Bonds and Borrowing: Bonds and borrowing are considered a viable source of funding
for infrastructure and other capital-intensive projects. Bonds can serve as low-cost course
of financing and are typically issued by public agencies in the form of General Obligation
Bonds or Revenue Bonds. These bonds are secured by encumbering 1 or more sources of
revenue and other assets available to the agency. Should the GSAs seek to issue bonds,
they will need to have established a self-funding mechanism that generate the revenues
necessary to service the debt payments.

8.2.1 Develop Start-Up Funding Mechanisms
During the initial phase of GSP implementation (2022 – 2026), the GSAs will evaluate and seek
to implement self-funding strategies to recover the costs of their sustainable groundwater
management activities. Budgets will be refined and cost-sharing mechanisms agreed to by the
GSAs. Consultants and/or legal advisors will be retained to advise on the implementation of fees
or assessments. It is anticipated that the GSAs will adopt self-funding mechanisms within the
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first 2 years of GSP implementation to recover, at a minimum, costs related to general
operational expenses (see Section 8.9.1 for additional discussion and estimates of these
expenses). Grants will be pursued as they become available and based on their applicability to
priority implementation activities and projects. The GSAs will coordinate with local partners on
proposed activities and projects within their jurisdictions that support sustainable groundwater
management.
Appendix 8A includes a more detailed memorandum evaluating the potential funding
mechanisms described above, including relevant policies and the data required to support their
implementation.
The 2 GSAs will refine the budget required to implement the GSP and develop a cost-sharing
mechanism for the major GSP implementation activities. Each GSA, being subject to their own
county tax assessments, will review the funding mechanisms that makes the most sense for them
to levy fees within their respective jurisdictions.

8.2.2 Grant Funding Opportunities
Several grant program and funding opportunities have been identified for further consideration
and may be applied for to support near-term funding needs associated with implementing the
GSP. Table 8-1 summarizes the identified programs and describes how funds could be applied to
support specific implementation activities. The GSAs will regularly evaluate new grant funding
opportunities as they become available during the implementation horizon. Appendix 8B
provides a more detailed description of the non-DWR grants identified below.
Table 8-1. Near-Term Grant and Cost Share Funding Opportunities
Program or
Opportunity

2021-2022 State
Budget (California)

Administrator

DWR, CDFA,
SWRCB, CDFW,
Natural Resources
Agency, Others

Funding Purpose

Planning, Technical
Support, Project
Implementation
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Description
California’s 2021-2022 State Budget includes a $5.2
billion Water and Drought Resilience Package, $3.69
billion Climate Resilience Package, and $1.1 billion
Sustainable Agriculture Package. Funds from each
package are allocated over the next three years with
significant portions to be made available by various
state agencies through grants, technical support, and
other financial assistance that can directly support
planning, projects, and management actions
associated with SGMA implementation.
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Program or
Opportunity

Administrator

Sustainable
Groundwater
Management Grant
Program
SGMA Implementation
– Planning and Projects

DWR

Planning, Project
Implementation

Facilitation Support
Services

DWR

Technical Support

Technical Support
Services Grant

DWR

Technical Support,
Project
Implementation

Agricultural Water Use
Efficiency Grant
Program

USBR, NRCS

Project
Implementation

CALFED Water Use
Efficiency Program

USBR

Project
Implementation

WaterSMART Basin
Studies Program

USBR

Planning

WaterSMART Water
and Energy Efficiency
Grants Program

USBR

Project
Implementation

WaterSMART Water
Marketing Strategy
Grant Program

USBR

Planning

WaterSMART SmallScale Water Efficiency
Project Program

USBR

Project
Implementation

WaterSMART Applied
Science Grant Program

USBR

Planning, Technical
Support

WaterSMART
Cooperative Watershed
Management Program

USBR

Planning, Project
Implementation

WaterSMART Drought
Response Program

USBR

Planning, Project
Implementation

Funding Purpose

Description
Round 2 grant solicitations will provide up to $204.5
million 45 for medium- and high priority basins to fund
SGMA implementation, including projects and planning
efforts. Grant amounts are expected to range between
$2 million and $8 million per basin. The solicitation for
Round 2 applicants is expected to open in late 2022
with final grant awards announced by Summer of 2023
Provides DWR-funded professional facilitators to foster
discussions among diverse water management
interests and local agencies to work through
challenging water management situations.
Provides funding and technical support for monitoring
well installation and various field activities related to
groundwater monitoring.
Provides funding opportunities to improve water supply
reliability through water conservation or improved
water management, create new supplies for
agricultural irrigation, and benefit endangered species
Provides funding to accelerate the implementation of
cost-effective actions that reduce the demand on BayDelta water and can result in significant benefits to
water quality, supply reliability, and instream flows.
Provides cost-share funding to develop collaborative
studies that evaluate water supply and demand and
help ensure reliable water supplies by developing
strategies that address water supply/demand
imbalances.
Provides 50/50 cost-share funding to complete projects
that conserve and use water more efficiently, increase
the production of hydropower, mitigate conflict risk, and
accomplish other benefits that contribute to water
supply reliability.
Provides grant assistance to conduct planning
activities to develop water marketing strategies that
establish or expand water markets or marketing
activities between willing participants.
Provides 50/50 cost-share funding for small water
efficiency improvements (e.g., automation, flow
measurement installation, canal lining, etc.).
Provides funding for the development of tools, such as
modeling and forecasting tools, and information to
support water management for multiple uses.
Phase I funding supports watershed group
development, restoration planning, and management
project design. Phase II funding provides cost-shared
assistance to implement watershed management
projects.
Supports the development of drought contingency
plans and implementation of resiliency projects;

Note: Includes $114 million in future General Fund appropriations, the remaining $19 million Fiscal Year 2021-2022 General Fund
appropriations as authorized under the California Budget Act of 2021, and the remaining $71.5 million in Proposition 68 grant funds.
45
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Program or
Opportunity

Administrator

WaterSMART Title XVI
Water Recycling and
Reuse Program

USBR

Planning, Project
Implementation

Provides funding for the planning, design, and
construction of water recycling and reuse partnerships.

NRCS

Planning, Technical
Support

Competitive grant program that supports the
development of new tools, approaches, practices, and
technologies to further natural resource conservation
on private lands.

Conservation
Innovation Grants
Program

Funding Purpose

Description
undertakes emergency response actions.

8.3 Implementation Activity 3: Monitoring and Reporting
A primary ongoing function of the GSAs during the GSP implementation phase will be to
collect, compile, and evaluate data and report progress on groundwater sustainability activities
per Article 7 of the GSP Regulations. The GSAs may hire consultants, negotiate agreements with
agencies, and/or hire or utilize existing staff for monitoring and reporting functions.

8.3.1 Monitoring
Monitoring of the relevant sustainability indicators will be initiated immediately upon adoption
of the GSP. The monitoring network is described in detail in Section 5 of the GSP. The GSAs
will coordinate with DWR and other entities, as needed, to ensure that data collection from the
GSP monitoring network continues without interruption using the protocols specified in the Plan.
The GSP monitoring networks rely exclusively on existing monitoring programs; therefore, there
is no immediate need for the GSAs to initiate new programs. Data collected from the various
programs will be compiled by the GSAs or county staff and stored in the DMS. Data quality will
be assessed routinely to confirm that the data meet the necessary standards.
Groundwater conditions data will be downloaded, summarized in tables and figures, and
compared to the SMC in annual reports submitted to DWR. The following general process will
be followed for collecting and reporting data:
•

Download data from public databases

•

Check and verify data

•

Upload data to the DMS

•

Prepare data summary tables and figures

•

Compare data to SMC

•

Analyze impacts of projects and management actions

The subsections below outline specific details for implementation of the monitoring networks for
each relevant Sustainability Indicator.
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8.3.1.1

Groundwater Level Monitoring

DWR, Glenn County, and Tehama County representatives currently collect groundwater level
data from a network of monitoring wells in the Subbasin under the statewide CASGEM program.
The CASGEM system will be replaced by the GSP groundwater elevation monitoring program
once the GSP is submitted to DWR. Groundwater monitoring will continue to be conducted by
DWR and the county representatives under the new GSP monitoring program. Groundwater
elevation data will be uploaded to the SGMA data portal semiannually; before January 1 and
July 1 of each year, similarly to the former CASGEM requirements, just in a different upload
system now linked to the GSP. The GSAs will compile groundwater level monitoring results.
During GSP implementation, the GSAs will need to acquire access to the GSP monitoring
network wells. The DWR Northern Region Office is actively pursuing renewed access
agreements with CASGEM well owners to ensure that data can be collected legally and reported
from the wells without interruption during GSP implementation. The GSAs assume that the
DWR Northern Region Office will be responsible for providing access agreements to the GSAs
for all of the existing monitoring sites in the GSP water level monitoring network.
8.3.1.1.1

Groundwater Storage Monitoring

The GSAs will use groundwater levels as a proxy to estimate the annual change in groundwater
storage. This will require annual groundwater level measurements at Representative Monitoring
Point (RMP) wells identified in Section 5.
8.3.1.2

Land Subsidence Monitoring

The GSAs will monitor land subsidence using data collected by DWR from InSAR, land surface
elevation surveys, and the 1 extensometer in the Subbasin. InSAR data will be downloaded from
the DWR website at least annually. DWR intends to conduct land surface elevation surveys
every 5 years. Since the most recent event was in 2017, the next planned regional elevation
survey event is expected to take place in 2022. The GSAs expect that the extensometer station
data will continue to be collected and uploaded to SGMA Data Viewer or Water Data Library by
DWR.
8.3.1.3

Groundwater Quality Monitoring

The GSAs will compile groundwater quality monitoring data from various active groundwater
quality monitoring programs in the Subbasin. The GSAs will not actively collect groundwater
quality data at this time. Total dissolved solids (TDS) data from supply wells will be compared
to the SMC for groundwater quality. Currently, the only sources of supply well TDS data are the
City of Corning, Hamilton City, and several small water systems that report data to the State
Water Resources Control Board Division of Drinking Water. Other active groundwater quality
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monitoring programs that the GSAs intend to track during GSP implementation include
monitoring for the Irrigated Lands Regulatory Program, the Dairy Program, and the Glenn
County water quality program. DWR sporadically monitors groundwater quality in some of the
observation well clusters in the Subbasin; it is uncertain if they will continue to do this in the
future. The GSAs will coordinate with the water quality regulatory and monitoring agencies to
obtain water quality information within the Subbasin and effectively manage water quality
monitoring related to projects and management actions. The routine and sporadic monitoring
program data will be reviewed to ensure that overall groundwater quality in the Subbasin is
suitable for beneficial use.
8.3.1.4

Interconnected Surface Water Monitoring

The GSAs will assess interconnected surface water using groundwater levels as a proxy for
comparison to SMC. This monitoring will be conducted at a subset of shallow DWR observation
RMP wells identified in Section 5. The GSAs will also compile surface water stage and
discharge monitoring data from various sources, though this data will not be compared to SMC,
but will provide additional insight into the Subbasin’s condition.

8.3.2 Reporting
GSP Regulations require the GSAs to submit regular reports to DWR documenting Subbasin
conditions and progress toward sustainability. Per the GSP Regulations the transmittals must be
signed by an authorized party and the reports will comply with the DWR online submittal
requirements. The following reports will be prepared for the Subbasin:
•

Annual Reports. In accordance with GSP Regulation §356.2, annual reports will be
submitted to DWR starting on April 1, 2022. The purpose of these reports is to provide
monitoring and total groundwater use data to DWR, compare monitoring data to the
SMC, and provide an update on adaptive implementation of projects and actions to
achieve sustainability. Development of an annual report will begin following the end of
the water year, September 30, and will include an assessment of the previous water year.
The annual reports may also serve as amendment(s) to the GSP as the monitoring
networks are refined and understanding of basin conditions are enhanced.

•

5-Year GSP Assessment Reports. Five-Year GSP assessment reports will be provided
to DWR starting April 1, 2027. The GSAs will evaluate the GSP at least every 5 years to
assess whether it is achieving the sustainability goal in the Subbasin. The assessment will
include a description of significant new information that has been made available since
GSP adoption or amendment and whether the new information or understanding warrants
changes to any aspect of the plan. The 5-Year updates will also include routine
information provided in annual updates.
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8.4 Implementation Activity 4: Address HCM and Groundwater Conditions
Data Gaps
Section 3 identifies data gaps in the current hydrogeologic conceptual model and groundwater
conditions that are described in Section 8.4.1, below. The implementation plans to address these
data gaps are described in Section 8.4.2, except for some cases that will be addressed by
expanding and refining the routine monitoring networks as described in Section 8.5.2 and noted
in the section below.

8.4.1 Identified Data Gaps
Western Boundary of the Subbasin: There is some uncertainty where the western boundary of
the alluvial basin is located, as there is anecdotal evidence that some wells in this portion of the
Subbasin are drilled into fractured rock and not alluvial aquifer.
Tehama-Tuscan Transition Zone: The geologically complex environment created by the
cotemporaneous deposition of the Tehama and Tuscan Formations is not entirely understood in
all areas of the Subbasin. The interfingering of these heterogeneous formations could be mapped
with greater certainty to improve the conceptual understanding of the principal aquifer. This
information would be useful to better assess whether confining layers impede vertical movement
of groundwater in some areas.
Hydrogeologic Parameters: Existing knowledge of aquifer parameters can be considered
incomplete for some of the Subbasin’s formations, namely the Tuscan and Tehama Formations.
Existing aquifer testing results are limited and sometimes potentially misleading, as described in
Section 3.1.5. The aquifer properties of these heterogenous and interfingered formations could be
refined to improve the groundwater model calibration, making it a more accurate tool for
projecting future groundwater conditions and benefits of projects and management actions.
Groundwater Dependent Ecosystems (GDEs): The location and extent of GDEs is estimated
based on vegetation mapping and regional groundwater level data. Actual rooting depth data are
limited and will depend on the plant species and site-specific conditions such as soil and aquifer
types, and availability to other water sources. There are areas in the Subbasin with potential
GDEs where insufficient data exist to say with certainty if GDE vegetation is supported by
shallow groundwater or if vegetation is supported by surface water. This distinction is important
as GDEs supported only by surface water are not subject to the depletion of interconnected
surface water SMC. Priority species that are known to utilize specific GDE habitat are not well
defined for the Subbasin.
Groundwater Elevations in the Western Area of Subbasin: Analysis of groundwater
elevations in the western Subbasin is limited by the low number of wells screened and monitored
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in that area. See Section 8.5.2 for the implementation plan for expanding the groundwater level
monitoring network in the western portion of the Subbasin.
Groundwater Quality in the Western Area of Subbasin: Groundwater quality is not measured
in many wells in the western area as most of the wells are private domestic wells and are not part
of groundwater quality monitoring programs. See Section 8.5.2 for the implementation plan for
collecting additional groundwater quality data in the western portion of the Subbasin.

8.4.2 Implementation Plan for Addressing Data Gaps
The most critical hydrogeologic conceptual model data gaps will be addressed early during
implementation through the following approaches as funding and DWR collaboration allows.
Results of the various data gaps investigations will be incorporated as available, into the required
Annual Reports and 5-year GSP Assessment Report.
Aerial electromagnetic (AEM) or other geophysical surveys: The GSAs will coordinate with
DWR to improve understanding of the subsurface geology, including the complex interfingering
of Tehama and Tuscan Formation. In addition, a better understanding of the edge of the western
Subbasin boundary is necessary to assess if the most western areas are truly part of the alluvial
aquifer as defined by DWR. Additional data gathering could be useful to support a future Basin
Boundary Modification request to refine the Subbasin boundary, if appropriate. The GSAs would
like to build on DWR’s planned AEM survey or other geophysical surveys in the region to
expand on previous work performed on the east side of the Sacramento Valley in the Butte
County AEM pilot project, which included area in the Corning Subbasin. The AEM pilot test
conducted near Hamilton City showed promise as a tool for identifying areas that may be well
suited for aquifer recharge projects based on the permeability of near surface geology and also
for delineating the deep interfingering of the Tehama and Tuscan formations that might influence
deeper processes related to groundwater extraction from the principal aquifer.
Aquifer testing. The GSAs may identify wells for aquifer testing to develop better estimates of
aquifer properties, to help improve the groundwater model calibration and better understand
subsurface characteristics as described above. In addition, aquifer testing could help with project
and management action feasibility studies and design.
Wells for aquifer testing will be identified using the following criteria:
•

Wells are owned by parties willing to allow access for pump testing and water level
measurement and

•

Well screen intervals and other completion information is available.

•

Wellheads are completed such that groundwater elevations can be monitored with data
loggers or groundwater level probes.
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•

Pumping wells are equipped with accurate flow meters.

•

Ideally, pumping wells are near observation wells that can be monitored for groundwater
level drawdown to estimate aquifer parameters, although other wells may be used if an
observation well is not nearby.

GDE mapping: GDE mapping for this GSP was based on GDE-indicator vegetation mapping
and historical groundwater level measurements. The GDE analysis may be refined should new
wells be installed or added to the GSP monitoring network, or other sources of groundwater level
data become available. This data gap investigation will focus primarily on the areas where
insufficient groundwater level data exists near the potentially interconnected reaches of Thomes
Creek. Additionally, remote sensing tools such as the Nature Conservancy’s GDE Pulse or
Google Earth Engine may be used to assess impacts to GDE vegetation vigor from groundwater
level declines (if they happen) near interconnected streams.

8.5 Implementation Activity 5: Expand and Refine Existing Monitoring
Networks
As noted in Section 5, the monitoring networks leverage existing monitoring programs to the
extent possible. This section identifies the plan for expanding and enhancing the monitoring
networks.

8.5.1 Identified Data Gaps
Lack of Well Screen Information for Some RMP Wells: The well depth is known for each
well used in the GSP groundwater level monitoring network; however, 14 of the 98 total wells
have unknown well screen intervals. Since there is only 1 principal aquifer in the Subbasin, the
lack of well screen data for some groundwater level monitoring wells does not preclude these
wells from being used to understand and manage groundwater in the basin. However,
understanding of relative water levels, pumping areas, and vertical gradients is important for
groundwater management.
Localized Spatial Data Gaps for Groundwater Level Monitoring Wells: There are a few
localized spatial data gaps identified in Section 5 where monitoring wells at 1 or more depths
could be used to help further refine the understanding of groundwater conditions in areas of high
groundwater use. These data gaps are noted near Thomes Creek to the northeast of Corning, and
in the western third of the Subbasin in the limited areas where land is used for agriculture.
Localized Spatial Data Gaps for Shallow Groundwater Level Monitoring Near Streams:
Monitoring well data gaps were identified that would help characterize groundwater and surface
water interaction adjacent to Thomes Creek and the northern boundary of the Subbasin. The data
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gap locations are co-located with those identified in the shallow RMP network for monitoring
water levels in the Subbasin.
Localized Spatial Data Gaps for Groundwater Quality Monitoring Wells: The primary data gap
for the groundwater quality monitoring networks is that the DWR is currently evaluating
potential plans to continue monitoring the groundwater quality well network in the Subbasin.
The GSAs recommend that the DWR continue to monitor groundwater quality in the network of
observation well clusters in the Subbasin in the future. Groundwater quality is also not measured
in many wells in the western portion of the Subbasin as there are no wells in active groundwater
quality monitoring programs. In addition, most water supply wells at the cities are only
monitored sporadically for TDS, and the GSAs will work with the cities to implement annual
monitoring of TDS for annual GSP reporting.
Localized Spatial Data Gaps for Surface Water Monitoring: Many of the formerly active
stream gages in the Subbasin are no longer available for monitoring. Replacing or modifying the
2 stream gages on Thomes Creek would provide more complete spatial coverage for streamflow
monitoring. There is 1 existing gauge at the upstream portion of Thomes Creek that is not
capable of measuring low flows below 3 feet, and there is 1 gauge on the lower reaches of the
creek that is no longer active.

8.5.2 Implementation Plan for Expanding and Refining Monitoring Networks
The most critical monitoring network data gaps will be addressed early during implementation.
The GSAs intend to apply for DWR technical support services assistance and other funding to
fill spatial data gaps. The general plan for expanding and enhancing the monitoring networks is
summarized below:
Videologging of Wells with Unknown Screen Intervals: The GSAs will seek to videolog wells
with unknown screen intervals used for groundwater level monitoring. There are currently
14 wells with unknown screen intervals in the GSP monitoring network. Videologging will be
conducted, focusing first on the RMP wells, followed by other less critical GSP monitoring
network wells as funding allows. If a downhole pump is installed in the well in question, the
pump will be removed prior to lowering a video camera. While the survey is being completed,
the GSAs will note the screen intervals and conduct a well condition assessment to determine
whether the well construction information and current condition support collection of reliable
data for the GSP.
Identify or Install additional Groundwater Level Monitoring Wells: During the first few
years of GSP implementation, the GSAs will seek to identify existing wells that are suitable and
accessible for monitoring groundwater levels in the data gap areas for chronic lowering of
groundwater levels and depletion of interconnected surface water sustainability indicators. There
are 5 general areas with spatial data gaps shown in the shallow and deep groundwater level RMP
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networks shown in Figures 5-4 and 5-5, respectively. If an existing well cannot be identified, or
permission to use data from an existing well cannot be secured, then a new monitoring well will
be drilled and added to the monitoring network, provided permission will be granted by the
landowner. The GSAs will work with DWR to obtain TSS agreements to install new observation
wells, as needed. In addition, groundwater level analysis near the Corning Subbasin boundaries
will be supplemented in GSP annual updates with data from neighboring subbasin wells, as
necessary, while the GSAs evaluate and add new or existing wells to address data gaps in the
RMP network.
Groundwater Quality Data Gap Implementation Plan: The GSAs will coordinate with DWR
to explore the continuation of regular groundwater quality monitoring in observation well
clusters in the Subbasin, as this information would be extremely helpful for the Subbasin.
Additionally, domestic wells in the western area of the Subbasin may be added to the current
supply well monitoring network to collect TDS samples in those areas. The GSAs will also
coordinate with the City of Corning and Hamilton City on annual TDS monitoring at their supply
wells.
Surface Water Monitoring Data Gap Implementation Plan: The GSAs will assess the
feasibility of modifying or reviving the 2 surface water gages on Thomes Creek to address data
gaps on this stream reach. This activity will be coordinated with applicable state and federal
agencies. Thomes Creek is the only major surface water body in the Subbasin that is classified
by the TNC Gage Gap webmap as a poorly gaged stream. The active DWR stream gauge on
Thomes Creek near Paskenta only records creek stage and discharge when there is greater than
3 feet of water in the creek. There is also an inactive, former USGS stream gauge location on
Thomes Creek to the west of I-5 that could be revived or replaced to improve monitoring on this
reach.

8.6 Implementation Activity 6: Update Data Management System
As described in Section 5.7, the GSAs have developed a DMS that will be used to store, review,
and upload data collected during GSP development and implementation. As new information is
collected during monitoring and provided by local stakeholders, the DMS will be updated. The
regular updates will also coincide with the review of new data and development of GSP annual
reports.
After the initial data upload and GSP submission, new data will be compiled in the input Excel
tables, which are based on GSP and Annual Report upload templates provided by DWR. The
monitoring data will be imported at least annually to the DMS Access database as part of the
annual report process. GIS data in the web mapping application will also be updated annually, as
needed. These annual updates will be completed by the GSAs.
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During GSP implementation, a more robust well data tracking and a well registration program
may be developed to better assess wells in use and amount of pumping in the Subbasin. Should
this program be implemented, the additional data collected will be included into the DMS.

8.6.1 Well Database Update
This program would be aimed at improving overall county well data management. The GSA
could assist each county in developing improved well tracking databases. This would involve
reviewing well completion reports and GIS data currently available through DWR’s Well
Completion Report Application and SGMA Data Viewer and the County Environmental Health
Departments. Since much of this data is incomplete or places wells at the center of public land
survey system (PLSS) sections, additional research could be conducted to refine the data. For
example, the counties could check with well owners about data accuracy and compile
information on new wells, including location, purpose, construction information, and
hydrogeology. The counties could also identify abandoned wells or wells no longer in use.
A similar effort has already been undertaken in Glenn County and enhanced with DMS
improvements using Proposition 1 grant funding as described in Section 7.3.2.1. This effort
could therefore focus on refining well data within the Tehama County portion of the Corning
Subbasin and continuing to refine the Glenn County portion of the data included in its
countywide well DMS. This effort will be coordinated with the GSPs being developed within
Tehama and Glenn Counties to produce 2 county-wide well completion report databases,
containing robust and spatially refined well data, ideally down to at least the APN scale.

8.6.2 Well Registration Program
To further develop a robust understanding of groundwater use in the Corning Subbasin a well
registration program could be implemented to track the volume and timing of groundwater
pumping in the Subbasin. Registration could include sharing of available well construction
information, metering information, and monthly or annual estimated extraction volumes. Well
metering is intended to improve estimates of groundwater use. Well metering would focus on
larger production wells and would likely exclude de minimis wells (pumping less than 2 AF/yr
for domestic purposes). A pilot program could be started with the voluntary registration of new
production wells and would need to be coordinated with the County Environmental Health
Departments during the well permitting process.

8.7 Implementation Activity 7: Update and Refine Hydrologic Model
The GSAs will coordinate with technical teams responsible for groundwater modeling in
neighboring subbasins to confirm that the regional groundwater models are consistent,
particularly near the Subbasin boundaries where model areas overlap, through regular inter-basin
coordination activities.
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The NSac model that was developed for this GSP will play a key role in supporting ongoing GSP
implementation and 5-year GSP assessments and updates. DWR recommends regular update of
the data sets and models used to support GSP development and implementation. This includes
updating input data to extend the model simulation period and investigating structural changes
that may improve model performance and reduce uncertainties.
The NSac model was derived from DWR’s C2VSimFG model and incorporates several local
improvements. These improvements include more detailed allocation of surface water diversions,
simulating Black Butte Lake, and local adjustments to model parameters. The NSac model
performs well in the Corning Subbasin; simulated surface water hydrographs closely match
observed hydrographs, simulated groundwater hydrographs generally match observed
hydrographs in the more densely inhabited and farmed areas, and simulated water budget
components are in line with historical estimates. DWR generally does not incorporate detailed
local improvements into their Central Valley model, so it will be necessary to maintain the NSac
model with more refined local data collected by the GSAs to support GSP implementation and 5year assessments. Table 8-2 summarizes data to be updated in the model for the 5-year GSP
assessment reporting.
Table 8-2. Ongoing Data Collection Supporting NSac Model Refinements
Secondary Data Category

Data time
interval

Hydrological Data

Stream Inflow

Monthly

Hydrological Data

Surface Water Diversions

Monthly

Hydrological Data

Precipitation

Monthly

Agricultural Water Demand

Land Use

Annual

Agricultural Water Demand

Surface Water Deliveries

Monthly

Agricultural Water Demand

Groundwater Pumping

Monthly

Urban Water Demand

Population

Annual

Urban Water Demand

Per Capita Usage

Monthly

PMA Evaluation

Conveyance Groundwater Recharge

As available

PMA Evaluation

In-Lieu Groundwater Recharge

As available

PMA Evaluation

Enhanced Stormwater Recharge

As available

Primary Data Category

GSP implementation could benefit from the collection of additional data and the improvement of
the NSac model. Data collected through the data gap implementation plan and the expanded
monitoring networks will be used to refine the NSac model as well. Incorporation of future DWR
C2VSimFG updates will keep the NSac model current with regional groundwater conditions and
reduce the resources required to support the local model. Continued development of new
hydrologic and hydrogeologic data throughout the Subbasin will improve knowledge and
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understanding of the groundwater flow system and provide valuable information for use in
model improvement. Suggested additional data are summarized in Table 8-3.
Table 8-3. Additional Data Collection and Model Improvements
Primary Data Category
Monitor New Wells

Secondary Data Category
Hydrology

Hydrogeological Data

Geology

Install Observation Wells

Geology

C2VSimFG Updates

Input data sets

C2VSimFG Updates

Stratigraphy

C2VSimFG Updates

New IWFM components

Additional model refinements that can be implemented in conjunction with DWR’s C2VSim
team include the following:
•

The crop evapotranspiration coefficients used in the groundwater model could be further
refined to more accurately estimate groundwater pumping. Crop evapotranspiration is
estimated regionally, but these values may be refined based on local conditions.

•

Streamflow in ephemeral streams is not included in the groundwater model due to a lack
of discharge data. The ephemeral streams could be added to the model to simulate
projects and management actions that incorporate flood waters on ephemeral streams.

•

Refine incorporation of GCID groundwater pumping data and verify projected pumping
estimates.

•

Develop discharge rating curve for the Stony Creek BBQ stream gauge so that stream
stage can be correlated with stream discharge and used to verify model values at that
same location.

Additional refinements to the model input assumptions and boundary conditions will be
considered during more thorough review of model outputs as compared to the neighboring
subbasins’ models, during inter-basin coordination and collaboration activities. Key information
to review and corroborate include stream-aquifer interconnectivity and simulated depletions, and
overall subsurface flow volumes between neighboring subbasins.
DWR plans to issue regular updates to the C2VSimFG model. This may eventually include a
regular release schedule that maintains model input data sets 2 to 3 years behind the present time
period. DWR may also implement structural changes to the C2VSimFG model, potentially
including changes to model layering, element configuration, and hydrogeologic parameters.
Future enhanced IWFM features may also be implemented as they become available. These
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C2VSimFG updates should be tracked and incorporated into the NSac model as appropriate.
Future C2VSimFG model updates released by DWR should be evaluated, with major changes
considered for incorporation into the NSac model as part of the 5-year GSP update process.

8.8 Implementation Activity 8: Refine and Implement Projects and
Management Actions
A combination of projects and management actions will need to be implemented to achieve
sustainability in the Subbasin. Section 7 identifies potential projects and management actions
that would help achieve sustainability. The GSAs will refine and assess feasibility and timeline
of the projects and management actions during the first 5 years of GSP implementation. The
projects and actions will be implemented in a coordinated fashion across the Subbasin to achieve
sustainability. Refinement of the projects and actions will occur simultaneously with refinement
of the funding mechanism that supports the projects and actions. Planned activities during the
first 5 years of implementation will include the following tasks as needed:
•

Performing feasibility studies, as needed, on potential projects

•

Clarifying water rights and water availability for recharge opportunities

•

Applying for new or change of diversion, place of use, or timing on new water rights as
necessary

•

Refining benefit analysis for proposed projects using the groundwater model

•

Developing proposed project costs

•

Producing preliminary design of projects if projects are adequately defined

•

Initiating environmental permitting for projects as necessary

•

Applying for grant funding

Cost-sharing agreements between the GSAs and other local agencies that may benefit directly
from these projects will be developed as needed.

8.9 Short-Term Implementation Start-Up Budget
Initial GSP implementation budget consists of general administrative costs and additional costs
to cover the 8 implementation activities described above. The following subsections and tables
provide additional detail on estimated initial GSP implementation costs. Costs will be further
refined early in implementation as funding mechanisms are put into place. See Section 8.2 for
additional discussion on anticipated funding sources and mechanisms.
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8.9.1 GSA Operational Expenses
The operational expenses of the Corning Sub-basin GSAs will generally include the following
budget category items:
•

General Management: General management costs include items such as staffing,
administrative support, accounting services, audits, and insurance. It is anticipated that
dedicated staff from Tehama and Glenn Counties will continue to act as the primary
personnel serving the GSAs of the Corning Subbasin. However, staffing needs may also
be contracted out. For planning purposes, it is estimated that at least 2 management-level
staff and 2 administrative-level staff will support the administration of the GSAs on a
part-time basis. Staff serve as the key points of contact for members of the public, the
GSA governing boards, CSAB, and other stakeholders. Moreover, staff are tasked with
fundamental administrative duties, such as hiring and managing consultants, billing and
accounting, development of meeting materials, and organizing outreach efforts.

•

Technical Services: It is anticipated that the Corning Sub-basin GSAs will have an
ongoing need for on-call consulting and legal services to support regular operations. As
directed by staff, professional consultants may carry out a variety of tasks to support
general analytical needs or provide additional technical capacity on an as-needed basis.
Examples of potential tasks include technical education, legislative and regulatory
interpretation, data analysis (e.g., hydrological, economic, agricultural, etc.), inter- and
intra-basin coordination, opportunities assessments, and program evaluation. Legal
services are currently provided to the GSAs within the Corning Subbasin by the Legal
Counsels of Glenn County, Tehama County, and the member agencies of the CSGSA. It
is expected that these services will continue to be provided to support items such as
contracting, document review, and developing official statements and responses. If
needed, special counsel may be engaged to address other needs (e.g., litigation).

•

Materials and Outreach: Costs for materials and outreach include items such as website
maintenance, office supplies, materials reproduction, postage, legal noticing, and general
outreach. Funding these items and activities will ensure the Corning Sub-basin GSAs
continue to engage a broad range of stakeholders through a variety of mediums and
comply with all legal noticing requirements. In addition, it will ensure staff will have the
basic supplies necessary to carry out their duties and communicate with relevant entities.

•

Fees & Assessments: The majority of the GSAs’ GSP development costs have been
funded under a Proposition 1 Planning Grant. In-kind contributions of Glenn County,
Tehama County, and CSGSA member agency staff time have further supported the
coordination needs of consultants, stakeholders, and the CSAB. Implementation of the
GSP will necessitate that the GSAs identify new sources of revenue to fund general
program administration costs and other activities. It is anticipated that the primary source
of new revenues will result from either fees, charges, and/or assessments levied in
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compliance with Proposition 26 and/or Proposition 218. A rate study (e.g., Cost of
Services Study, Engineers Report) will be necessary to develop an appropriate funding
methodology, describe the nexus of benefits, establish a recommended charge, and
comply with related legal requirements. There will also be additional procedural costs
(e.g., noticing, ballots, etc.) depending on process and type of charge the GSAs seek to
levy. Public engagement and outreach beyond the minimum legal requirements under the
Proposition 218 and 26 processes will bear additional costs. Once adopted, it is
anticipated that charges will initially be collected by each county on behalf of the GSAs
using their respective tax rolls.
•

Reserve: GSAs are permitted to fund the costs of maintaining a prudent reserve. Reserve
funds are a common financial management strategy among public agencies that allow
entities to better manage cash flow and mitigate the risk of unanticipated cost overages. It
is recommended that a minimum contingency rate of 10% of all program administration
costs be used when developing the initial reserve fund amount. This rate should be reevaluated in the future after the Corning Subbasin GSAs have established several years of
financial activities that can be analyzed to support an updated rate.

Table 8-4 and Table 8-5 provide a summary of the estimated operational costs for each GSA by
budget category and associated line items for the initial implementation phase of the Corning
Subbasin GSP (i.e., 2022 – 2026). Estimated costs are identified as either annual costs or lump
sum costs. Annual costs are directly related to recurring operational work or activities that need
to be funded each year. Lump sum costs are for items that will not recur annually, although their
completion timelines may require more than 1 year. Expenditures for lump sum costs are
anticipated to occur within the 5-year timeframe of the initial implementation phase, but these
costs will not necessarily need to be fully funded in the first year of GSP implementation. Some
costs are anticipated to be borne individually by each GSA, while others may be shared among
the GSAs and other/their member agencies. Because each GSA and/or their members also have
SGMA responsibilities in other subbasins, the actual operating costs associated with their
management of the Corning Subbasin may be further reduced as common staff, materials, and
services are shared across multiple subbasins. Pursuant to the MOU among Corning Sub-basin
GSA members, any future cost-sharing allocations shall be agreed to in writing by the members
in advance of executing any contracts with consultants, vendors, or other contractors or incurring
any expense.
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Table 8-4. Estimated TCFCWCD GSA Operational Expenses, 2022 – 2026
[approximate draft; to be revised during GSP implementation and following additional legal review]
Budget Categories and
Tasks

Annualized Total

Annual Cost TCFCWCD GSA

Lump Sum Items TCFCWCD GSA

Management Staff

$75,000

$375,000

$75,000

Administrative Support

$60,000

$0
$0

$300,000

$60,000

Audits & Accounting

$25,000

$0

$125,000

$25,000

Insurance

$2,000

$0

$10,000

$2,000

Consulting Services

$20,000

$0

$100,000

$20,000

Legal Services

$50,000

$0

$250,000

$50,000

Supplies & Materials

$5,000

$0

$25,000

$5,000

Legal Notices

$1,000

$0

$5,000

$1,000

Community Outreach

$12,000

$0

$60,000

$12,000

5-year Total

(5 years)

General Management

Technical Services

Materials & Outreach

Fees & Assessments
Fee Studies & Adoption
County Tax Roll

$0

$40,000

$40,000

$8,000

$10,000

$0

$50,000

$10,000

$20,000

$0

$100,000

$20,000

$28,000

$4,000

$144,000

$28,800

$308,000

$44,000

$1,584,000

$316,800

Grants
Grant Applications
Reserve & Contingency
General Reserve (10%)
Total
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Table 8-5. Estimated CSGSA Operational Expenses, 2022 - 2026
[approximate draft; to be revised during GSP implementation and following additional legal review]
Budget Categories and
Tasks

Annualized Total

Annual Cost CSGSA

Lump Sum Items CSGSA

Management Staff

$75,000

$375,000

$75,000

Administrative Support

$40,000

$0
$0

$200,000

$40,000

Audits & Accounting

$15,000

$0

$75,000

$15,000

Insurance

$2,000

$0

$10,000

$2,000

Consulting Services

$20,000

$100,000

$20,000

Legal Services

$50,000

$0
$0

$400,000

$80,000

Supplies & Materials

$5,000

$0

$25,000

$5,000

Legal Notices

$1,000

$5,000

$1,000

Community Outreach

$12,000

$0
$0

$60,000

$12,000

5-year Total

(5 years)

General Management

Technical Services

Materials & Outreach

Fees & Assessments
Fee Studies & Adoption
County Tax Roll

$0

$90,000

$90,000

$18,000

$5,000

$0

$25,000

$5,000

$20,000

$0

$100,000

$20,000

$27,500

$9,000

$146,500

$29,300

$302,500

$99,000

$1,611,500

$322,300

Grants
Grant Applications
Reserve & Contingency
General Reserve (10%)
Total

On an annualized basis, the operational expenses for the TCFCWCD and CSGSA are estimated
to be $316,800 per year and $322,300 per year, respectively, during the first 5 years following
GSP implementation. Total operational expenses on an annualized basis are estimated to be
$639,100 per year during this same period. The costs estimated in Table 8-4 and Table 8-5 will
be refined and their actual allocation re-assessed prior to the implementation of any fees or
assessments by the GSAs. Some estimated costs may be further reduced as a result of the GSAs
and/or their member agencies providing common staff, materials, and services to other basins
within their jurisdiction.

8.9.2 Implementation Activities Funding
Table 8-6 summarizes the conceptual planning-level costs for the initial 5 years of GSP
implementation. These costs do not include costs to implement projects and management actions.
Annual costs are directly related to work that needs to be done consistently to meet the
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requirements in the GSP Regulations and to fund the 8 implementation activities. This initial cost
estimate will likely change as more data become available and GSP implementation approaches,
and funding mechanisms are developed.
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Table 8-6. Estimated Planning-Level Costs for First 5 Years of Implementation
Activity

Budget Categories and Tasks

1 and 2

GSA Administration, Program Management,
and Funding

Annual
Cost

Lump Sum
Items

5-year
Total

Annualized
Cost
(5 years)

Notes
Includes costs for GSA administration, communication,
outreach, (Section 8.1) and funding mechanisms (Section
8.2) per Tables 8-4 and 8-5.

$610,500

$143,000

$3,195,500

$639,100

Groundwater Conditions Monitoring

$50,000

$0

$250,000

$50,000

Placeholder costs for groundwater level monitoring

Annual Reports ($50,000 for first report,
$30,000 for subsequent reports)

$34,000

$0

$170,000

$34,000

Assumes $50,000 for first report, $30,000 for subsequent
reports

$0

$150,000

$150,000

$30,000

$0

$100,000

$100,000

$20,000

Placeholder costs. Expect majority of work to be funded
by DWR.

$0

$100,000

$100,000

$20,000

Placeholder costs

$0

$150,000

$150,000

$30,000

Placeholder costs

Videologging of wells with unknown screen
intervals

$0

$10,000

$10,000

$2,000

Install 5 new observation wells

$0

$125,000

$125,000

$25,000

$2,000

$0

$10,000

$2,000

$0

$40,000

$40,000

$8,000

Monitoring & Reporting
3

4

GSP 5-year Update
Address HCM and Groundwater
Conditions Data Gaps
AEM or other geophysical testing to refine
hydrogeologic conceptual model
Aquifer testing to refine hydrogeologic
conceptual model
GDE mapping
Expand Existing Monitoring Networks

6

Coordinate with DWR to continue
groundwater quality monitoring
Assess modification or replacement of
surface water gages on Thomes Creek
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Activity

Budget Categories and Tasks

Annual
Cost

5-year
Total

Lump Sum Items

Update Data Management System
Routine Data Management System Updates

Annualized
Cost
(5 years)

$10,000

$0

$50,000

$10,000

Well Database Update

$0

$50,000

$50,000

$10,000

Well Registration Pilot Program

$0

$50,000

$50,000

$10,000

7

Update and Refine Groundwater Model

$0

$150,000

$150,000

$30,000

8

Evaluate, Prioritize, and Refine Projects and
Management Actions

$60,000

$0

$300,000

$60,000

Contingency (10%)

$76,650

$106,800

$490,050

$95,310

$843,150

$1,174,800

$5,390,550

$1,078,110

6

TOTAL

Notes

Placeholder costs.
Placeholder costs for updating Tehama
Co well database similar to Glenn Co
update, in collaboration with the other
Tehama County GSPs and updating the
Glenn County database.
Placeholder costs for developing a pilot
well registration program.
Placeholder costs
Depends on projects and management
actions pursued; Could be grant or
project match; Will be coordinated with
agencies that benefit.

Notes:
Some of the line items may be optional costs, such as well registration pilot program and well database updates.
Some of the implementation activities may be delayed beyond the first few years to allow for funding to be arranged.
*GSA contribution is expected to encompass in-kind staff time to collect and manage data and maintain equipment over the useful life of the well (approximately 20 years)
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8.10 Implementation Schedule
A general schedule showing the major tasks and estimated timeline during the first 5 years of
GSP implementation is provided in Figure 8-1. Every project and management action
summarized in Section 7 has its own implementation timeline and is not shown specifically on
this general implementation schedule.

Corning Subbasin Groundwater Sustainability Plan
November 2021

8-28

Figure 8-1. General Schedule of 5-Year Start-Up Plan
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