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EXECUTIVE SUMMARY
The historic passage of the Sustainable Groundwater Management Act (SGMA) in 2014
set forth a statewide framework to help protect groundwater resources over the long-term. A core
underpinning of SGMA is the concept of local control. SGMA requires local agencies to form
groundwater sustainability agencies (GSAs) for the high and medium priority basins. GSAs
develop and implement groundwater sustainability plans (GSPs) to avoid undesirable results and
mitigate overdraft within 20 years.
The Tahoe Valley South Subbasin of the Tahoe Valley Groundwater Basin (TVS
Subbasin) is classified by the California Department of Water Resources (DWR) as a medium
priority basin. Because the TVS Subbasin is not critically overdrafted, the South Tahoe Public
Utility District (District) elected to submit its existing Groundwater Management Plan (GWMP)
as an Alternative to a Groundwater Sustainability Plan (GSP) to DWR by January 1, 2017. DWR
determined that the existing GWMP submitted by the District satisfied the objectives of SGMA
pursuant to Water Code Section 10733.6. The following document is the first five-year update of
this Alternative and is referenced herein as the Alternative or Alternative Plan.
This Alternative Plan is the first required five-year update to the approved Alternative.
The Alternative is prepared pursuant to the District’s and the El Dorado County Water Agency's
(EDWA) authorizing legislation and supersedes all previous Groundwater Management Plans.
SECTION ES-1: INTRODUCTION
Shortly after SGMA was enacted, the District and EDWA became GSAs within the TVS
Subbasin. The agencies cooperate to ensure the entire TVS Subbasin is sustainably managed,
with the District taking the primary management responsibility and the lead role in developing a
plan compliant with SGMA.
Prior to SGMA’s enactment, the District managed the TVS Subbasin under a GWMP,
most recently amended in 2014 (2014 GWMP). Pursuant to SGMA, the District submitted the
existing 2014 GWMP and additional plans, reports and other documents, referred to as
Alternative Materials to DWR for review in lieu of developing an entirely new GSP. The District
and EDWA have managed groundwater under the Alternative since its submission to DWR in
December 2016. This is the first five-year update of the Alternative and is being resubmitted to
DWR for periodic review.
Since it was submitted, the Alternative has continued to manage groundwater
successfully within the TVS Subbasin. Major accomplishments included broadening the scope of
basin monitoring; developing complex hydrologic models to calculate water budgets, evaluate
future conditions, identify recharge areas, consider groundwater-surface water interactions, and
evaluate remedial alternatives for the management of contaminated groundwater found within
the TVS Subbasin. Investigations were performed to define the extent of groundwater
contamination and assess the suitability of renewing the use of an impaired groundwater source
for contaminant plume control and removal. Other investigations were used to inform possible
management actions to address Basin Management Objectives (BMOs). Public outreach
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involving private well owner surveys were also performed to foster communications between
private well owners and the District, inform private well owners about the District’s role and
responsibilities as a GSA and inform the District on the use of individual water system wells and
the concerns of individual water system well owners. Under the Alternative, the District also
satisfied all new Annual reporting requirements under SGMA and continued to satisfy its
monitoring entity requirements under the California State Groundwater Elevation Monitoring
(CASGEM).
In addition to the groundwater management projects and activities conducted under the
2014 GWMP and Alternative Materials, the District undertook additional studies building on
previous modeling analysis to address recommended actions identified in the DWR Statement of
Findings, including but not limited to development of projected water budgets over the 50-year
planning and implementation horizon, incorporating climate change effects, reconciling future
water demand projections between the District’s Urban Water Management Plan (UWMP) and
the Alternative Plan; estimating quantity and timing of depletions of surface water; and
development of sustainable management criteria to demonstrate sustainability within the TVS
Subbasin.
The District will continue to update the Alternative every five years as required by Water
Code section 10733.6(c).
SECTION ES-2: GROUNDWATER BASIN
The TVS Subbasin (6-005.01) is the largest of three subbasins within the Tahoe Valley
Groundwater Basin (6-005). The TVS Subbasin does not share a boundary with any other basin
or subbasin identified in California’s Groundwater (Bulletin 118).
TVS Subbasin Delineation
The TVS Subbasin is a triangular area bordering the southern shoreline of Lake Tahoe,
underlying the City of South Lake Tahoe. The TVS Subbasin is bounded by the Sierra Nevada,
the Carson Range, and Lake Tahoe.
Climate
Precipitation is greater in the Lake Tahoe Basin than in the Central Valley to the west or
the Carson City, Nevada area to the east. Storms in November through May account for over
eighty-five (85) percent of precipitation within the Lake Tahoe Basin. On average, 334,000 arefeet per year (AFY) of precipitation falls within the TVS Subbasin and its surrounding
watersheds.
Climate change is expected to alter timing of snowmelt and streamflow, shifting peak
snowpack runoff by approximately six (6) weeks and peak groundwater recharge by
approximately four (4) weeks. Although changes in quantities of precipitation are highly
uncertain, models agree precipitation is more likely to come as rain as opposed to snow.
Soils
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The TVS Subbasin consists of three soil types at the order level: Alfisols are found under
forest canopies, entisols associated with mountainous terrain, and inceptisols are located along
riparian corridors of Trout Creek and the Upper Truckee River.
Geology
The regional geology is generally mountains composed of granitic rocks and valleys
filled with basin-fill sedimentary deposits. The basin-fill deposits are primary sources of
groundwater within the TVS Subbasin. Lake Tahoe rests within a fault-bounded structural basin,
or graben, bordered by the Sierra Nevada and the Carson Range. Periods of glaciation created
most of the canyons around Lake Tahoe and deposited large quantities of sediment, more than
1,000 feet thick in some places.
Within the TVS Subbasin, the geology consists of glacial, fluvial, and lacustrine basin fill
deposits overlying the bedrock units. At least three areas of thick sediment (600-1,000 feet thick)
occur within the TVS Subbasin: (1) underlying the City of South Lake Tahoe between Tahoe
Keys development and Bijou Creek; (2) near the shore of Lake Tahoe, north of Fallen Leaf Lake,
underlying the present drainages of Baldwin and Taylor Creeks; and (3) underlying the Meyers
area south of Twin Peaks. These locations are also associated with the highest groundwater
production. Glacial deposits formed coarse-grained glacial till composed of variable mixtures of
silt and sand with cobble to boulder size material, as they advanced north toward Lake Tahoe
through the Upper Truckee River Valley. Glacial outwash of layered silt, sand and gravels were
deposited from meltwaters as glaciers receded. Where glacial streams deposited sediment
directly into Lake Tahoe, broad deltas were formed. Fine-grained lake deposits of silt and clay
were deposited during high stands in lake level and are interlayered with coarse grained glacial
and fluvial deposits. Alluvium are floodplain deposits composed of stratified silt and sand and
channel deposits of stratified sand and gravel with locally interbedded lacustrine deposits.
Description of Basin Aquifers
Most wells drilled within the TVS Subbasins penetrate basin-fill deposits consisting of
unconsolidated glacial, lake and stream sediments reaching thicknesses of 1,000 feet and varying
in permeability. The basin-fill deposits include at least twenty-six (26) water bearing zones
(WBZs) informally recognized within the TVS Subbasin. Relatively high permeability glacial
outwash and delta deposits form the most productive WBZs within the basin-fill aquifer.
For ease of description, the TVS Subbasin is subdivided into six geographic subareas:
Christmas Valley (CV), Meyers (M), Angora (A), South Lake Tahoe (SLT), Tahoe Keys (TK)
and Bijou (B). WBZs recognized in the basin-fill are identified by the geographic subarea in
which they are found and the stratigraphic order in which they occur from deep to shallow depth
(1 = lowermost zone; 5 =-uppermost zone).
Surface Water Features
The Tahoe Regional Planning Agency recognizes eleven (11) priority watersheds within
the TVS Subbasin and surrounding watersheds covering an area of 99,900 acres. Of these
portions of seven watersheds lie within the TVS Subbasin. All flow into Lake Tahoe. Average
annual runoff from these watersheds to Lake Tahoe is estimated at about 124,000 AFY.
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Lake Tahoe is the principal hydrologic feature, covering approximately 192 square miles.
The Lake Tahoe Dam controls the surface elevation of Lake Tahoe, which has ranged from
6,220 to 6,229 feet AMSL over the last few decades. Numerous other lakes and tributary streams
also occur within the TVS Subbasin.
Groundwater Dependent Ecosystems (GDEs) primarily occur within Stream Environment
Zones (SEZs) which are areas that owe its biological and physical characteristics to the presence
of surface or groundwater, generally along riparian corridors. GDE within the TVS Subbasin are
not only affected by groundwater management practices, but also climate change, land use
changes, and other disturbances. There are one-hundred thirty (130) GDEs within the Lake
Tahoe Basin of which forty-seven (47) occur within the TVS Subbasin.
An interagency Environmental Improvement Program (EIP) was developed in 1996 to
improve watersheds and water quality, forest health, transportation, and sustainable recreation.
Numerous projects have been achieved under this effort including stormwater management and
erosion control, installation of wetland treatment systems, stream restoration, preservation of
open space and retrofitting of properties with erosion control technology to enhance water
quality. Within the TVS Subbasin, EIP projects are generally related to the Watersheds and
Water Quality Focus area, implemented through the Stormwater Management, Watershed
Restoration or Aquatic Invasive Species EIP Programs. Current projects include aquatic weed
control, regional stormwater monitoring, and expansion of the Osgood stormwater retention
basin.
ES-3: ALTERNATIVE PLAN AREA
Population and Economy
Most of the population within the greater South Lake Tahoe area lives within the
residential areas of the City of South Lake Tahoe (CSLT) and the adjoining unincorporated
communities of El Dorado County (County). The 50-year population growth rate for the County
(0.37%) is used to project future groundwater extractions in water budgets calculated for the
TVS Subbasin.
The economy of South Lake Tahoe is largely dependent on tourism. As a destination
resort, South Lake Tahoe experiences large fluctuations in population and commensurate
fluctuations in water demands.
Land Use
Tahoe Regional Planning Agency (TRPA) developed a depiction of approved land uses
for the Lake Tahoe Basin. Land use within the TVS Subbasin is 52.8 percent residential, 22.5
conservation, 12.5 percent recreation, 9.4 percent mixed-use, 2.7 percent tourist, and 0.1 percent
backcountry. Land use surrounding the TVS Subbasin is mostly undeveloped and are designated
as Backcountry, Conservation, Wilderness or Mixed-Use. There are no agricultural or industrial
land use types.
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Groundwater Uses and Users
Drinking water is the primary use of groundwater within the TVS Subbasin. Users of
groundwater in the TVS Subbasin include public water systems, domestic well owners,
environmental users, the US Forest Service, and disadvantaged communities.
Large community water systems within the TVS Subbasin include the District, Tahoe
Keys Water Company (TKWC), Lukins Brothers Water Company (LBWC) and Lakeside Park
Association (LPA). The District, TKWC and LBWC are 100% reliant on groundwater sources.
The primary source for LPA is surface water which is supplemented with groundwater. Together
these community water systems are believed to account for more than ninety percent (90%) of
the groundwater extracted from the TVS Subbasin on an annual basis. Further information about
these water systems is provided in Sections 3.3.2. Table ES-1 shows the Safe Drinking Water
Information System connection and population information for these four water systems.
Water System

Water
System No.

Primary
Source

Population Served

Service
Connections

South Tahoe PUD- 0910002
Main (District)

Groundwater

33,124 – Residents

14,235

Tahoe Keys Water
Company
(TKWC)

0910015

Groundwater

1,420 - Residents

1,566

Lukins Brothers
Water Company
(LBWC)

0910007

Groundwater

3,200- Residents

982

Lakeside Park
Association (LPA)

0910019

Surface Water

1,000 - Residents

139

88,000 - Tourist

Table ES-1 Water systems information for the four largest community water systems within
the TVS Subbasin (Safe Drinking Water Information System S, downloaded October 12, 2021).
Individual water systems within the TVS Subbasin include small community water
systems, non-community water systems, state small water systems and domestic well (DOM)
owners. Current records indicate there are fifty-eight (58) individual water system wells
regulated by the County within the TVS Subbasin. Further information about these water
systems is provided in Sections 3.3.3 and 3.3.4.
In most of the TVS Subbasin, water well densities are less than 10 wells per square mile,
but in some areas can exceed 50 wells per square mile. Areas of heightened well density include
the northeastern portion and southern tip of the TVS Subbasin.
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Demand Projection
Demand is artificially capped within the Lake Tahoe Basin and the State Water
Resources Control Board policy allocates a maximum of 12,493 AFY for use within the greater
South Lake Tahoe area. This volume is greater than the total projected water demand at total
build-out estimated for the TVS Subbasin (10,808 AFY) and the total pumpage in the 50-year
water budget (11,800 AFY) projected using the current County 50-year population growth rate.
Wastewater Management
Under the Porter-Cologne Water Quality Control Act, all sewage from within Lake
Tahoe Basin must be collected, treated, and exported outside of the Lake Tahoe Basin. The
District’s Wastewater Treatment Plant has a maximum treatment capacity of 7.7 million gallons
per day (MGD). The District presently treats approximately 4 MGD in the winter and 5 MGD in
the summer.
ES-4: OVERVIEW OF LOCAL GOVERNMENTAL AGENCIES AND
GROUNDWATER-RELATED PROGRAMS
History of Collaboration and Collaboration Opportunities
The Alternative is developed within the context of existing, long-term coordination and
collaboration among agencies regulating land use, groundwater quality, and hazardous materials
management. Long-established relationships enhance implementation of the Alternative Plan.
Section 4.1 identifies potential opportunities for additional and continued collaboration in
areas of groundwater protection, land use planning, and groundwater quality and management.
Groundwater Regulatory Authorities
Table ES-2 summarizes the agencies with jurisdiction and regulatory oversight related to
groundwater quality, hazardous materials management, and land use management within the
TVS Subbasin.
Table ES-2. List of Groundwater Related Governmental Agencies in the South Lake Tahoe
Area.

Agency
US EPA
Federal Water
Master
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Geographic
Jurisdiction

Nationwide
and some
programs in
California (CA)
CA and
Nevada (NV)
within the
Truckee River

Surface
Water
Quality

Ground
Water
Quality

Drinking
Water

Clean
Water Act
(CWA)

Underground
Injection
Control (UIC)

Safe Drinking
Water Act
(SDWA)

Land Use
--

Hazardou
s
Materials
TSCA,
CERCLA

Truckee River
Operating
Agreement
(TROA)
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Agency

Tahoe
Regional
Planning
Agency
(TRPA)
State Water
Resources
Control Board
(SWRCB)
Lahontan
Regional
Water Quality
Control Board
(LRWQCB)
County
Environmental
Health
Department
City of South
Lake Tahoe
(CSLT)

US Forest
Service –
LTBMU

Geographic
Jurisdiction

Basin,
including Lake
Tahoe Basin
CA and NV
within the Lake
Tahoe Basin

CA Statewide

Lahontan
Region
including CA
portion of Lake
Tahoe Basin

Ground
Water
Quality

Lake Tahoe Water Quality
Management Plan under
Section 208 of CWA and
TRPA Regional Plan
With RWQCBs regulates
discharges to surface water
and groundwater statewide
under CWA1 and Porter
Cologne Water Quality
Control Act (WQCA)
Basin
Plan3/TM
Basin Plan,
DL and
Underground
Lake
Storage Tank
Tahoe
(UST), Site
Municipal
cleanup
Storm
Program,
water
Permit

Drinking
Water

--

DDW2 SDWA for
large water
systems

Land Use

Hazardou
s
Materials

TRPA Regional Plan and
associated Storm water
BMP Handbook

-Brownfields
and Land
Disposal
Program

--

--

County
General Plan
outside of
City limits

CUPA,
Hazardous
waste/mate
rial
generator
permits

County portion
of Lake Tahoe
Basin

--

Water Well
Program

SDWA for
small water
systems
Water Well
Program

Within City
Limits

Complies
with Lake
Tahoe
Municipal
Storm
water
Permit

--

--

City General
Plan

--

Land and
Resource
Managem
ent Plan

Proposed
Groundwater
Directive FSM
2560

--

Land and
Resource
Management
Plan

--

El Dorado
County Water
Agency Act
Water
Resources
Development
and
Management
Plan
Wat. Code §§
10723 and
10753(a)
Alternative
Plan for TVS
Subbasin

El Dorado
County Water
Agency Act
Water
Resources
Development
and
Management
Plan
Wat. Code §§
10723 and
10753(a)
Alternative
Plan for TVS
Subbasin

National
Forest Lands
in CA and NV
within the Lake
Tahoe Basin

El Dorado
Water Agency
(EDWA) GSA

Portion of the
TVS Subbasin
outside the
District’s
boundaries

South Tahoe
Public Utility
District GSA

Portion of the
TVS Subbasin
inside the
District’s
boundaries

•
•

Surface
Water
Quality

Wat. Code §§
10723 and
10753(a)
Alternative
Plan for TVS
Subbasin

Notes:
(1) SWRCB/RWQCB has primacy to implement much of CWA regulatory activity
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•
•

(2) SWRCB –Division of Drinking Water (DDW, formerly CDPH), El Dorado County is a Local Primacy Agency under
contract to SWRCB-DDW for regulating small public water systems.
(3) Basin Plan implements, for the Lahontan Region, state and federal laws including CWA, Porter Cologne WQCA,
SDWA, and other hazardous material laws by setting water quality standards

Regulatory Programs and Policies
The District’s Urban Water Management Plan (UWMP) generally guides actions of water
management agencies and helps identify water supply issues. Consistent with DWR’s
recommended actions, the District reconciled demand projections between the Alternative and
the UWMP and incorporated into the projected water budgets.
There is a rich and complex history of managing land use to protect Lake Tahoe water
quality. Water clarity of the lake is the primary target of water quality regulation, as Lake Tahoe
has impaired status under Water Code section 303(d). The Lahontan Regional Water Quality
Control Board and Tahoe Regional Planning Agency are primarily responsible for regulating and
managing the clarity of Lake Tahoe, cooperating with their Nevada counterparts.
The interagency Environmental Improvement Program has facilitated improvement of
watersheds and water quality, forest health, transportation, and sustainable recreation since 1996.
Review of the EIP project list by watershed shows a total of one hundred eighty-two (182) EIP
projects within portions of the seven priority watersheds situated within the TVS Subbasin. Most
of these projects are located within the Trout Creek and Upper Truckee River Watersheds.
The Tahoe-Sierra Integrated Regional Water Management (IRWM) Plan defines a vision
for the management of water recourses within the region and highlights important actions to
accomplish the vision through 2035.
Analysis of Limits Imposed by Existing Water Resources Monitoring and
Management Programs
The Truckee River Operating Agreement limits water use within the Lake Tahoe Basin
and allocates that water between California and Nevada. The total annual allocation for the Lake
Tahoe basin is 23,000 AFY and is an upper limit for total annual production from the TVS
Subbasin. Estimated future water demands are projected to total slightly more than half of total
annual allocation for the Lake Tahoe Basin.
Because the Porter Cologne Water Quality Act prohibits reuse of recycled water within
the Lake Tahoe Basin, recycled water projects are not appropriate within the TVS Subbasin.
The District adopted a policy in 1999 prohibiting the supply of drinking water containing
detectible levels of MtBE to its customers. Detectible levels for MtBE are significantly lower
than state standards (maximum contaminant load [MCL] and secondary maximum contaminant
level [SMCL]).
ES-5: State of the Groundwater Basin
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Background
Management actions in the Alternative Plan are largely informed using an updated South
Tahoe Groundwater Model. The model was updated and calibrated to match historical (WY
1985-2019) conditions. Following calibration, the updated model was run into the future to
simulate expected groundwater conditions. Future groundwater conditions are largely dependent
on future climate conditions. Both precipitation and temperature strongly affect recharge and
evapotranspiration – two primary components of the total groundwater budget. Because of
uncertainty associated with climate projections, multiple future scenarios were assessed to ensure
that simulations would cover any anticipated condition. Future conditions and the impacts of
climate change on the TVS Subbasin are discussed in detail in Section 5.7.
Groundwater Conditions
Groundwater level data is measured semi-annually by the District in forty-seven (47)
wells located throughout the TVS Subbasin. The District well network includes thirty-two (30)
observation wells and fifteen (15) community water system wells. Only the observation wells are
used in the CASGEM program. Groundwater levels within the WBZs occurring in the Tahoe
Keys, Bijou, South Tahoe, Angora, Meyers, and Christmas Valley subareas are generally stable
or do not exhibit long-term downward trends. However, short periods of decline are present in
the WBZs found in the Bijou and South Lake Tahoe subareas. Artesian flows within the Angora
subarea peaked in 2011 and are now declining.
The general groundwater level pattern in the TVS Subbasin is high levels along basin
margins where the majority of recharge enters the system from higher elevations. The highest
groundwater levels occur in the Christmas Valley subarea, which is also the topographically
highest portion of the valley floor. Groundwater flows from the Christmas Valley subarea
northward where it converges with groundwater flowing southeast from the Angora subarea.
Ultimately, groundwater discharges into local tributaries or to Lake Tahoe as underflow.
Hydraulic conductivity values range from 0.5 to 210 feet per day with a median of 27 feet per
day and a geometric mean of 20 feet per day.
Approximately 1,800,000 AF of groundwater storage is available, as calculated by the
groundwater model for the TVS Subbasin from the water table to the bedrock contact.
Groundwater-Surface Water Interactions
Groundwater discharges to stream channels along the Upper Truckee River and Trout
Creek, provide a substantial portion of total stream flow during late summer and fall.
Groundwater pumping has the potential to reduce base flow to streams and impact GDEs. South
of the Lake Tahoe Airport, groundwater pumping has the potential to reduce base flow to
streams. North of the Lake Tahoe Airport, capture of surface waters is from Lake Tahoe.
Groundwater Budget
Most recharge within the TVS Subbasin occurs in the mountains of the Sierra Nevada
and Carson range. Groundwater in the TVS Subbasin is largely dependent on precipitation in
22622517.26
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high elevations. Average annual recharge over the last decade (2010 – 2019) is 48,300 AFY and
the average over 1983– 2019 is 41,600 AFY.
Groundwater withdrawals averaged 7,660 AFY and 7,150 AFY over the periods 1983 –
2019 and 2010 – 2019, respectively. Groundwater withdrawals are limited by the terms of the
California-Nevada Interstate Compact Concerning Water of Lake Tahoe, Truckee River, Carson
River, and Walker River Basins (Compact) approved in 1971. The Compact allots 23,000 AFY
for the California side of the Lake Tahoe Basin, 12,493 AFY for the South Lake Tahoe area, and
9,528 AFY for the District.
Over the historical period (1983-2019), total baseflow to streams in the model domain
averaged approximately 30,100 AFY, with 12,700 AFY occurring within the TVS Subbasin.
Over the last decade (2010-2019), average annual baseflow within the subbasin remained stable
at 12,700 AFY. Over the historical period (1983-2019), annual net groundwater discharge from
the subbasin to Lake Tahoe was 3,300 AFY. Over the last decade (2010-2019), average outflow
reduced to 3,000 AFY.
Annual change in groundwater storage for the subbasin varies from -7,400 AFY
(meaning water levels are falling) to 12,100 AFY (meaning groundwater levels are rising). On
average, groundwater storage changes are near zero (-200 AFY), meaning groundwater storage
changes tend to even out over periods of higher and lower recharge. Over the last decade (20102019), groundwater in storage has increased an average of 1,700 AFY.
Sustainable Yield
Under SGMA sustainable yield is explicitly defined as “the maximum quantity of water
calculated over a base period that is representative of long-term conditions in the basin and
including any temporary surplus, that can be withdrawn annually from a groundwater supply
without causing an undesirable result.” The sustainable yield must be, at a minimum, less than or
equal to the amount of groundwater recharge. Groundwater recharge in the TVS Subbasin is
from areal recharge and recharge from the surrounding mountain block, averaging about 21,500
AFY over the historical period (1983 – 2019).
Although the exact amount of baseflow required to avoid an undesirable result is not
known, a minimum ‘safe’ baseflow was estimated at 8,300 AFY for the TVS Subbasin based on
climate modeling results. Average recharge less this estimated minimum ‘safe’ baseflow gives a
sustainable yield of 13,200 AFY. Projected 50-year flow budget terms suggest that average
recharge to the TVS Subbasin may vary, depending on climate scenario, from 20,600 AFY
(baseline) to 14,400 AFY (Q2 hot and dry). Comparison of historical and projected water
demands to historical and projected average recharge estimates derived from model flow
budgets, indicate that total groundwater pumpage in the TVS Subbasin has and will likely
continue to operate within its sustainable yield under the baseline scenario, but recharge may not
be adequate to sustain both projected groundwater pumpage and minimum “safe” baseflow under
the Q2 hot and dry scenario.
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Assessment of Potential Overdraft Issues
Overdraft can cause groundwater levels to decline, reduced baseflow in interconnected
surface waters, reduced availability to support groundwater dependent ecosystems, and land
subsidence. The potential impacts to wells and interconnected surface waters due to pumping
alone are negligible. The potential effects only become significant where the rate of extraction
leading to an overdraft condition occurs in conjunction with sustained reduction in groundwater
recharge. The potential for land subsidence in the TVS Subbasin under current groundwater
conditions is negligible because the fine-grained lacustrine deposits are relatively thin and
discontinuous, and historical levels have been stable.
Potential Climate Change Impacts
Climate change in the TVS Subbasin will disrupt processes that have historically been
assumed to be stable or at equilibrium. Climate changes will likely lead to a higher rain-snow
line, decreased snowpack, increased wildfires, and increased evapotranspiration within the TVS
Subbasin. These disruptions are described in the statewide and regional reports produced by the
California Fourth Climate Change Assessments, and guidance for preventing, quantifying, and
assessing vulnerability is provided in California’s Climate Action Plans.
Climate data for the plan area is available from a variety of sources that are listed in
Table ES-3.

Organization

District

Lukins Brothers
Water Company

Tahoe Keys
Water Company

Lakeside Mutual
Water Company
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Contact
Ivo Bergsohn
1275 Meadow Crest Drive
South Lake Tahoe, CA
530-544-6474
Jennifer Lukins
2013 West Way
South Lake Tahoe, CA
530-541-2606
Jennifer Lukins (Interim)
356 Ala Wai Blvd.
South Lake Tahoe, CA
530-542-6451
Nakia Foskett
4077 Pine Avenue
South Lake Tahoe, CA
530-542-2314

Data
Groundwater levels
Groundwater quality
Pumping volumes
Pumping volumes
Groundwater levels

Pumping volumes
Groundwater levels

Pumping volumes
Groundwater levels
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Organization
USGS

DWR

SWRCB

TRCD
Desert
Research Institute

NOAA

USDA

Contact
National Water Information System
http://waterdata.usgs.gov/nwis/
Groundwater Information Center
http://water.ca.gov/groundwater/
Water Data Library
http://www.water.ca.gov/waterdatalibrary/index.cfm
CASGEM
http://www.water.ca.gov/groundwater/casgem/
GeoTracker
http://geotracker.waterboards.ca.gov
Groundwater Ambient Monitoring & Assessment
Program (GAMA)
http://geotracker.waterboards.ca.gov/gama/
Regional Storm Water Monitoring Program
http://tahoercd.org/tahoe-stormwater-monitoring/
Tahoe Climate Information Management System
http://www.tahoeclim.dri.edu/
California Data Exchange Center
http://www.wrcc.dri.edu/summary/Climsmcca.html
Western Regional Climate Center
http://www.wrcc.dri.edu/summary/Climsmcca.html
National Climate Data Center
Global Historical Climate Network
http://www.ncdc.noaa.gov/oa/climate/ghcn-daily/
Natural Resources Conservation Service
http://www.wcc.nrcs.usda.gov/
SNOTEL
http://www.wcc.nrcs.usda.gov/snow/

Data
Groundwater levels
Surface water flow
and quality

Groundwater and
climate data

Groundwater levels
Groundwater quality
Pumping data
Storm water quality
Climate data

Climate data

Total Precipitation

Table ES-3: Basin Monitoring Plan Data Sources
Precipitation is the primary component of the climate data that is regularly used in the
TVS Subbasin Alternative to describe water year type (see Section 2.2.2) and calculate
groundwater recharge (Section 5.4.1). Total precipitation measured at National Resources
Conservation Service snow telemetry station 508: Hagan’s Meadow, CA is used as a reference
station for the plan area, as this station was found to have the best correlation with simulated
groundwater recharge for the South Tahoe Groundwater Model domain (Carroll et al., 2016).
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ES-6: GROUNDWATER QUALITY
Section 6 of this Alternative Plan provides an overview of current groundwater quality
and groundwater quality issues recognized within the TVS Subbasin based on available water
quality records collected over the past ten years (2011–2020). Limitations of the water quality
data used to describe groundwater quality are discussed in Section 6.1.2.
Groundwater Quality
Groundwater in the TVS Subbasin is generally of excellent chemical quality, suitable for
the designated beneficial uses of municipal and industrial water use and for any other uses to
which it might be put. Dissolution of minerals in the basin-fill deposits cause natural
accumulation of salts. Groundwater collected from private wells (16 in total) classified by water
type show calcium-bicarbonate (Ca-HCO3) is the predominant water type, followed by sodium
bicarbonate (Na-HCO3) and calcium-chloride (Ca-Cl).
Inorganic constituents listed in drinking water standards generally include various metals,
halogens, and cyanide. Of these constituents, aluminum and arsenic are the only constituents
found at concentrations exceeding a primary MCL. Iron and manganese are the only constituents
found at concentrations exceeding secondary MCLs (SMCLs).
Radioactive constituents are present in groundwater within the TVS Subbasin.
Radiological substances include radium isotopes (Ra-226 and Ra-228), total soluble uranium,
gross alpha activity and radon. Incidences of radiological substances exceeding the gross alpha
MCL of 15 pCi/L and total uranium MCL of 20 pCi/L have been found in water supply wells
within the TVS Subbasin
Man-made contaminants which occur most frequently in the TVS Subbasin include
petroleum hydrocarbon and chlorinated hydrocarbon compounds. Petroleum hydrocarbon
compounds are from spills and releases associated with the operation of gasoline storage and
fueling facilities. Contaminants of concern from these releases include benzene, toluene,
ethylbenzene, and total xylenes (BTEX) and the gasoline additives used as fuel oxygenates and
octane enhancers including Methyl tert- Butyl Ether (MtBE), Tert-Butyl Alcohol (TBA),
Tertiary-Amyl Methyl Ether (TAME), and ethanol. Chlorinated hydrocarbon compounds are
most often used as industrial agents used for degreasing metals, cleaning electronic parts, and
dry-cleaning fabrics. They are also contained in many household products such as oil-based
paints, drain cleaners, spot removers, engine degreasers and paint removers. Contaminants of
concern from these releases include Tetrachloroethylene (PCE); Trichloroethylene (TCE); 1,2Dichloroethane (1,2-DCA); 1,2 Dichloroethylene (1,2-DCE); Vinyl Chloride (VC); and 1,4Dichlorobenzene (1,4-DCB).
Groundwater Quality Issues
Groundwater quality issues in the TVS Subbasin include (1) migration of contaminated
groundwater; (2) emerging contaminants; and (3) potential groundwater contamination via
stormwater infiltration.
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The Alternative Plan discusses three examples of contaminant plume migration: the south
“Y” regional contamination, a private residence site in the Bijou subarea, and the Meyers
Landfill site. Section 6.3.1.4 discusses the potential impacts of pumping on the south “Y” plume
migration. Models under three targeted pumping scenarios showed reductions in maximum
concentrations at downgradient wells and a faster basin-wide reduction in PCE.
Emerging contaminants include Radon 222 and PFAS substances. Because the United
States Environmental Protection Agency has not yet set a final MCL for Radon 222, the impact
to drinking water supply wells in the TVS Subbasin is unclear. In May 2021, PFAS compounds
were detected in monitoring wells for the first time in the TVS Subbasin.
Stormwater is treated primarily with infiltration through detention basins. The greatest
risk of stormwater infiltration is to the shallow groundwater zones beneath infiltration basins, not
deeper groundwater supplies.
Groundwater Vulnerability Assessment
Where pollutants are present at the land surface or within the pore spaces of the vadose
zone, groundwater recharge can introduce contaminants to the groundwater system. The highest
densities of possible contaminating activity (PCA) sites are located along Highways 50 and 89,
especially within the Bijou, South Lake Tahoe, and Meyers subareas. Well source areas overlap
these sites within the South Lake Tahoe subarea. A large proportion of small water system and
domestic wells across the Bijou and South Lake Tahoe subareas are within areas of relatively
high PCA site densities.
ES-7: STAKEHOLDER INVOLVEMENT
This Alternative Plan was developed within the context of an existing, on-going
coordination and collaboration on water issues in the TVS Subbasin.
Stakeholder Advisory Group
Since adoption of the existing GWMP, the District has continually engaged stakeholders
through a Stakeholder Advisory Group (SAG). The current SAG is composed of the original
SAG formed in 2014 supplemented with new members as representatives of general interest
categories change. General interest categories are used to capture a broad spectrum of
community, business, and agency interests to provide meaningful input during the development
and implementation of the Alternative. The current SAG has a roster of fourteen members
representing Agency, Real Property Owner, Water Purveyor and Non-Business Community Rate
Payer interest categories. Workshops were held in 2019, 2020 and 2021 to present information to
the SAG as the first five-year update of the Alternative Plan was developed.
Groundwater Management Collaboration
The SAG identified three primary collaboration goals for groundwater protection: (1)
integrate groundwater protection inspection protocol of the several agencies already conducting
site inspections; (2) create a private well owner education and cooperation campaign; and (3)
maintain an inventory of infiltration basins and dry wells, inform spill responders of these
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locations and communicate spill events to water purveyors. SGMA provides further opportunity
for collaboration among water management agencies and land use planning agencies. The SAG
continues to be an important vehicle to share information for water management. The SAG has
achieved several accomplishments involving enhanced data collection and use, improved
hydrologic modeling, and improved relationships with the public.
Future/Ongoing Stakeholder Involvement Opportunities
Future SAG topics include emerging contaminants, specifically PFAS, illicit discharges
to stormwater infiltration systems, drought, inorganic contaminants, and climate change, among
others.
Public Participation in the Five-Year Update of the Alternative Plan
The District and EDWA began procedural, technical, and public outreach activities for
the first five-year update of the Alternative Plan during the 2020 water year. The SAG and
members of the SAG representing the public have contributed to the development of this
Alternative Plan.
[Placeholder for added information re notice and communication/public meetings/etc.]
Under SGMA, GSAs are required to engage the public during the development of a GSP
(Wat. Code § 354.10). As part of its public outreach the District developed an engagement chart
organized by stakeholders groups and communication methods to be employed for each group
(Table 1-4), updated lists of possible stakeholders within each group, and development of
various communication tools including: participation notice, stakeholder survey, media release,
on-line web postings and a power point presentation targeted to the general public explaining the
Alternative, the update process and opportunities for engagement in this process.
The stakeholders list has 286 entries and was developed in accordance with DWR
guidance (DWR, 2018). The participation notice was developed to satisfy SGMA public
notification and participation requirements (Wat. Code §10727.8). The stakeholder survey was
developed for the TVS Subbasin Alternative using the Stakeholder Survey Template available
from the DWR engagement tools. The participation notice was posted on the District and EDWA
web sites and mailed along with the stakeholder survey to Group A and Group B stakeholders.
Only the Participation Notice was emailed to all possible stakeholders with email contact
information. The District power point presentation was posted on the Groundwater Management
Plan web page of the District’s website. Copies of the outreach materials developed for the TVS
Subbasin Alternative are provided in Appendix D.
ES-8: CHARACTERIZATION OF UNDESIRABLE RESULTS
Section 8 of the Alternative Plan outlines the sustainable management criteria developed
for the TVS Subbasin. Through this analysis, each undesirable result is described and a
sustainability indicator and a minimum threshold that would trigger an undesirable result are
defined within a framework of basin management objectives (BMOs).
BMO #1: Maintain a Sustainable Long-Term Groundwater Supply
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Undesirable results related to the long-term groundwater supply occur when regional
water levels decline such that water demands cannot be met, or when water level declines result
in substantial land subsidence. Quantitative thresholds are developed in Section 8.1 to avoid both
results. Thresholds are based on upper elevations of screened intervals in public supply wells and
expected drawdowns at these wells while pumping. Resultant freeboard calculations provide a
threshold water level decline that would render each well inactive, thus reducing the accessible
supply of groundwater. There is currently a sufficient supply of groundwater adequate to meet
the drinking water needs of beneficial users in the TVS Subbasin.
Estimated drawdowns that would result in substantial land subsidence were defined using
Terzaghi’s Law. For subsidence to occur, drawdowns must far exceed thresholds based on
screened intervals in most cases.
BMO #2: Maintain and Protect Groundwater Quality
Undesirable results related to degraded water quality occur when water at public supply
wells exceeds the MCL for a given contaminant, reducing the ability to produce groundwater of
sufficient quality and quantity such that demands cannot be met. Quantitative thresholds are
developed in Section 8.2 to avoid this result. There is currently a sufficient supply of highquality water adequate to meet the drinking water needs of beneficial users of groundwater in the
TVS Subbasin. Seawater intrusion is not a challenge posed within the TVS Subbasin.
BMO #5: Assess the Interaction of Water Supply Activities on Environmental Conditions
Undesirable results stemming from interconnectedness of surface and groundwater takes
on of two forms: a depletion in surface flow in a stream or a negative impact to a groundwater
dependent ecosystem (GDE). Quantitative thresholds are developed in Section 8.3 to avoid both
results. Based on guidance from California Department of Fish and Wildlife (DFW), seasonally
varying minimum in-stream flows are established for the Upper Truckee River and Trout Creek.
These flows follow DFW recommendations based on the flows needed for successfully spawning
and rearing of the salmonids that occur in those streams.
GDEs occur where the plant community can directly access groundwater as a source of
water. GDEs are generally characterized by riparian vegetation and shallow groundwater, as the
depth of the water table determines whether plants can directly utilize groundwater. Therefore,
thresholds for the conservation of GDEs center on water level observations and detecting and
mitigating any declines in the shallow water table in or around the identified GDEs. There is
little or no long-term data on GDEs in the TVS subbasin, and the lack of data for this threshold
poses a challenge in monitoring these thresholds.
To support monitoring and potential mitigation of undesirable results, a provisional
Management Area is delineated based on groundwater capture. The provisional Management
Area, which is defined based on the potential to affect interconnected surface waters, will be
evaluated over the next five years to determine its utility in monitoring and mitigating
undesirable impacts to streamflow and GDEs.
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ES-9: GROUNDWATER MONITORING
Section 9 of this Alternative Plan presents a description of the monitoring network and
the data used to regularly assess groundwater conditions in the TVS Subbasin.
Groundwater Monitoring
The District has long monitored groundwater conditions within the TVS Subbasin. The
District collected spot readings of static and pumping water levels prior to 2001. Since 2001, the
District has collected groundwater level data in the fall and spring of each year from each well in
a monitoring network within the District’s service area, consisting of thirty-two (32) observation
wells and fifteen (15) community water supply wells.
In 2010, the District volunteered to be a monitoring entity within the California Statewide
Groundwater Elevation Monitoring Program (CASGEM). Since 2011, the District has monitored
and reported static groundwater elevation data collected from observation wells within the
monitoring network semi-annually to DWR. Since adoption of the 2014 GWMP, the District has
used groundwater level data collected from the monitoring network to prepare annual reports
assessing groundwater conditions and has submitted these reports to DWR, in satisfaction of
GSA reporting requirements (Wat. Code § 10728).
As part of the Basin Monitoring Plan, the District will reach out to other water purveyors
and other governmental agencies about sharing data within the TVS Subbasin. The District will
work with other agencies to identify data that will help support the Basin Monitoring Program
for all stakeholders.
Identification and Description Data Gaps
The monitoring network successfully monitors all sustainability indicators except
degraded groundwater quality and depletion of interconnected surface water. The District
overcomes the groundwater quality data gaps by collecting samples of groundwater from fifteen
(15) active production wells on at least an annual basis (from June to August) and submitting
those samples for analysis of the full suite of Title 22 analyses. The District plans to collaborate
with the SAG to identify further groundwater quality data regularly collected within the TVS
Subbasin that may be used to supplement available state groundwater quality data sets. The
District manages the depletion of interconnected surface water data gaps by leveraging surface
water monitoring efforts by USGS on the Upper Truckee River and Trout Creek. The District
also plans to monitor GDEs annually using selected monitoring wells near delineated GDEs.
ES-10: IMPLEMENTATION PLAN
The District has long managed groundwater in the South Lake Tahoe area. Section 10
analyzes and proposes implementation actions building on prior and ongoing management
efforts.
This section provides a schedule (Appendix M) to assist with the implementation of the
Alternative Plan organized by BMO and actions tied to sustainable management criteria
developed for the TVS Subbasin. Specific areas of focus include groundwater contamination, the
22622517.26

ES-17

effect of groundwater pumping on GDEs, and engaging private well owners. The goal of
implementation is to maintain a sustainable source of drinking water for all beneficial users and
uses of groundwater within the TVS Subbasin.
Over the past five years the cost of implementation for the Alternative Plan averaged
about $415,000 per annum. A general description of funding options for future implementation
of the Alternative Plan are discussed in Section 10.2
The District has fulfilled its annual reporting obligations and will continue to do so. This
five-year assessment and update of the Alternative meets SGMA requirements and will continue
to be reviewed at least every five years.
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ABBREVIATIONS
1,2-DCA

1,2-Dichloroethane

1,2-DCE

1,2 Dichloroethylene

AF

Acre-feet

AFY

Acre-feet per year

AMSL

Above Mean Sea Level

Basin Plan

The Water Quality Control Plan for the Lahontan Region

BGS

Below Groundwater Surface

BMOs

Basin management objectives specified in the 2014 Groundwater Management
Plan prepared and adopted by the South Tahoe Public Utility District in 2014

BMPs

Best Management Practices

CFR

Calculated Fixed Radius

CASGEM

California State Groundwater Elevation Monitoring Program

CFS

Cubic Feet Per Second

County

El Dorado County

CSLT

City of South Lake Tahoe

CUPA

Certified Unified Program Agency

CWA

Clean Water Act

CWS

Community Water System

DAC

Disadvantaged Community

DDW

State Water Resources Control Board Division of Drinking Water

DEM

Digital Elevation Model

DFA

State Water Resources Control Board Division of Financial Assistance

District

South Tahoe Public Utility District

DOF

California Department of Finance
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DOM

Domestic Well Systems

DRI

Desert Research Institute

DSWAP

Drinking Source Water Assessment and Protection

DWR

California Department of Water Resources

EDCEMD

El Dorado County Environmental Management Department

EDWA

El Dorado Water Agency

EIP

Environmental Improvement Program.

EPA

United States Environmental Protection Agency

FS

South Y Feasibility Study

FT/D

Feet per day

GAC

Granular Activated Carbon

GAMA

Groundwater Ambient Monitoring and Assessment

GCM

Global Climate Model

GDEs

Groundwater Dependent Ecosystems

GWMP

Groundwater Management Plan

GPM

Gallons per Minute

GSA

Groundwater Sustainability Agency

GSFLOW

Groundwater and Surface Water Flow Model

GSFRM

GSFLOW Regional Model

GSP

Groundwater Sustainability Plan

IRWM

Tahoe-Sierra Integrated Regional Water Management

LBWC

Lukins Brothers Water Company

LCT

Lahontan cutthroat trout

LPA

Lakeside Park Association (aka Lakeside Mutual Water Company)

LRWQCB

Lahontan Regional Water Quality Control Board
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LULC

Land Use Land Cover

LTBMU

US Forest Service, Lake Tahoe Basin Management Unit

MBR

Mountain Block Recharge

MCLs

Maximum Contaminant Levels

MDD

Maximum Daily Demand

MG/L

Milligrams per Liter

MGD

Million gallons per day

MODFLOW Modular Groundwater Flow Model
MODFLOW-NWT

Modular Groundwater Flow Model – Newton Solver

MOU

The Second Amended and Restated Memorandum of Understanding between the
South Tahoe Public Utility District and the El Dorado County EDWA

MtBE

Methyl tert-Butyl Ether

MT3DMS

Modular three-dimensional transport model

NPDES

National Pollutant Discharge Elimination System

PCA

Possible Contaminating Activity

PFAS

Per- and polyfluoroalkyl substances

PFOA

Perfluorooctanoic acid

PFOS

Perfluorooctane sulfonic acid

PHG

Public Health Goal

PPT

Parts per trillion

PCA

Potential contaminating activity

PCE

Tetrachloroethylene

pCi/L

Picocuries per Liter

PDI

South Y Predesign Investigation

PWOS

Private Well Owner Survey
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RWQCB

Regional Water Quality Control Board

SAG

Stakeholders Advisory Group

SDWA

Safe Drinking Water Act, 42 U.S.C. §300f et seq. (1974)

SEZ

Stream Environment Zone

SGMA

Sustainable Groundwater Management Act

SMCLs

Secondary Maximum Contaminant Levels

SNOTEL

National Resources Conservation Service snow telemetry station

STGM

South Tahoe Groundwater Model

SWRCB

California State Water Resources Control Board

TCE:

Trichloroethylene

TKWC

Tahoe Keys Water Company

TMDL

Total Maximum Daily Load

TRCD

Tahoe Resource Conservation District

TROA

Truckee River Operating Agreement

TRPA

Tahoe Regional Planning Agency

TVS Subbasin

Tahoe Valley South Subbasin of the Tahoe Valley Groundwater Basin,
Subbasin No. 6-005.01

UG/L

Micrograms per Liter, equivalent to parts per billion

USFS

United States Forest Services

USGS

U.S. Geological Survey

UST

Underground Storage Tank

UWMP

South Tahoe Public Utility District 2020 Urban Water Management Plan

VC

Vinyl Chloride

WBZs

Water-bearing zones

WRDMP

Water Resources Development and Management Plan
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WWTP

Districts Wastewater Treatment Plant

WY

Water Year

22622517.26

TABLES

1-1

Summary of recommended actions identified during DWR assessment of the 2014
GWMP and Alternative Materials submitted to DWR in 2016 (DWR, 2019).

2-1

Estimates of average annual runoff for eleven South Lake Tahoe watersheds either
directly overlying or neighboring the TVS Subbasin.

3-1

P-1 projected long-term population growth rates for El Dorado County, California (DOF,
2020d).

3-2

Land use types and areas within the South Lake Tahoe area.

3-3

2020 water use by sector for the District’s water system, in acre feet (AF). The total
volume accounts for about 97% of the District’s total water accounts which are meterd in
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SECTION 1:

INTRODUCTION

The State of California enacted the Sustainable Groundwater Management Act (SGMA),
effective January 1, 2015, as the first legislation in the state’s history to mandate comprehensive
sustainable groundwater resources management. SGMA requires local agencies to develop
Groundwater Sustainability Plans (GSPs) outlining the basin’s strategies for obtaining
sustainability. SGMA permits a Groundwater Management Plan (GWMP) developed under AB
3030 to serve as an alternative to a GSP. While SGMA will revolutionize groundwater
management in California, the South Tahoe Public Utility District (District) has been managing
the Tahoe Valley South Subbasin (6-005.01) (TVS Subbasin) of the Tahoe Valley Groundwater
Basin (No.6-005) (TV Groundwater Basin) (Figure 1-1) long before SGMA was passed into law.
The TVS Subbasin has been managed under a GWMP prepared in accordance with AB
3030, also known as the Groundwater Management Act (Wat. Code Section 10750 et. seq.),
since 2000. The GWMP adopted in 2000 was updated in 2014 (2014 GWMP). In late 2016,
pursuant to Water Code section 10733, the District timely submitted to the California
Department of Water Resources (DWR) two potential alternatives to a GSP to meet the TVS
Subbasin’s new obligations under SGMA: (1) its 2014 GWMP and additional plans, reports and
other documents related to the 2014 GWMP (Alternative Materials); and (2) an Analysis of
Basin Conditions. 1 On July 17, 2019, DWR determined that the 2014 GWMP and Alternative
Materials satisfied the objectives of the SGMA and approved the 2014 GWMP and Alternative
Materials as the TVS Subbasin Alternative (Alternative or Alternative Plan). During DWRs
evaluation and assessment of the 2014 GWMP eight recommended actions (Recommended
Actions) were identified for inclusion of the first five-year update of the Alternative to facilitate
DWRs ongoing evaluation of the Alternative and whether implementation of the Alternative is
achieving the sustainability goal, and recommendations for improvements to the Alternative. The
first five-year update of the Alternative is to be resubmitted to DWR by January 1, 2022, for
periodic review and every five-years thereafter. The following Alternative for the TVS Subbasin
(herein referred to as the Alternative or Alternative Plan) has been prepared to satisfy this
requirement.
The Alternative Plan is a product of both the groundwater management actions
implemented by the District and El Dorado County Water Agency (EDWA) since adoption of
the 2014 GWMP, as well as the on-going collaboration with local stakeholders to manage
groundwater in a sustainable manner for all users and beneficial uses of groundwater within the
TVS Subbasin. The Alternative Plan provides new information and data, describes proposed
implementation actions, and evaluates progress towards meeting the sustainability goals for the
TVS Subbasin.
This Alternative Plan is the first required five-year update to the approved Alternative.
The Alternative is prepared pursuant to the District’s and EDWA’s authorizing legislation and
supersedes all previous Groundwater Management Plans.

As noted in correspondence transmitting both of its GSP Alternatives to DWR, the District requested DWR to first
review its 2014 GWMP and Alternative Materials and to only review the analysis of basin conditions if it were to
find that the 2014 GWMP and Alternative Materials were not functionally equivalent to a GSP.
1
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The following section describes the submission and approval process of the Alternative,
presents the findings from the DWR assessment of the 2014 GWMP and Alternative Materials
(DWR, 2019), and outlines the subsequent legal and administrative requirements completed for
the Alternative Plan. Basin Management Objectives (BMOs) of the 2014 GWMP serve as the
foundation for the Alternative Plan.
Background

1.1

SGMA required basins that DWR deemed to be medium- or high-priority to create new
local agencies (i.e., Groundwater Sustainability Agencies (GSAs)) to develop plans for
sustainably managing groundwater (i.e., Groundwater Sustainability Plans GSPs)). In 2015,
DWR used the 2014 Basin Prioritization completed under the California State Groundwater
Elevation Monitoring (CASGEM) Program as the initial SGMA basin prioritization. Under the
2014 Basin Prioritization the TVS Subbasin was ranked medium priority based on population
density, total number of public supply wells, total number of wells, groundwater reliance and
documented impacts of groundwater contamination. In 2018, DWR used the same process to
reprioritize groundwater basins for the 2018 SGMA Basin Prioritization as was used for the 2014
CASGEM Basin Prioritization and the TVS Subbasin was again ranked medium priority (DWR,
2020). As described above, groundwater basins had the ability to comply with SGMA
requirements using an existing groundwater management plan developed and implemented by
groundwater management agencies.
1.1.1

Plan Authorization and Legal Authority

This Alternative Plan covers the entirety of the TVS Subbasin, as defined in Bulletin
118. The TVS Subbasin lies entirely within El Dorado County (County) and largely within the
jurisdiction of the District (Figure 1-2). The remainder of the TVS Subbasin falls within the
jurisdiction of EDWA. Both the District and EDWA are local agencies within the meaning of
Water Code section 10721(n) and are thus eligible to be a GSA for the TVS Subbasin. Both
agencies are GSAs pursuant to California Water Code Section 10723 and are authorized
groundwater management agencies within the meaning of California Water Code Section
10753(a). Additionally, the Public Utility District Act authorizes the District to manage local
groundwater resources, including developing, adopting, and implementing a groundwater
management plan (see Pub. Util. Code. §§ 15501–18055). A copy of the District’s authorizing
legislation is provided in Appendix A. Similarly, EDWA has the power to “do any and every
lawful act necessary in order that sufficient water may be available for any present or future
beneficial use or uses of the lands or inhabitants within the agency.” (Cal. Wat. Code § 96-11; see
Cal. Wat. Code § 96-1 et seq.) A copy of EDWA’s authorizing legislation is also provided in
Appendix A.
2

The District is primarily responsible for Alternative development and implementation
through the MOU with EDWA. With the District assuming primary responsibility for managing
the quantity and quality of the groundwater resources within the TVS Subbasin pursuant to the
Alternative Plan, the District has the authority to adopt rules, regulations, and procedures to
A portion of the physical subbasin extends into the State of Nevada and is therefore beyond the scope of SGMA
and the Alternative Plan.

2

22622517.26

3

implement and enforce the Alternative pursuant to California Water Code section 10750 et seq.
and SGMA.
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Figure 1-2. Jurisdictional and TVS Subbasin boundaries within the TVS Subbasin.
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This Alternative Plan is a regional effort facilitated by the District. In developing this
Alternative, the District has collaborated with other South Lake Tahoe area water purveyors,
including Lukins Brothers Water Company (LBWC) and Tahoe Keys Water Company (TKWC),
along with other governmental agencies and authorities, including the City of South Lake Tahoe
(CSLT), County Environmental Management Department (EDCEMD), the Tahoe Regional
Planning Agency (TRPA) and the Lahontan Regional Water Quality Control Board (LRWQCB).
This collaboration has been undertaken to better achieve comprehensive groundwater
management, minimize duplication of effort, and apply consistent standards to the extent
reasonably possible.
1.1 .2

TVS Subbasin GSA Formation

As described in further detail below, the District has been recognized as the exclusive
GSA for the portion of the Subbasin within its jurisdictional boundaries. EDWA has been
recognized as the exclusive GSA for the remaining portion of the TVS Subbasin. EDWA GSA
and the District GSA cooperate through a Second Amended and Restated Memorandum of
Understanding (MOU) to sustainably manage groundwater resources and implement SGMA
consistently throughout the entire TVS Subbasin.
1.1.2.1

South Tahoe Public Utility District GSA

During the summer of 2016, the District and EDWA began discussing options to form a
GSA in the portion of the TVS Subbasin outside of the District’s jurisdiction. Concurrent with
this decision, EDWA and the District entered into a memorandum of understanding setting forth
EDWA’s and the District’s agreement to cooperatively manage and coordinate implementation
and enforcement of SGMA in this portion of the Basin. Under this memorandum of
understanding, the District and EDWA agreed that the District should become the exclusive GSA
for the entire TVS Subbasin. As a result, the District submitted GSA formation notices to DWR
for both the portion of the TVS Subbasin within its jurisdictional boundaries as well as the area
that extends into the County’s jurisdiction. The District was recognized as the exclusive GSA for
both areas on November 17, 2015, and December 28, 2016, respectively. The District’s Notice of
Intent (NOI) to form a GSA is provided in Appendix A1. 3
Due to concerns raised by the State Water Resources Control Board (SWRCB) about a
GSA exercising regulatory authority outside of its jurisdictional boundary, the District notified
DWR that it would be rescinding its GSA formation notice for the portion of the TVS Subbasin
outside of its jurisdiction (see Appendix A2) and that EDWA had agreed to become the GSA for
this portion of the TVS Subbasin. 4
1.1.2.2

El Dorado Water Agency (EDWA) GSA

In response to the above concerns, on June 14, 2017, EDWA held a public hearing and
elected to become the GSA for the portion of the TVS Subbasin outside of the District’s
Appendix A2 includes the District’s Notice of Intent to Withdraw as GSA for the portion of the TVS Subbasin
outside the District’s jurisdiction.
4
The withdrawal notice had no effect on formation or recognition of the District as the exclusive GSA for the
portion of the TVS Subbasin within its jurisdictional boundaries.
3
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jurisdictional boundaries. On June 15, 2017, EDWA was recognized as the GSA for the portion
of the TVS Subbasin outside of the District’s jurisdiction. EDWA’s Notice of Intent (NOI) to
form a GSA is provided in Appendix A3.
1.1.2.3

Second Amended and Restated MOU

Concurrent with EDWA’s GSA formation notice for the portion of the TVS Subbasin
outside of the District’s jurisdiction, the District and EDWA entered into an amended and
restated memorandum of understanding to work collaboratively as separate GSAs to sustainably
manage groundwater resources and implement SGMA throughout the entire TVS Subbasin. With
the execution of the amended and restated memorandum of understanding on June 14, 2017, the
TVS Subbasin was in full compliance with SGMA’s GSA formation requirements.
On July 17, 2019, DWR determined that the 2014 GWMP satisfied the objectives of
SGMA and accepted the 2014 GWMP and Alternative Materials as an approved Alternative for
the TVS Subbasin. In its approval, DWR also included a set of eight Recommended Actions
recommending the District and EDWA to provide additional information in the first five-year
update (discussed in Section 1.4). The District and EDWA subsequently amended the
memorandum of understanding a second time (MOU) to acknowledge DWR’s approval of the
Alternative and formalize the District’s and EDWA’s agreement to continue to manage
groundwater resources cooperatively and sustainably within the TVS Subbasin and to jointly
implement the Alternative Plan in accordance with SGMA (District, 2020a). A copy of the MOU
is included in Appendix A4.
1.1.3

Plan Manager and Contact Information

The District is the lead GSA for the Alternative Plan. The name and mailing address of
the District is presented in the Groundwater Sustainability Information provided following the
Executive Summary. Organization and management structure is shown using the District
Organization Chart (with names) provided in Appendix B. Mr. Ivo Bergsohn, PG, HG serves as
the Plan Manger for implementation of the TVS Subbasin Alternative Plan. Management and
implementation authority, however, resides with various members of District staff including
Julie Ryan, PE, Engineering Department Manager. Staff reports back to John Thiel, PE, General
Manager, and the District’s Board of Directors for final authorization.
As noted above Ivo Bergsohn has been designated as the Plan Manager for
implementation of the TVS Subbasin Alternative. The following contact information is available
on the District’s website:
Ivo Bergsohn, P.G., HG. Hydrogeologist
South Tahoe Public Utility District
1275 Meadow Crest Drive,
South Lake Tahoe, CA 96150
(530) 543-6204
ibergsohn@stpud.us
1.2

22622517.26

Development and Adoption Process

6

The 2014 GWMP is foundational to both the Alternative and the first five-year update to
the Alternative. The following section describes the submittal and approval processes for the
Alternative, outlines the contents of the Alternative and the accomplishments under the plan, and
describes updates incorporated into the first five-year update to the Alternative Plan.
2014 GWMP
1.2.1

The 2014 GWMP was prepared in accordance with Assembly Bill 3030 (AB 3030)
pursuant to California Water Code Section 10750 et seq. The 2014 GWMP was adopted by the
District and an accompanying Groundwater Ordinance was added as Division 7 to the District’s
Administrative Code on December 4, 2014.
The 2014 GWMP centered around eight BMOs. BMOs are flexible guidelines for the
management of groundwater resources that describe specific actions to be taken by the District to
meet locally developed objectives at the basin or sub-area scale. Under the 2014 GWMP, eight
BMOs were defined for groundwater management of the TVS Subbasin.
•

BMO #1 – Maintain a sustainable long-term groundwater supply.

•

BMO #2 – Maintain and protect groundwater quality.

•

BMO #3 – Strengthen collaborative relationships with local water purveyors,
governmental agencies, businesses, private property owners and the public.

•

BMO #4 – Integrate groundwater quality protection into local land use planning
activities.

•

BMO #5 – Assess the interaction of water supply activities with environmental
conditions.

•

BMO #6 – Convene an ongoing Stakeholder’s Advisory Group (SAG) as a forum
for future groundwater issues.

•

BMO #7 – Conduct technical studies to assess future groundwater needs and
issues.

•

BMO #8 - Identify and obtain funding for groundwater projects.

Using this framework, the 2014 GWMP successfully managed groundwater within the
TVS Subbasin. Major accomplishments include: (1) broadening the scope of basin monitoring to
include precipitation, groundwater pumpage, recharge and storage, and (2) developing complex
hydrologic models to calculate water budgets, evaluate future conditions, identify recharge areas,
consider groundwater-surface water interactions, and evaluate remedial alternatives for the
management of contaminated groundwater within the TVS Subbasin. Investigations were also
performed to define the extent of groundwater contamination and assess the suitability of
renewing the use of an impaired groundwater source for contaminant plume control and removal.
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Newly developed hydrologic models were used to address the following management
actions:
•

Providing water balance estimates (BMO #7, Action 3);

•

Conducting a regional groundwater vulnerability assessment (BMO #4, Action 2);

•

Identifying recharge areas;

•

Identifying amounts and capture zones for public supply wells;

•

Assessing the effects of groundwater pumping on habitats in lakes, streams, and
wetlands (BMO #5, Action 1);

•

Determining stream depletion rates; and

•

Creating capture maps to show surface water withdrawals.

The District developed six climate scenarios using global climate models (GCMs) to
assess potential effects of climate change pursuant to BMO #5, Action 3. The District also
developed a historically based drought model to assess the impact of a changing climate on the
groundwater conditions in the TVS Subbasin. In alignment with BMO #7, Action 4, the District
expanded its monitoring well network to evaluate recharge areas and other key areas. The
District also identified two areas in need of additional monitoring. (DRI, 2018).
Public outreach involving private well owner surveys were also performed to foster
communications between private well owners and the District, inform private well owners about
the District’s role and responsibilities as a GSA and inform the District on the use of private
water system wells and the concerns of private well owners. The District also satisfied all of the
new annual reporting requirements under SGMA and continued to satisfy its monitoring entity
requirements under the California State Groundwater Elevation Monitoring (CASGEM).
Following adoption of the 2014 GWMP, the District undertook various studies and
reports, as well as completed annual reports as part of implementation of the 2014 GWMP.
These additional plans, reports and other documents were submitted to DWR as Alternative
Materials. DWR determined these Alternative Materials, outlined in bullet points below,
sufficiently related to the 2014 GWMP to warrant consideration as part of the Alternative (DWR,
2019).
•

22622517.26

Bergsohn, I. (Mar. 11, 2016). South Tahoe Public Utility District: Tahoe Valley
South Basin (6-5.01) Annual Report – 2015 Water Year. (2015 Water Year
Report). The 2015 Water Year Report was prepared by the District to track
progress on the implementation of the Groundwater Management Plan through an
assessment of the groundwater supplies and conditions, review of monitoring
data, and progress reporting on implementation of BMOs.
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1.2.2

•

Carrol, R. W.H., Pohll, G., & Rajagopal, S. (Feb. 25, 2016). Desert Research
Institute: South Lake Tahoe Groundwater Model. (DRI Phase 1 Memo). The DRI
Phase 1 Memo was prepared at the request of the District to develop a numerical
groundwater model to calculate a water budget for the water years 1983 to 2014
for the Tahoe South Subbasin. Refinement of a groundwater model is included in
the implementation plan for the Groundwater Management Plan and addresses
one of the District’s BMOs.

•

Carrol, R. W.H., Pohll, G., & Rajagopal, S. (Aug. 26, 2016). Desert Research
Institute: South Lake Tahoe Groundwater Model Update. (DRI Phase 2 Memo).
The DRI Phase 2 Memo was prepared at the request of the District to extend the
numerical groundwater model through water year 2015 for the TVS Subbasin.

•

J. Crowley Group, ECORP Consulting, Inc. (Jun. 2016), South Tahoe Public
Utility District: 2015 Urban Water Management Plan. (UWMP). The UWMP was
prepared at the request of the District and is used by the District in the
Groundwater Management Plan for future water demand projections for the TVS
Subbasin.
Alternative Plan and DWR Approval

Under SGMA, local agencies are authorized to submit an Alternative, in lieu of a GSP,
for review by DWR. SGMA identifies the following three Alternatives to a GSP: (1) a GWMP
developed pursuant to Part 2.75 of Division 6 of the Water Code (Section 10750 et seq.), (2)
management pursuant to an adjudication action, or (3) an analysis of basin conditions (Wat.
Code § 10733.6(b).)
To be eligible to submit any of the above Alternatives, the local agency must be able to
demonstrate that (1) the Alternative applies to the entire basin, and (2) the basin is compliant
with section 10733.6 of the Water Code. (23 Cal. Code Regs., § 358.2(a).) Additionally, the local
agency must demonstrate that its Alternative is “functionally equivalent to the elements of a
[GSP] required by Articles 5 and 7... [and is] sufficient to demonstrate the ability of the
[Alternative] to achieve the objectives of [SGMA].” (23 Cal. Code Regs., § 358.2(d).)
On December 28, 2016, the District concurrently submitted (1) its 2014 GWMP and
Alternative Materials to DWR as an existing plan alternative pursuant to Water Code section
10733.6(b)(1) and (2) an analysis of basin conditions pursuant to Water Code section
10733.6(b)(2) to DWR for evaluation and assessment. 5
On July 17, 2019, DWR determined that the 2014 GWMP and Alternative Materials
satisfied SGMA’s requirements for an existing plan alternative and approved it as an Alternative
Plan for the TVS Subbasin in compliance with Water Code section 10733.6(b). (DWR, 2019a.)
In its approval of the Alternative Plan, DWR issued a set of Recommended Actions to be
As part of its submittals, the District indicated its preference to DWR that the review be sequenced in such a
manner that its 2014 GWMP and Alternative Materials be reviewed first and should DWR agree that the 2014
GWMP and Alternative Materials are functionally equivalent to a GSP, review of the analysis of basin conditions
would not be necessary.
5
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addressed in the Alternative Plan. These Recommended Actions are summarized below in
Section 1.3.
Similarly, this first five-year update to the Alternative Plan will be resubmitted to DWR
for evaluation upon its completion pursuant to the requirement that the GSA resubmit its
Alternative for periodic review at least every five years after initial submission (January 1, 2022)
and every five-years thereafter (Cal. Water Code § 10733.8.).
Recommended Actions Identified by DWR

1.3

During evaluation and assessment of the 2014 GWMP and Alternative Materials, DWR
identified eight Recommended Actions to facilitate ongoing evaluation of the Alternative and its
implementation in a Statement of Findings. The Recommended Actions involve information
needed to facilitate DWRs ongoing evaluation of the Alternative and whether implementation of
the Alternative is achieving the sustainability goal, and recommendations for improvement to the
Alternative (DWR, 2019). Table 1-1 provides a summary of these recommended actions and the
sections where they are implemented in this first five-year update to the Alternative Plan.
Table 1 -1. Summary of Recommended Actions identified during DWR assessment of the 2014
GWMP and Alternative Materials submitted to DWR in 2016 (DWR, 2019).
Recommended
Description
Action
1

2

Provide water budget information in Tabular Form for historical,
current and projected water budgets.
Provide a projected water budget over the 50-year planning and
implementation horizon, incorporating climate change effects.

Section(s)
Sections 5.4.6;
5.4.7; and 5.4.8.
Appendix J
Section 5.4.8
Appendix J

3

Reconcile the different future water demand projections between Section 4.4.1
the Groundwater Management Plan (GWMP) and Urban Water
Management Plan (UWMP) and incorporate the reconciliation in
the projected water budget.

4

To understand change in groundwater storage for the TVS
Section 5.2.4
Subbasin, the water budget calculated by the South Tahoe
Groundwater Model should be calculated within the TVS Subbasin
boundary rather than the surrounding watershed area inclusive of
the TVS Subbasin.

5

Provide additional explanation in the first five-year update for how Section 6.3.1.4
pumping may impact plume migration or cause degraded water
quality.
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Recommended
Description
Action

Section(s)

6

Provide estimates of the quantity and timing of depletions of
Sections 5.3 and
interconnected surface water; define what would cause depletions 8.3.1
to become significant and unreasonable.

7

Define quantitative criteria for groundwater levels, storage and
depletion of interconnected surface water that can be used to
objectively determine compliance of the Plan with the objectives
of SGMA on an on-going basis.

Sections 8.1,
8.1.2 and 8.3.

8

Provide a description of how the data gaps identified will be
addressed; specifically, the projects identified in Table 10-1 for
BMO 5 - dependent upon District funding.

Section 5.1.1,
5.3, 5.4, 5.7,
7.2.4, and 8.3

The District undertook studies building on previous modeling and analyses to address
recommended actions identified in the DWR Statement of Findings. The District also developed
projected water budgets over the 50-year planning and implementation horizon, incorporating
climate change effects and reconciling future water demand projections with the District’s Urban
Water Management Plan (UWMP). Additionally, the District estimated quantity and timing of
depletions of interconnected surface water. Finally, the District developed sustainable
management criteria to demonstrate sustainability within the TVS Subbasin.
1.4

Alternative Plan Changes

As the first five-year update of the Alternative Plan proceeded, numerous changes were
made to the 2014 GWMP and Alternative Materials approved by DWR in 2019. These changes
involved incorporating new information developed since adoption of the 2014 GWMP and
Alternative Materials in 2014, incorporating new data developed during periodic review of
groundwater conditions within the TVS Subbasin and incorporating findings from new
hydrologic analyses completed to satisfy recommended actions identified by DWR (Section 1.3).
Table 1-2 lists the major plan components (in terms of major headings and subheadings)
presented in the 2014 GWMP and Alternative Materials alongside the major plan components
contained in this first five-year update of the Alternative Plan. The most significant changes to
plan components between these two documents occur in Section 8 of this Alternative Plan. In
the 2014 GWMP and Alternative Materials, Section 8 provides a description of basin
management objectives, strategies, and actions for qualitative management of groundwater
resources within the TVS Subbasin. Under this first five-year update of the Alternative Plan,
Section 8 has been updated using a characterization of undesirable results with quantitative
sustainable management criteria consistent with SGMA and developed for the TVS Subbasin
within the framework of basin management objectives. The sustainable management criteria
presented in the Alternative Plan are quantitative metrics used to demonstrate the current status
towards attainment of the sustainability goal for the TVS Subbasin under SGMA.
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Other important changes in plan components from the 2014 GWMP and Alternative
Materials to this first five-year update of the Alternative Plan, include the following.

22622517.26

•

Section 1: Information has been updated and reorganized into Sections 1.1
Background, and Section 1.2 Development and Adoption Process. New Sections
1.3 Existing Plan and DWR Approval and 1.4 SGMA Compliance have been
added; Plan requirements and organization are presented below in Table 1-2.

•

Section 2: A new Section 2.3 Soils and 2.5 Description of Basin Aquifers has
been added. Surface Features and ecological resources are discussed under
Section 2.6 Surface Water Features. All subsections have been updated.

•

Section 3: Information has been updated and reorganized into new Sections 3.1
Population and Economy; and Section 3.2 Land Use. Water purveyors are
discussed under new Section 3.3 Groundwater Uses and Users. A new Section 3.4
Demand Projections has been added.

•

Section 4: Information has been updated and reorganized into new Section 4.2
Overlying Jurisdictions, Section 4.3 Regulatory Agencies, Section 4.4 Regulatory
Programs and Policies, and Section 4.5 Analysis of Limits Imposed by Existing
Water Resource Monitoring and Management Programs.

•

Section 5: A new Section 5.5 Sustainable Yield has been added. All subsections
have been updated.

•

Section 6: Groundwater Contamination and Stormwater Infiltration Potential are
discussed under new Section 6.3 Groundwater Quality Issues. All subsections
have been updated.

•

Section 7: Convene an Ongoing SAG has been updated and discussed under new
Section 7.3 Future/Ongoing Stakeholder Involvement Opportunities.

•

Section 8: Information has been updated and reorganized into new Sections 8.1
Maintain a Sustainable Long-Term Groundwater Supply; 8.2 Maintain and
Protect Groundwater Quality; and 8.3 Assess the Interaction of Water Supply
Activities with Environmental Conditions.

•

Section 9: Information has been updated and reorganized into Sections 9.1
Groundwater Monitoring and Section 9.2. Identification and Description of Data
Gaps.

•

Section 10: Information has been updated and reorganized into Sections 10.1
Projects, Section 10.2. Funding the Alternative Plan and 10.3 Reporting.
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Table 1-2. Major plan components presented in the 2014 GWMP and Alternative Materials and
the first five-year update of the Alternative Plan.
2014 GWMP and Alternative Materials
Tahoe Valley South Basin (6-5.01)
2014 Groundwater Management Plan
(KJC, 2014)
Executive Summary
Stakeholder Involvement
State of the Groundwater Basin
Basin Management Objectives
Monitoring and Reporting

1. Introduction
1.1 Introduction
1.2 Plan Authorization
1.3 Background
1.4 Updated Goals and Objectives
1.5 Plan Requirements & Organization
1.6 Plan Preparation & Adoption Process
2. Groundwater Basin
2.1.TVS Basin Delineation
2.2.Geology
2.3.Climate
2.4.Surface Features
2.5.Ecological Resources
3. Groundwater Management Area
3.1 GWMP Area
3.2 Water Purveyors
3.3 Wastewater Management
4. Overview of Local Governmental Agencies
5. State of the Groundwater Basin
5.1 Description of the Aquifers
5.2 Groundwater Conditions
5.3 Groundwater – Surface Water Interactions
5.4 Preliminary Groundwater Budget
5.5 Assessment of Potential Overdraft Issues
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Alternative Plan
Alternative Plan for Tahoe South Subbasin (6005.01) First Five Year Update
(This Document)
Executive Summary
ES-1 Introduction
ES-2 Groundwater Basin
ES-3 Groundwater management Area
ES-4 Overview of Local Government Agencies
ES-5 State of the Groundwater Basin
ES-6 Groundwater Quality
ES-7 Stakeholder Involvement
ES-8 Characterization of undesirable Results
ES-9 Groundwater Monitoring
ES-10 Implementation Plan
1. Introduction
1.1.Background
1.2.Development and Adoption Process
1.3.Recommended Actions identified by
DWR
1.4.Alternative Plan Changes
2. Groundwater Basin
2.1 TVS Subbasin Delineation
2.2 Climate
2.3 Soils
2.4 Geology
2.5 Description of Basin Aquifers
2.6 Surface Water Features
3. Groundwater Management Area
3.1 Population and Economy
3.2 Land Use
3.3 Groundwater Uses and Users
3.4 Demand Projections
3.5 Wastewater Management
4. Overview of Local Governmental Agencies
5. State of the Groundwater Basin
5.1 Background
5.2 Groundwater Conditions
5.3 Groundwater- Surface Water Interactions
5.4 Groundwater Budget
5.5 Sustainable Yield
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2014 GWMP and Alternative Materials
Tahoe Valley South Basin (6-5.01)
2014 Groundwater Management Plan
(KJC, 2014)
5.6 Potential Climate Change Impacts
6. Groundwater Quality
6.1 Background
6.23 General Groundwater Quality
6.3 Groundwater Contamination
6.4 GWMP Aquifer Vulnerability Assessment
6.5 Stormwater Infiltration and Potential for
Groundwater Contaminations
7. Stakeholder Involvement
7.1 Stakeholders Advisory Group
7.2 Groundwater Management Collaboration
Opportunities
7.3 Convene an Ongoing SAG
8. Basin Management Objectives, Strategies and
Actions
8.1 BMO #1 - Maintain a Sustainable Long-Term
Groundwater Supply
8.2 BMO #2 -Maintain and Protect Groundwater
Quality
8.3 BMO #3- Integrate Groundwater Protection
into Local Land Use Planning Activities
8.4 BMO#4 - Integrate Groundwater Protection
into Local Land Use Planning Activities
8.5 BMO#5 - Assess the Interaction of Water
Supply Activities with Environmental Conditions
8.6 BMO#6 - Convene an Ongoing Stakeholders
Advisory Group
8.7 BMO#7 - Conduct Technical Studies to Assess
Future Groundwater Needs and Issues
8.8 BMO#8 - Conduct Technical Studies to Assess
Future Groundwater Needs and Issues
9. Basin Monitoring Program
9.1 Groundwater Management Monitoring
9.2 Additional Groundwater Quality Monitoring
9.3 Compilation of Data from Other Sources
10. Implementation Plan
10.1 Approach for Implementation
10.2 Annual Report
10.3 Compliance with SGMA
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Alternative Plan
Alternative Plan for Tahoe South Subbasin (6005.01) First Five Year Update
(This Document)
5.6 Assessment of Potential Overdraft Issues
5.7 Potential Climate Change Impacts
6. Groundwater Quality
6.1 Background
6.2 Groundwater Quality
6.3 Groundwater Quality Issues
6.4 Groundwater Vulnerability Assessment
7. Stakeholder Involvement
7.1 Stakeholders Advisory Group
7.2 Groundwater Management Collaboration
Opportunities
7.3 Future/Ongoing Stakeholder Involvement
Opportunities
8. Characterization of Undesirable Results
8.1 BMO #1 - Maintain a Sustainable Long-Term
Groundwater Supply
8.2 BMO #2 -Maintain and Protect Groundwater
Quality
8.3 BMO#5 - Assess the Interaction of Water
Supply Activities with Environmental Conditions

9. Groundwater Monitoring
9.1 Groundwater Monitoring
9.2 Identification and Description of Data Gaps
10. Implementation Plan
10.1 Projects
10.2 Funding the Alternative Plan
10.3 Reporting
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2014 GWMP and Alternative Materials
Tahoe Valley South Basin (6-5.01)
2014 Groundwater Management Plan
(KJC, 2014)
References
Appendices
A. GWMP Preparation and Adoption Resolutions
B. Additional Information Regarding Water
Quality and Land Use Planning Agencies
C. Draft Hydrogeological Cross Sections for the
Tahoe Valley South Basin
D. Tahoe Valley South Basin Groundwater
Monitoring Plan and Protocols
E. Stakeholder Advisory Group Meeting
Documentation
F. Preliminary Groundwater-Related Agency
Programs Table
G. STPUD Groundwater Ordinance No. 558-14
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Alternative Plan
Alternative Plan for Tahoe South Subbasin (6005.01) First Five Year Update
(This Document)
References
Appendices
A. Authorizing Resolutions
B. District Organization Chart
C. Alternative Plan Functional Equivalency
Analysis
D. Public Outreach and Engagement Materials
E. Groundwater Management Ordinances
F. Subsurface Sections
G. Assessment of Groundwater Dependent
Ecosystems within the TVS Subbasin
H. Surveys of Private Well Owners
I. South Tahoe Groundwater Model
J. TVS Subbasin Water Budget Tables
K. Groundwater Level Elevation Monitoring
Plan
L. TVS Subbasin Hydrographs (WY 2000 – WY
2020)
M. 2021 Implementation Plan
N. Summary of Comments and Responses
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SECTION 2:

TAHOEVALLEY SOUTH SUBBASIN

The Tahoe Valley South Subbasin (6-005.01) is part of the larger Tahoe Valley
Groundwater Basin (6-005), which is located within the Lake Tahoe Hydrologic Basin and
incorporates the sediment-filled basins bordering Lake Tahoe. The Tahoe Valley Groundwater
Basin is subdivided into three subbasins: Tahoe North (6-005.03), Tahoe West (6-005.02), and
Tahoe South (6-005.01) (Figure 1-1). Of these three subbasins, the Tahoe Valley South Subbasin
(TVS Subbasin) is the largest and most productive. This subbasin is about 150 miles east of the
San Francisco Bay Area and about 90 miles east of Sacramento.
2.1

Delineation

The TVS Subbasin underlies an area of approximately 23 square miles in El Dorado
County, California (Figure 2-1). Elevations range from 6,223 feet at lake level rising to above
6,500 feet to the south along the mountain front (DWR, 2003). Portions of seven Priority
Watersheds defined by the Tahoe Regional Planning Agency (TRPA) overlie the TVS Subbasin,
the largest of which include the Upper Truckee River watershed. The Upper Truckee River flows
north across the entire length of the basin and drains into Lake Tahoe through the Upper Truckee
Marsh. The Upper Truckee River is joined by Grass Lake and Big Meadow Creeks along the
southern extent of its course, Angora Creek centrally, and Trout Creek near to Lake Tahoe.
2.1.1

Basin Boundaries

The TVS Subbasin is a roughly triangular area that is bounded on the southwest by the
Sierra Nevada, on the southeast by the Carson Range, and on the north by the southern shore of
Lake Tahoe. The TVS Subbasin generally conforms to the valleys of the Upper Truckee River
and Trout Creek. The TVS Subbasin does not share a boundary with any other basin or subbasin
identified in California’s Groundwater (Bulletin 118). The City of South Lake Tahoe overlies the
northern portion of the TVS Subbasin. The southern boundary extends about 3 miles south of the
town of Meyers. The northeast boundary of the TVS Subbasin is defined by the CaliforniaNevada state line; however, a small portion of the physical groundwater basin extends beyond
the state line into Nevada as shown on Figure 2-1. The Nevada portion of this subbasin is not
considered within the scope of the Alternative Plan.
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Figure 2 1. Tahoe Valley South Subbasin (6-005.01). The Nevada portion of this subbasin is not
considered within the scope of this Alternative Plan.
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2.1.2

Geographic Sub-Areas

For ease of description, the TVS Subbasin is subdivided into geographically based
subareas: Christmas Valley, Meyers, Angora, South Lake Tahoe, Tahoe Keys and Bijou. The
locations of these subareas are shown in Figure 2-2. These subareas are also used to name waterbearing zones recognized within the basin fill aquifer (Section 2.5).
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Figure 2 2. Geographic subarea designations and Management Area (provisional) proposed in
the Alternative Plan.
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2.1.3

Provisional Management Area

Under SGMA, a GSA may designate management areas within a basin for which the
GSP or GSP Alternative identifies 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. (23 CCR § 351(r).) The District
has provisionally identified a potential management area generally located south of the Lake
Tahoe Airport. The provisional management area is shown in Figure 2-2 and discussed in detail
in Section 8.3.
2.2

Climate

Climate is the general prevailing weather conditions in an area over an extended period.
The following section describes the climatology of the TVS Subbasin. Predicted impacts from
climate change throughout the Sierra Nevada Region are discussed at the end of this section.
2.2.1

Climatology

In general, precipitation falls as weather systems transport moisture east from the Pacific
Ocean (Crippen and Pavelka, 1970; Thodal, 1997). The Sierra Nevada forces these masses
upward. As a result, precipitation is higher in the Lake Tahoe Basin than it is either in the Central
Valley to the west, which lies at a low elevation, or the Carson City area to the east, which is in
the rain shadow of the Sierra Nevada.
Due to the rain shadow effect, precipitation is generally greater in the western portion of
the Lake Tahoe Basin as compared to the eastern portion (Figure 2-3). Frontal systems typically
come from the west from November through May and account for over 85 percent of
precipitation in the Lake Tahoe Basin. In some years, summertime monsoon storms from the
Great Basin bring intense rainfall, especially to high elevations, primarily affecting areas to the
northeast of South Lake Tahoe. Mean annual precipitation ranges from a low of 20 inches near
Lake Tahoe to a high of 40 inches in the southwest. In the higher elevations annual precipitation
can exceed 75 inches along the western flank near Echo Summit, 55 inches in the south, and only
35 inches along the eastern flank near Heavenly Valley Ski Resort. On average, 334,000 acrefeet per year (AFY) of precipitation falls within the hydrologic area being analyzed in this
Alternative Plan.
Most annual precipitation is in the form of snow. In the Sierra Nevada, snow falls in great
quantities from late November to early April. Winter snowpack in the mountains can exceed 20
feet. Figure 2-3 shows the locations of the National Resources Conservation Service (NRCS)
snow telemetry stations (SNOTEL) in South Lake Tahoe. The Echo Peak station measures
almost twice as much precipitation as the other three stations (Fallen Leaf, Heavenly Valley, and
Hagan’s Meadow) that are located at lower elevations or to the east.
The South Lake Tahoe area experiences considerable variability in annual precipitation
as shown in Figure 2-4. Over the period from 1979 to 2020, annual precipitation ranged from just
under 15 inches (1987) to over 67 inches (2017) at the Hagan’s Meadow SNOTEL station.
Although precipitation rates in the region are highly variable, the annual average precipitation
(33.8 inches) over the last ten years (2011 – 2020) is similar to the longer-term average (31.5
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inches) over the period of 1979 through 2020. However, this comparison of averages is skewed
by the two highest annual precipitation years in 2011 WY and 2017 WY. Over the past ten years,
the region has also experienced a Statewide Drought Emergency (2012-2016) and below average
precipitation during the 2018 WY and 2020 WY.
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Figure 2-4. Annual water year precipitation measured at Hagan’s Meadow SNOTEL Station 508.

2.2.2

Water Year Classification

Water year classification refers to the categories used to assess the amount of annual
precipitation in a basin. DWR generally assigns water year type based on river flow indices or
precipitation amounts. For example, in the Sacramento Valley, the SWRCB developed five
categories based on runoff forecasts and previous water year’s index: (1) wet, (2) above normal,
(3) below normal, (4) dry, and (5) critical (SWRCB, 1978). A description of the water year
classification developed for the TVS Subbasin is presented in Section 9.1.2.1.
2.2.3

Climate Change

Recent findings show significant shifts in the timing of snowmelt and observed
streamflow in several watersheds in the Sierra Nevada (Coats, 2010), and vulnerability of
groundwater to changing climate in the region (Singleton and Moran, 2010). A hydrologic
modeling study was conducted in a nearby Lake Tahoe watershed (Incline Creek, Third Creek,
and Galena Creek) to gain insight into mechanisms behind these potential changes (Huntington
and Niswonger, 2012). An integrated surface and groundwater model was used to simulate
climate impacts on surface water/groundwater interactions using projections of temperature and
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precipitation from 2010 to 2100. The model also evaluates the interplay between snowmelt
timing and streamflow, groundwater recharge, storage, groundwater discharge, and
evapotranspiration. A hydrologic modeling study in a nearby Lake Tahoe watershed (Incline
Creek, Third Creek, and Galena Creek) provided insight into mechanisms behind these potential
changes (Huntington and Niswonger, 2012).
Global Climate Models (GCMs) consistently indicate that increased carbon dioxide
concentrations will lead to temperature increases within the study area of 2°C (3.6°F) – 4°C
(7.2°F) from 2010 to 2100 relative to the base period of 1950 through 2010 (Christensen et al.,
2007). The temperature increases predicted by any individual model are highly dependent on the
carbon dioxide emission scenario used to drive the model, which relies on global assumptions of
population growth and future reliance on fossil fuels.
The climate models do not agree on expected changes in precipitation. For one of the
most aggressive greenhouse gas emissions scenarios (scenario A2: 4°C or 7.2°F increase in
temperature by 2100), four GCMs predict a steady decrease in annual precipitation, while the
other two predict a steady increase in precipitation. Predicted declines for four of the models are
approximately 10 percent by 2100. The Geophysical Fluid Dynamics Laboratory (GFDL)
Climate Model Version 2.1 model predicts the largest declines in precipitation on the order of 20
percent by the end of this century. Because of the large uncertainty in precipitation predictions,
impacts to total groundwater recharge are difficult to predict.
Though changes in precipitation magnitude are highly uncertain, all models agree that the
snowpack will decline significantly in the future due to precipitation falling mostly as rain
instead of snow (Huntington and Niswonger, 2012). This result is seen clearly in Figure 2-5
which shows the predicted changes in various hydrologic variables for the emissions scenario
A2. According to this scenario, the snow-water content, which is a measure of the amount of
water contained within the snowpack, decreases by a factor of five between 2010 and 2100.
Additionally, increasing temperatures will result in significant timing shifts of hydrologic
response. In particular, the snowpack will begin to melt earlier and earlier, which will cause peak
runoff to occur about six weeks earlier in 2100 than it did in 2010. The earlier runoff cascades
through the hydrologic system and impacts the timing of all other important hydrologic
processes, including groundwater recharge, which is expected to peak about one month earlier in
2100 as compared to 2010.
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2.3

Soils

The TVS Subbasin consists of three soil types at the order level: alfisols, entisols, and
inceptisols (NRCS, 2012). The spatial distribution of soil types is shown in Figure 2-6. Alfisols
develop from weathering processes that leach clay minerals out of the surface layer and into the
subsoil. These soil types tend to form under forest canopies and provide relatively high fertility
to vegetation. Entisols are weakly-developed soils that are unaltered from their parent material.
Inceptisols are better developed than entisols, but their lack of accumulated clays allows them to
drain more freely than entisols. These soil types are found along riparian corridors of Trout
Creek and the Upper Truckee River.
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2.4

Geology

The regional geology for the Lake Tahoe Basin can be generalized as surrounding
mountains composed mainly of intrusive granitic rocks and metamorphic rocks; and valleys with
basin-fill composed of glacial and alluvial deposits. The basin-fill deposits have been reworked
by glacial activity, alluvial and fluvial processes, and by Lake Tahoe in response to fluctuations
in lake levels. Figure 2-7 shows the distribution of these deposits in the southern Lake Tahoe
area (Plume et al, 2009).
Lake Tahoe rests within a fault-bounded structural basin, or graben, bordered on the west
by the Sierra Nevada and on the east by the Carson Range. The Tahoe graben formed about two
to three million years ago, leading to the large elevation difference between the Lake and the
surrounding mountains (U.S. Army Corps of Engineers, 2003). The Tahoe-Sierra Frontal Fault
Zone defines the west side of the Tahoe graben and is described as a quaternary east-dipping
normal fault, with east-side-down displacements (USGS, 2006). This western bounding fault
zone is reflected as a northwest-southeast lineament along the mountain front of the Crystal
Range from Emerald Bay toward Meyers, California (Figure 2-7). There are limited groundwater
level and aquifer test data in the higher elevations where this fault is mapped so its effect on
groundwater flow is not fully known. The East Tahoe Fault is inferred to form the eastern side of
the Tahoe graben and is poorly characterized as a Quaternary west- or east-dipping normal fault
(USGS, 2006). The bounding fault strikes north-south along the mountain front of the Carson
Range, from Stateline toward Meyers. The Tahoe Valley Fault Zone is a poorly characterized
Quaternary fault that strikes southwest-northeast in the TVS Subbasin (USGS, 2006). There is
limited evidence that this feature acts as a barrier to groundwater flow.
Glaciation greatly modified the landscape in the Lake Tahoe Basin. At least four (4)
periods of major glaciation and one minor glacial advance took place during the Pleistocene
Epoch (about 2 million to about 10,000 years). Large valley glaciers formed in most of the
canyons around the lake, except along the eastern shore where glaciation was limited to the
northern sides of the highest peaks (Burnett, 1971). One major result of the glaciations was the
deposition of large quantities of sediment in the form of till and outwash deposits, as well as
discharge of considerable quantities of finer sediment into the lake. The deposits in Lake Tahoe
and adjoining valleys can be greater than 1,000 feet thick in places (Hyne et al., 1972). Much of
the glacially derived sediment is from decomposed granite that had been scoured away and
reworked from the granitic slopes of the western and southern mountains.
The current outlet from Lake Tahoe, and the present-day Truckee River system, was
formed between 10,000 - 75,000 years ago. Earlier, the elevation of the outlet was affected by
the formation of ice dams. As a result of the formation of an ice dam at the natural outlet, the
lake level during these events is believed to have risen to as high as 6,800 feet (Birkeland, 1962).
The ice dam is believed to have been breached several times, resulting in periodic, catastrophic
flooding down the valley and periodic lowering of the lake level. During the interglacial periods,
the lake level would have been similar to today’s level. Lava flows at the outlet of Lake Tahoe
provide a minimum threshold for lake elevation at about 6,220 feet.
Within the TVS Subbasin, the geology consists of glacial till, outwash and alluvial
deposits overlying the bedrock units (Figure 2-7). Basin-fill deposits range in thickness from less
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than 100 feet along the basin margins to over 1,000 feet thick in the deeper portions of the TVS
Subbasin. Gravity survey and well drilling information suggests that at least three areas of thick
sediments occur within the TVS Subbasin. The largest of these underlies CSLT between the
Tahoe Keys development and Bijou Creek. A second is located near the south shore of Lake
Tahoe, north of Fallen Leaf Lake, underlying the present drainages of Baldwin and Taylor
Creeks. A third underlies the Meyers area south of Twin Peaks. The areas where the basin-fill
deposits are on the order of 600 feet to 1,000 feet thick generally correlate with the areas of the
highest groundwater production.
Glacial deposits were formed as valley glaciers advanced north toward Lake Tahoe
through the Upper Truckee River Valley during at least four episodes of glaciation during the
Quaternary. As these glaciers advanced, they formed ground, lateral, and terminal moraines
composed of glacial till. Glacial till in the TVS Subbasin consists of variable mixtures of silt and
sand with cobble to boulders deposits. The glacial till is mounded to form moraines composed of
poorly sorted and massive deposits consisting of variable mixtures of silt and sand with gravel to
boulder size material. The Angora Ridge, located along the western side of the TVS Subbasin
near the Angora subarea, is one of the most prominent glacial landforms within the TVS
Subbasin.
Glacial outwash was formed as glaciers receded and meltwaters flowed downstream
north toward Lake Tahoe. Meltwaters dropped their sediment loads along stream channels and in
broad coalescing flood fans forming outwash plains. The channel and fan deposits are composed
of layered beds of well sorted gravel, sand, and silt size material. Where glacial streams
deposited sediment directly into Lake Tahoe, broad deltas were formed of interbedded sand with
silt and clay. These delta sequences grade laterally with:
•

lakeshore deposits consisting of moderately well sorted sand and gravel deposits
with relatively high permeability.

•

inter-fan and marsh deposits consisting of fine-grained sand, silt, and clay; and

•

lake deposits, consisting of silt and clay.

Alluvium are primarily floodplain deposits composed of stratified silt and sand, and channel
deposits consisting of stratified sand and gravel with locally interbedded lacustrine deposits
composed of bedded silt and clay (Harrill, 1977). The alluvium consists mostly of decomposed
granite from surrounding hillslopes and reworked glacial deposits and ranges from 10 – 20 feet
thick near the basin margin and more than 500 feet thick near the south shore of Lake Tahoe.
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Two representative cross sections (Figure 2-8 and Figure 2-9) depict the interlayered
character of the basin-fill within the TVS Subbasin. In general, the basin-fill is composed of
coarse-grained glacial outwash, fluvial, and deltaic deposits, and fine-grained lacustrine
sediment. Figure 2-8 shows a north-south cross section extending north of Meyers across the
area of thick basin fill to the south shore of Lake Tahoe. Figure 2-9 shows an east-west cross
section along the south shore of Lake Tahoe from near Camp Richardson on the west (Valhalla
Well) to near Bijou Creek on the east (Bijou School Well).

Figure 2-8. Geologic cross section D’ – D”/F’ trending south to north across the north half of the
TVS Subbasin (from Kennedy Jenks, 2014).
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TVS Subbasin (from Kennedy Jenks, 2014).
2.5

Basin Aquifer

Most water wells drilled in the TVS Subbasin are completed in basin-fill deposits that
generally consist of unconsolidated glacial, lake and stream sediments. These sedimentary
deposits fill the lower reaches of the canyons that drain toward Lake Tahoe and underlie the
relatively flat lying valley floors. These deposits can be over 1,000 feet thick in the deeper
portions of the basin, but thin toward the basin margins where they are underlain by shallow
bedrock.
Permeability of these sediments differs considerably, both spatially within each unit and
between the different units. In general, glacial outwash and fluvial deposits are highly permeable,
while glacial moraine and lacustrine deposits tend to have moderate and low permeability,
respectively (Thodal, 1997; Fogg et al., 2007). Fogg et al. (2007) used lithologic and geophysical
logs to construct a series of 10 regional cross-sections through the TVS Subbasin (Appendix F).
They identified at least 26 water-bearing zones within the basin-fill aquifer using the logs and
interpreted correlations to divide the basin-fill into multiple layers, representing regionally
correlated units of high and low permeability. Units of relatively high permeability typically
correspond to coarse-grained glacial outwash, fluvial and deltaic deposits forming the basin-fill
aquifer. The laterally continuous fine-grained lacustrine (lakebed) deposits form local confining
layers or aquitards that affect groundwater flow between these higher permeability deposits.
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During 2019 and 2020, lithologic interpretation of shallow and deep boring logs collected during
high density drilling of the basin-fill in the South Lake Tahoe subarea indicate that that the
lateral continuity of interlayered confining layers may be more limited than depicted in Figure 29 (AECOM, 2021). As the lateral extent of confining layers are reduced the potential for vertical
movement of groundwater within the basin-fill increases. This also increases the susceptibility of
deeper water-bearing zones to contamination.
The relatively high permeability glacial outwash and delta deposits form excellent
groundwater aquifers. The most transmissive of these aquifers has been found in the South Lake
Tahoe subarea, primarily beneath the present-day Truckee Marsh. Both the inter-fan, marsh and
lake deposits are fine-grained and have relatively low permeability. These fine-grained deposits
form at least four locally extensive aquitards that separate the TVS Subbasin into at least five
distinct water-bearing zones (WBZs). Where the sediment types are layered, the basin-fill aquifer
can be characterized as different WBZs. Where the fine-grained confining layers are more
discontinuous, the WBZs act as leaky or semi-confined aquifers. The shallowest intervals occur
in the upper 200 feet. These WBZs are unconfined to semi-confined depending on the continuity
and relative permeability of the overlying fine-grained layers. These shallow WBZs interact most
with surface waters.
Figure 2-10 shows a conceptual hydrogeological cross section across the northern portion
of the TVS Subbasin to illustrate these WBZs. Up to five of these zones have been identified as
being practical for groundwater management (Bergsohn, 2011). The different WBZ designations
are informal and are based on geographic subarea in which they are found and the stratigraphic
order in which they occur from deep to shallow depth (1 = lowermost zone; 5 = uppermost
zone). WBZs in the Christmas Valley subarea are designated CVZ1 through CVZ5. WBZs in the
Meyers subarea are designated MZ1 through MZ5. WBZs in the Angora subarea are designated
AZ1 and AZ2. WBZs in the South Lake Tahoe are designated SLTZ1 through SLTZ5. WBZs in
the Tahoe Keys subarea are designated TKZ1 through TKZ5. WBZs in the Bijou subarea are
designated BZ1 through BZ5.
The deepest zone (WBZ1) occurs in the deepest portions of the basin, generally at depths
below 600 feet, and may act as a confined aquifer and may locally show artesian conditions. The
middle two zones (WBZ2 and WBZ3) represent the interval at depths between 200 to 600 feet
and the shallowest two zones (WBZ4 and WBZ5) represent depths up to 200 feet.
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TVS Subbasin.
2.6

Surface Water Features

Surface water features within the South Lake Tahoe area include 11 watersheds that feed
streams and numerous lakes. Alongside many of these surface features are delineated stream
environment zones (SEZs), defined as areas “that owe their biological and physical
characteristics to the presence of surface or ground water.” The SEZs delineated by the TRPA
comprise not only streams, but also meadows, marshes, wetlands, and other riparian habitats.
These established SEZs are used as a proxy for Groundwater Dependent Ecosystems (GDE)
(Section 2.6.3).
2.6.1

Watersheds

TRPA has defined 11 priority watersheds within the South Lake Tahoe area; of these
portions of seven watersheds fall within the TVS Subbasin (Figure 2-11). These include Tallac
Creek, Taylor Creek, Camp Richardson, Upper Truckee River, Trout Creek, Bijou Creek, and
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Bijou Park Watershed. The total watershed area for the South Lake Tahoe area is 99,900 acres,
all of which flow into Lake Tahoe. The area for the TVS Subbasin is 14,800 acres.
There are seven USGS stream gages within the southern Lake Tahoe area (Figure 2-11).
For the Taylor Creek Watershed, the Taylor Creek gage (10336626) is located at the outlet of
Fallen Leaf Lake and has daily discharge data available from 1968 – 1992. In the Upper Truckee
River Watershed there are two gages. One gage is located at Highway 50 above Meyers,
California (103366092) with a period of record from 1990 – present, and another downstream in
CSLT (10336610) with data from 1971 – present. In the Trout Creek Watershed there are three
(3) gages. The upstream gage is at U.S. Forest Service Road 12N01 (10336770) with data from
1990 – 2011. Downstream there is a gage at Pioneer Trail (10336775) with data from 1997 –
2003 and again from 2007 – 2014. Further downstream the third gage is located near Tahoe
Valley (10336780) with discharge data from 1960 – present. On the Nevada side of the analysis
area, a gage exists on Edgewood Creek at Stateline, Nevada (10336760) with data from 1992 –
2012.
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Figure 2-11. Watersheds, lakes, streams, and USGS gaging stations within the South Lake Tahoe
area.
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Discharge data from the downstream gages at Edgewood Creek (10336760), Trout Creek
(10336780) and the Upper Truckee River (10336610) were used to develop a regression between
watershed area and average annual runoff (Figure 2-12). The regression equation was used to
estimate average annual runoff for the eight remaining watersheds in the southern Lake Tahoe
area (Table 2-1.). Total average annual runoff from the South Lake Tahoe watersheds to Lake
Tahoe is estimated to be 124,000 AFY.
Table 2-1. Estimates of average annual runoff for eleven South Lake Tahoe watersheds either
directly overlying or neighboring the TVS Subbasin.
Watershed

Area (acres)

Runoff (af)

Burke Creek

3,179

2,936

Regression

Edgewood Creek

4,275

3,243

Measurements (2007-2012)

Emerald Bay

5,639

3,755

Regression

Bijou Park

1,974

2,603

Regression

Cascade Creek

3,019

2,889

Regression

Tallac Creek

2,932

2,864

Regression

Bijou Creek

1,807

2,560

Regression

Camp Richardson

2,651

2,785

Regression

Taylor Creek

11,787

6,943

Regression

Trout Creek

26,428

25,361

Measurements (1960-2016)

Upper Truckee

36,216

68,400

Measurements (2007-2016)

Total:

99,907

124,339
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Figure 2-12. Relationship between watershed area and average annual runoff for Edgewood
Creek, Trout Creek, and the Upper Truckee River watersheds.

2.6.2

Lakes

Lake Tahoe is the principal hydrologic feature covering approximately 192 square miles
in total area within the Lake Tahoe Hydrologic Basin. In addition to Lake Tahoe, there are
numerous other lakes and tributary streams in the South Lake Tahoe area (Figure 2-11). Some of
the larger lakes in the area include Emerald Bay, which is part of Lake Tahoe, Cascade Lake,
Fallen Leaf Lake, and Echo Lake.
Over the last few decades, the water surface elevation of Lake Tahoe ranged from 6,220
to 6,229 feet above mean sea level (AMSL), and is controlled by the Lake Tahoe Dam, which
regulates discharge into the Truckee River near Tahoe City. The natural sill (i.e., rim) of the
basin is at 6,223 feet AMSL and once lake level drops below this elevation water is unable to be
released to the Truckee River. Figure 2-13 provides a hydrograph for Lake Tahoe from 1968 to
2020. During this period, the Lake elevation has fallen below the natural rim nine times in
response to drought periods.
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Lake Tahoe Elevation 1969 WY - 2020 WY (USGS 10337000)
6230.00

Elevation (NGVD29)

6228.00

6226.00

6224.00
Lake Tahoe Rim Elevation = 6223 ft msl

6222.00

6220.00

6218.00

Figure 2-13. Hydrograph showing historic elevations for Lake Tahoe measured at the Tahoe
City, CA gage (USGS 10337000).
2.6.3

Groundwater Dependent Ecosystems (GDEs)

Groundwater dependent ecosystems (GDEs) are ecological communities or species that
depend on groundwater emerging from aquifers or on groundwater occurring near the ground
surface (23 CCR, § 351 (m)). GSAs are responsible for identifying GDEs within a groundwater
basin. As stream environment zones (SEZs) and GDEs are both dependent on the presence of
groundwater there is substantial overlap in the spatial distributions of SEZs as mapped by the
TRPA and of GDEs as delineated by The Nature Conservancy in the TVS Subbasin. Because
SEZ is an established term, commonly used in land planning and environmental resource
management across regulatory and environmental agencies working within the TVS Subbasin,
SEZ shall be used as a proxy for describing the spatial distribution of GDEs in the Alternative
Plan.
Surface water features help to filter water and provide critical habit. The most important
of these features are recognized by the TRPA as SEZs. SEZs are defined in the TRPA Code of
Ordinances as an area that owes its biological and physical characteristics to the presence of
surface or groundwater. This term was developed by TRPA to denote perennial, intermittent and
ephemeral streams, and drainages, as well as marshes and meadows. SEZs generally possess the
characteristics of riparian or hydric (wet site) vegetation, alluvial, hydric soils, and/or the
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presence of surface water or near-surface groundwater at least part of the year. As shown on
Figure 2-14, the SEZs in the TVS Subbasin generally occur along riparian corridors. The SEZs
help protect water quality because as the surface water flows slow in these areas, natural
processes of infiltration, nutrient uptake, denitrification, and sediment capture help to reduce
sediment and nutrients in the surface water.
As mapped by TRPA, 130 SEZs (Figure 2-14) fall completely or partially within the
South Lake Tahoe area, and 52 wholly or partially within the TVS Subbasin. Any use of the
terms “groundwater dependent ecosystem” or “GDE” in the Alternative Plan will be in reference
to these mapped SEZs, unless otherwise stated.
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GDEs provide numerous ecosystem services, ranging from recreation and flood
mitigation to biodiversity and carbon sequestration, and provide habitat for a wide range of
species, including protected species. Within the TVS Subbasin, these ecosystems primarily occur
as riparian areas or meadows alongside stream channels or lakes. Lahontan cutthroat trout
(LCT), federally listed as a threatened species, occur in the streams within the basin, and the
adjacent riparian ecosystems support populations of endangered Sierra Nevada yellow-legged
frogs. GDEs are also home to species protected by the state of California, including bald eagles,
great gray owls, and Sierra Nevada red fox (Rohde et al. 2019).
Like other salmonids, LCT are sensitive to water temperature – they begin to exhibit
acute stress at temperatures greater than 72 °F (22 °C) (Rohde et al. 2019). Similarly, Sierra
Nevada yellow-legged frog populations require surface water features that do not freeze during
the winter (Rohde et al. 2019). Both warm summer temperatures and freezing winter
temperatures can be mitigated by baseflow to streams and meadows. Groundwater impacts that
may affect the LCT and Sierra Nevada yellow-legged frog populations are addressed in the
thresholds for interconnected surface water. Bald eagles and great gray owls nest and feed in and
around GDEs, and the Sierra Nevada red fox depends on GDEs for both its habitat and its forage
range (Rohde et al. 2019). The conservation of these ecosystems also supports the conservation
and recovery of these protected species.
The GDEs within the TVS Subbasin are affected not only by groundwater management
practices, but also by climate change, land use changes (i.e., nearby development) and
disturbances such as floods and fires. The status of these systems is monitored by TRPA using a
range of metrics that include both physical (e.g., headcuts, incision, gullies) and biological (e.g.,
vegetation vigor, conifer encroachment, biotic integrity) indicators (TRPA 2020). To avoid
duplicating those monitoring efforts, this plan focuses on the groundwater levels and connections
to surface waters as indicators of GDE impacts. Appendix G details an assessment of the
historical status of GDEs within the TVS Subbasin, as well as projections of future conditions.
Over the past 30 years, groundwater levels in the 130 GDEs within the model domain have
fluctuated with changes in precipitation but have generally not exhibited statistically significant
trends over time. When statistically significant trends have been observed, those trends have
been towards higher groundwater levels.
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SECTION 3:

ALTERNATIVE PLAN AREA

The following section describes the factors affecting use of the groundwater basin,
including information regarding population, land use, groundwater uses and users and drinking
water demand projections for the TVS Subbasin.
3.1

Population and Economy

Most of the population within the greater South Lake Tahoe area lives within the
residential areas of CSLT and the adjoining unincorporated communities of the County. Because
of land use and development restrictions, projected population growth in the greater South Lake
Tahoe area is low, generally less than one percent.
The California Department of Finance (DOF) is designated as the official source of
demographic data for state planning and budgeting. Demographic data from the Demographic
Research Unit of the California Department of Finance were reviewed for current and future
population growth estimates for the County and the CSLT (DOF, 2020 a; 2020b; 2020c and
2020d). These data were reviewed prior to the 2020 Census.
Population estimates for the CSLT through 2019 is estimated at approximately 22,800.
Since 2000, the annual growth rate for the CSLT is estimated at -0.18%. County population
projections (2010-2060) estimates show the 2020 population for the County estimated at
approximately 193,000. shows the annual growth rates for the County over the current 50- year
forecast period (2010 – 2060). The County 50-year population growth rate (0.37%) is used to
project future groundwater extractions within the TVS Subbasin for the projected water budgets
presented in Section 5.4.8 of this report.
Table 3-1. P-1 projected long-term population growth rates for El Dorado County, California
(DOF, 2020d).
PERIOD
Population Growth (2010 - 2020)
Population Growth (2020 - 2030)
Population Growth (2030 - 2040)
Population Growth (2040 - 2050)
Population Growth (2050 - 2060)
Population Growth (2010 - 2030)
Population Growth (2010 - 2040)
Population Growth (2040 - 2060)
Population Growth (2010 - 2060)
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ANNUAL GROWTH RATE
0.66%
0.75%
0.27%
-0.10%
0.17%
0.73%
0.59%
0.04%
0.37%
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The economy of South Lake Tahoe is largely dependent upon tourism. As a destination
resort, the South Lake Tahoe area experiences large fluctuations in population on a regular basis.
Because of this, water purveyors experience fluctuations in the water demand corresponding to
the summer tourist season and must meet maximum water demands on long weekends and
holidays.
3.2

Land Use

TRPA developed a generalized depiction of the approved land uses for the Lake Tahoe
Basin (TRPA, 2012). The land-use classification types occurring within the TVS Subbasin are
shown in Figure 3 1. Land use is primarily designated as Residential (7,823 acres or 52.8
percent); Recreation (1,855 acres or 12.5 percent); Mixed-Use (1,390 acres or 9.4 percent) or
Tourist (396 acres or 2.7 percent); with the remaining 3,349 acres designated as either
Conservation (3,330 acres or 22.5 percent) or Backcountry (19 acres or 0.1 percent). Land use
within the surrounding watersheds neighboring the TVS Subbasin are designated as either
Backcountry (33,287 acres); Conservation (30,359 acres); Wilderness (15,586 acres); or Mixed –
Use (5,832 acres). Agricultural or industrial land use types do not occur within the TVS
Subbasin or surrounding watershed areas. Areas (in acres) for each land use type is presented in
Table 3-2.
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Figure 3-1. TRPA land use types recognized within the TVS Subbasin.
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Table 3-2. Land use types and areas within the South Lake Tahoe area.
TYPE
Backcountry
Conservation
Mixed-Use
Recreation
Residential
Tourist

TVS SUBBASIN

TOTAL

Area (acres)
19
3,330
1,390
1,855
7,823
396
14,814

SURROUNDING WATERSHEDS
TYPE
Backcountry
Conservation
Wilderness
Mixed-Use
TOTAL

Area (acres)
33,287
30,359
15,586
5,832
85,064

TVS SUBBASIN + WATERSHEDS

3.2.1

99,878

Land Use Designations

Land use designations are defined by TRPA in the 2012 Regional Plan for Lake Tahoe
(TRPA, 2012). Wilderness Areas are designated and defined by the U.S. Congress as part of the
National Wilderness Preservation System. These lands offer outstanding opportunities for
solitude and primitive, unconfined recreation experiences. They also contain ecological,
geological, and other features of scientific, educational, scenic, and historic value. Backcountry
Areas are designated and defined by the U.S. Forest Service as part of their Resource
Management Plans. These lands are roadless areas where natural ecological processes are
primarily free from human influences. Conservation Areas are non-urban areas with value as
primitive or natural areas, with strong environmental limitations on use, and with a potential for
dispersed recreation or low intensity resource management. Recreation Areas are non-urban
areas with good potential for developed outdoor recreation, park use, or concentrated recreation.
Resort Recreation Areas are the specific Edgewood and Heavenly parcels. Residential Areas are
urban areas having potential to provide housing for the residents of the region. In addition, the
purpose of the residential classification is to identify density patterns related to both the physical
and manmade characteristics of the land and to allow accessory and non-residential uses that
complement the residential neighborhood. Mixed-use Areas are urban areas that have been
designated to provide a mix of commercial, public services, light industrial, office, and
residential uses or have the potential to provide future commercial, public service, light
industrial, office, and residential uses. Tourist Areas are urban areas that have the potential to
provide intensive tourist accommodations and services or intensive recreation.
22622517.26
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3.3

Groundwater Uses and Users

Drinking water is the primary use of groundwater within the TVS Subbasin. Users of
groundwater in the TVS Subbasin include public water systems, individual well owners,
environmental users, the US Forest Service, and disadvantaged communities. Collaboration with
these interest groups is discussed in Section 7.
Community water systems within the TVS Subbasin include the District, TKWC, LBWC
and Lakeside Park Association (LPA). The District, TKWC and LBWC are 100 percent reliant
on groundwater sources. The primary source for LPA is surface water which is supplemented
with groundwater. Together these community water systems are believed to account for more
than 90 percent of the groundwater annually extracted from the TVS Subbasin. Further
information about these water systems is provided in Section 3.3.2. Individual water systems
within the TVS Subbasin include small community and non-community water systems, state
small water systems and domestic well owners.
3.3.1

Groundwater Uses

The primary use of groundwater in the TVS Subbasin is as drinking water for residential
and commercial water uses. Water use information provided in this section is from the District’s
customer service database. The District produces most of the drinking water used within the TVS
Subbasin (see Figure 3-2). Although not complete, information from the District’s customer
service database is believed to be adequate to show the general pattern of water use within the
TVS Subbasin.
Table 3-3. shows water uses by sector from metered data for the District’s water system
during the 2020 calendar year. The District is in the process of installing meters on all
connections and is planned to be fully metered before the end of this year (2022). The 2020 data
captures about 97 percent of the total number of water accounts in the District’s water system.
The majority of the District’s customers are residential. The District’s commercial category
includes office and retail, resorts including hotels, restaurants, and snowmaking and government
customers. The “Other” category consists of water transfers through the District’s intertie to the
LBWC water system under its Mutual Aid and Assistance Agreement. “Losses” are the nonrevenue water system losses calculated from the difference between total groundwater
production from District wells and consumption from the District meter data.
Table 3-3. 2020 water uses by sector for the District water system, in acre feet (AF). The total
volume accounts for about 97 percent of the Districts total water accounts which were metered in
2020. Losses were estimated using the difference between District groundwater production and
consumption from the meter data.
Use Type
Single Family
Multi-Family
Commercial

22622517.26

Additional Description Level of Treatment When
(as needed)
Delivered
RES
MFR
COM +MHT+ GOV

Drinking Water
Drinking Water
Drinking Water

Volume, AF
3,258.7
739.38
703.00
47

Use Type

Additional Description Level of Treatment When
(as needed)
Delivered

Other
Losses

Mutual Aid Transfers
non-revenue water

3.3.2

Drinking Water
Drinking Water
TOTAL

Volume, AF
0.10
1,076.8
5,778

Community Water Systems

Community water systems (CWS) in the TVS Subbasin include both public utility water
purveyors and community water purveyors that are not public utilities. These are regulated water
systems with more than 250 connections. CWS supplies water to the same population of at least
25 people year-round at their primary residences or at least 15 residences that are primary
residences (for example, municipalities, mobile home parks, and sub-divisions).
Groundwater production from the four largest CWSs is estimated to account for more
than 90 percent of the groundwater extracted from the TVS Subbasin. Table 3-4. Shows the
connection and population information for these four water systems.
Table 3-4. Water systems information for the four largest community water systems within the
TVS Subbasin (Safe Drinking Water Information System, downloaded October 12, 2021).
Water System

Water System
No.

Primary
Source

Population
Served

Service
Connections

South Tahoe
PUD-Main
(District)

0910002

Groundwater

33,124 –
Residents

14,235

Tahoe Keys
Water Company
(TKWC)

0910015

Groundwater

1,420 – Residents

1,566

Lukins Brothers
Water Company
(LBWC)

0910007

Groundwater

3,200- Residents

982

Lakeside Park
Association
(LPA)

0910019

Surface Water

1,554 – Residents

139

88,000 – Tourist

Groundwater extractions from the District, TKWC, LBWC and LPA wells are metered
using propeller or turbine type flowmeters with a register for total flow and a flow rate indicator.
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Totalizer readings are recorded daily by the District and monthly by TKWC, LBWC and LPA.
Accuracy of measurement for these flow meters is typically on the order of +/- two percent.
Groundwater production trends for the District, TKWC, LBWC and LPA water systems
are shown below in . Since the 2005 WY, groundwater pumpage by these water systems has
ranged from a low of approximately 6,306 AF during the 2015 WY to a high of approximately
9,652 AF during the 2007 WY. Since 2005, total groundwater pumpage by these water systems
averaged 7,631 AFY. During the 2020 WY, total groundwater production (6,791 AF) was about
10 percent below the average value.
Service areas for the District, TKWC, LBWC and LPA water systems as well as the
locations of active wells and their annual pumpage for the 2020 WY are shown on . Slightly
more than 70 percent of the total groundwater pumpage for the 2020 WY was extracted from the
South Lake Tahoe sub-area.
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TVS Subbasin Community Water System Pumpage
■ LPA

■ LBWC

■ TKWC

■ STPUD

■ CWS WELLS - TOTAL

GROUNDWATER PRODUCTION (in AF)

10,000

CWS WELLS -TOTAL AVERAGE = ~7,631 AF

8,000

6,000

4,000

2,000

0

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

WATER YEAR
Figure 3-2. Groundwater production trends for community water system wells in the TVS Subbasin since the 2005 WY, in AF.
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3.3.2.1

South Tahoe Public Utility District

The District was established in 1950 and is the single public utility water purveyor within
the TVS Subbasin. The service area is largely residential with a relatively small number of
connections to commercial businesses. Groundwater pumping is generally controlled by
changing water storage reservoir levels in response to water system demands within the pressure
zone served by the reservoir within which it is located. The booster stations and pressure
reducing valves are used to distribute water between pressure zones.
The District owns, operates, and maintains a medium water system consisting of 14,235
service connections that include businesses, single-family and multi-family dwellings within a
20,480-acre service area. The District’s service area covers the majority of the TVS Subbasin
extending from the California-Nevada state line on the east to Emerald Bay on the west, and
from Christmas Valley on the south, to the south shore of Lake Tahoe to the north. Drinking
water for the District water system is currently provided by 11 active groundwater sources and
three stand-by wells. Operation of stand-by sources is limited for short-term emergencies of five
consecutive days or less and for less than a total of fifteen calendar days a year (H&S Code
§64414(c)). Table 3-5. provides well and current source capacity information for the District’s
active and stand-by wells.
Table 3-5. Well and source capacity information for District wells.
Well

Well
Year

Well
Depth

Well
Status

Al Tahoe Well #2

1978

400

Arrowhead Well #3

1998

Bakersfield Well

Source Capacity
gpm

AFY

Active

2,500

4,033

290

Active

775

1,250

1994

253

Active

1,450

2,339

Bayview Well

2004

550

Active

3,600

5,807

Elks Club Well #2

2003

228

Active

300

484

Glenwood Well #5

2002

230

Active

1,037

1,673

Helen Ave. Well #2

1966

150

Active

242

390

Paloma Well

1994

418

Active

1,825

2,944

South Upper Truckee Well #3

2004

320

Active

850

1,371

Sunset Well

1990

440

Active

600

968

Valhalla Well

1999

190

Active

600

968
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Well

Well
Year

Well
Depth

Well
Status

Airport Well

1978

380

Blackrock Well #2

1959

College Well

1981

Source Capacity
gpm

AFY

Stand-By

500

807

240

Stand-By

90

145

365

Stand-By

1,100

1,774

District water production information (2005 through 2020) shows groundwater pumpage
ranging from about 5,241 to 8,216 AFY, with an annual average of about 6,391 AFY.
Groundwater production from the District wells is believed to account for about 81 to 85 percent
of the total annual volume of groundwater extracted by CWS wells within the TVS Subbasin.
3.3.2.2

Tahoe Keys Water Company

The TKWC is a community water purveyor which is not a public utility and is managed
as a separate administrative department of the Tahoe Keys Property Owners Association.
Established in November 1963, the Tahoe Keys Property Owners Association was organized as a
mutual-benefit nonprofit corporation 501(c)(4) to provide for management, maintenance and
architectural control of the individual units and the common area property. The primary function
and responsibility of the TKWC is to operate and maintain all wells, pipe delivery systems and
monitoring equipment to consistently provide safe drinking water throughout the Tahoe Keys.
TKWC operates and maintains a small water system consisting of 1,566 service
connections that includes 1,529 residential customers and 4 commercial customers northwest of
the CSLT. The residential customers are Tahoe Keys owners and renters, consisting of
approximately 1,194 single family homes and 335 townhouses. The commercial customers
include the Tahoe Keys Marina and Tahoe Keys Office Center.
Drinking water for the TKWC water system is provided by three groundwater sources:
TKWC01, TKWC02, and TKWC03. TKWC01 casing depth is at 318 feet and can produce 1,000
gallons per minute (GPM). This well acts as the primary well and is equipped with a back-up
generator in case of a power outage. TKWC02 casing depth is at 501 feet and can produce 1,800
GPM. Since 2012, this well has been equipped with a Granular Activated Carbon (GAC) system
for the removal of tetrachloroethylene (PCE) from groundwater. Operation of the treatment
system limits current water production from this well to 550 GPM. TKWC03 casing depth is at
320 feet and can produce 1,750 GPM. Historically, TKWC has operated TKWC 01 as a lead
well with TKWC03 operated as a lag well. TKWC02 is operated during the summer months to
meet peak water demands.
Water production information provided by TKWC (2005-2020) shows groundwater
pumpage ranging from about 782 to 1,047 AFY, with an average production of about 916 AFY.
Groundwater production from the TKWC wells is believed to account for about 10 to 14 percent
of the total annual volume of groundwater extracted by CWS wells within the TVS Subbasin.
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In 2020, elevated levels of naturally occurring uranium above MCLs were detected in
raw water samples collected from TKWC02 and TKWC03. Arsenic below MCLs was detected
in all three TKWC wells. TKWC is in the process of developing both near-term interim and
emergency plans for provision of drinking water to meet its immediate summer water demands;
and long-term facility plans to prevent PCE, uranium and arsenic from entering its water
distribution system. Current interim plans are relying on strict landscape irrigation restrictions
and emergency water purchase(s) from neighboring District and LBWC water systems.
3.3.2.3

Lukins Brothers Water Company

Established in 1942, LBWC is a community water purveyor which is not a public utility
regulated by the California Public Utility Commission. The LBWC owns, operates, and
maintains a small water system consisting of 982 service connections that include businesses,
single-family and multi-family dwellings within a 320-acre service area in the northwest portion
of the CSLT. Historically, drinking water for the LBWC water system has been provided by
three groundwater sources: LBWC 01, LBWC02 and LBWC05. Of these sources only LBWC01
is active. LBWC01 casing depth is at 182 feet and can produce 700 GPM. This well is equipped
with a back-up generator in case of a power outage. LBWC03 and LBWC04 were destroyed due
impairment by PCE contamination.
In 2014, PCE contamination impaired LBWC02 and LBWC 05 (both wells share the
same well site). In 2020, LBWC02 was properly destroyed and a groundwater treatment facility
consisting of a two 8,800 –gallon GAC Treatment Vessels were installed to remove PCE from
groundwater pumped by LBWC05. A 98,000-gallon storage tank; a 250-kW emergency power
generator; and four booster pumps (2 x 15 Hp; 2 x 30 Hp) were also installed to provide storage
and redundancy for the LBWC water system. The GAC treatment system is designed to remove
PCE to non-detect levels at a design flow rate of up to 700 GPM at PCE concentrations up to 300
parts per billion. With DDW approval, and start-up testing of the groundwater treatment system
completed, LBWC05 went back on-line in July 2021. LBWC05 is operated as a lead well with
LBWC01 operated as a lag well. LBWC05 casing depth is at 255 feet and can produce 700
GPM.
Water production information provided by LBWC (2005 through 2020) shows
groundwater pumpage ranging from about 206 to 408 AFY, with an average production of about
319 AFY. Groundwater production from the LBWC wells is believed to account for about three
to five percent of the total annual volume of groundwater extracted by CWS wells within the
TVS Subbasin.
3.3 .2.4

Lakeside Park Association

Established in 1909, LPA is the first subdivision on the south shore of Lake Tahoe. The
Lakeside Park Mutual Water Company was first started in 1938 to serve the LPA service area.
The Lakeside Park Mutual Water Company is a community water purveyor which is not a public
utility serving 139 largely non‐residential connections in a roughly 70-acre area in the northeast
corner of the CSLT, north of Highway 50, adjacent to the state line. The system’s original source
came from a spring that was developed in 1908. Water storage capacity was provided by four
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7,000-gallon redwood tanks located near the spring, and water flowed downstream to the LPA
service area.
As the LPA service area developed, two groundwater wells were constructed as the
primary source of drinking water and the spring was maintained as a backup supply. In the
1960s, LPA obtained water rights to Lake Tahoe. An intake line was constructed, and surface
water became the primary source of water for the LPA service area. By the 1980s the first two
wells were abandoned, and a third well (LPA03) was constructed with a casing depth of 339 feet
and a production capacity of about 250 GPM. This well is currently used to supplement surface
water use and typically accounts for less than two percent of this systems total water production.
Water production information provided by LPA (2010 through 2020) shows groundwater
pumpage ranging from about 0.5 to 15 AFY, with an average production of about 7 AFY.
Groundwater production from this well is believed to account for less than 1 percent of the total
annual volume of groundwater extracted by CWS wells within the TVS Subbasin.
3.3.3

Individual Water Systems

Individual water systems consist of community water systems with less than 250
connections, non-community water systems, state small water systems regulated by El Dorado
County, and domestic wells. Non-community water systems are composed of transient and nontransient water systems. Transient non-community water systems provide water to 25 or more
people for at least 60 days per year, but not to the same people and not on a regular basis (for
example, gas stations, campgrounds). Non-transient non-community water systems regularly
supply water to at least 25 of the same people at least six month per year, but not year-round (for
example, schools, factories, office buildings, and hospitals which have their own water systems).
State small water systems consist of water systems for the provision of piped water to the public
for human consumption that serves at least five, but not more than 14, service connections and
does not regularly serve drinking water to more than an average of 25 individuals daily for more
than 60 days out of the year. Domestic wells supply water to an individual residence. Some
individual residences are supplied by springs and along the south shore of Lake Tahoe some
residences are supplied by freshwater intakes to Lake Tahoe. However, most private residences
are supplied by a domestic well.
As indicated in Section 4.3.3, the County Environmental Management Division,
Environmental Health Department (County Environmental Health Department) is responsible for
implementing the County Water Well Program. Information gathered from completed Well
Permit applications has been mapped by the County Surveyors office to show the spatial
distribution of wells within the County (last updated in 2018). Review of these data indicate that
from 1990 through 2018, forty-six permits for new well construction; and five permits for well
deepening were issued for properties within the TVS Subbasin. Another nine well permit
applications were issued for new well construction on parcels neighboring the TVS Subbasin.
Figure 3-4 shows the distribution of these well locations inferred from County well permit
applications.
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Figure 3-4. Parcels with County Well Permits issued for new construction or deepening in the
TVS Subbasin.
As indicated in Section 4.3.3, the County Environmental Health Department is also
responsible for implementing the County Small Water System Program. Lists of small water
systems in the South Lake Tahoe area regulated under this program were obtained from the
South Lake Tahoe office of the EDCEMD. Most of the small water systems on the list are reliant
on groundwater sources. Review of the County small water systems list indicates that there are
58 private wells regulated by the County within the TVS Subbasin. These include 38 non22622517.26
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community water systems; 14 state small water systems; 3 community water systems; and 3 nontransient non-community water systems. Figure 3-5 shows the spatial distribution of the Countyregulated small water system wells within and neighboring the TVS Subbasin.
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3.3.3.1

Domestic Water Systems (DOM)

Domestic (DOM) wells usually supply water to an individual residence. The occurrence
of high-quality water at shallow depth led to the early use of DOM wells throughout the TVS
Subbasin. Use of DOM wells are known prior to 1908 serving individual residential and
commercial units (Brown and Caldwell, 1961). The South Lake Tahoe area was strongly affected
by the growth of automobile transportation in the 1920s and 1930s. Many of the DOM wells
within the TVS Subbasin are in older neighborhoods clustered along the U.S. Highway 50
corridor, California’s first state highway established in 1896. In 1924, Tahoe Meadows was
founded as the first private summer resort community on the south shore of Lake Tahoe. Most of
the cabins within Tahoe Meadows were built from 1925 to 1941 (NPS, 1990). Potable water for
many of these cabins is provided by DOM wells.
Through the District’s customer service database, the District can recognize parcels with
individual water system wells within its service area as parcels which have sewer permits but no
water connection to the District’s water system. From this list the District can identify whether
the parcel is supplied by a well and the property type (based on Class Code). Using this method,
the District has identified 390 parcels within its service area which are inferred to be supplied by
an individual water system well, spring, or freshwater intake. Table 3-6. shows a breakdown of
these wells based on Class Code. Based on property type, as many as 310 DOM wells are
inferred within the District’s service area.
Table 3-6. Number and type of properties with individual water system wells within the
District’s service area as of February 2020.
Class Code

Number of Parcels with
a Well

Single-Family Dwelling (SFD)

310

Multi-Family Dwelling (MFD)

35

Motel/Hotel (MHT)

16

Commercial (COMM)

15

Government (GOV)

14
TOTAL

3.3.4

390

Well Owners Findings

As part of its outreach efforts, the District conducted a survey of individual water system
well owners and users of wells not connected to community water systems within the TVS
Subbasin. The purposes of this well survey were to: (1) inform well owners of groundwater
management planning and implementation efforts; (2) encourage participation of individual well
owners in the SAG; and (3) confirm the inferred location and use of individual water system
wells.
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The initial phase of the well survey spanned a two-month period from August through
October 2017. Planning for the survey involved the development of the survey questionnaire,
survey team recruitment, preparation of outreach materials and compilation of available well
owner lists from the District and SAG members, including the County and the United States
Forest Service –Lake Tahoe Basin Management Unit (USFS LTBMU). From these lists a total of
578 domestic and 56 SCWS potential wells were inferred to be located on parcels located within
or surrounding the TVS Subbasin.
The well survey was advertised using local media, public service announcements, direct
mail notification letters, door hangers and the District’s website. Participation in the well survey
was made available through a URL for direct access to the survey online, through paper copy on
request from the District, and through direct door-to-door survey performed by a dedicated threemember survey team. The well survey was successful in collecting information from a total of
370 respondents. Of these respondents, 247 confirmed the presence of a well on their parcel; 77
indicated that there was no well on the parcel; and 2 were uncertain if a well was located on their
parcel. Figure 3-6 shows the locations of the confirmed DOM locations from the well survey.
During the 2018 WY, a final report documenting the well survey was completed (Allegro
Communications, 2018) and made available to the public through the District’s website
(http://stpud.us/news/groundwater-management-process/).
Major findings from the TVS Groundwater Basin Survey of Well Owners report include:
•

Private well geographic distribution reflects travel and settlement patterns of the
one-hundred-year period prior to South Tahoe Public Utility District formation,
from 1845 to 1950.

•

Most respondents to the well survey were property owners (72%). Most of these
properties were used as “secondary” residences.

•

Most respondents (61%) indicated that the well on their property is currently inuse. Most of this use is either daily or more than 90 days out of the year.

•

Private well owners overwhelmingly “like” perceived “purity” of well water.
“Taste, color and odor” of well water are perceived favorably. Well owners enjoy
features of private well water such as “cold temperature”, “low cost”, “quality”
and “absence of chlorine”. They highly value well water while the system
consistently delivers high quality water.

•

Well owners indicating concern about well systems mention “pumps”, “wellhead
connections”, “water production” and “system maintenance.

Recommendations developed based on the information gathered during this survey
include:
1. Create capacity within the groundwater community to make technical support
available to private well owners.
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2. Complete the assessment of the status of private wells.
3. Assess risk to groundwater resources from private wells.
4. Cultivate capacity to create and maintain collaborative ties in the groundwater
community.
5. Communicate with private well owners.
6. Collaborate with national and state programs that support source water protection.
7. Share survey findings with Tahoe Basin partner agencies.
During the 2019 WY, the District started planning a second phase of surveys to contact
private well owners missed in 2017. The Phase II survey was conducted in 2020 to reach the
nearly 300 private well owners that were not contacted during the Phase I survey conducted in
2017. The Phase II Survey was started at the end of June 2020 with a direct mailer to property
owners believed to have private wells on their property. Because of the COVID-19 Public Health
Emergency, the Phase II survey was dependent on direct mail with follow-up telephone calls and
emails encouraging property owners to complete the well survey questionnaire. In appreciation
for responding to the Phase II well survey, the District offered:
•

Guidance on maintaining private wells through the County Water Well Program
website.

•

Visual well checks to help property owners identify and prevent contamination
from entering their well head.

•

General water quality testing to check well water quality.

A copy of the survey questionnaire along with the combined results from the well
owner’s survey conducted in 2017 (PWOS – I) and 2020 (PWOS – II) are provided in Appendix
H.
The survey questionnaire was the primary tool for gathering information from private
well owners during the PWOS- I and PWOS-II surveys. The questionnaire was arranged around
several topics: (1) property ownership and usage; (2) well location and usage; (3) well water
quality; (4) well system condition; and (5) interest in receiving additional information concerning
water wells and/or local groundwater management. A combined total of 509 responses were
received during PWOS- I (375 responses) and PWOS- II (134 responses). Review of the
combined responses show that many respondents (401 out of 507) were either the owner or
manager of the property; owned the property since at least 1998 (183 out of 364); and used the
property as a second home (192 out of 390). Another 107 out of 390 respondents indicated
business as the primary use of the property (includes rental properties, apartments, hotels/motels,
mobile home parks and restaurants).
Most respondents (335 of 503) indicated that a well was located on their property; 118
respondents indicated no knowledge of a well; and 50 respondents did not know. Of the
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respondents with a well on their property, 286 respondents confirmed that the well was actively
used: nearly every day (190); more than 90 days out of the year (58); infrequently (30); or rarely
(5). Three respondents answered that their well was not used at all. Of these, the majority (244
out of 283) indicated that the well was the primary source of water; the other (39) respondents
indicated that the well was used solely for irrigation.
In terms of well water quality, most respondents liked the aesthetic qualities (taste, color,
and odor) and purity of their water. Most respondents (43 out of 85) identified contaminants as a
well water concern. In terms of water well systems, pump failure was the most common concern
(50 out of 103), followed by declining water production (15 out of 103), declining water quality
(15 out of 103), and well in disrepair or lacking tight seal (12 out of 103).
Overall, the top three groundwater concerns identified during the survey were:
groundwater contamination (183 out of 408); declining groundwater levels (97 out of 408); and
population growth; future water demands (93 out of 408). A significant number of respondents
(140 out of 408) did not believe there were any concerns related to groundwater.
In terms of interest in receiving additional information, most respondents appear content
with their current level of information. Most respondents were not interested in receiving
information about County guidelines and requirements for well abandonments, connection to a
public water system, or receiving District emails about local groundwater management activities
in the TVS Subbasin.
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Spatial analysis of the well owner’s survey data shows that most respondents with private
wells on their property are located within Disadvantaged Community (DAC) Census Block
Groups (Figure 3-7). Census blocks are the smallest geographic area for which the Bureau of the
Census collects and tabulates decennial census data. A census block group is a cluster of census
blocks having the same first digit of their four-digit identifying numbers within a census tract.
Block groups generally contain between 600 and 3,000 people, with an optimum size of 1,500
people. DAC Block Groups depict data from the US Census ACS 2010-2014 showing census
block groups identified as disadvantaged communities (less than 80% of the State's median
household income) or severely disadvantaged communities (less than 60% of the State's median
household income). Results of the analysis indicates that more than one-third of the total number
of survey respondents are private well owners located with DAC Census Block Groups; and
account for nearly two-thirds of all respondents with an active well on their property. Relative to
the 2016 California median household income ($ 67,739), most survey respondents own or
operate wells located within severely disadvantaged DAC Block Groups. The high level of
engagement in the well survey suggests that this group has a significant level of interest in
groundwater-related issues and is recognized as a significant stakeholder group within the TVS
Subbasin.
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3.3.5

Groundwater Pumpage/Well Densities

Using the combined survey responses and available water use constants for private wells
within the TVS Subbasin, estimates were developed for the total pumpage from active private
wells captured in the surveys. Based on the survey responses, the following well usages, in days,
were assigned for the active wells (Table 3-7.).
Table 3-7. Assigned well usage values based on survey responses for active wells.
Survey Response

Annual Well Usage (in days)

Nearly Every Day

365

More than 90 days

180

Infrequently (15< x < 90 days)

60

Rarely (< 15 days)

10

Not at all

0

The Truckee River Operating Agreement (TROA) is an interstate water agreement for the
operation of the existing lakes and reservoirs in the Truckee River system from Lake Tahoe
downstream to the river’s terminus at Pyramid Lake (see Section 4.3.9). Under TROA, annual
diversions of water within the Truckee River Basin are calculated on an annual basis. For the
Lake Tahoe Basin, the unmeasured water used for residential purposes (i.e., DOM Wells) is
presumed at 0.40 AFY per residential unit (TROA, Section 6.D.3). Under SGMA a “de minimis
extractor” is a person who extracts, for domestic purposes, two acre-feet or less per year (SGMA
§ 10721(e)). For purposes of this water use analysis, both the TROA water and SGMA water use
rates were applied to bracket the estimated range of possible water use represented by the DOM
wells.
As indicated in Table 3-6., many of the DOM wells captured in the survey are situated on
properties with MFD, MHT or COMM uses. For MFD properties, water usage was estimated
using annual water use rates, estimated annual well usage and number of connections at the
facility (from County small water system records). For MHT properties, water use was estimated
based on the number of rooms; an occupancy rate of 50 percent (conservative estimate based on
Lake Tahoe Visitors Authority (LTVA) Transient Occupant Tax Reports for CSLT); and a water
usage rate of 101 gallons per room per day for Motels with less than 75 rooms (Murray, 2015).
For COMM properties, water usage was estimated using annual water use rates, estimated annual
well usage, a conservative occupancy rate of 50 percent (assuming business hours at 12 hours per
day, 6 days per week, for 52 weeks per year).
Figure 3-8 shows the inferred spatial distribution of well pumpage from active wells
identified during the private well owners’ surveys. The combined results included responses
from a total of 290 private well owners; of these 254 were for DOM wells; 28 were for NCWS
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wells and 8 were for SSWS wells. Using the presumed TROA water usage rate for DOM wells,
the total pumpage from the active private wells is estimated at about 126 AFY. Adjusting the
well data for discrepancies between well owner responses and existing County well records for
wells in the South Y Area increased the total pumpage for private wells by 3.32 AF to about 129
AFY. If the SGMA water usage rate for DOM wells is used, the total pumpage from the active
private wells is estimated at about 542 AFY.
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Using the survey results, a density map was generated to show the active wells within the
TVS Subbasin (Figure 3-9). As the well owners survey could not verify the locations of all active
wells within the TVS Subbasin, estimated well densities are regarded as minimum values and
may be greater than indicated.
The well density map includes the CWS wells for the District, TKWC, LBWC, and LPA.
In most of the TVS Subbasin, well densities are less than 10 wells per square mile. The areas of
highest well densities include the northeast portion of the TVS Subbasin in the Bijou and South
Lake Tahoe subareas with densities exceeding 50 wells per square mile near the Nevada border.
Another high-density (11 to greater than 50 wells per square mile) areas is located at the southern
tip of the Christmas Valley subarea along Grass Lakes Road. Lower, but significant well
densities (11 to 50 wells per square mile) are also found along the highway south of the Y and
continuing along CA-89 to the northwest, in the South Lake Tahoe and Tahoe Keys subareas.
Groundwater extractions at private wells within the TVS Subbasin are subject to some
uncertainty in terms of rates and precise well locations. Pumpage estimates stated previously
range from 142 AFY based on expected use for domestic wells, to 542 AFY based on maximum
allowable use for domestic wells. These rates are small relative to the estimated sustainable yield
for the TVS Subbasin of 13,200 AFY (Section 5.5), approximately 1.1 to 4.1%, respectively.
Given the methods used, the true rate is likely much closer to 142 AFY than to 542 AFY. Error
in these estimates can therefore be expected to be small and unlikely to have a significant effect
on planning and water budget projections. Likewise, although the precise locations of all private
wells may not be known, the general locations are known to the parcel level, and the well density
analysis can be considered reasonable accurate.
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Demand Projections

3.4

In January 2020, the District submitted a water demand analysis to the SWRCB-Division
of Water Rights in support of its water rights application (A023393). The water demand analysis
was prepared in collaboration with the North Tahoe and Tahoe City public utility districts to
determine potential annual water production needs using a joint methodology for each respective
agencies service area (Cotulla et al, 2021). The water demand analysis used water agency
metered water demand and water production data; County parcel and ownership information; and
TRPA land use information to determine the future water demand at total build-out for each
service area. The water demand analysis completed for the District’s service area presented
estimates of the total annual water production requirements for each of the four largest CWS and
other individual water users within the TVS Subbasin. Table 3-8. shows the estimated future
water demands resulting from this analysis (Kennedy Jenks, 2020).
Table 3-8. Total water production requirements estimated from future water demand analysis for
the District’s service area (adapted from Kennedy Jenks, 2020).
Water System

Baseline Water
Production
Requirement –
Current

Baseline Water
Production
Requirement –
Future

Total Water
Production
Requirement –
Future

(AFY)

(AFY)

(AFY)

South Tahoe Public Utility District

7,385

1,025

8,410

Tahoe Keys Water Company

1,018

28

1,046

Lukins Brothers Water Company

319

34

353

Lakeside Park Association

237

62

299

Other individual Water Users

676

24

700

9,635

1,173

10,808

Estimated Totals

Demand is artificially capped by the California-Nevada Interstate Compact Concerning
Water of Lake Tahoe, Truckee River, Carson River, and Walker River Basins (Compact)
approved in 1971, which allocates a total annual surface water and groundwater diversion of
23,000 AFY within the California side of the Lake Tahoe Basin. In 1972, the SWRCB adopted a
Policy for the Administration of Water Rights in the Lake Tahoe Basin establishing that all
surface water and groundwater diversions shall not exceed the allocations defined in the
Compact. In 1984 the SWRCB prepared a Draft Report titled, Policy for Water Allocation in the
Lake Tahoe Basin. This policy was termed Draft since both the States of California and Nevada
were using the Compact for water allocations within the Lake Tahoe Basin (Baer, 1994;
Kennedy/Jenks, 2007). The Compact allocated a maximum of 23,000 AF for use on the
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California side of the Lake Tahoe Hydrologic Basin, however this policy recommended that the
allocation be split between public (State and Federal) and private lands. The policy allocated a
maximum of 12,493 AFY for use in the South Lake Tahoe area, a volume greater than the
projected water demand at full build-out. Further information related to water right allocations is
presented in Section 4.3.9 of this document.
3.5

Wastewater Management

Under the Porter-Cologne Water Quality Control Act all sewerage from within the Lake
Tahoe Basin must be collected, treated, and exported outside of the Lake Tahoe Basin. The
District is the largest wastewater utility provider for the greater South Lake Tahoe area. This
regulation restricts the potential to reuse recycled wastewater to mitigate reductions of stored
groundwater should that become necessary.
The District’s sewer collection system services an area of approximately 42 square miles
and includes the CSLT; USFS LTBMU managed lands west of the CSLT; and unincorporated
area of the County, south of the CSLT (Figure 3-3). The collection system includes 41 pumping
station facilities, approximately 314 miles of gravity sewers that range in size from 4 inches to
24 inches in diameter, and approximately 22 miles of force mains that range in size from 2.5
inches to 18 inches in diameter. All sewerage from the collection system is conveyed to the
District’s Wastewater Treatment Plant (WWTP) in South Lake Tahoe. The collected wastewater
is treated to a secondary treatment standard and then disinfected with chlorine prior to being
pumped out of the Lake Tahoe Basin. The WWTP has a treatment capacity of 7.7 million gallons
per day (MGD) for dry-weather (sanitary) wastewater flows. It currently receives and treats
approximately 4 MGD during the winter and about 5 MGD during the summer. The WWTP is
also equipped to handle wet-weather flows more than 18 MGD that occur during storm events
because of inflow and infiltration to the collection system. The export system originates at the
WWTP and consists of about 27-miles of dedicated force and gravity pipelines that conveys the
disinfected secondary-23 treated wastewater to neighboring Alpine County, where it is
temporally stored in a recycled water reservoir from where it is distributed for irrigation reuse.
The total number of connections in the District’s sewer collection system is estimated at
about 22,130 sewer connections. Of these, at least 18, 277 are active, used by sewer customers.
The remaining 3,855 sewer connections are inactive. Many of the District’s sewer connections
are over 40 years old. Less than 10 percent of these connections are less than 10 years old. While
a lateral can last 50 to 100 years, its life expectancy is determined by its material, original
installation, root intrusion or external pressure, soil stability and chemical makeup, high water
tables, corrosion (sometimes from the hydrogen sulfide gas present in the sewer system), and
forces leading to structural failure (CSLT, 2014). Because of the potential for leaks, sewer lines
are considered a potential source of contamination. The Drinking Source Water Assessment and
Protection (DSWAP) Program (CDPH, 2000) also identifies wastewater treatment facilities and
conveyance as a potentially contaminating activity (Section 6.4). The District follows the
California State Water Well standards (DWR 1981, 1991) that includes mandatory setbacks of
50 feet from any sewer line.
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SECTION 4:

LOCAL GOVERNMENTAL AGENCIES AND GROUNDWATERRELATED PROGRAMS

A key goal of the Alternative Plan is to further expand collaboration with local land use
and regulatory agencies for groundwater management and water quality protection in the TVS
Subbasin. The following section outlines the existing regulatory agencies and authorities to
provide the context in which increased support for sustainable groundwater management can be
built.
Groundwater is directly regulated by the GSAs pursuant to SGMA; however, many other
agencies play a role in managing the TVS Subbasin by regulating groundwater and surface
water, land use, drinking water supply, wells, and stormwater. Coordination of implementation
of programs and policies of these agencies has enabled the TVS Subbasin to operate within its
sustainable yield and address shared groundwater quality concerns.
History of Collaboration and Collaboration Opportunities

4.1

This Alternative Plan is updated within the context of an existing, on-going coordination
and collaboration with water issues in the South Lake Tahoe area. Many long-established
relationships already exist that form the foundation of coordination and collaboration which are
honored and expanded to include consideration of groundwater management issues with an
emphasis on water quality. A key objective of this Alternative Plan is to continue to build off
these existing relationships to further enhance groundwater management and continue to
conform with the sustainability goal for the TVS Subbasin. Section 7.2 more fully describes
opportunities for collaboration with environmental and land use planning agencies and private
well owners.
Potential Collaboration on Groundwater Protection

4.1.1

All water purveyors in the TVS Subbasin have a vested interest in preserving
groundwater quality in the TVS Subbasin. The key objectives for the water purveyors are the
following:
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•

Protecting existing water supply infrastructure from groundwater contamination
to avoid loss of production capacity and incurring costs of replacing impacted
infrastructure,

•

Maintaining the water quality of the available groundwater supply in the TVS
Subbasin for providing drinking water to the community, and

•

Preserving potential future production well sites from being impacted by
groundwater contamination.

•

Information sharing from condition assessments at individual water system wells.

•

Promotion of best practices for well-head maintenance.
71

•

Increasing informal communications across agencies.

Historical issues have demonstrated the vulnerability of the aquifer in TVS Subbasin.
Relict contamination from historic releases of tetrachloroethylene (PCE) have impaired drinking
water wells within the TVS Subbasin which is believed to be derived from the past use of this
solvent at former commercial facilities dating back to the mid 1970’s (LRWQCB, 2017). In the
1990s and early 2000s, releases of fuel hydrocarbons and Methyl tert-Butyl Ether (MtBE) from
leaking underground tanks at gasoline stations resulted in several of the District’s groundwater
supply wells having to be taken offline when contamination levels exceeded drinking water
standards. Contamination from the past use of both chemicals within the TVS Subbasin has
resulted in a loss of the beneficial use of portions of the aquifer and caused water purveyors to
incur additional costs for added treatment to remove these contaminants or the replacement of
impacted wells.
The LRWQCB and County are the primary agencies for regulating groundwater in the
TVS Subbasin and overseeing groundwater remediation. An objective of this Alternative Plan is
for the District and other water purveyors to continue to work with LRWQCB and the County to
better achieve these objectives.
There are several areas for increased collaboration between the LRWQCB, County,
District, and other water purveyors to ensure information about identification, site investigations,
remediation, site inspections and case closures at groundwater cleanup sites is communicated to
the potentially affected water purveyors, and that issues and concerns of the water purveyors is
communicated to LRWQCB and County staff. It is anticipated that additional protocols would
need to be established to identify who should be contacted in such an event.
4.1.2

Potential Collaboration on Land Use Planning

Several agencies have jurisdiction and programs for land use and resource management
responsibilities. State law requires that every county and municipality adopt a long-term General
Plan that includes seven required elements. Water-related issues are generally addressed directly
in the Conservation element. Currently in California, general planning by counties and
municipalities, and groundwater and urban water management planning by large water suppliers
are the primary means of collaboration between water management and land use planning
entities. The following provides a summary of the land use planning agencies for the South Lake
Tahoe area.
Land use decisions can have significant effects on groundwater resources, yet land use
groundwater management planning is commonly not done in a collaborative and coordinated
fashion. However, the Lake Tahoe Region has a rich and complex history of managing land use
to protect Lake Tahoe water quality. While source water protection has been an integrated theme
in multi-decade, bi-state negotiations, it has had minor emphasis relative to groundwater quality
subjects. There is opportunity to increase understanding of source water issues and to raise the
profile of the subject in this Region where water quality is the focus of much attention.
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Coordination with TRPA on the update of the Regional Plan is a means to better address
the needs and issues of water purveyors for groundwater management and protection in the TVS
Subbasin. There are other administrative activities that can also be done. For example, the
District will provide TRPA with a recharge area map (Figure 6-15) and an updated map of water
supply source area protection zones (Figure 6-16) that can be incorporated into the current TRPA
planning, permitting and inspection process. Copies of these maps will be provided to the TRPA,
El Dorado County, CSLT and LRWQCB following final adoption of this Alternative Plan. The
USFS is another key agency active in the TVS Subbasin with land use planning and water
resources protection. Addition of the USFS to the SAG has provided mutual benefits in the areas
of data and information sharing and may provide further benefits in managing groundwater
contaminants detected at the Meyers Landfill Site (Section 6.3.1.3).
Potential Collaboration on Groundwater Quality Monitoring and
Management

4.1.3

All water purveyors have a shared interest in, maintaining groundwater quality for all
beneficial uses and users of groundwater within the TVS Subbasin. Since adoption of the 2014
GMP the District has convened an on-going SAG consisting of local members representing
collaborating business or government agencies with a demonstrated commitment to protecting
groundwater resources. The SAG has met regularly to discuss pertinent groundwater concerns
affecting local groundwater resources. Opportunities for increased collaboration regarding
groundwater quality monitoring and management include.
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•

Development and maintenance of a comprehensive water quality database for the
TVS Subbasin

•

Sharing of water quality data collected from existing water resource monitoring
programs that could supplement the Basin Monitoring Program.

•

Approaches to monitoring groundwater quality improvements as a metric for
evaluating the efficacy of EIP projects.

•

Use of water quality parameters for evaluation of surface water quality data with
groundwater quality data collected from water supply and environmental wells.

•

Use of existing environmental wells for possible long-term groundwater elevation
and potential water quality monitoring in the Basin Monitoring Program.

•

Potential use of the South Tahoe Groundwater Model as a foundation for
contaminant fate and transport models developed within the TVS Subbasin.

•

Improve processes for notification of unauthorized releases, and progress of
groundwater clean-up from contamination assessment through corrective action,
and closure.
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Overlying Jurisdictions

4.2

The TVS Subbasin underlies several different jurisdictions as shown on Figure 2-1.
These include the CSLT, portions of unincorporated the eastern County and federal lands
managed by the U.S. Forest Service-Lake Tahoe Basin Management Unit (USFS LTBMU). The
Nevada portion of the TVS Subbasin underlies a portion of the Cities of Stateline, Kingsbury,
and Zephyr Cove-Round Hill Village. The Nevada jurisdictions are not included in this
Alternative Plan.
Regulatory Agencies

4.3

The following section provides a summary of agencies involved in groundwater
protection in the TVS Subbasin. These agencies include agencies directly involved in surface and
groundwater regulation as well as those with land use authority impacting use of groundwater
and sustainability of the TVS Subbasin.
Table 4-1. provides a summary of the many different agencies with jurisdictions and
regulatory oversight related to groundwater quality, hazardous materials management, and land
use management in the TVS Subbasin. The following discussion provides a summary of the roles
and responsibilities for the various agencies that are relevant for managing and protecting
groundwater in the TVS Subbasin.
Table 4-1. List of Groundwater Related Governmental Agencies in the South Lake Tahoe Area.

Agency
US EPA

Federal Water
Master
Tahoe
Regional
Planning
Agency
(TRPA)

State Water
Resources
Control Board
(SWRCB)
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Geographic
Jurisdiction

Nationwide
and some
programs in
California (CA)
CA and
Nevada (NV)
within the
Truckee River
Basin,
including Lake
Tahoe Basin

Surface
Water
Quality

Ground
Water
Quality

Drinking
Water

Clean
Water Act
(CWA)

Underground
Injection
Control (UIC)

Safe Drinking
Water Act
(SDWA)

Land Use
--

Hazardou
s
Materials
TSCA,
CERCLA

Truckee River
Operating
Agreement
(TROA)

CA and NV
within the Lake
Tahoe Basin

Lake Tahoe Water Quality
Management Plan under
Section 208 of CWA and
TRPA Regional Plan

--

CA Statewide

With RWQCBs regulates
discharges to surface water
and groundwater statewide
under CWA1 and Porter
Cologne Water Quality
Control Act (WQCA).
Waste Discharges that can
be exempted from
California Code of
Regulation Requirements
(CCRs) are regulated by

DDW2 SDWA for
large water
systems

TRPA Regional Plan and
associated Storm water
BMP Handbook

--

Brownfields
and Land
Disposal
Program
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Agency

Geographic
Jurisdiction

Lahontan
Regional
Water Quality
Control Board
(LRWQCB)

Lahontan
Region
including CA
portion of Lake
Tahoe Basin

County
Environmental
Health
Department
City of South
Lake Tahoe
(CSLT)

US Forest
Service –
LTBMU

Surface
Water
Quality

Ground
Water
Quality

the Waste Discharge
Requirements (WDRs)
Program.
Basin
Plan3/TM
Basin Plan,
DL and
Underground
Lake
Storage Tank
Tahoe
(UST), Site
Municipal
cleanup
Storm
Program,
water
Permit

Hazardou
s
Materials

Drinking
Water

Land Use

--

--

County
General Plan
outside of
City limits

CUPA,
Hazardous
waste/mate
rial
generator
permits

County portion
of Lake Tahoe
Basin

--

Water Well
Program

SDWA for
small water
systems
Water Well
Program

Within City
Limits

Complies
with Lake
Tahoe
Municipal
Storm
water
Permit

--

--

City General
Plan

--

Land and
Resource
Managem
ent Plan

Proposed
Groundwater
Directive FSM
2560

--

Land and
Resource
Management
Plan

--

El Dorado
County Water
Agency Act
Water
Resources
Development
and
Management
Plan
Water Code
§§ 10723 and
10753(a)
Alternative
Plan for TVS
Subbasin

El Dorado
County Water
Agency Act
Water
Resources
Development
and
Management
Plan
Water Code
§§ 10723 and
10753(a)
Alternative
Plan for TVS
Subbasin

National
Forest Lands
in CA and NV
within the Lake
Tahoe Basin

El Dorado
Water Agency
GSA

Portion of the
TVS Subbasin
outside the
District’s
boundaries

South Tahoe
Public Utility
District GSA

Portion of the
TVS Subbasin
inside the
District’s
boundaries

Water Code
§§ 10723 and
10753(a)
Alternative
Plan for TVS
Subbasin

Notes:
(1) SWRCB/RWQCB has primacy to implement much of CWA regulatory activity
(2) SWRCB –Division of Drinking Water (DDW, formerly CDPH), the County is a Local Primacy Agency under contract to SWRCBDDW for regulating small public water systems.
(3) Basin Plan implements, for the Lahontan Region, state and federal laws including CWA, Porter Cologne WQCA, SDWA, and
other hazardous material laws by setting water quality standards

4.3.1
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SGMA created a new structure for managing California’s groundwater resources at the
local level. SGMA required GSAs to form in the State’s high- and medium-priority basins and
subbasins by June 30, 2017. (Wat. Code § 10724(b)(2).). Local agencies are expected to
collaborate and coordinate GSA formation on a basin-wide scale to sustainably manage
groundwater at a local level. A GSA may be formed by a single local agency or a combination of
local agencies by using a joint powers agreement, a memorandum of agreement, or other legal
agreement. (Wat. Code § 10723.6)
After formation, GSAs are tasked with development and implementation of GSPs to
sustainably manage local groundwater resources and avoid six undesirable results. (Wat. Code §
10727.2; see 10721(u), (v), (x).) The planning deadline for an existing GWMP to be submitted as
a GSP Alternative was January 1, 2017. (Wat. Code § 10733.6(c).)
The TVS Subbasin lies entirely within the County, and largely within the jurisdiction of
the District. As discussed in Section 1.1.2, the South Tahoe Public Utility District GSA is
exclusive to the area within its jurisdiction but cooperates with the EDWA GSA to implement a
basin-wide DWR-approved Alternative (Section 1.1.2.3). The plan development and approval
processes for this first five-year update of the Alternative Plan is described in Section 7.4 of this
document.
4.3.2

State Water Resources Control Board/ Lahontan Regional Water Quality
Control Board

The primary responsibility for the protection of groundwater quality in California rests
with the SWRCB and nine Regional Water Quality Control Boards. The SWRCB sets statewide
policy for the implementation of federal and state laws and regulations. The Regional Water
Quality Control Boards adopt and implement Water Quality Control Plans which recognize
regional differences in natural water quality, actual and potential beneficial uses, and water
quality problems associated with human activities. Chapter 5 – Water Quality Standards and
Control Measures for the Lake Tahoe Basin of the Water Quality Control Plan for the Lahontan
Region (CRWQCB, 1995) is the primary regional water quality planning document in the
California portion of Lake Tahoe and is also the basis for regulation by the LRWQCB.
Chapter 5 of the Basin Plan establishes beneficial uses and water quality objectives of
both surface water bodies and groundwater basins. It also outlines implementation programs
such as control and enforcement action and describes current monitoring activities. Programs
used to implement Basin Plan objectives include waste discharge prohibitions; spills, leaks,
investigations, and cleanups; storm water, erosion, and sedimentation control measures;
wastewater treatment, disposal, and reclamation measures; oversight of land disposal of solid and
liquid waste; groundwater protection and management; Total Maximum Daily Loads (TMDLs);
and other measures related to specific resource uses and development activities.
As described in the Basin Plan, the beneficial uses of groundwater in the TVS Subbasin
are designated as municipal, industrial, and agricultural. Ground waters designated as municipal
shall not contain concentrations of chemical constituents more than the MCL or SMCL based
upon drinking water standards specified in Title 22 of the California Code of Regulations.
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The enforcement of groundwater cleanup is primarily conducted through two LRWQCB
programs in the TVS Subbasin, the Underground Storage Tank (UST) Program and the Site
Cleanup Program (SCP). The Underground Storage Tank Program addresses the potential for,
and cleanup of, groundwater contamination from leaking tanks (primarily at gasoline stations).
The Low-Threat Underground Storage Tank Case Closure Policy (LTCP) allows contamination
to remain in place at time of closure of petroleum UST sites if LTCP criteria are met or is
otherwise appropriate for closure based on a site-specific analysis.
The UST Program includes the following four program elements:
•

Leak Prevention - The Leak Prevention Program element includes requirements
for tank installation, construction, testing, leak detection, spill containment, and
overfill protection (State Water Board responsibility; also see County
responsibility under CUPA in Section 4.3.3).

•

Cleanup - Cleanup of leaking tanks often involves a soil and groundwater
investigation and remediation, under the direction of a regulatory agency (Joint
LRWQCB/ County responsibility).

•

Enforcement - The SWRCB UST Enforcement Unit aids local agencies enforcing
UST requirements.

•

Tank Tester Licensing - Tank integrity testing is required by law, must meet the
requirements of the State Water Resources Control Board, and must be conducted
by State licensed tank testers (SWRCB responsibility).

Special programs also reside within the SWRCB’s UST Cleanup Fund for a variety of
situations involving underground storage tanks. These include the Comingled Plume Account;
Emergency, Abandoned, and Recalcitrant Account; Removing, Replacing, or Upgrading
Underground Storage Tanks; and the Orphan Site Cleanup Fund.
The SCP regulates and oversees the investigation and cleanup of “non-federally owned”
sites where recent or historical unauthorized releases of pollutants to the environment have
occurred. The types of pollutants are varied and include solvents, pesticides, heavy metals, fuel
constituents, etc. The Regional Board oversees the investigation and remediation of pollution to
ensure the dischargers cleanup and abate the effects of discharges to promote attainment of either
background water quality, or the best water quality which is reasonable if background levels of
water quality cannot be restored. Important SWRCB and LRWQCB policies used to protect
groundwater resources include:
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•

SWRCB Resolution No. 68-16: Statement with Respect to Maintaining High
Quality Water.

•

SWRCB Resolution No. 92-49: Policies and Procedures for Investigation and
Cleanup and Abatement of Discharges under Water Code Section 13304.
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•

SWRCB Resolution No. 2012-0016: Low Threat Underground Storage Tank Case
Closure Policy, which the SWRCB adopted in November 2012.

The SWRCB Division of Drinking Water DDW classifies water systems based on the
number of connections and whether the users are full time residents or short-term users. The
Drinking Water Program is responsible for enforcing the federal and state Safe Drinking Water
Acts. The main responsibilities are to: (1) issue permits to drinking water systems, (2) inspect
water systems, (3) monitor drinking water quality, (4) set and enforce drinking water standards
and requirements, and (5) award infrastructure loans and grants.
DDW Field Operation Branches are responsible for the enforcement of the federal and
California Safe Drinking Water Acts and the regulatory oversight of public water supply
systems. Water purveyors are required to submit regular water quality analysis data to DDW as
part of the Consumer Confidence Reporting Requirements.
4.3.3

El Dorado County

The land area within the TVS Subbasin that is located outside of the City of South Lake
Tahoe is contained within the County. As a result, land use regulation outside of the City of
South Lake Tahoe is shared by the County and TRPA. The County’s General Plan regarding land
area in the South Lake Tahoe area emphasizes coordination with TRPA and other state and
federal agencies with land use jurisdiction in the TV Basin (Policies 2.10.1.1 through 5, Measure
LU-O). The County’s General Plan also requires buffers to be established around future water
supplies (Policy 2.2.5.14).
The Environmental Management Department (EDCEMD) is organized into five
department units. The Environmental Health Department is responsible for regulating, domestic
wells and small water systems within the TVS Subbasin.
The Water Well Program is conducted to protect the health, safety, and general welfare of
the people of the County by ensuring that the groundwater will not be impacted. Through this
program (since 1990), permits are required for the construction, destruction, deepening, and
repair of a water well; Drillers are required to follow the California Water Well Standards (i.e.,
Bulletin 74-81 and supplements). EDCEMD staff reviews permit applications submitted by
Licensed Well Drillers for setback and development issues; and conducts inspections as required
on specific parcels prior to permit approval, during the placement of the annular seal, and at any
other time deemed necessary. Well completion reports are required to be submitted within 60
days of well completion and are reviewed prior to issuing the final of the well permit.
The Small Water System Program is involved with the permitting, inspection, and
monitoring of small public water systems. A small water system is a system for the provision of
piped water to the public for human consumption that serves at least five, but not more than 14,
service connections and does not regularly serve drinking water to more than an average of 25
individuals daily for more than 60 days of the year (CH & SC §116275(n)). The County is the
Local Primacy Agency, under contract with the Division of Drinking Water (DDW), to perform
the program requirements that are specified in State and Federal Regulations. The purpose of the
program is to ensure that small water systems deliver safe, adequate, and dependable potable
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water. Environmental Health reviews new applications and changes of ownership to verify that
the system will be able to meet technical, managerial, and financial capabilities.
The County Hazardous Materials Department is responsible for implementing the
hazardous materials and household hazardous waste programs to ensure that hazardous materials
and hazardous waste are properly managed. EDCEMD, Hazardous Waste Division It is also
typically the lead agency for responding to hazardous waste issues. Through permit and
inspection processes, as well as public education programs, the objective of the Hazardous
Materials Program is to protect human health and the environment by ensuring that hazardous
materials and hazardous waste are properly managed.
The Hazardous Materials Program is approved by California Environmental Protection
Agency as the CUPA for the County. The Unified Program is intended to provide relief to
businesses complying with the overlapping and sometimes conflicting requirements of formerly
independently managed programs. The CUPA Program includes the following:
•

California Accidental Release Prevention Program

•

Underground Storage Tank Program

•

Above ground Petroleum Storage Act Requirements for Spill Prevention, Control
and Countermeasure Plans

•

Hazardous Waste Generator and Onsite Hazardous Waste Treatment Programs
which has five tiers of permitting and includes submittal of Hazardous Materials
Business Plan which includes Hazardous Materials Release Response Plans and
Hazardous Waste Contingency Plan with associated inspections

•

California Uniform Fire Code: Hazardous Material Management Plans and
Hazardous Material Inventory Statements

•

The County Hazardous Materials Emergency Response Program works in close
cooperation with law enforcement, fire and allied health agency officers and staff.
Special attention is given to the hazardous materials used and transported
frequently in the county by local businesses.
El Dorado Water Agency

4.3.4

The Eldorado Water Agency (EDWA) was established in 1959 under the El Dorado
County Water Agency Act (Act) to ensure that the County has adequate water supplies now and
in the future. To meet its directive, EDWA is authorized to
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•

Be a political and corporate body

•

Exercise authorized power and legal actions necessary for providing sufficient
water for any present or future beneficial use, or for uses of the environment or
inhabitants within the Agency
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•

Construct, operate, and maintain works to develop hydroelectric energy as a
means of assisting in financing the construction, operation, and maintenance of its
projects for the control, conservation, diversion, and transmission of water and to
enter into contracts for the sale of such energy. Such energy may be marketed
only at wholesale rates to any public agency or private entity engaged in the sale
or use of electric energy, or to the federal or state government.

•

Control the flood and stormwaters of the Agency and the flood and stormwaters
of streams that have their sources outside of the Agency, which streams, and
floodwaters flow into the agency, and to conserve such waters for beneficial and
useful purposes

•

Store, conserve, reclaim, appropriate, and import water; and prevent interference
of water sources and prevent contamination/pollution

•

Conduct water resources investigations and studies

•

Sell, lease, or transfer water within/outside the County

•

Cooperate with other federal, state, and local agencies to carry out the Agency's
powers (https://www.edwateragency.org/about-water-agency).

In 2019 EDWA completed its Water Resources Development and Management Plan
(WRDMP). The WRDMP provides a foundation to identify resource management strategies to
counter the threats to the County, including droughts, wildfires, deteriorated headwaters, limited
groundwater resources, and fragmented water management. The WRDMP identified seven water
resource management challenges along with eleven resource management strategies (RMS)
grouped into five water agency implementation programs to address these challenges (EDWA,
2019).
Long-term water supply demand imbalance (C1), vulnerability during drought (C2) and
limited groundwater resources (C6) are addressed under Section 4.3 RMS3- Implement
Sustainable Groundwater Management. Under RMS 3 two RMS actions are identified in
collaboration with the District (as Principal Implementing Agencies): RMS 3a. Implement
sustainable groundwater management consistent with SGMA for major groundwater basins; and
RMS 3b. Engage in the development of statewide sustainable groundwater management policies,
regulations, and legislation related to the preservation of El Dorado County interests. Under
these actions, EDWA serves in a facilitating role coordinating the development and
implementation of this draft Alternative Plan and coordinating consistent messages and
engagement approach with the District and other groundwater users in El Dorado County.
EDWA also plays a supporting role in communications, information sharing and advocacy
efforts (EDWA, 2019).
Long-term water supply demand imbalance (C1), vulnerability during drought (C2),
water quality impacts due to stormwater runoff (C5), limited groundwater resources (C6) and
vulnerability to flooding (C7) are addressed under Section 4.10 RMS10- Prevent Contamination
of Surface Water and Groundwater Resources. Under RMS 10 RMS actions identified in
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collaboration with the District include: RMS 10b Implement Sewage System Management Plans
in coordination with system owners including emergency response protocols and vulnerability
assessment; and RMS 10e Conduct public outreach and education activities to encourage
prevention of water supply contamination. Under RMS 10b EDWA serves in a facilitating role to
coordinate with the County and water purveyors to identify vulnerable sewage lines with high
risk of contaminating surface water or groundwater resources and in a supporting role in terms of
communications, information sharing and advocacy efforts. Under RMS 10e EDWA serves in
supporting role in terms of communications, information sharing and advocacy efforts (EDWA,
2019).
To advance RMS and actions presented in Section 4.0 of the WRDMP, EDWA created
five implementation programs including Governance and Partnership, Water Security,
Watershed Management, Assistance and Innovation, and Communication and Advocacy. The
Governance and Partnership Program focuses on how the Agency will function throughout
implementation of the 2019 Plan in creating benefits for all El Dorado County. The Water
Security Program is focused ongoing water supply and demand gap analysis, water supply
development, drought protection and response, developing stormwater as a resource, flood
management, and water quality. The Watershed Management Program focus is on areas of
headwater management, water quality management for rural and agricultural communities, and
habitat and other ecosystem function enhancement. The Assistance and Innovation Program
focus is to encourage the development and use of innovative ideas in water planning and
management, as well as provide technical and educational assistance to other entities involved in
RMS and action development and implementation. The Communication and Advocacy Program
focuses on public information, countywide communications, and federal and state advocacy
related to water resource issues and management (EDWA, 2019).
4.3.5

South Tahoe Public Utility District

In 1999, the District adopted a policy to not supply drinking water containing detectable
concentrations of Methyl tert-butyl ether (MtBE) to its customers (STPUD, 2004). MtBE has a
primary and secondary MCL of 13 and 5 micrograms per liter (µg/L), respectively. The Districts
MtBE policy is not a regulatory drinking water standard, and the policy applies only to the
District. This policy requires that any District well producing groundwater at a level of 0.5 µg/L
of MtBE be placed on increased observation and testing to determine if the initial measurement
is an anomaly. If the concentration of MtBE in the well continues to increase or average greater
than 0.5 µg/L the District’s Board is notified, and actions will be determined. These actions have
included suspending production from the public water supply wells or adding wellhead treatment
in order to remove MtBE below detectable levels. Therefore, areas of degraded groundwater
quality at levels below MCLs, have also affected groundwater supplies in the TVS Subbasin.
In December 2000, the District enacted Ordinance No. 477-00 adding Division 7 to the
Administrative Code. The ordinance was developed for the purposes of regulating, managing,
conserving, and protecting local groundwater resources. A primary focus of Ordinance
No. 477-00 was to establish a Basin Monitoring Program to provide a means for the early
detection and immediate response to the release of petroleum products into groundwater, and
development of management plans to prevent or minimize the impact of contamination from
possible contaminating activities.
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Ordinance No. 477-00 was updated concurrently with the development of the 2014
GWMP. The updated Ordinance provide the District with an enforcement mechanism to protect
the District’s beneficial use of the aquifer and the water supply infrastructure. However, the
District would first look to the regulatory authority of LRWQCB and County CUPA. Another
key modification to the updated Ordinance reduces the prescriptive monitoring requirements
included in the original Ordinance. A copy of the current Groundwater Management Ordinance
No. 558-14 is included in Appendix E.
Tahoe Regional Planning Agency (TRPA)
All land surrounding Lake Tahoe, including the City of South Lake Tahoe and the
District’s service area, falls under the jurisdiction of the TRPA as defined in the Tahoe Regional
Planning Compact (Compact) created in 1969. The Compact requires that all local jurisdiction
4.3.6
planning
be consistent with a series of Environmental Thresholds. Under the Compact,
environmental threshold are environmental standards necessary to maintain significant scenic,
recreational, educational, scientific, or natural values of the Region or to maintain public health
and safety within the Region, including but not limited to standards for air quality, water quality,
soil conservation, vegetation preservation, and noise. The 2012 Regional Plan defines thresholds
as “environmental standards for the region” which “indirectly define the capacity of the Region
to accommodate additional development” (TRPA, 2012). TRPA was granted the authority to
adopt and implement environmental threshold carrying capacities for the entire Lake Tahoe
Basin through the development and enforcement of a regional plan and ordinances. It is
generally acknowledged that the TRPA Environmental Thresholds effectively provide a growth
control mechanism for Lake Tahoe area.
Within the Lake Tahoe Basin, local land use planning has considered regional water
issues for decades under the jurisdiction of the TRPA. The basic framework for review and
approval of activities in the Lake Tahoe area is established by the following TRPA documents:
•

The Tahoe Regional Planning Agency Bi-State Compact

•

The Lake Tahoe Water Quality Management Plan (208 Plan),

•

The TRPA Regional Plan Goals and Policies which includes
o Environmental Threshold Carrying Capacities for nine resource areas
including Water Quality
o Best Management Practices (BMP) Handbook for storm water infiltration
and hazardous material management
o Environmental Improvement Plan (EIP)
o Other Regional-Scale Plans and Reference Documents
o Plans for Specific Geographic Areas within the Region
o TRPA Code of Ordinances
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o TRPA Programs
o TRPA Rules of Procedure and
o Other Administrative Manuals.
The 208 Plan was updated by the TRPA in 2012, is mandated by the CWA, and describes
the framework for water quality management in the entire Lake Tahoe Basin, the desired water
quality outcomes, and the methods to achieve those outcomes. The 208 Plan incorporates, by
reference, many documents by local, state, and federal agencies including the TRPA Regional
Plan and Regional Plan Environmental Impact Statement, LRWQCB Basin Plan, USFS LTBMU
Land and Resource Management Plan, and General Plans for the CSLT and the County.
The 208 Plan includes regulatory protections and restoration of SEZs that provide
significant filtering of nutrients and sediment. The BMP Handbook of the Regional Plan
describes methods to help developed properties to function more like natural, undisturbed forest
and meadowland. By implementing BMPs, property owners can help slow the loss of lake
clarity. Owners of developed properties must ensure BMPs remain functional and effective to
retain their BMP Certificate and comply with the TRPA Code of Ordinances. If BMPs are not
functioning effectively due to property owner’s failure to inspect, maintain, and monitor them, a
BMP Certificate may be revoked by TRPA.
The Tahoe Regional Plan describes the needs and goals and of the Lake Tahoe Region
provides statements of policy to guide decision making as it affects the Region's resources and
remaining capacities. Chapter 2 Land Use Element presents land use goals and policies to ensure
the desired equilibrium between the natural and manmade environments and attain and maintain
the environmental thresholds within a specific time schedule. Environmental thresholds define
the capacity of the natural environment and set specific environmental performance standards
related to land use. However, environmental thresholds do not define the maximum buildout,
densities, permitted uses, or other land use criteria for the manmade environment, which are
provided in the Regional Plan. Land use goals that may affect water demands include Goal LU-2
which direct the amount and location of new land uses in conformance with the environmental
threshold carrying capacities and the other goals of the Tahoe Regional Planning agency bi-state
compact. Under this goal Policy LU-2.1 development is limited using an allocation of
development rights for residential, tourist accommodation, commercial, recreation, public
service, and resource management categories (TRPA, 2012). Under Policy LU-2.9 development
is further limited by limits of allowable impervious land coverage associated with new
development and Policy LU-2.10 which limits allowed land coverage for all new projects based
on land capability. All of these policies limit growth in the TVS Subbasin and are in alignment
with the water demand projections presented in Section 3.4 and the projected water budgets
presented in Section 5.4.8 of this Alternative Plan..
4.3.7

City of South Lake Tahoe

Land use regulation within the CSLT is shared by the City and TRPA. The CSLT
General Plan (adopted 2011) contains many mutually adopted policies of the two bodies. In
addition to coordination with TRPA, coordination with the District and other water providers is
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highlighted in the CSLT General Plan (Goal PQP-2 and Policies PQP-2.2, 2.5, and 2.7). Other
CSLT land use policies in the CSLT General Plan related to protection of water quality include
protection of the groundwater basin from overdraft and contamination (Policy PQP-2.9),
protection of Lake Tahoe and other surface water streams from storm water pollution through
storm water management (Goals PQP-4 and NCR-2, and Policies PQP-4.1 through 4.3, NCR2.1
through 2.5, NCR-2.13 and NCR-2.14), considerations of snow removal practices (Policy PQP11.8), and protection and restoration of SEZs and floodplains (Goal HS-4, Policies HS-4.1, 4.2,
and 4.4, NCR-2.9 and NCR-2.12). The CSLT is also a co-permittee to the Municipal NPDES
Permit to reduce pollutants in storm water.
Incorporated in 1965, the CSLT is the most populous city in the Lake Tahoe Basin and
the second most populous city in the County. The city extends about 5 miles west-southwest
along U.S. Highway 50, also known as Lake Tahoe Boulevard. The east end of the city extends
to the California-Nevada state line. The western end of the city is mainly residential, and clusters
around "the Y", the Y-shaped intersection of U.S. Highway 50 and California State Route 89.
The city extends about 3 miles north - south along State Route 89 from about 1 mile south of the
south shore of Lake Tahoe to immediately south of the Lake Tahoe Airport. As a popular tourist
destination and resort community, the economy of CSLT is largely dependent upon tourism and
accompanying service industries, which fluctuates seasonally. Water service to the CSLT is
provided by the District, TKWC,LBWC, and LPA.
The CSLT is organized around two primary functions government and city services. City
services include Development Services and Public Works. Development services include the
Planning Division which is responsible for current and long-range planning activities which
implement the CSLT General Plan. Current planning activities include reviewing and permitting
development activities to ensure new development and redevelopment projects are consistent
with the CSLT General Plan, Plan Area Statements, and Title 6, Development Services, of the
South Lake Tahoe City Code. Public works include the Engineering Division which is
responsible for safeguarding life, health, property, and public welfare through review, design, bid
and construction of public improvement projects constructed on City property and within the
City’s right-of-way. The Engineering Division includes the City’s Stormwater Management
Program which works to control and reduce the discharge of fine sediment, nutrients, and other
pollutants from private lands and City streets and facilities into streams and beaches along the
Lake Tahoe shoreline. The Stormwater Management Program is regulated under City Code
Chapter 7.15, referred to as the City’s Stormwater Ordinance. The City Manager is responsible
for administration, implementation, and enforcement of the Stormwater Ordinance.
United States Forest Service
The portions of national forest lands that overlie the TVS Subbasin are managed by the
U.S. Forest
Service, Lake Tahoe Basin Management Unit (USFS LTBMU). Most of the
4.3.8
managed lands of the USFS LTBMU are located outside of the TVS Subbasin but does include
large areas around the Camp Richardson/Fallen Leaf Lake area within the northwest portion of
the TVS Subbasin and along the basin margins on the eastern side of the TVS Subbasin (Figure
2-1). As the USFS LTBMU, TRPA and LRWQCB share the same planning area, these agencies
cooperate with each other.
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In 2016, the USFS LTBMU established the Land Management Plan (LMP) to bring
consistency in planning within the portions of the National Forests that lie within the Lake Tahoe
Basin. The management of the Basin Plan is to restore or maintain the health of the land, to
promote a sustainable flow of uses, benefits, products, services, and visitor opportunities. The
LMP has identified several desired conditions related to watershed resilience, stream channel
geomorphic processes, and physical and chemical attributes of SEZs, as well as surface and
ground water levels, groundwater recharge and discharge, and attenuation of peak flows. Among
the relevant goals of the LMP are to preserve clarity in Lake Tahoe by maintaining or improving
water quality, soil function, riparian areas, stream process to reduce erosion, and sustained
aquatic habitats including for Lahontan cutthroat trout.
A special use authorization is required for all individuals or entities other than the USFS
to develop water wells or construct water pipelines on USFS lands. The Technical Guide to
Managing Ground Water Resources (USFS, 2007) provides guidance for the authorization of
water wells or injection wells and water pipelines. A permitting process for wells and pipelines is
discretionary, permit may be denied if the analysis indicates an adverse impact to the forest
natural resources. The applicants must evaluate other reasonable alternatives before the USFS
would authorize new or increased groundwater pumping on National Forest lands.
The USFS has an established Groundwater Management Program to maintain and
enhance groundwater fed streams, springs, wells, and wetlands, which supply the healthy
watersheds and communities with much needed water, in partnership with local communities,
states, and other partners. FSM 2880 Geologic Resources, Hazards, and Services provides
guidance on Forest management activities including development of geologic resources,
groundwater dependent ecosystem within the floodplains and wetlands, identifying recharge
areas, geologic and geomorphic factors influencing watershed function, and monitoring to assess
the cumulative effect of management activities on groundwater resources (USFS, 2008). The
Technical Guide to Managing Ground Water Resources (USFS, 2007) also provides guidance on
the National Forest groundwater policy in Land Management Planning, water development,
water quality, groundwater dependent ecosystems, inventory and monitoring, data management,
and partnership with other local, state, tribes, and federal agencies.
Within the TVS Subbasin, groundwater management at USFS LTBMU generally
involves gathering information on water rights and water uses to populate the USFS Water
Rights & Use Geospatial Database; assessing impacts to surface water resources from
groundwater use; identification and assessment of GDEs; determination of water needs for
watershed health and ecosystem sustainability; identification of surface water source and
protection zones; and investigation of groundwater contamination from the Meyers Landfill. As
part of its programmatic needs to assess potential impacts from groundwater use, the USFS
LTBMU assesses potential impacts from groundwater pumping to surface water resources within
one mile of the forest service boundary. When considering permits for new wells on USFS lands,
USFS LTBMU requires applicants to consider alternatives sources of supply outside USFS
boundaries. Other groundwater concerns involve development along stream courses, the impact
of shallow wells (<50 feet depth) on surface waters and transferring riparian rights to
groundwater.
4.3.9
22622517.26
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The interstate waters of the Lake Tahoe and Truckee River Basins have been the subject
of dispute, controversy, and litigation for well over a century. These conflicts have been resolved
through federal legislation, the 1990 Truckee-Carson-Pyramid Lake Water Rights Settlement Act
(Settlement Act) (Pub. Law 101-618), and a negotiated agreement known as the Truckee River
Operating Agreement (TROA). The Federal Water Master has primary responsibility for
operating the Truckee River reservoir system and is responsible for the administration of TROA.
The Settlement Act provides for the permanent allocation of water between the States of
California and Nevada in the Lake Tahoe, Truckee River, and Carson River Basins. For the
Lake Tahoe Basin, the Settlement Act provides that the total gross diversions for use within the
basin in the State of California, from all natural sources, including groundwater, and under all
water rights shall not exceed 23,000 AFY. With the implementation of TROA on December 1,
2015, the interstate allocations under the Settlement Act for the Lake Tahoe, Truckee River, and
Carson River Basins took effect. The SWRCB administers water rights actions in California
assuring that surface water use is consistent with the Settlement Act and TROA.
The District has filed for rights to divert surface water from Lake Tahoe under TROA for
a total of 12,100 AFY. In January 2020, the District submitted a water demand analysis to the
SWRCB-Division of Water Rights in support of its water rights application (see Section 3.4).
Estimated total annual water production requirements from this analysis for each of the four
largest CWS and other individual water users within the TVS Subbasin is 10,808 AFY (Table 38). The District’s permit application for surface water rights is under review by the SWRCB and
are therefore not currently regarded as a supply source in this Alternative Plan.
4.3.10

Tahoe Resource Conservation District

In 1974, the Tahoe Resource Conservation District (Tahoe RCD) was established under
Division 9 of the California Public Resources Code and is a non-regulatory, grant-funded, local
agency that works in the Lake Tahoe Basin. Current programs at Tahoe RCD focus on
stormwater management, aquatic invasive species control and prevention, land management,
forestry, and conservation landscaping initiatives.
Tahoe RCD manages the Regional Stormwater Monitoring Program (RSWMP) and
maintains a current network of 12 stormwater monitoring sites and 6 weather stations distributed
around the perimeter of Lake Tahoe. Collected water quality samples are analyzed for fine
sediment particles (FSP), Total Nitrogen (TN) and total phosphorus (TP). Automated samplers
are used to collect stormwater quality samples and monitor continuous flow and selected weather
data (precipitation, temperature). The collected data are analyzed for status (precipitation
amounts, runoff volumes, and pollutant loads for a given water year) and trends to compare yearto-year changes in annual volumes and pollutant loads. Currently, Tahoe RCD dataset includes 6
– 7 water years of stormwater monitoring data. Data is reported annually to LRWQCB and
Nevada Division of Environmental Protection.
4.4

Regulatory Programs and Policies

The following section describes a selection of programs and policies involved in
groundwater protection in the TVS Subbasin. These programs and policies involve regulating
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surface and groundwater as well as land use impacting use of groundwater and sustainability of
the TVS Subbasin.
4.4.1

Urban Water Management Plan

The Urban Water Management Act (Act) became part of the California Water Code with
the passage of Assembly Bill 797 during the 1983-1984 regular session of the California
Legislature. The California Water Code requires every urban water supplier providing water for
municipal purposes either directly or indirectly to more than 3,000 customers or supplying more
than 3,000 acre-feet of water annually to adopt and submit an UWMP every five years to the
DWR. The specific planning requirements are in the California Water Code Division 6, Part 2.6
Urban Water Management Planning. Subsequent legislation has been passed that updates and
provides for additional requirements for UWMPs and water management. SB X7-7 Water
Conservation calls for the state to achieve a 20 percent reduction in urban per capita water use by
December 31, 2020, a requirement known as 20x2020. 20x2020 mandates are incorporated into
the 2015 UWMP requirements. In summary, the UWMP must include the baseline demand
analysis, water use target analysis use for 2015 and 2020, and present a compliance plan to
achieve the target demand reductions in the UWMP.
Recommended Action 3 suggested that the different future water demand projections
between the 2014 GWMP and Alternative Materials and the Districts 2015 UWMP be reconciled
(DWR, 2019). DWR also recommended that the reconciled water demand projections be
incorporated into the projected water budgets used in each document.
To satisfy Recommended Action 3, both this first five-year update of the Alternative Plan
and the District’s 2020 UWMP use the same County 50-year population growth rate (0.37%) as a
basis for projecting future water demands (see Section 3.1). In addition, projected total supplies
and supply/shortfall estimates provided in the 2020 UWMP are calculated using the same
minimum threshold for groundwater storage (32,050 AF) as presented in Section 8.1.2 of this
document. The storage threshold represents the total amount of groundwater available for
groundwater extraction within the TVS Subbasin, without any undesirable results. As differences
in Alternative Plan and UWMP reporting requirements (water year (WY) versus calendar year
(CY) ) and the periods used for projecting total water use ( 50-year versus 20-year ) do occur,
projected future water demands presented in the 2020 UWMP differ from the projected water
demands presented in this document.
4.4.2

Lake Tahoe TMDL

A large portion of water quality regulation in the Lake Tahoe Region is targeted at
improving the clarity of Lake Tahoe which has impaired status under Water Code Section 303
(d). LRWQCB leads Lake Tahoe TMDL implementation efforts by coordinating local
government storm water treatment and erosion control projects, facilitating stream channel
restoration work, and overseeing forest management practices. The LRWQCB is working closely
with the TRPA to implement its Regional Plan and associated Environmental Improvement
Program. In partnership with the Nevada Division of Environmental Protection (NDEP), the
LRWQCB has developed a detailed TMDL accounting, tracking, and reporting program that
provides for regular TMDL progress assessment and adaptive management. This information is
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provided through the Lake Clarity Tracker which is the central hub for information related to the
Lake Tahoe TMDL Program (https://clarity.laketahoeinfo.org/).
The LRWQCB Basin Plan (LRWQCB, 1995) and TRPA Code of Ordinances (TRPA,
1987) provide several water quality standards and control measures to protect the beneficial uses
of surface and groundwater. Previously, LRWQCB set maximum concentration limits for runoff
discharged to infiltration systems. Amendments to the Basin Plan, including Basin Plan Section
5.6 describes the differing storm water treatment requirements for municipal and public
roadways and new development, redevelopment, and existing development projects.
Other efforts to reduce potential contamination sources for Lake Tahoe clarity in many
cases also reduce potential sources for groundwater contamination as well. For example,
wastewater which constitutes the largest potential source of nutrients has been treated and
exported out of the Lake Tahoe watershed since the 1960s. However, there are other potential
man-made chemical contaminants from uncontrolled releases from storage, and accidents that
are important to manage for groundwater quality. Further integration of groundwater protection
into the existing programs to protect surface waters can provide improved groundwater
protection in the TVS Subbasin.
4.4.3

Stormwater Management and Monitoring

The LRWQCB has the obligation to implement and enforce the Lake Tahoe TMDL
through NPDES storm water discharge permits issued to California governmental entities (City
of South Lake Tahoe, the County, and the California Department of Transportation). Efforts to
improve lake clarity have included implementation of nonpoint source pollution BMPs for storm
water management that is focused on reducing potential contamination sources.
Storm water management includes on-site infiltration. Infiltration to groundwater can be
beneficial by providing additional recharge but may also provide a conduit for contaminants to
reach groundwater. The benefit from storm water management BMPs is to limit pollutants to
storm water as well as to groundwater through source control, inspections, and other measures.
Both the LRWQCB and TRPA include vertical separation requirements for constructing
infiltration basins to protect groundwater beneficial uses. The Basin Plan states five feet
separation between the highest anticipated groundwater level and the bottom of an infiltration
system. The TRPA recommends a distance of 12 inches between the bottom of dry wells and
seasonal high groundwater. This requirement is set given the potentially higher risk of
groundwater contamination in areas with high groundwater underlying infiltration basins.
The LRWQCB adopted the revised storm water municipal NPDES Permit (Board Order
No. R6T-2010-1010) (Municipal Permit) for co-permittees that include the County and the
CSLT. The Municipal Permit, which is consistent with the TRPA Regional Plan, includes
particle number and mass-based load reduction requirements in accordance with the Lake Tahoe
TMDL Implementation Schedule. The Municipal Permit required the submittal of a Storm Water
Management Plan which describes a clear process to expand existing storm water related
activities into a program that incorporates a minimum of twelve components.
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Storm water for the California Department of Transportation (Caltrans) is regulated under
statewide storm water permit Order No. 2012-0011-DWQ issued by the SWRCB. Caltrans is
responsible for reducing sediments and nutrients by managing erosion and storm water runoff
along US 50 and SR 89 under the TMDL. Caltrans has several erosion/sediment control projects
underway to meet the TMDL as well as ongoing operations and maintenance work including
street sweeping and abrasive management.
Storm water monitoring to evaluate the effectives of sediment and load reduction is
conducted regionally in both California and Nevada by the Tahoe RCD (Section 4.3.10). The
Tahoe RCD Regional Stormwater Monitoring Program represents eight agencies to fulfill
NPDES permit requirements.
The Underground Injection Control regulations under the US EPA address the subsurface
disposal of fluids through drains, pipes, and other constructed conveyances that are intended to
permanently infiltrate water below ground surface. Drywells, unlined sumps, seepage pits, and
infiltration galleries are some of the terms used to describe the subcategory of injection wells
known as shallow Class V injection for non-hazardous fluids. EPA acknowledges that storm
water wells can be a community asset or liability (USEPA, 2002).
4.4.4

Environmental Improvement Program – Stream and Wetland
Restoration

In 1996, in advance of the 1997 Lake Tahoe Summit, 6 an interagency Environmental
Improvement Program (EIP) was initiated to improve watersheds and water quality, forest
health, transportation, and sustainable recreation. As part of the effort, numerous projects have
been completed including stormwater management and erosion control, installation of wetland
treatments systems, stream restoration, preservation of open space, and retrofitting of properties
with erosion control Best Management Practices (BMPs) to enhance watersheds and water
quality.
The TRPA is responsible for the development and administration of the EIP. Under
TRPA Code of Ordinances, Chapter 15: Environmental Improvement Program, the EIP is
defined as a process for identifying and implementing threshold improvements. Tools used in the
process include the TRPA Code of Ordinances, capital improvement planning, programs,
studies, a monitoring and tracking system, and a finance plan. The capital improvement
component of the EIP identifies physical project needs related to adopted thresholds. Other needs
are identified as continuing programs that typically require resources beyond a physical
improvement project or require a long period of time to implement, and studies that are needed
to improve knowledge regarding threshold attainment.
The Lake Tahoe EIP Project Tracker provides public access to data showing the locations
and status of EIP Projects in the Lake Tahoe Hydrologic Basin since 2007

The Lake Tahoe Summit is a bi-state summit bringing together elected officials, policy makers, federal agencies,
the private sector, and local community leaders from California and Nevada to collaboratively address
environmental problems facing the Lake Tahoe Basin.

6
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(https://eip.laketahoeinfo.org/). These projects have been implemented through several lead
implementer agencies including CSLT, El Dorado County, CTC, USFS LTBMU and others.
EIP Projects are assigned to a Focus Area, Program, and Action Priority. While some
projects have multiple benefits and thus could fit under various Action Priorities, for reporting
purposes TRPA assigns each project to one Action Priority. Within the TVS Subbasin, EIP
projects are predominantly assigned to the watersheds and water quality focus area and are
implemented through the following EIP programs, stormwater management, watershed
restoration or aquatic invasive species. Review of the EIP project list by watershed shows a total
of one hundred eighty-two (182) EIP projects within the seven priority watersheds situated
within the South Lake Tahoe area. Most of these projects are located within the Trout Creek and
Upper Truckee River Watersheds (Table 4-2). For detailed descriptions of these projects the
reader is referred to EIP Project Tracker.
The Upper Truckee River is the largest watershed overlying the TVS Subbasin (Figure 211). River and floodplain restoration strategies have involved several techniques, but most aim to
restore natural hydrologic processes and improve water quality by increasing floodplain
connectivity, especially in meadows. This has been accomplished though channel reconstruction,
placement of in-channel structures and biotechnical bank treatments and raising channel bed
elevation and/or construction of new channels with lower bank heights, decreased overall
channel capacity, and increased roughness to increase overbank flows.
Table 4-2. EIP projects by watershed in the South Lake Tahoe Area, as of January 31, 2022
(https://www.laketahoeinfo.org/Watershed/Index ).
WATERSHED

NUMBER OF PROJECTS

Bijou Creek

15

Bijou Park

21

Camp Richardson

17

Tallac Creek

6

Taylor Creek

11

Trout Creek

29

Upper Truckee River

83

TOTAL

182

4.4.5
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Another activity with potential relevance to the Alternative Plan is the Tahoe-Sierra
Integrated Regional Water Management (IRWM) Plan which defines a vision for the
management of water resources in the IRWM Region. The IRWM Region is an area that extends
from the Carson River watershed to the south to the Truckee River watershed to the north
including the Lake Tahoe Basin. The IRWM Plan highlights important actions needed to
accomplish a broad vision through the year 2035 planning horizon and are intended to be a
planning tool that provides a framework to address the major water-related challenges facing the
IRWM Region.
The updated IRWM Plan was completed in summer 2014 and the information contained
within this IRWM Plan was developed through the time and contributions of more than 30 water
supply, wastewater treatment, land use management, public interest, and ecosystem-focused
organizations with interests in the water resources of the IRWM Region.
The IRWM Plan process provides another venue for collaboration with other local water
districts, land use planning and regulatory agencies in the area, and provides an opportunity
developing and funding projects to support groundwater management.
4.5

Analysis of Limits Imposed by Existing Water Resources Monitoring and
Management Programs

The TVS Subbasin is situated within the Lake Tahoe Basin Hydrologic Region. Water
within the Lake Tahoe Basin is shared between California and Nevada. The TROA is a federal
settlement agreement that provides for implementation of the interstate allocation of waters of
the Lake Tahoe and Truckee River Basins between California and Nevada (Section 4.3.9).
Under TROA, California’s total annual allocation from surface and groundwater sources within
the Lake Tahoe Basin is 23,000 AF (DWR, 2019). As the TVS Subbasin is situated within the
Lake Tahoe Basin, the total annual allocation of 23,000 AF for the Lake Tahoe Basin provides
an upper limit on the total annual amount of groundwater that can be pumped from the TVS
Subbasin.
In 2020, the District submitted a water demand analysis to DWR in support of its
pending water rights applications estimating an estimated total annual water production
requirement 10,808 AFY for all users of groundwater for drinking water purposes in the TVS
Subbasin (Kennedy Jenks, 2020).
The future annual water demand requirements for the TKWC, LBWC and LPA water
systems from the water demand analysis (Kennedy Jenks, 2020) were considered as future
maximums in the projected pumping rates used in the 50-year water budgets developed for the
TVS Subbasin. Applying the 50-year projected growth rate for the County, the projected
pumping rate for the District was allowed to increase above the estimated future maximum from
the water demand analysis (8,410 AFY) to 10,128 AFY. The sum of the 50-year projected annual
pumping rates used in the 50-year water budgets total 11,709 AFY which is a little more than
50% of the total annual allocation for the Lake Tahoe Basin.
As indicated in Section 3.5, over the past twenty years (2000 through 2020) the District
has exported on average about 5,425 AFY of treated recycled water from the TVS Subbasin to
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Alpine County for agricultural reuse. Export of this recycled water is equal to more than half of
the water pumped from within the TVS Subbasin on an annual basis. Because the Porter Cologne
Water Quality Act restricts the reuse of recycled water in the Lake Tahoe Basin, groundwater
replenishment projects utilizing recycled water are not appropriate within the TVS Subbasin.
The primary responsibility for the protection of groundwater quality in the TVS Subbasin
is the LRWQCB (Section 4.3.2). LRWQCB implements water quality standards consistent with
the beneficial uses of groundwater as described in the Basin Plan. Under the Basin Plan ground
waters designated as municipal shall not contain concentrations of chemical constituents
exceeding the MCL or SMCL based upon drinking water standards specified in the Title 22 of
the California Code of Regulations. Under the Antidegradation Policy continued maintenance of
existing high-quality waters is required, whenever the existing quality of water is better than the
quality of water established in the Basin Plan. However, drinking water standards are often
employed as clean-up objectives for groundwater clean-up sites within the TVS Subbasin.
In response to groundwater quality concerns related to MtBE groundwater contamination
and water quality impairments of its drinking water wells, the District’s Board of Directors
adopted a policy in 1999 prohibiting the supply of drinking water containing detectible levels of
MtBE to its customers (Section 4.3.5). Detectable levels for MtBE are more than an order of
magnitude lower than MCL and SMCL concentrations for this contaminant. The MtBE Policy
was subsequently reviewed and readopted by the District Board of Directors in 2003 and
2012.Under this policy, wells with detectable levels of MtBE are placed on increased
observation and testing. If MtBE detections are confirmed, the District removes the impacted
well from service using all reasonably available alternatives rather than continuing use of that
well as a groundwater source (District, 2003).
Relict MtBE groundwater contamination is still detected in shallow environmental wells
within the TVS Subbasin (Table 6-5). There are also clean-up sites which LRWQCB has closed
with levels of MtBE groundwater contamination above MCLs (Table 6-6), highlighting
differences between clean-up standards employed by the LRWQCB and the limits imposed by
the Districts MtBE Policy on the use of impaired drinking water wells within the TVS Subbasin.
There are no other water resource monitoring or management programs that would limit
the setting of measurable objectives to define quantifiable goals or minimum thresholds to define
undesirable results for the TVS Subbasin.
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SECTION 5:

STATE OF THE GROUNDWATER BASIN

This section describes the recent data used to assess current conditions of the TVS
Subbasin and the historical and baseline conditions of groundwater in the TVS Subbasin.
5.1

Background

The Alternative Plan is largely based on the South Tahoe Groundwater Model
constructed and calibrated to match historical (WY 1985-2019) conditions. Following
calibration, the model was run into the future to simulate projected groundwater conditions.
Projected groundwater conditions are largely dependent on future climate conditions. Both
precipitation and temperature strongly affect recharge and evapotranspiration – two primary
components of the groundwater budget. Because of uncertainty associated with climate
projections, multiple future scenarios were assessed to ensure that simulations would cover any
anticipated condition. Future conditions and the impacts of climate change on the TVS Subbasin
are discussed in detail in Section 5.7.
5.1.1

South Tahoe Groundwater Model

The South Tahoe Groundwater Model (STGM) was originally developed by the Desert
Research Institute (DRI) (Carroll, et al., 2016a; Carroll, et al., 2016b; Pohll, et al., 2018) to
address BMOs identified in the 2014 GWMP and Alternative Materials. For use in this first fiveyear update of the Alternative Plan, it has since been updated to represent more recent years of
the historical record and to extend predictive modeling scenarios further into the future. The
model is used to quantify the TVS Subbasin conditions and is based on the U.S. Geological
Survey (USGS) Newton-Rhapson formulation for MODFLOW -2005, referred to as
MODFLOW-NWT (Niswonger et al., 2011) software. MODFLOW-NWT relies on an
unstructured, asymmetric matrix solver to calculate groundwater head. MODFLOW-NWT is
specifically designed to work with the Upstream Weighting Package to solve complex,
unconfined groundwater flow simulations to maintain numerical stability during the wetting and
drying of model cells.
The model grid is oriented north-south and contains 342 rows and 251 columns.
Horizontal cell size is 100 meters (328 feet) and is based on the need to capture steep
topography, narrow canyons, and potentially steep hydrologic gradients. The model is
subdivided into four subsurface layers to maintain reasonable computation time. Layers are
determined based on production well screen intervals. Land surface elevations are based on 30meter (98 feet) Digital Elevation Model (DEM) aggregated to a 100-meter (328 feet) spatial
resolution. Layer thicknesses are 40 meters (131 ft) for layer one and layer two, and 100 meters
(328 feet) for layer three. Layer four bottom elevation is set to a constant 1,600 meters (5,248
feet) to produce variable thickness ranging from approximately 114 meters (274 feet) along the
northern boundary with Lake Tahoe to 1,300 meters (4,264 feet) at watershed divides.
The model grid (i.e., model domain) covers an area of 99,907 acres commensurate with
the South Lake Tahoe area (Figure 2-11). For ease of reporting the model domain is
differentiated into two spatial zones (Zone 1 and Zone 10). Zone 1, referred to as the Mountain
Block, covers an area of 85,093 acres encompassing the surrounding watersheds outside the TVS
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Subbasin within the South Lake Tahoe area (Section 2.6.1). Zone 10 covers an area of 14,814
acres encompassing the TVS Subbasin as delineated by DWR within the South Lake Tahoe area.
Organization of the model domain into spatial zones allows for comparison and reporting of
discrete water budgets (including changes of groundwater in storage) for the model domain
(Zone 1 + Zone 10), the Mountain Block (Zone 1) and the TVS Subbasin (Zone 10). Reporting
of water budgets specifically for the TVS Subbasin rather than the surrounding watershed area
inclusive of the TVS Subbasin was a recommended action identified by DWR for this first fiveyear update of the Alternative Plan (see Section 1.3).
The STGM simulates three (3) distinct time periods. The first period (Pre-1983)
represents steady-state conditions prior to any significant groundwater production in the basin.
Hydraulic conductivity was calibrated using the steady-state model configuration. The second
period (1983-2019) uses a transient historic model which simulates the period 1983-2019 to
calculate changes in groundwater levels and flux due to variations in climate and groundwater
extractions. The third period (2020- 2099) uses a series of predictive models, each simulating the
period 2020-2099, to test the effects of a variety of potential future climate conditions and the
potential for increased future groundwater extractions due to an increasing population.
A second model was developed to simulate surface and subsurface hydrologic processes
for the entire Lake Tahoe Basin and was used to calculate rates of groundwater recharge for
input into the Modular Groundwater Flow Model (MODFLOW). This model was developed by
the DRI as part of a U.S. Department of Interior study looking at the historical and future water
supply in the Truckee River Basin. The DRI model uses the numeric code Groundwater and
Surface Water Flow (GSFLOW) (Markstrom et al., 2008) which combines the USGS
Precipitation-Runoff Modeling System (PRMS) (Leavesley et al., 2005) with the MODFLOW
(Harbaugh 2005; Niswonger et al., 2011). GSFLOW estimates energy and water budget
partitioning to account for flow within and between the plant canopy and soil zone, streams, and
the groundwater, and is used to understand effects of climate change on the hydrology of
mountain catchments to Lake Tahoe. This model is generally referred to as the GSFLOW
Regional Model (GSFRM).
For calculations of recharge, the GSFRM is parameterized from the National Elevation
Dataset, State Soil Geographic soils database, and USGS land use land cover (LULC) dataset.
The depth of the root or soil zone is determined by the LULC for each 300-meter grid. Five (5)
categories of LULC are used in each 300-meter grid-cell based on dominant vegetation category:
bare soils, grasses, shrubs, trees, and water. The GSFRM simulates transient conditions from
1980 to 2015. A two-year warm-up period is used to remove the influence of initial conditions.
Daily weather data from four Snow Telemetry sites (Echo Peak, Fallen Leaf Lake, Hagans
Meadow and Heavenly Valley) are used to drive the model in the region of the TVS Subbasin.
While stations give point climate, Parameter-elevation Regressions on Independent Slopes
Model (PRISM Climate Group, 2016) data are used to distribute precipitation spatially over the
entire basin. The four (4) climate stations within the basin capture the gradient in precipitation
from the west to the east side of the basin. This gradient is especially visible in wet and dry
years, when the east side receives far less precipitation compared to the west side in dry years. A
series of predictive models, each simulating a 33-year time period, was also developed to
generate spatial and temporal recharge rates and distributions assuming potential future climate
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conditions including increasing temperatures and both increasing and decreasing precipitation
rates.
The GSFRM was not updated alongside the STGM. Instead, a regression developed by
Carroll, et al., (2016) was used to estimate recharge rates and distributions through the year
2019. Similarly, mean recharge rates and distributions from the 33-year GSFRM climate
scenarios were used to estimate predictive recharge rates for the TVS Subbasin groundwater
predictive models for the period 2020-2099. The methods used to extend these simulations,
along with other modifications made to improve the model as tool for assessing groundwater
conditions in the TVS Subbasin, are provided in more detail in a Technical Memo (Rybarski and
Hausner, 2021) provided in Appendix I of this document.
5.1.2

Identification of Data Gaps/Uncertainty

The primary data gaps revolve around projections of future climate change. Climate
change scenarios in this effort are based on a suite of ten Global Climate Models (GCMs)
identified by the California DWR Climate Change Technical Advisory Group as representative
of future conditions in the Sierra Nevada (DWR 2015). Temperature increases across all these
GCMs. Although the magnitude and rate of the projected temperature increase varies from model
to model, the trend is consistent. Projected precipitation, however, is not consistent across those
models, and even the direction of change (i.e., increasing or decreasing over time) varies from
GCM to GCM. The uncertainty attached to precipitation requires a wide range of modeled
scenarios to bracket potential climate effects, greatly complicating the planning process.
Groundwater modeling indicates that climate affects simulated groundwater levels as
much as or more than simulated pumping does. In the north part of the TVS Subbasin, simulated
groundwater heads match the stage of Lake Tahoe (incorporated into the model as a specified
head boundary condition based on the climate scenario). In the higher elevation south part of the
TVS Subbasin, groundwater heads are determined by the recharge, which is again prescribed in
the model based on the climate scenario. These phenomena underscore the need for better
constrained climate projections.
Since the inception of the previous model, a new suite of simulations has been released as
part of the World Climate Research Program’s Coupled Model Intercomparison Project (Eyring
et al. 2018). These updated models may be able to better constrain the uncertainty surrounding
future climate conditions in the Tahoe Basin – especially precipitation. Because the STGM relies
on an existing model of the entire Tahoe Basin to provide boundary conditions under future
climate scenarios, improved climate scenarios would require a revised Tahoe Basin model. This
larger model is written in GSFLOW, a USGS product that integrates surface and subsurface
processes. Such a model is needed to realistically simulate the effects of climate on groundwater
recharge. As more certain climate projections become available, a revised GSFLOW model of
the entire Lake Tahoe Hydrologic Basin will be needed to reassess recharge under the more
constrained climate scenarios.
An additional source of uncertainty that should be addressed in future updates of the
Alternative Plan centers on water quality. There is known PCE contamination stemming from
former commercial sites at the South Y that has affected several production wells within the
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South Lake Tahoe subarea of the TVS Subbasin. Potential source areas for this contamination
are presently being investigated by the LRWQCB (Section 6.3.1.1). Recent information indicates
the presence of Per- and Polyfluoroalkyl Substances (PFAS) in groundwater within the TVS
Subbasin (Section 6.3.2.2). Other emerging contaminants such as microplastics have also been
found in both the snowpack (Davidson et al. 2019) and surface waters (Collins et al. 2019) in the
Tahoe Basin, and it is not clear whether these contaminants may be present in groundwater.
Additionally, there are natural contaminants (arsenic, iron, manganese, and uranium) in the local
groundwater that threatens the viability of several production wells within the TVS Subbasin
(Section 6.2). With the continuing high reliance on groundwater for potable use, new information
on the occurrence of each of these substances will very likely need to be considered in future
updates of the Alternative Plan.
Recent fires in the Lake Tahoe basin (Gondola (2002), Angora (2007) and Caldor (2021)
Fires) raise concerns about the effects of fire on groundwater recharge. After burning, soils often
become hydrophobic for time, meaning that the soil repels water. This hydrophobicity leads to
increased runoff and erosion, and a concurrent reduction in infiltration and groundwater
recharge. Reported magnitudes and durations of decreased infiltration are highly variable
(Robichaud 2000), with reported infiltration reductions ranging from 10%-85% (Burch et al.
1989; Martin and Moody 2001) and effects lasting from months to years after burning (Huffman
et al 2001). The length and severity of the annual fire season is projected to increase significantly
over the 21st century (Flannigan et al 2013). In addition to infiltration reductions, wildfires have
been reported to significantly increase concentrations of polycyclic aromatic hydrocarbons
(PAHs) – carcinogenic organic contaminants produced during combustion – in shallow
groundwater following wildfire (Mansilha et al 2014). The effects that recent and future wildfires
may have on groundwater quantity and quality within the basin is largely unknown.
Groundwater simulations indicate that some groundwater dependent ecosystems in the
northern part of the basin may be affected by pumping over the next ten years. Additional
analysis is needed to better understand the spatial extent of interaction between groundwater
pumping and these GDEs, and to formulate a management plan, as needed, to mitigate potential
impacts.
5.2

Groundwater Conditions

The following section presents a description of current and historical groundwater
conditions based on groundwater level data collected through the District’s groundwater
monitoring program (Section 9). Groundwater flow information (Section 5.2.2) and water budget
values (Section 5.4) were derived from complex hydrologic analysis conducted using the STGM
(Section 5.1.1). Presented hydraulic parameters are from aquifer tests performed on District
wells which were also used during preparation of the STGM. All data provided in this section
include data from January 1, 2015, to current conditions based on the best available data.
Groundwater quality within the TVS Subbasin is discussed in Section 6.
5.2.1

Groundwater Level History

Groundwater level data is measured semi-annually by the District in forty-seven (47)
wells that are located in the TVS Subbasin (Section 9.1.2.2). The District well network includes
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thirty-two (32) observation wells and fifteen (15) CWS wells. Most of the CWS wells are active
and are used for public drinking water supply
Locations of selected wells for which hydrographs are provided are shown in Figure 5-1.
As described in Section 2.5, WBZs are informal designations using geographically based subarea
designations (Christmas Valley (CVZ), Meyers (MZ), Angora (AZ), South Lake Tahoe (SLTZ),
Tahoe Keys (TKZ) and Bijou (BZ)).
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Figure 5-1. Selected monitoring well locations and geographic sub-area designations.
The District collects semi-annual measurements timed to coincide with seasonal low
(November) and high (May) groundwater elevations and continuous readings daily from selected
wells using dedicated water-level monitoring equipment. Figures 5-2 to 5-7 present hydrographs
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for wells within each of the six subareas for the period 2000 to 2020 based on semi-annual hand
readings. The readings are collected over a two-day period to coordinate with water operations
and allow production wells to be turned off for a minimum 12-hour recovery period prior to
measurement. The descriptions below provide a brief interpretation of the water-level changes.
The District has one well in its basin monitoring network situated within the Tahoe Keys
subarea. The Valhalla Well is an active water supply well-constructed to a depth of 190 feet BGS
and produces water from TKZ4. Static water levels from this well are typically collected
following a minimum 12-hour recovery time, except for the May 2007 reading which shows a
pumping water level (6,161.81 feet AMSL) recorded at a well pumping rate of 700 GPM. With
this pumping water level reading removed, groundwater elevations typically range from 6,210 to
6,235 feet AMSL (Figure 5-2), though groundwater elevations increased substantially during the
very wet water year of 2017. This well is located 1,600 feet from Lake Tahoe but does not show
a significant correlation with the Lake Tahoe stage (Figure 5-2). This is consistent with the slow
recovery behavior of this well following pumping. The static water levels collected from this
well indicate that water levels in this area are stable.
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Figure 5-2. Groundwater hydrograph for the Valhalla Well (6,257 feet msl) within the Tahoe
Keys sub-area. Also shown is the water level (stage) of Lake Tahoe measured at USGS
10337000.
Two types of groundwater level behavior are found in the Bijou subarea. The Blackrock
Well #1 is a single observation well (converted from an inactive water supply well) constructed
to a depth of 180 feet BGS and is screened through BZ4. Static water levels in this well are
stable, typically rising slightly above ground surface elevation (6,240 feet AMSL) as shown in
Figure 5-3). The Glenwood Well #3 is a single observation well (converted from an inactive
water supply well) constructed to a depth of 192 feet BGS and is also screened through BZ4.
This well is situated within 50 feet of the Glenwood Well #5, an active water supply well
producing water from BZ3 and BZ4. The District uses the Glenwood Well #3 to monitor
groundwater levels near the pumping well. In 2007, the District restricted pumping from the
Glenwood Well #5 from late May through November in order to sustain production from BZ3
and BZ4. The water level response in the Glenwood Well #3 shows that this change in operation
has been successful in allowing groundwater levels to recover to sustainable levels. Neither of
the wells in the Bijou subarea responds to Lake Tahoe water levels. Regardless, these wells do
not exhibit a long-term downward trend.
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Figure 5-3. Groundwater hydrograph for the Blackrock #1 (6,241 feet msl) and Glenwood #3
(6,260 feet msl) wells within the Bijou sub-area.
All three monitoring wells within the South Tahoe subarea exhibit relatively stable water
levels (Figure 5-4). The CL-1 Well is a single observation well constructed to a depth of 115 feet
BGS and is screened through SLTZ5. This well was constructed to monitor water levels in the
neighboring Clement Well (offline since 1999). Water levels in the CL-1 Well generally range in
elevation from 6,242 to 6,250 feet AMSL in response to seasonal changes in groundwater levels
with no long-term trend. The Sunset Well is an active water supply well constructed to a depth of
440 feet BGS and produces water from SLTZ2 and SLTZ3. Static water levels from this well are
typically collected following a minimum 12-hour recovery time. Water levels in the Sunset Well
generally range in elevation from 6,219 to 6,234 feet AMSL in strong correlation with pumping
rates (not shown Figure 5-4). The Paloma Well is an active water supply well constructed to a
depth of 418 feet BGS and produces water from SLTZ2 and SLTZ3. Likewise, the Paloma Well
has water levels varying from 6,216 to 6,226 feet AMSL in concert with pumping rates. None of
the wells exhibit a long-term downward trend.
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Figure 5-4. Groundwater hydrograph for the Paloma (6,267 feet msl); Sunset (6,249 feet msl)
and CL-1 (6,279 feet msl) wells in the South Lake Tahoe sub-area.
The Mountain View Well within the Angora subarea is a single observation well
(converted from an inactive artesian water supply well) constructed to a depth of 250 feet BGS
and is screened through AZ1 and AZ2. Static water levels in this well are stable, typically rising
slightly above ground surface elevation (6,313 feet AMSL) and flowing through an artesian
overflow pipe to an adjoining meadow (Figure 5-5). In 2011, the Mountain View Well was
removed from service and is currently used as an observation well. Manual discharge
measurements indicate that artesian flow measured from the overflow pipe peaked in November
2011 at about 43 gallons per minute (GPM) and has steadily declined to less than 10 GPM.
Decline in artesian flow from this well is believed to be related to the accumulation of fill
inhibiting groundwater flow through the perforated interval near the bottom of this well.

22622517.26

102

Total Precipitation

6320.00

...

I --.-

GROUNDWATER ELEVATION (ft msl)

6310.00

---

Mountain View

70

V

60
55
50 Wet

6290.00

45

6280.00

1------------1 .-----------

Above

40 Normal
35 Normal

6270.00
6260.00

H

6250.00

H

6240.00

~

~

-

~

~

~

~

~

~

---,

-

-

-

-

-

~

-

~

~

~

30

~

~

~

~

~

~

~

~

-

-

-

-

-

-

-

-

-

~

~

~

~

~

~

~

~

~

~

-

-

-

-

-

-

-

-

-

~

~

I

I

H
H

Below

25 Normal
20

6230.00

Very

65 Wet

\

I

6300.00

-

Dry

15 Critical
10
5

Water Year Type (Upper Bound of Total Precipitation, inches)

-

0

Figure 5-5. Groundwater hydrograph for the Mountain View (6,313 feet msl) well (artesian
flowing well) in the Angora sub-area.
Groundwater levels within the Meyers subarea are generally stable with short periods of
declining water levels due to increased pumping rates (Figure 5-6). The Bakersfield Well is an
active water supply well constructed to a depth of 330 feet BGS and produces water from MZ3
and MZ4. Static water levels from this well are typically collected following a minimum 12-hour
recovery time except for the May 2008 reading which is a pumping water level (6,239 feet
AMSL) recorded at a well pumping rate of 1,500 GPM. With this pumping water level reading
removed, groundwater elevations typically range between 6,278 to 6,289 feet AMSL. The
Washoan Well is a single observation well constructed to a depth of 275 feet BGS and is
screened through SLTZ1, SLTZ2, SLTZ3 and SLTZ4. Groundwater levels in this well are
influenced by pumping of the Airport Well, which is evident in the initial static readings
collected in 2001. The November 2015 water level measurement is believed to be an errant
reading. With these anomalous readings removed groundwater elevations typically range
between 6,266 to 6,273 feet AMSL. The Elks Club Well #1 is a single observation well
(converted from an inactive water supply well) constructed to a depth of 168 feet BGS and is
screened through MZ4. This well is situated within 100 feet of the Elks Club Well # 2, an active
water supply well producing water from MZ3 and MZ4. The District uses the Elks Club Well #1
to monitor groundwater levels near the pumping well (Elks Club Well #2). The Elks Club Well
#2 replaced the Elks Club Well #1 as a production well in 2004. Using static water level readings
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collected after 2004, groundwater levels range from 6,265 to 6,275 feet AMSL (average of 6,271
feet AMSL). None of these wells exhibit a long-term downward trend.
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Figure 5-6. Groundwater hydrograph for the Bakersfield (6,311 feet msl); Elks Club #1 (6,283
feet msl) and Washoan (6,308 feet msl) wells in the Meyers sub-area.
The Henderson Well within the Christmas Valley subarea is a single observation well,
constructed to a depth of 210 feet BGS and is screened across CVZ3 and CVZ4. Both CVZ3 and
CVZ4 are also used for water production at the South Upper Truckee Well #3. Water levels in
the Henderson Well generally range in elevation from 6,242 to 6,252 feet AMSL with peaks in
the spring when pumping is at a minimum and troughs in the fall following the peak summer
pumping season (Figure 5-7). No long-term downward trend in water levels was observed in
WBZs within this subarea.
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Figure 5-7. Groundwater hydrograph for the Henderson Well (6,366 feet msl) within the
Christmas Valley sub-area.
5.2.2

Groundwater Flow Directions

Groundwater levels are shown in Figure 5-8 representing steady-state conditions (pre1983) in the shallow aquifer (upper 300 feet) -- as simulated from the STGM. Figure 5-8 also
shows the general direction of groundwater flow. Groundwater flow is generally directed from
areas of high to low groundwater elevations. The relative rate of groundwater flow is
proportional to the hydraulic gradient and the hydraulic conductivity. The general groundwater
level pattern observed in the TVS Subbasin is for higher groundwater levels to occur along the
basin margins where a majority of recharge enters the groundwater system from higher
elevations. Highest groundwater levels occur in the Christmas Valley subarea which also forms
the topographically highest portion of the valley floor. From Christmas Valley, groundwater
flows northward. Water from the Angora subarea flows southeast converging with flow from
Christmas Valley and flow originating in the Carson Range to the east where groundwater flows
around the lower permeable intrusive rocks forming the Twin Peaks to the north along the Upper
Truckee River riparian corridor (Figure 2-7). Ultimately groundwater discharges in local
tributaries or to Lake Tahoe as underflow.
Groundwater elevation contour maps for October 2019 and May 2020 are presented in
Figure 5-9) and represent a low and high groundwater level condition, respectively. The typical
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pattern is for the highest groundwater conditions to occur in the spring following the spring
snowmelt and runoff. The lowest groundwater conditions typically occur in the late summer and
early fall due to low recharge following the relatively dry summer months and increased
groundwater pumping to meet seasonal demand.
Groundwater levels were contoured based on groundwater level measurements for all
monitoring wells located in the TVS Subbasin. As indicated in Figure 2-10 the basin-fill deposits
include a multitude of WBZs with inter-layered clay horizons of variable lateral extents. To
make maximum use of the available data, all wells are contoured together regardless of the WBZ
where they are located. This is considered appropriate to illustrate the general pattern of
groundwater flow in the TVS Subbasin.
Comparison of contours from the two measurement periods shows that the generalized
pattern of groundwater flow remains similar between October 2019 and May 2020. This is
consistent with the hydrograph data that shows the typical variation in groundwater levels is on
the order of a few feet. In most of the TVS Subbasin, the October 2019 water level contours
progress southward indicating a general lowering of water levels following the summer peak
pumping months.
Vertical gradients were calculated for nested wells and clustered wells located throughout
the TVS Subbasin (Figure 5-10). The clustered piezometers SW-1, IW-1, and DW-1 are ideal for
calculating vertical gradients as these are located approximately 50 feet from each other with
average screen depths of 25, 130, and 240 feet BGS, respectively. Hydraulic heads measured in
May 2020 were 6,324.40, 6,314.28, and 6,296.87 feet AMSL, for SW-1, IW-1, and DW-1,
respectively. These data were used to calculate downward vertical gradients of 0.096 and 0.158
ft/ft for the upper (SW-1 to IW-1) and lower (IW-1 to DW-1) sections, respectively.
Neighboring wells with shallow and deep screen intervals were used to calculate a
vertical gradient in the northernmost part of the TVS Subbasin. The Sunset Well (average screen
depth = 353 feet) is located approximately 2,200 feet west of the Chris Well (average screen
depth = 121 feet), which is not ideal, but a general estimate of the vertical gradient can be made.
In May 2020 the hydraulic head was measured at 6,223.46 and 6,228.32 feet AMSL for Sunset
and Chris Wells, respectively. These data were used to calculate a downward vertical gradient of
0.02 ft/ft.
The USGS TCF Well is a nested well consisting of five observation wells completed in a
single borehole that monitors groundwater levels at varying depths near Trout Creek in the South
Lake Tahoe subarea (Figure 5-10). Each of the WBZs monitored by this nested well are
considered to be confined or semi-confined by the intervening clay and peat layers. Comparing
the vertical difference in groundwater levels (see Figure 5-11) indicates upward flow from BZ1
and BZ3 toward BZ4 and downward vertical flow from BZ5 toward BZ4. The complex vertical
flow directions observed in the nested well may result from the lowered potentiometric head in
BZ4 induced by pumping of the Glenwood Well #5.
CL-1 and CL-3 are observation wells which were constructed as a well cluster at the
Clement Well site. Both CL-1 and CL-3 monitor groundwater levels from the uppermost WBZ
(TKZ5). Comparison of the vertical difference in groundwater levels (see Figure 5-12) shows
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higher groundwater levels in the shallow well indicating that vertical flow is directed downward
through TKZ5 in this Groundwater Zone. Downward directed vertical flow through a WBZ is
often a characteristic of recharge areas and is consistent with the spatial distribution of
groundwater recharge depicted in Figure 5-15.
These vertical gradients are consistent with the conceptual model of the TVS Subbasin in
which recharge is generally occurring in the higher elevations, then flowing laterally and then
moving up from depth to ultimately discharge in Lake Tahoe. Pumping effects may locally
influence vertical hydraulic gradients between water-bearing zones.
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Figure 5-11. Groundwater hydrograph for the USGS TCF nested well (6,296 feet msl) within the
South Lake Tahoe sub-area. Total well depths for the observation wells completed within the
common borehole are as indicated.
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Figure 5-12. Groundwater hydrograph for the Clement Well cluster (6,279 feet msl) within the
South Lake Tahoe sub-area. Total well depths for the observation wells comprising the well
cluster are as indicated.

5.2.3

Hydraulic Parameters

Aquifer tests were conducted at numerous wells providing estimates of hydraulic
conductivity throughout the TVS Subbasin. Hydraulic conductivity is a measure of an aquifer’s
capacity to transmit water. A map of hydraulic conductivity values is shown in Figure 5-13.
The aquifer materials in the TVS Subbasin are very permeable. The hydraulic
conductivity values range from 0.5 – 210 feet per day (FT/D) with a median of 27 FT/D and
geometric mean of 20 FT/D. Aquifers with hydraulic conductivities greater than 1 FT/D are
considered productive for groundwater extraction purposes.
The measured hydraulic conductivities were used to aid the groundwater model
calibration process using the Pilot Point Methodology (Doherty, 2008). The hydraulic
conductivity remains fixed at measured locations and an automated calibration procedure was
used to adjust hydraulic conductivity values at unmeasured locations. Bedrock hydraulic
conductivity values were assumed to be homogeneous. The resulting hydraulic conductivity field
is shown in Figure 5-14. Highest permeability values are associated with the basin-fill deposits in
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the valley and along the riparian corridors. Bedrock hydraulic conductivity is 0.26 FT/D in the
uppermost layer and decreases to 5.6 x 10-3 FT/D in deeper layers. Highest hydraulic
conductivity values are located south of Twin Peaks near the Bakersfield and Arrowhead Wells
in a region dominated by glacial deposits.
Storage parameters were determined through calibration of the transient groundwater
flow model. A specific yield of 0.1 for bedrock and 0.3 for alluvium was used while specific
storage was 3.0 x 10-7 ft-1 for all geologic units to achieve an agreement between simulated and
measured water levels. Note that the average of storage coefficients derived from aquifer tests is
0.078, which is likely a measure of both confined and unconfined conditions.
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5.2.4

Groundwater-Storage

A storage calculation was performed using the STGM but limited to the TVS Subbasin
(Zone 10) and basin-fill sediments all the way to the bedrock contact. This calculation yielded
total storage of 1,800,000 AF. Additional calculations were performed to include all simulated
grid cells within the STGM model domain, including the Mountain Block (Zone 1) surrounding
the TVS Subbasin and all cells representing bedrock (Zone 1 + Zone 10). These calculations
yielded total storage values of 23,900,000 AF and 2,800,000 AF, respectively. For the purposes
of this report, the 1,800,000 AF of groundwater storage derived from groundwater that is limited
to the TVS Subbasin (Zone 10), from the water table to the bedrock contact, is used for analysis
of groundwater storage.
The value of total groundwater storage (1,800,000 AF) used for this analysis is derived
from the STGM from the water table to the bedrock contact. Storage calculations were done
using a Python script which reads simulated groundwater levels at every cell within the TVS
Subbasin. For each cell, the code calculates storage by multiplying the difference in water table
elevation and the cell bottom by the specific yield (0.3) and the cell’s surface area (~ 2.5 acres).
In other words, it multiplies the saturated volume of the cell by the specific yield. The storage for
any cells below that cell was calculated in the same way, using the total volume of each cell as
the saturated volume. Storage for all cells in a column was then summed, and the storage values
for all columns were converted to a georeferenced raster image and clipped to the shape of the
basin sediments. The raster cell values within this clipped shape were then summed to reach the
final storage value.
5.3

Groundwater-Surface Water Interactions

Groundwater-surface water interactions occur when the water table intersects with
surface water features such as streams or lakes. These interactions comprise the movement of
water between surface features and the underlying aquifer. The direction of flow depends on the
head in the aquifer and the stage of the surface water feature: when the surface stage is greater
than the groundwater head water flows from the surface feature to the aquifer, when the
groundwater head is greater than the surface stage water flows from the aquifer to the surface
feature. Flows between groundwater and surface waters exhibit a seasonal cycle and interannual
variability.
Within the TVS Subbasin, groundwater discharges to the stream channels along much of
the Upper Truckee River and Trout Creek. These groundwater discharges (i.e., base flow)
provide a component of the total streamflow that accounts for a substantial proportion of total
stream flow during the late summer and fall when runoff from the surrounding mountains has
diminished. During the winter and spring, the majority of total stream flows is provided by
seasonal storm or melts waters and the proportion of the total flow attributed to base flow is
relatively low.
Groundwater pumping has the potential of reducing base flow to streams, which could
affect GDEs and the aquatic and biologic resources dependent on the ecosystem services
provided by these habitats. The potential impact of groundwater withdrawals on surface water
systems depends on a multitude of variables including, but not limited to: the aquifer properties
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of the groundwater system; the arrangement of aquitards and confining layers between the waterbearing zone(s) and the surface water system; the distribution and construction of neighboring
drinking water production wells; and the timing and magnitude of groundwater withdrawals from
those wells.
Surface water features and GDEs in the basin are described in Section 2.6 of this plan.
The interactions between these features and the groundwater are briefly discussed below and are
addressed in detail along with the sustainable management criteria presented in Section 8.3.
5.4

Groundwater Budget

This section addresses DWR recommended actions RA-1 and RA-2 (presented in
Section 1.3), which recommend that water budget information be presented in tabular form
(Sections 5.4.6, 5.4.7, and 5.4.8; and Appendix J), and that projected water budgets incorporate
climate change over the planning and implementation horizon of 50 years (Section 5.4.8). These
results also incorporate recommended action RA-4, which recommends that changes in storage
be calculated within the TVS Subbasin boundary, rather than incorporating the surrounding
watershed. A groundwater budget analysis balances sources of recharge and discharge for a
given hydrologic basin and may be described with varying levels of detail for each component of
flow. Within this report, historic, current, and projected water budgets are described for the TVS
Subbasin based on simulation results from the STGM and in terms of the flow budget
components simulated in that model. Simulated sources of groundwater include areal recharge,
mountain-block recharge (MBR) and inflows from Lake Tahoe. Inflows to groundwater due to
losses from streams are incorporated in the areal recharge term based on GSFLOW modeling
results. Simulated groundwater sinks include baseflow to streams, outflows to Lake Tahoe, and
groundwater pumping. Groundwater storage may act as either a source or a sink within the
model, dependent on initial conditions and stresses applied for each stress period. Each of these
sources and sinks are described in more detail in the following sections.
5.4.1

Recharge

Recharge was extracted from the GSFRM and applied to the STGM model domain.
Recharge is defined as the model computed excess water leaving the unsaturated root or soil
zone and entering the saturated zone after accounting for abstractions of interception,
sublimation, surface runoff and evapotranspiration. GSFLOW simulated recharge for the TVS
hydrologic basin varies from year to year based on annual cycles of precipitation. The spatial
distribution of groundwater recharge for WY 2010, which represents average precipitation
conditions, is shown in Figure 5-15. Most of the recharge occurs in the mountains of the Sierra
Nevada and Carson Range. Annual recharge ranges from 9 inches in the valley to upwards of 34
inches in the higher elevations. This result is consistent with observations of stable isotope
levels in stream baseflow and of groundwater from numerous shallow and deep-screened wells
which indicate that a significant fraction of groundwater present within the TVS Subbasin is
sourced from precipitation in high elevation areas that recharges at the mountain front and/or in
the mountain block as MBR (Fogg, et al., 2007). MBR is the subsurface inflow of groundwater
to lowland basin-fill aquifers from adjacent mountains (Markovich et al., 2019). In the STGM,
MBR is calculated in the groundwater budget as the difference between the areal recharge within
the Mountain Block adjoining the TVS Subbasin and the sum of the base flow to streams and
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discharge to Lake Tahoe within the mountain block area. Fallen Leaf and Cascade Lakes are
simulated as lakes and therefore receive constant recharge of approximately 30 inches per year.
Groundwater recharge is largely dependent on annual precipitation, and it is important to
understand how recharge changes over time. A regression equation was developed between
annual precipitation at Hagan’s Meadows climate station to groundwater recharge (Figure 5-16)
with a coefficient of determination (R2) of 0.92. The coefficient of determination describes how
much of the variability in one variable can be predicted based on the value of another variable. In
this case, more than 92% of the year-to-year variability in groundwater recharge (as derived from
the groundwater flow model) can be predicted based on the observed precipitation at Hagan’s
Meadow. The Hagan’s Meadow climate station resulted in the best correlation between
precipitation at one station versus groundwater recharge.
Groundwater recharge to the TVS Subbasin (Zone 10) from WY 1983 – 2019 is shown in
Figure 5-17 as the sum of areal recharge over the TVS Subbasin and MBR. Average annual
recharge over the last decade (2010 – 2019) is 22,400 AFY and the average over the entire
simulation period (1983– 2019) is 21,400 AFY. MBR is typically 5% to 50% of the total
recharge to basin-fill aquifers (Markovich et al, 2019). Groundwater budgets computed by the
STGM shows MBR annually accounts for about 75% of the total recharge to the TVS Subbasin.
The ratio of recharge computed by the GSFLOW model to annual precipitation, which is
termed as “recharge efficiency,” can be used to describe the fraction (or percentage) of
precipitation that is converted to recharge. Mean estimated precipitation by GSFLOW for the
model domain is approximately 344,000 AFY over the hydrologic analysis area. Computed
recharge efficiency for the TVS Subbasin varies annually but on average (1983 – 2015) is
approximately 11 percent. The fraction of precipitation that becomes recharge is consistent with
other studies in the Sierra Nevada region (Flint and Flint, 2007).
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hydrologic analysis area. Also shown is a non-linear regression.
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Figure 5-17. Groundwater recharge to the TVS Subbasin from water year 1983-2019, including
mountain block recharge and direct areal recharge, compared to water year type.

22622517.26

Total Subbasin Recharge (AFY)
V,

Recharge (AFY)

...

0
0

w

N

,I>

en

-.J

00

_a

_a

_a

_a

U1

_a

_a

_a

_a

0
0
0

0
0
0

0
0
0

0
0
0

0
0
0

0
0
0

0
0
0

0
0
0

0
0
0

I
\
\
\

...
0

\
\
\
\

''

:I:
DJ
O'Q
DJ

::::1.

"'

s

N
0

•

.'
'•'

l

DJ

•

0

•

:E

"'"ti
-=:
~
::r

IJJ

0

11)

•

',·.

.,

<
II
"'N
II en

::,J

~

o!'.J

' ... •
'-

"'
..,11)

.
<D
<D N
N X
N
,_.
.i:,.

' ,.'•

"C

<11)

..,DJ

-

.~.'

'

11)

c..

,I>

0

.

•

''
•

~

V,

'-J

•

' ' ,1

...

• ' •

''

U1
0

ID

_a

''

.,
'

5.4.2

Groundwater Withdrawals

Groundwater is the primary source of drinking water accounting for more than 95 percent
of the potable water used within the TVS Subbasin. Surface water as a drinking water source is
relatively minor and is provided through a surface water intake to Lake Tahoe by LPA (Section
3.3.2.4). Groundwater withdrawals from community and individual water systems are discussed
in detail in Section 3.3. Groundwater production from the largest community water supply wells
typically account for more than 95% of the total groundwater extracted on an annual basis from
the TVS Subbasin. The remaining 5% is extracted from individual water system wells (Section
3.3.5).
Figure 5-18 shows the historical water use from the four largest water purveyors and
estimated pumpage at all individual water system wells used in the historical MODFLOW
model. Groundwater withdrawals averaged 7,660 AFY and 7,150 AFY over the periods 1983 –
2019 and 2010 – 2019, respectively. Note that total demand has decreased from 9,790 AFY in
2007 to 6,830 AFY in 2019.
For all climate scenarios, total pumpage at community water system wells was increased
at an annual rate of 0.37%, using the 50-year population growth rate for the County (see Section
3.1). This population growth was expressed in the projected water budgets using initial total
pumpage rates for each water provider from WY 2007, as this was the year with the greatest
pumping volume in historical record and allowed for the most conservative estimate of future
pumpage. LBWC, TKWC, and LPA all service smaller, discrete service areas with limited
potential for growth, and pumpage from these systems was limited to a maximum rate,
determined by a recent water demand projections see Section 3.4). After these water systems
reached their maximum pumping rate, excess pumpage that would otherwise have been assigned
to them according to the 0.37% rate increase was instead added to pumpage at District wells.
Total pumpage for each water system was distributed among that provider’s wells according to
the WY 2019 distribution and was temporally distributed according to historical seasonal
pumping rates. Individual water system wells simulated in the historical model were assumed to
continue pumping at the same rates and locations for the duration of the climate scenario models.
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Figure 5-18. Annual pumpage in AFY from community water system and individual water
system wells within the TVS Subbasin used in the MODFLOW model.

5.4.3

Discharges to Streams and Lakes

Groundwater discharges to streams and lakes are simulated using the MODFLOW stream
package. During pre-1983 (steady state) period, total baseflow to streams in the model domain
was approximately 34,400 AFY, 18,400 AFY in the Mountain Block and 16,000 AFY in the
TVS Subbasin (Table 5-1). Annual net groundwater discharge to Lake Tahoe during this time
was estimated at 7,900 AFY. Over the historical period (1983-2019), total baseflow to streams
averaged approximately 30,100 AFY in the model domain, 17,300 AFY in the Mountain Block
and 12,700 AFY in the TVS Subbasin (Table 5-2). Over the last decade (2010-2019), total
baseflow to streams averaged 30,300 AFY in the model domain, 17,600 AFY in the Mountain
Block and 12,700 AFY in the TVS Subbasin (Table 5-3). Simulated baseflow rates within the
subbasin for the 1983-2019 period are shown in Figure 5-19. Over the historical period (19832019), annual net groundwater discharge from the model domain to Lake Tahoe was 5,600 AFY,
of which 2,300 AFY was from the Mountain Block and 3,300 AFY was from the TVS Subbasin.
Over the last decade (2010-2019), average outflow from the TVS Subbasin to Lake Tahoe
reduced to 3,200 AFY. Net groundwater outflow from the TVS Subbasin to Lake Tahoe for
1983-2019 is shown in Figure 5-20.
5.4.4

Increases from Streams and Lakes

Flows from surface waters (i.e., streams and lakes) to groundwater are included in the
STGM as areal recharge. Historical groundwater recharge is prescribed based on a linear
regression between precipitation at Hagan’s Meadow and total recharge (Pohll et al. 2016).
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Groundwater recharge is prescribed for each climate scenario based on the GSFRM (see Section
5.1.1). Total annual recharge to the groundwater basin is distributed spatially and temporally
based on the output of that model and includes recharge from surface water features in contact
with the water table. MODFLOW simulations show that inflows from Lake Tahoe do occur in
response to pumping, particularly in the summer months, but over the historical period 19832019 model results showed an annual net outflow for all but three years (1995, 1996 and 2006).
During each of these years Lake Tahoe Elevations (stage) were at high levels (see Figure 2-13).
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Figure 5-19. Simulated baseflow to streams within the TVS Subbasin for 1983-2019, not
including the surrounding watershed.
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Figure 5-20. Simulated net groundwater flow from the TVS Subbasin to Lake Tahoe for 19832019.
5.4.5

Changes in Groundwater Storage

The STGM was used to calculate annual changes in groundwater storage for WYs 1983 –
2019 (Figure 5-21) for the TVS Subbasin (Zone 10). Annual change in groundwater storage
magnitudes vary from -7,400 AFY (meaning water levels are falling) to 12,100 AFY (meaning
groundwater levels are rising). On average, groundwater storage changes are near zero (-200
AFY), meaning groundwater storage changes tend to even out over periods of higher and lower
recharge. Over the last decade (2010-2019), storage has increased an average of 1,700 AFY.
Changes in groundwater storage are generally associated with variations in climate and/or
pumping. Given that groundwater recharge is more than pumping, changes in groundwater
storage are largely dependent on annual precipitation. Cumulative changes in storage for the
TVS Subbasin relative to WY 2005 are presented alongside groundwater production and water
year type (precipitation rate) in Figure 5-22. As of WY 2020, the cumulative change in storage
for the TVS Subbasin relative to WY 2005 was approximately +5,300 AF.
A regression equation was developed between annual precipitation at Hagan’s Meadow
climate station and changes in groundwater storage as calculated by STGM (Figure 5-23).
Hagan’s Meadow climate station was chosen because it resulted in the best correlation between a
single station’s annual precipitation and changes in groundwater storage. Note that this
regression relates precipitation to changes in groundwater storage for the model domain which
includes both the TVS Subbasin (Zone 10) and the Mountain Block (Zone 1), while storage
change presented in Figure 5-21 and Figure 5-22 is for the TVS Subbasin only. The zero point
occurs at approximately 31 inches of annual precipitation at Hagan’s Meadow, which is slightly
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less than the 30-year (1991-2020) mean annual precipitation of 31.9 inches. The zero point
represents the point at which groundwater storage does not change. Precipitation more than 31
inches causes groundwater storage to increase (positive storage change) and vice versa.
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Figure 5-21. Simulated change in storage for the TVS Subbasin (Zone 10) for 1983-2019.
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Figure 5-22. Annual groundwater production from public water supply wells and modeled annual and cumulative change in
groundwater storage, in AFY, for the TVS Subbasin (2005 WY through 2020 WY). Water year type using the classification developed
for the TVS Subbasin (Section 9.1.2.1) is indicated on the vertical axis along the right-side of the graph. Positive changes in
groundwater storage indicate periods of rising groundwater level.
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2015.

5.4.6

Historical Groundwater Budgets

Prior to 1983, average groundwater recharge most likely was similar to current
conditions and has been estimated at approximately 42,300 AFY based on the average annual
recharge estimate from the GSFRM for WY 1983-2011 (Carroll et al, 2016a). While
groundwater pumping did occur prior to 1983, rates were not well recorded and were likely less
than half of current averages. This summary can therefore be considered a good approximation
of pre-development conditions for the basin. Under these conditions, most groundwater
discharged either as baseflow to streams (34,400 AFY) or to Lake Tahoe (7,900 AFY).
These numbers represent the condition for the entire model domain, however, a more
representative picture of available groundwater may be found by separating flow budget terms
spatially for the TVS Subbasin (Zone 10) and the Mountain Block (Zone 1). Accordingly, the
groundwater budget for each of these spatial zones for the period prior to WY 1983 is
summarized in Table 5-1. The budget for the TVS Subbasin includes two recharge terms – one
representing areal recharge occurring directly over the TVS Subbasin, and one representing
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recharge originating from the Mountain Block. This recharge term is calculated as areal recharge
occurring over the mountain block, minus baseflow and discharge to Lake Tahoe that occur
within the mountain block. Recharge and discharge rates for the two spatial zones are discretized
from the steady-state groundwater model (Carroll et al, 2016a; Carroll et al, 2016b). This
analysis shows that under average pre-development conditions, the annual flow of groundwater
into the TVS Subbasin was approximately 21,700 AFY.
Table 5-1. Pre-development flow budget, segregated into components for the TVS Subbasin
(Zone 10) and the surrounding mountain block (Zone 1).
Item
Area
INFLOWS
Areal Recharge

Units
AC

Mountain Block
(Zone 1)

TVS Subbasin
(Zone 10)

Model Domain
(Zone 1 + Zone 10)

85,093

14,814

99,907

5,400
16,300
21,700

42,300
N/A
42,300

0
16,000
5,700
21,700

N/A
34,400
7,900
42,300

1

AFY
AFY

36,900
0
36,900

Recharge from Zone 1 to Zone 101
Baseflow to Streams
Discharge to Lake Tahoe
Outflow Total

AFY
AFY
AFY
AFY

16,300
18,400
2,200
36,900

Recharge from Zone 1 to Zone 10
Inflow Total
OUTFLOWS

AFY

Note: All values are rounded to the nearest 100 AFY.
1Recharge

from Zone 1 to Zone 10 is an internal flux within the model domain rather than a simulated inflow or outflow, and is not
summed within the model domain flow budget.

As groundwater pumping increased through the 1980s, baseflow to streams and discharge
to Lake Tahoe decreased. Average flow budget results from the STGM are presented in Table
5-2 for the historical period WY 1983-2019. These results are representative of the TVS
subbasin and include a term for groundwater flow entering the subbasin from the Mountain
Block, as defined above. A summary plot showing annual inflows and outflows, and the annual
change in storage for WY 1883-2019 is presented in Figure 5-24. Annual flow budget results for
the historical period WY 1983-2019 are presented in tabular form in Appendix J1.

Table 5-2. Average flow budget terms for the historical period WY 1983-2019, segregated into
components for the TVS Subbasin (Zone 10) and the surrounding mountain block (Zone 1).
Item
Area
INFLOWS
Areal Recharge
22622517.26

Units
AC
AFY

Mountain Block
(Zone 1)

TVS Subbasin
(Zone 10)

Model Domain
(Zone 1 + Zone 10)

85,093

14,814

99,907

36,300

5,300

41,600
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Item
Area

Units
AC

Recharge from Zone 1 to Zone 101
Lake Tahoe
Storage
Inflow Total
OUTFLOWS

AFY
AFY
AFY
AFY

Recharge from Zone 1 to Zone 101
Pumping
Baseflow to Streams
Lake Tahoe
Storage
Outflow Total

AFY
AFY
AFY
AFY
AFY
AFY

Mountain Block
(Zone 1)

TVS Subbasin
(Zone 10)

Model Domain
(Zone 1 + Zone 10)

85,093
0

14,814
16,200

99,907
N/A

100
7,300
43,700

2,000
2,700
26,200

2,200
10,000
53,700

16,200
0
17,300
2,300
7,900
43,700

0
7,700
12,700
3,300
2,500
26,200

N/A
7,700
30,100
5,600
10,400
53,700

Note: All values are rounded to the nearest 100 AFY.
1Recharge

from Zone 1 to Zone 10 is an internal flux within the model domain rather than a simulated inflow or outflow and is not summed
within the model domain flow budget.

5.4.7

Current Groundwater Budget

Over the last decade (2010-2019), total baseflow rates for the model domain averaged
30,300 AFA, or 12,700 AFA within the TVS Subbasin. Over the same time period, total net
outflow to Lake Tahoe averaged 3,100 AFA, or 900 AFA within the subbasin. While the
historical period WY 1983-2019 showed a slight average decline in subbasin storage of
approximately 200 AFA, WY 2010-2019 has seen an average increase in subbasin storage of
approximately 1,700 AFA. A summary of average flow budget results for WY 2010-2019 is
shown in Table 5-3.

Table 5-3. Average flow budget terms for the period WY 2010-2019, segregated into
components for the TVS Subbasin (Zone 10) and the surrounding mountain block (Zone 1).

Item
Area
INFLOWS
Areal Recharge
Recharge from Zone 1 to Zone 10
Lake Tahoe
Storage
Inflow Total

22622517.26

Units
AC
AFY
1

AFY
AFY
AFY
AFY

Mountain Block
(Zone 1)

TVS Subbasin
(Zone 10)

Model Domain
(Zone 1 + Zone 10)

85,093

14,814

99,907

42,100
0

6,300
16,100

48,400
N/A

100
5,800
48,000

2,300
1,700
26,400

2,400
7,500
58,300
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Item
OUTFLOWS

Units

Recharge from Zone 1 to Zone 101
Pumping
Baseflow to Streams
Lake Tahoe
Storage
Outflow Total

Mountain Block
(Zone 1)

TVS Subbasin
(Zone 10)

Model Domain
(Zone 1 + Zone 10)

16,100
0
17,600
2,300
12,000
48,000

0
7,100
12,700
3,200
3,400
26,400

N/A
7,100
30,300
5,500
15,400
58,300

AFY
AFY
AFY
AFY
AFY
AFY

Note: All values are rounded to the nearest 100 AFY.
1Recharge

from Zone 1 to Zone 10 is an internal flux within the model domain rather than a simulated inflow or outflow, and is not summed within
the model domain flow budget.
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Figure 5-24. Summary of historical inflows and outflows (not including changes in storage) for
WY 1983-2019, and the annual change in storage for the TVS Subbasin.

5.4. 8

Projected Water Budget

Water budget projections depend greatly on expected groundwater withdrawals and on
the effects of climate change. Six models were developed to simulate the potential impact of
climate change and estimated future pumping rates for WY 2020-2070, based on a recommended
subset of World Climate Research Program’s Coupled Model Intercomparison Project GCMs for
the 2075-2099 time period (DWR 2018). As there is some disagreement among climate models,
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these scenarios test the effect of warming temperatures and either more or less precipitation than
the historical average. For comparison, a future baseline model was also developed to include
estimated future pumping rates, but with no simulated climate change effects. Because predicted
climate change effects are based on the 2075-2099 time, the simulated climate scenarios
represent a ‘worst case scenario’, such that the changes in temperature and precipitation occur
immediately beginning in WY 2020, rather than the more gradual change that would be expected
to occur in reality. The climate scenarios tested, along with the corresponding changes in
recharge and lake stage, are listed in Table 5-4. The methodology used to simulate recharge rates
and lake stages for each of these climate scenarios is described in more detail in Appendix I .
Projected flow budget results for WY 2070 from the baseline and Q2 (hot and dry)
climate scenarios are presented in Table 5-5 and Table 5-6, respectively. For the sake of brevity,
flow budget results from the remaining climate scenarios are not presented in tabular form, but
selected flow budget components are plotted for comparison. Cumulative change in storage
within the TVS subbasin for all climate scenarios is shown in Figure 5-25. Though not depicted
here, it is interesting to note that the cumulative change in storage for the entire model domain
for scenario Q3 (hot and wet) is positive over the simulated time period, while it can be seen to
be negative for the TVS Subbasin alone in Figure 5-25. Baseflow to streams within the TVS
Subbasin for all climate scenarios is shown in Figure 5-26 and shows an increase in baseflow for
‘wet’ scenarios (Q3 and Q4) relative to baseline, and a decrease in baseflow for the warmer and
drier scenarios.
Discharge to Lake Tahoe originating from within the TVS Subbasin for all climate
scenarios is shown in Figure 5-27. Warmer and drier scenarios show an interesting result of a
sudden increase in outflow to Lake Tahoe at the beginning of the simulated time period,
followed by a decline in outflow, eventually reaching a negative outflow rate (i.e., inflow from
the lake to the basin). This pattern is a result of the simulated changes to the lake stage
corresponding to the various climate scenarios. As the stage of the lake declines during dry
periods, the gradient between groundwater levels in the basin and the lake steepens, and outflow
increases. When the simulated lake stage reaches its new equilibrium level for each climate
scenario, the gradient re-equilibrates to the boundary condition and outflow to the lake begins to
decline.

Table 5-4. Areal recharge rates and lake stages used in future predictive climate scenarios.
Recharge rates listed are for the model domain.
Scenario

Recharge (AFA)

Lake Stage (ft)

Baseline

38,790

6,228.20

Q1 (warm/dry)

29,206

6,218.20

Q2 (hot/dry)

26,026

6,214.90

Q3 (hot/wet)

48,254

6,232.00

Q4 (warm/wet)

52,303

6,232.00

Q5 (warm)

36,564

6,225.90
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Table 5-5. Projected flow budget terms from the Baseline climate scenario for WY 2070,
segregated into components for the TVS Subbasin (Zone 10) and the Mountain Block (Zone 1).
Item
Area
INFLOWS
Areal Recharge

Units
AC
AFY

Recharge from Zone 1 to Zone 101
Lake Tahoe
Storage
Inflow Total
OUTFLOWS

AFY
AFY
AFY
AFY

Recharge from Zone 1 to Zone 101
Pumping
Baseflow to Streams
Lake Tahoe
Storage
Outflow Total

AFY
AFY
AFY
AFY
AFY
AFY

Mountain
Block (Zone 1)
85,093

TVS Subbasin
(Zone 10)
14,814

Model Domain
(Zone 1 + Zone 10)
99,907

33,900
0

4,900
15,600

38,800
N/A

0
14,000
47,900

4,700
3,300
28,500

4,700
17,300
60,800

15,600
0
16,300
2,200
13,800
47,900

0
11,800
11,200
2,300
3,200
28,500

N/A
11,800
27,500
4,500
17,000
60,800

Note: All values are rounded to the nearest 100 AFY.
Recharge from Zone 1 to Zone 10 is an internal flux within the model domain rather than a simulated inflow or outflow, and is not summed within the
model domain flow budget.
1

Table 5-6. Projected flow budget terms from the Q2 (hot and dry) climate scenario for WY 2070,
segregated into components for the TVS Subbasin (Zone 10) and the Mountain Block (Zone 1).
Item
Area
INFLOWS
Areal Recharge
Recharge from Zone 1 to Zone 10
Lake Tahoe
Storage
Inflow Total
OUTFLOWS

Units
AC
AFY
1

Recharge from Zone 1 to Zone 101
Pumping
Baseflow to Streams
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AFY
AFY
AFY
AFY
AFY
AFY
AFY

Mountain
Block (Zone 1)
85,093

TVS Subbasin
(Zone 10)
14,814

Model Domain
(Zone 1 + Zone 10)
99,907

23,400
0

2,600
11,800

0
11,200
34,600

5,000
2,900
22,300

26,000
N/A
5,000
14,100
45,100

11,800
0
10,700

0
11,800
6,000

N/A
11,800
16,700
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Item
Lake Tahoe
Storage
Outflow Total

Units
AFY
AFY
AFY

Mountain
Block (Zone 1)
1,800
10,300
34,600

TVS Subbasin
(Zone 10)
1,700
2,800
22,300

Model Domain
(Zone 1 + Zone 10)
3,500
13,100
45,100

Note: All values are rounded to the nearest 100 AFY.
1
Recharge from Zone 1 to Zone 10 is an internal flux within the model domain rather than a simulated inflow or outflow, and is not summed within the
model domain flow budget.
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Figure 5-25. Cumulative change in storage within the TVS Subbasin for all climate scenarios,
WY 2020-2070.
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Figure 5-26. Baseflow to streams within the TVS Subbasin for all climate scenarios, WY 20202070.
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Figure 5-27. Discharge to Lake Tahoe from the TVS Subbasin for all climate scenarios, WY
2020-2070. Negative flow rates indicate lake water flowing into the TVS Subbasin.
5.5

Sustainable Yield

Under SGMA, sustainable yield is explicitly defined as “the maximum quantity of water
calculated over a base period that is representative of long-term conditions in the basin and
including any temporary surplus, that can be withdrawn annually from a groundwater supply
without causing an undesirable result.” The sustainable yield must be, at a minimum, less than or
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equal to the amount of groundwater recharge. As noted above, groundwater recharge varies in
response to annual precipitation, but on average (1983 – 2019) groundwater recharge for the
model domain is 41,600 AFY, or 21,500 AFY for the TVS Subbasin, including both areal
recharge and MBR (Table 5-2). When estimating sustainable yield, it is also important to
consider than some amount of recharge must remain unwithdrawn to support GDEs in the form
of baseflow to streams.
While the exact amount of baseflow to streams required to avoid an undesirable result is
not known, minimum historical observed flow rates can be used as a reasonable estimate for the
purpose of deriving a sustainable yield. Because gages are not maintained along all streams
within the TVS Subbasin and the surrounding mountain block, simulated baseflow rates were
used to define this value. A steady-state version of the STGM was developed representing
recharge and lake stage conditions used in the transient Q2 (hot and dry) climate scenario but
was run with no simulated pumping. The resultant baseflow to streams at each of the gages
exceeds the historical minimum at that gage by at least 10%. Total simulated baseflow to streams
over the model domain, including un-gaged streams, was 18,600 AFY, 10,300 AFY within the
Mountain Block and 8,300 AFY within the TVS Subbasin. Average recharge less this estimated
minimum ‘safe’ baseflow gives a sustainable yield of 20,190 AFY for the model domain, 6,990
AFY for the Mountain Block and 13,200 AFY for the TVS Subbasin. The sustainable yield
estimate for the TVS Subbasin (13,200 AFY) is more than the allocations for the South Lake
Tahoe area (12,493 AFY) defined in the Compact (Section 4.3.9). It is also more than the
groundwater withdrawals which have been declining from a maximum of 9,800 AFY in 2007 to
6,800 AFY in 2019. It is also more than the projected water demand of 11,800 AFY in 2070
using the 50-year population growth rates for the County (Tables 5-5, and 5-6). Comparison of
groundwater withdrawals to sustainable yield demonstrates that pumpage within the TVS
Subbasin is currently within the sustainable yield and is projected to remain within the
sustainable yield over the next 50-years.
5.6

Assessment of Potential Overdraft Issues

Overdraft occurs when groundwater extractions exceed the sustainable yield of an
aquifer. As discussed in Section 5.5, projected groundwater extractions (11,800 AFY) is within
the sustainable yield (13,200 AFY) for the TVS Subbasin. However, since the sustainable yield
value is based on an average recharge rate, it is possible that an overdraft condition may still
occur during years with reduced recharge, such as during a sustained drought or in response to a
more permanent reduction in recharge rates because of climate change. Potential overdraft issues
may include reduction of groundwater levels below the tops of well screens, reductions of
groundwater in storage, reduction of baseflow to streams available to support GDEs and land
subsidence. Characterization of undesirable results from chronic lowering of groundwater levels
is considered in Section 8.1 and undesirable results on interconnected surface waters and GDEs
is considered in Section 8.3.
5.6.1

Assessment of Potential Overdraft

The STGM was used to assess potential overdraft issues within the TVS Subbasin
through WY 2070. The simulated change in groundwater levels between WY 2019 and WY
2070 are shown for the Baseline (average current climate conditions) and the Q2 (hot and dry
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climate scenario) climate models in Figure 5-28 and Figure 5-29, respectively. The Baseline
results show an average drawdown within the subbasin of 4.3 feet over the simulated period,
representative of the potential drawdown resulting from the conservative estimates of future
pumping used in these models. The Q2 model results show an average drawdown within the
subbasin of 15.4 feet over the simulated period. The additional drawdown shown in this model
represents the contribution from a worst-case future climate change scenario. The average
drawdown at CWS wells is 5.6 feet and 18.1 feet for the Baseline and Q2 models, respectively.
As individual water system wells are typically much shallower than CWS wells, they are
at greater risk of deleterious effects resulting from declining groundwater levels. The locations of
active individual water system wells throughout the TVS Basin were derived from the Phase I
and Phase II private well owner surveys described in Section 3.3.4. While the exact depths of
these wells are not known for each location, they are assumed to have a minimum depth of 50
feet. In order to assess the number of individual water system wells that may be at risk from
potential overdraft, the locations of all known active individual water system wells are compared
to basin areas with simulated depth to water greater than 50 feet for WY 2070 for the Baseline
and Q2 models in Figure 5-30 and Figure 5-31, respectively. Simulated water levels for WY
2019 indicate 34 individual water system wells located in areas with depths to water greater than
50 feet. The Baseline model WY 2070 indicates 38 individual water system wells located in
these areas, an increase of 4 wells from present, while the Q2 model WY 2070 indicates 73
individual water system wells located in these areas, an increase of 39 wells.
Baseline and Q2 model results were also used to assess the potential effect of drawdown
on baseflow to streams in interconnected surface waters. Baseflow depletion maps for WY 2070
for the Baseline and Q2 models are presented in Figure 5-32 and Figure 5-33, respectively.
These maps represent the difference in baseflow between a Baseline model with no pumping,
and Baseline and Q2 models including pumping. Thus, the Baseline depletion map represents
depletions in baseflow to streams due to pumping only, while the Q2 depletion map represents
the depletions in baseflow to streams due to both pumping and climate change. The locations of
baseflow depletions are nearly identical between the two maps, with the Q2 map showing a
slightly larger area affected by depletions, but the magnitude of these depletions is much greater
for the Q2 model. Baseflow depletions for WY 2070 total 3,220 AF for the Baseline model and
13,990 AF for the Q2 model, relative to a total simulated baseflow of 30,720 AF for the Baseline
model with no pumping.
These results indicate the potential impacts on wells and interconnected surface waters
due to pumpage alone are negligible. At current rates of groundwater recharge, the potential
effects of overdraft are not significant. If climate change results in a sustained reduction in
groundwater recharge, overdraft may become a significant concern.”
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Figure 5-28. Simulated drawdown from WY 2019 to WY 2070 for the Baseline climate model.
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Figure 5-29. Simulated drawdown from WY 2019 to WY 2070 for the Q2 (hot and dry) climate
model.
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Figure 5-30. Simulated depth to water and locations of individual water system wells for WY
2070 for the Baseline climate model.

22622517.26

140

.Ir --~---

. ........ ...._. _
•

WY2070 Q2 D

-

<=SO

-

>SO

•••
I

epth to Water (ft)

Private Wel ls

•••

11. ••• : TVS Subbasin

Figure 5-31. Simulated depth to water and locations of individual water system wells for WY
2070 for the Q2 (hot and dry) climate model.
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Figure 5-32. Locations and magnitudes of baseflow depletion due to pumping in the Baseline
climate model in cubic feet per day (cfd).
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Figure 5-33. Locations and magnitudes of baseflow depletion due to pumping and climate
change in the Q2 (hot and dry) climate model in cubic feet per day (cfd).
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Assessment of Land Subsidence

5.6.2

The TVS Basin consists mostly of coarse-grained glacial and alluvial/fluvial deposits and
lesser fine-grained interbedded lacustrine layers (see Section 2.4). The coarse-grained deposits
consist of variable mixtures of stratified and massive sand to boulders, which have
sedimentologic characteristics that are less susceptible to compaction during deep declines in
groundwater levels than the fine-grained lacustrine deposits composed of bedded silt and clay.
The potential for land subsidence in the TVS Basin under current groundwater conditions is
negligible because the fine-grained lacustrine deposits are relatively thin and discontinuous, and
historical groundwater levels in the basin have been stable (e.g., Ireland et al., 1984).
Land subsidence can be induced by deep declines in groundwater levels that allow for
compaction, particularly of fine-grained layers. This compaction occurs as pumping of
groundwater reduces the fluid pressure in pore spaces between grains, which would otherwise
oppose the normal stress caused by the weight of overlying sediments. The stress borne by a
porous medium can be expressed by Terzaghi’s Law, such that
σ=σ^'+p

(1)

where σ is the vertical normal stress, σ’ is the effective stress, or ‘grain-to-grain’ stress,
and p is the fluid pressure. Thus, with an unchanging vertical normal stress, a reduction in fluid
pressure necessitates an increase in the effective stress, which can induce a shifting or elastic
compression of grains to reduce porosity (i.e., compaction). The degree of compaction resulting
from a given increase in effective stress– caused by an equivalent decrease in pore fluid pressure
– is a function of the compressibility (α) of the aquifer rock or sediment, such that
-(dz)=αz(〖dσ〗^' )=-αzρ_w gdh

(2)

where z is the saturated thickness, dz is the change in thickness (i.e., the compaction), dσ’
is the change in effective stress, and ρwgdh is the drop in hydrostatic pressure due to a decrease
in head (dh).
The compressibility of a dense, sandy gravel representative of the coarse glacial deposits
making up much of the basin fill in the TVS Basin is 4 x 10-7 ft2/lb (Domenico and Mifflin,
1965). Deeper wells (e.g. Sunset Well) access approximately 400 feet of saturated thickness. To
generate land subsidence of 1 foot in these sediments, a sustained head drop of 100 feet would be
required. This exceeds the maximum simulated drawdown within the subbasin for WY 2070 for
both the Baseline and Q2 models.. Characterization of undesirable results with respect to land
subsidence are presented in Section 8.1.3.
5.7

Potential Climate Change Impacts

Climate change in the Sierra Nevada Region will disrupt a wide range of processes that
have historically been assumed to be stable or at equilibrium. Within this region, temperatures
are generally warming while changes in overall precipitation remain uncertain. Anticipated
climate changes will likely lead to a higher rain-snow line, decreased snowpack, reduced soil
moisture, increased wildfires, and increased evapotranspiration within the Lake Tahoe
Hydrologic Basin. These disruptions are described in the statewide and regional reports produced
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by the California Fourth Climate Change Assessment, and guidance for preventing, quantifying,
and assessing vulnerability to these impacts is provided in California’s Climate Action Plans.
5.7.1

CCCA4 Sierra Nevada Region

The California Climate Change Assessment projects 6-9 °F of warming in the Sierra
Nevada region by the end of the century and highlights the uncertainty in future precipitation
(Dettinger et al. 2018). Despite this uncertainty (projections of changes to precipitation range
between ±10-15% of historical averages), snowpack is expected to decline due to warming, and
spring runoff will therefore occur earlier in the year. Shifts from snow to rain are likely to lead
increases in spring and winter discharges with concurrent reductions in late season base flows, as
well as reduced soil and vegetation moisture. These changes are already occurring and will
continue even in the absence of development-induced stresses. Along with the long-term trend of
temperatures, both temperatures and precipitation are expected to become increasingly variable.
Prolonged drought conditions could lead to increased groundwater pumping to meet increased
water demands.
The adaptation framework presented by the California Climate Change Assessment
recognizes that not all of the changes can be countered by management actions. Adaptation will
take one of four forms: resistance (trying to ward off climate change impacts), resilience
(increasing the capacity of systems to absorb and recover from climate changes), orderly
response (assisting transitions to avoid the least desirable outcomes), and realignment
(facilitating major transitions to the most desirable new condition). These different strategies
guide the mitigation efforts described in this Alternative, in which the adaptations are primarily
based around resistance and resilience.
Resistant strategies are used when the combination of climate change and groundwater
management threatens the viability of existing infrastructure. For example, the thresholds
presented in Section 8.1 for reductions in groundwater levels are based on the need to maintain
sufficient freeboard above the top of screen for existing production wells. If this threshold is
approached, the timing and location of groundwater withdrawals can be adjusted to minimize the
risk of dropping groundwater levels too far. Environmental changes that may be caused or
exacerbated by groundwater pumping (depletions in surface water, for example) can be
addressed with resilience-based strategies, allowing some declines but managing withdrawals to
ensure that environmental discharge does not fall too low to irrevocably damage the community.
5.7.2

Climate Action Plans

The California DWR’s Climate Action Plan (CAP) offers guidance on mitigating the
effects of climate change on a variety of processes. The plan is divided into three phases:
Greenhouse Gas Emissions Reduction Plan (Phase 1; DWR 2020), Climate Change Analysis
(Phase 2; DWR 2018), and Climate Change Vulnerability Assessment (Phase 3; Selmon et al.
2019). The Phase 1 plan is incorporated into other management activities within the TVS
Subbasin. While the formulation of climate scenarios for this planning effort followed previous
DWR guidance (DWR 2018), future updates to this Alternative should follow the SGMAspecific guidance presented in the Phase 2 CAP.
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The Climate Change Vulnerability Assessment (Selmon et al. 2019) examines the effects
of climate change on DWR assets. Mechanisms considered include, among others, long-term
persistent hydrologic changes and habitat and ecosystems services degradation. Diminished
snowpack and warmer temperatures will change the timing of spring runoff peaks and drive
increased demand for both agricultural and municipal water. The DWR Phase 3 assessment
focuses largely on the risks to the ability of the State Water Project (SWP) to deliver agricultural
flows, but the increased demand for water and changes in runoff timing are relevant to this
Alternative as well. Projected increases in water demand and changes to recharge induced by
shifts in runoff timing are incorporated in the STGM that informs this Alternative, as described
in Section 5.4.8.
Climate change has already affected Sierra Nevada ecosystems, and these effects will
continue (PRBO Conservation Science 2011). The distributions of plant and animal communities
are shifting in response to climate changes, even in the absence of other anthropogenic
disturbances (Selmon et al. 2019). When anthropogenic stressors are present, they are
exacerbated by climate change (Selmon et al. 2019). Whereas the DWR Vulnerability
Assessment considers these impacts qualitatively (Selmon et al. 2019), Section 8.3 of this
Alternative includes quantitative metrics to protect both terrestrial and aquatic communities that
rely, in whole or in part, on the connections between groundwater and surface water.
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SECTION 6:

GROUNDWATER QUALITY

The following section provides an overview of current groundwater quality and
groundwater quality issues recognized within the TVS Subbasin using available water quality
records collected over the past ten years (2011 – 2020). Limitations of the water quality data
used to describe groundwater quality are discussed in Section 6.1.2.
6.1

Background

The Safe Drinking Water Act (SDWA) defines a contaminant as any physical, chemical,
biological, or radiological substance or matter present in any media at concentrations that may
pose a threat to human health or the environment. Pursuant to the SDWA, EPA adopts and
enforces standards for the amount of a contaminant that is allowed in public water systems.
Maximum Contaminant Levels (MCLs) are enforceable standards established to protect the
public against consumption of drinking water contaminants that present a risk to human health.
MCLs are established for inorganic chemicals, organic chemicals, disinfection by-products and
radioactivity. The EPA has also established National Secondary Drinking Water Regulations that
set non-mandatory water quality standards. These secondary MCLs (SMCLs) are not enforceable
but are established only as guidelines to assist public water systems in managing their drinking
water for aesthetic considerations, such as taste, color, and odor. These contaminants are not
considered to present a risk to human health at the SMCL. MCLs and SMCLs also serve as water
quality objectives for groundwater designated for municipal and domestic supply under the Basin
Plan (see Section 4.3.2).
6.1.1

Overview and Data Sources

The following analysis uses water quality data collected over the past 10 years (2011
through 2020) to describe current groundwater quality conditions within the TVS Subbasin.
These data consists of water quality records downloaded on June 2, 2021 from the State Water
Board Groundwater Ambient Monitoring and Assessment (GAMA) Groundwater Information
System – which include records from the Department of Health Services and USGS datasets for
water supply wells – and records from the GAMA-Electronic Deliverable Format dataset for
environmental monitoring wells (environmental wells).
Environmental wells typically sample groundwater quality from the uppermost waterbearing zones, while the water supply wells typically sample groundwater quality in the deeper
water-bearing zones used for drinking water production. Chemical data for the water supply
wells was supplemented with general and inorganic water quality data collected during private
well water quality testing conducted during the Phase II survey (Section 3.3.4). Chemical data
for the environmental wells was supplemented with chemical data available from site
investigation reports through SWRCB-GeoTracker for the Meyers Landfill (SL0601724846) and
Private Residence (SL0601714201) sites. For a detailed description of historical groundwater
conditions, the reader is referred to Section 6.0 of the 2014 Groundwater Management Plan
(Kennedy-Jenks, 2014).
6.1.2
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Even though the total number of water quality records used for describing water quality
in the TVS Subbasin is substantial (16,669 records), the data is inherently predisposed by the
well type, sampling frequency and types of water quality constituents analyzed. For instance, in
terms of the total number of records, there are about five times more water quality records
available for water supply wells than environmental monitoring wells (Table 6-1.). Within each
well type, there is further bias in the types of wells from which water quality records are
generated. For the drinking water supply wells, water quality records are predominantly from
active wells within community water systems. There are a very limited number of water quality
records from non-community and private wells. For the environmental monitoring wells, water
quality records are from UST cleanup and cleanup program sites regulated by the LRWQCB
including open site assessment, remediation, or verification monitoring sites; and case closed
sites completed within the past ten years. These biases lead to substantially greater description of
water quality within portions of Subbasin areas where groundwater is actively used for drinking
water and/or monitored as part of recent and/or active regulated groundwater investigation and
remediation sites.
Table 6-1. Types and numbers of water quality records used for describing groundwater quality
in the TVS Subbasin.
Water Quality Type

Drinking Water Supply
Wells
1,476

Environmental Monitoring
Wells
13

Inorganic

2,441

99

Chemical

9,425

2,581

634

-

13,976

2,693

General

Radionuclide
Total Number of Records

There are other biases, in terms of the types of water quality constituents analyzed. For
example, PAHs have shown up in aquifers as byproducts of combustion during wildfires (see
Section 5.1.2). PAHs are made whenever substances are burned and found in hundreds of
chemicals that occur naturally in fossil fuels and are formed as by-products from their
combustion. Only two of the most common PAHs (benzo (a) pyrene and naphthalene) are in the
GAMA dataset. Search of the GAMA dataset for these compounds show that benzo (a) pyrene
and naphthalene were not detected in groundwater samples collected from water supply wells in
the TVS Subbasin. Naphthalene has been detected in groundwater samples collected from
environmental wells at the Meyers Landfill site (Section 6.3.1.3).
6.2

Groundwater Quality

The following section describes groundwater quality in terms of general, inorganic,
chemical and radionuclide constituents regulated by the SWRCB Division of Drinking Water
and groundwater contaminants regulated by LRWQCB through UST and Site Cleanup Programs.
6.2.1
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Groundwater in the TVS Subbasin is generally of excellent chemical quality, suitable for
the designated beneficial uses of municipal and industrial water use and for any other uses to
which it might be put. Natural sources of salts are from the dissolution of minerals in the basinfill deposits. Anthropogenic sources are from disposal of wastewater and infiltration of water
containing fertilizers or other sources of salts, nitrates, or phosphates. All sewage from within the
Lake Tahoe Basin must be collected, treated, and exported outside of the Lake Tahoe Basin.
Spills and releases from the District’s sewer collection system have the potential to contaminant
surface water and groundwater quality. The District regularly performs inspections and
maintenance on its sewer collection and recycled water export systems in order to prevent
sewerage spills and releases.
A summary of the nutrient and general water quality data for water supply and environmental
wells is provided in Table 6-2.
6.2.1.1

Water Supply Wells

Groundwater from water supply wells is relatively low in total dissolved solids with
typical values on the order of 100 milligrams per liter (MG/L). Average values for chloride and
sulfate are very low at about 10.4 MG/L and 3.3 MG/L, respectively. Maximum nutrient
concentrations for Nitrate (NO3 as N) and Nitrite (NO2 as N) are also low at 1.36 MG/L and
0.07 mg/L, respectively, well within MCLs for these constituents.
A limited number of groundwater samples collected from private wells (16 in total) were
further evaluated and plotted on a Piper trilinear diagram (Table 6-1.) to show major ion
compositions and water types occurring within the TVS Subbasin. From this evaluation,
calcium-bicarbonate (Ca-HCO3) is the predominant water type, followed by sodium bicarbonate
(Na-HCO3) and calcium-chloride (Ca-Cl). Two groundwater samples, one collected near the
south shore of Lake Tahoe within the Bijou sub-area (Sample Id AG74113) and the other
collected in the Christmas Valley sub-area (Sample Id AG73885) were classified as sodiumchloride (Na-Cl) water types.
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Table 6-2. General water quality for water supply and environmental wells within the TVS Subbasin (6-005.01) sampled over the past
ten years (2011 – 2020).
WATER SUPPLY WELLS
Constituent

MCL

Units

Wells
Sampled

Average
Conc.

Min.
Conc.

Max.
Conc.

ENVIRONMENTAL WELLS
Wells
>MCL

Wells
Sampled

Constituents with Primary MCLs

Average
Conc.

Min.
Conc.

Max.
Conc.

Wells
>MCL

Constituents with Primary MCLs

Nitrate (NO3 as N) +
Nitrate (NO2 as N)

45

mg/L

21

0.30

<0.02

1.36

0

0

-

-

-

-

Nitrite (NO2 as N)

1

mg/L

87

0.01

<0.01

0.07

0

0

-

-

-

-

Constituents with Secondary MCLs

Constituents with Secondary MCLs

Chloride

250

mg/L

49

10.4

<0.5

66.7

0

0

-

-

-

-

Specific
Conductance

900

µS/cm

36

188

60

528

0

0

-

-

-

-

Sulfate

250

mg/L

48

3.3

<0.5

28.8

0

4

11.87

1.9

32.4

0

Total Dissolved
Solids

500

mg/L

50

133

37

308

0

0

-

-

-

-

Note:

Bold is for constituents with concentrations above the MCL.

Source: GAMA Groundwater Information System Database for period from 2010 to 2020 for water supply wells and environmental wells within the TVS Subbasin
(Downloaded June 2, 2021).
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Figure 6-1. Major ion compositions for groundwater samples collected from private wells during the Phase II survey of
private well owners.
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6.2.1.2

Environmental Wells

General groundwater quality data for environmental wells is very limited to Sulfate
values for groundwater samples collected from four monitoring wells from a single site
(TO6017001). Sulfate in these monitoring wells average (11.8 mg/L) with a maximum
concentration of 32.4 mg/L.
6.2.2

Inorganic Constituents

Inorganic constituents listed in drinking water standards generally include various
metals, halogens and cyanide. Of these constituents, arsenic and chromium are the only
constituents found at concentrations exceeding the primary MCL. Iron and manganese are the
only constituents found at concentrations exceeding SMCLs.
6.2.2.l

Water Supply Wells

Table 6-3 presents a summary of the inorganic constituents detected in water samples
collected from the water supply wells in the TVS Subbasin over the past 10 years. Of the wells
sampled during this period, one well had a single instance of aluminum above the primary MCL
of 1 milligram per liter (mg/L); and five wells had one or more instances of arsenic above the
primary MCL of 10 micrograms per liter (µg/L). A total of eight wells had one or more instances
of iron above the SMCL (300 µg/L) and three wells had one or more instances of manganese
above the SMCL (50 µg/L). A map showing locations of incidences of inorganic chemical
constituents above MCLs is shown in Figure 6-2
Based on the incidences of arsenic in the water supply wells and the WBZs from which
these wells produce, arsenic above MCLs is found in relatively deep confined WBZs found in
the Meyers (MZ3, MZ4), Angora (AZ1, AZ2), South Lake Tahoe (SLTZ1, SLTZ2, SLTZ3), and
Tahoe Keys (TKZ2, TKZ3) subareas. Iron above MCLs is found in relatively shallow semiconfined and confined WBZs in the Bijou (BZ4, BZ5), South Lake Tahoe (SLTZ4, SLTZ5), and
Christmas Valley (CV4) subareas, and in relatively deep confined water-bearing zones in the
Meyers (MZ3, MZ4) and Angora (AZ1, AZ2) subareas. Manganese above MCLs is found in
relatively shallow unconfined and semi-confined water-bearing zones in the Tahoe Keys (TKZ5)
and Meyers (MZ5) subareas; and in relatively shallow semi-confined and confined WBZs in the
Bijou (BZ4, BZ5) subarea.
The sources of the arsenic, iron and manganese are believed to be naturally occurring
derived from the weathering of exposed bedrock within and surrounding the groundwater basin
and/or the dissolution of arsenic and/or iron- and manganese-bearing materials within the basinfill deposits. Iron in standby and offline wells may sometimes also be caused by biofilms or
corrosion of metal casings within the well.
6.2.2.2

Environmental Wells

Although the number of environmental wells sampled for inorganic constituents is very
limited, there was only one incidence of an inorganic constituent (Thallium at 10 µg/L) detected
above an MCL (Thallium at 2 µg/L). However, the sampling result is suspect as the result is

22622517.26

152

below the reporting limit for the analysis. A summary of inorganic water quality sample results is
presented in Table 6-3..
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Table 6-3. Inorganic water quality for water supply and environmental wells within the TVS Subbasin (6-005.01) sampled over the
past ten years (2011 – 2020).
WATER SUPPLY WELLS
Constituent

MCL

Units

Wells
Sampled

Avg
Conc.

Min.
Conc.

ENVIRONMENTAL WELLS

Max.
Conc.

Wells
>MCL

Wells
Sampled

Constituents with Primary MCLs

Avg
Conc.

Min.
Conc.

Max.
Conc.

Wells >MCL

Constituents with Primary MCLs

Aluminum

1

mg/L

35

0.05

ND

1.2

1

0

-

-

-

-

Antimony

0.006

mg/L

32

ND

ND

ND

0

7

ND

ND

ND

0

Arsenic

0.01

mg/L

56

0.006

<0.001

0.014

5

7

ND

ND

ND

0

Barium

1

mg/L

36

0.006

ND

0.05

0

7

0.14

0.06

0.5

0

Beryllium

0.004

mg/L

35

0.000001

ND

0.00001

0

7

ND

ND

ND

0

Cadmium

0.005

mg/L

35

0.00002

ND

0.0001

0

7

ND

ND

ND

0

Chromium

0.05

mg/L

36

0.0005

ND

0.001

0

7

0.003

0.001

0.005

0

Cyanide

0.15

mg/L

26

0.0006

ND

0.005

0

0

-

-

-

-

Fluoride

2

mg/L

34

0.12

ND

0.613

0

0

-

-

-

-

Hexavalent
chromium

0.01

mg/L

23

0.001

0.001

0.001

0

7

0.003

0.003

0.003

0

Mercury

0.002

mg/L

29

ND

ND

ND

0

7

ND

ND

ND

0

0.1

mg/L

35

ND

ND

ND

0

7

0.004

0.004

0.004

0

0.006

mg/L

32

ND

ND

ND

0

0

-

-

-

-

Nickel
Perchlorate
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WATER SUPPLY WELLS
Min.
Conc.

ENVIRONMENTAL WELLS

Constituent

MCL

Units

Wells
Sampled

Avg
Conc.

Max.
Conc.

Selenium

0.05

mg/L

35

0.00002

ND

0.0001

Thallium

0.002

mg/L

31

ND

ND

ND

Wells
>MCL

Wells
Sampled

Avg
Conc.

0

7

ND

ND

ND

0

0

7

0.01

0.01

0.01

1

Constituents with Secondary MCLs
Copper

Min.
Conc.

Max.
Conc.

Wells >MCL

Constituents with Secondary MCLs

1

mg/L

33

0.013

ND

0.16

0

7

0.005

0.003

0.011

0

Iron

0.3

mg/L

49

0.553

<0.003

6.7

8

0

-

-

-

-

Manganese

0.05

mg/L

49

0.020

<0.001

0.144

3

0

-

-

-

-

Silver

0.1

mg/L

32

0.000001

ND

0.00001

0

7

0.001

0.001

0.001

0

Zinc

5

mg/L

32

0.013

ND

0.10

0

7

0.03

0.01

0.06

0

Note: Bold is for constituents with concentration above the MCL
Source: GAMA Groundwater Information System Database for period from 2010 to 2020 for water supply wells and
environmental wells within the TVS Subbasin (Downloaded June 2, 2021).
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Figure 6-2. Incidences of inorganic chemical constituents above MCLs detected in water samples
collected from water supply wells within the TVS Subbasin (Data Source: GAMA Groundwater
Information System, June 2021).
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Radioactive Constituents

6.2.3

Radioactive constituents are present in groundwater within the TVS Subbasin.
Radiological substances include radium isotopes (Ra-226 and Ra-228), total soluble uranium,
gross alpha activity and radon. Incidences of radiological substances exceeding the gross alpha
MCL of 15 pCi/L and total uranium MCL of 20 pCi/L have been found in water supply wells
within the TVS Subbasin (Figure 6-3).
Water Supply Wells

6.2.3.l

Table 6-4. presents a summary of the radioactive constituents detected in water samples
collected from the water supply wells in the TVS Subbasin over the past 10 years. Of the wells
sampled during this period, twelve wells had gross alpha activity above the MCL, and three
wells had total uranium above the MCL.
Based on the incidences of radioactive constituents in the water supply wells and the
water-bearing zones from which these wells produce, gross alphas activity above MCLs is found
in relatively deep confined WBZs in the Meyers (MZ3), South Lake Tahoe (SLTZ1, SLTZ2,
SLTZ3), and Tahoe Keys (TKZ2, TKZ3) subareas, and in confined WBZs in the Bijou (BZ4)
and Christmas Valley (CVZ1) subareas. Incidences of uranium activity above MCLs is found in
relatively deep confined water-bearing zones in the Bijou (BZ3) and Tahoe Keys (TKZ2, TKZ4)
subareas (Figure 6-3). The source of the radioactivity is the naturally occurring radioactive
isotopes found in granite and sediments derived from granite deposited in the basin-fill.
Radon 222 (Radon) is a radioactive gas formed by decay of small amounts of uranium
and thorium naturally present in rock and soil and is found in groundwater throughout the TVS
Subbasin. Investigation by the California Geological Survey shows that high radon potential is
associated with granitic rock (certain granodiorite units), and lake terrace, glacial till and glacial
outwash deposits. Moderate radon potential is associated with glacial till, outwash and lake
terrace deposits derived from the granodiorite (Churchill, 2009). Radon gas derived from these
materials can move into the groundwater system. Currently, there are no Federal or State
drinking water standards for radon (see Section 6.3.2.1).
Environmental Wells

6.2.3.2
wells.

Water quality records for radioactive constituents were not found for the environmental

22622517.26

157

r•ld B•y
t•te P•r"•rJ/d

ty

< 15 pCi/L

1

> 15 pCi/L

Uranium

•

0

< 20 pCi/L
> 20 pCi/L

Angora
Bijou
Christmas Valley
Meyers
South Lake Tahoe

£

"'

a.

iii
E

g

0

j

Tahoe Keys

r.::,:1

TVS Subbasin (6-005.01)

08/2021
0 0.22S>.45
0.9
1.35
1.8
. __
_________
-=•=--IIIC=:::::111111-M
iles _ _ _ _ _..__ _...,:__ _:....,:....:__

_:__ _ _ _ _ _ _ _ _ _ _ __;;....:.,._ _ __ ,

Figure 6-3. Incidences of radionuclide constituents above MCLs detected in water samples
collected from water supply wells within the TVS Subbasin (Data Source: GAMA Groundwater
Information System, June 2021).
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Table 6-4. Radionuclide water quality in water supply wells within the TVS Subbasin (6-005.01) sampled over the past ten years
(2011 – 2020).

Constituent

MCL

Units

Wells
Sampled

WATER SUPPLY WELLS
Avg
Min.
Max.
Conc.
Conc.
Conc.

Wells
>MCL

ENVIRONMENTAL WELLS
Wells
Avg
Min.
Max.
Sampled
Conc.
Conc.
Conc.

Constituents with Primary MCLs

I
Radium-226
Radium-228
Gross Alpha
particle
activity
Radon 222
Uranium

5
(combined
Ra226,228)

I

Wells
>MCL I

Constituents with Primary MCLs

pCi/L

23

0.66

<1

3.99

pCi/L

23

1.12

<1

3.97

15

pCi/L

26

11.16

<3

29.7

n/a

pCi/L

17

694

<100

20

pCi/L

24

7.4

<1

I

0

-

-

-

-

0

-

-

-

-

11

0

-

-

-

-

6,700

n/a

0

-

-

-

-

43

3

0

-

-

-

-

0

Note: Bold is for constituents with concentrations above the MCL.
Source: GAMA Groundwater Information System Database for period from 2010 to 2020 for water supply wells and environmental wells within the TVS
Subbasin (Downloaded June 2, 2021).
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6.2.4

Regulated Chemicals

Man-made contaminants which occur most frequently in the TVS Subbasin include
petroleum hydrocarbon and chlorinated hydrocarbon compounds. Petroleum hydrocarbon
compounds are from spills and releases associated with the operation of gasoline storage and
fueling facilities. Contaminants of concern from these releases often include the most soluble
fraction of the gasoline released, including benzene, toluene, ethylbenzene and total xylenes
(BTEX) and the gasoline additives used as fuel oxygenates and octane enhancers including
MtBE, Tert-Butyl Alcohol (TBA), Tertiary-Amyl Methyl Ether (TAME), and ethanol.
Chlorinated hydrocarbon compounds are most often used as industrial agents used for degreasing
metals, cleaning electronic parts and dry-cleaning fabrics. They are also contained in many
household products such as oil-based paints, drain cleaners, spot removers, engine degreasers
and paint removers. Contaminants of concern from these releases often include
Tetrachloroethylene (PCE); Trichloroethylene (TCE); 1,2-Dichloroethane(1,2-DCA);
1,2 Dichloroethylene (1,2-DCE); Vinyl Chloride (VC); and 1,4-Dichlorobenzene (1,4-DCB).
6.2.4.1

Water Supply Wells

Table 6-5. presents a summary of the regulated chemicals detected in water samples
collected from water supply wells in the TVS Subbasin over the past 10 years. Of the wells
sampled during this period, one well in the South Lake Tahoe subarea had one or more instances
of 1,2-DCA above the MCL (0.5 µg/L); and five wells in the South Lake Tahoe and Bijou
subareas had one or more instances of PCE above the MCL (5.0 µg/L).
Incidences of the regulated chemicals within the water supply wells are shown in Figure
6-4. Based on the incidences and the water-bearing zones from which these wells produce,
chlorinated hydrocarbons above MCLs are inferred to be found in relatively shallow unconfined
or semi-confined water-bearing zones near the south shore of Lake Tahoe in the Bijou (BZ5)
subarea; and in the Tahoe Keys (TKZ4) subarea. The source of these contaminants in the Bijou
subarea is believed to be from the operation of former dry-cleaning facilities. The source of these
contaminants in the South Lake Tahoe subarea is under investigation by the LRWQCB (see
Section 6.3.1.1).
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Table 6-5. Chemical water quality in water supply and environmental wells within the TVS Subbasin (6-005.01) sampled over the past
ten years (2011 – 2020).
WATER SUPPLY WELLS

Constituent

MCL

Units

Wells
Sample
d

Avg Conc.

Min.
Conc.

ENVIRONMENTAL WELLS

Max.
Conc.

Wells
>MCL

Wells
Sampled

Constituents with Primary MCLs

Avg Conc.

Min.
Conc.

Max.
Conc.

Wells
>MCL

Constituents with Primary MCLs

Benzene

0.001

mg/L

36

ND

ND

0.0005

0

261

0.168

< 0.0005

23

46

Carbon Tetrachloride

0.0005

mg/L

36

ND

ND

ND

0

119

ND

ND

ND

0

1,2-Dichlorobenzene

0.6

mg/L

34

ND

ND

ND

0

119

ND

ND

ND

0

1,4-Dichlorobenzene (1,4
DCB)

0.005

mg/L

34

ND

ND

ND

0

119

ND

ND

0.0002

0

1,1-Dichloroethane

0.005

mg/L

36

ND

ND

ND

0

119

0.0004

0.0005

0.002

0

1,2-Dichloroethane (1,2DCA)

0.0005

mg/L

36

0.0002

ND

0.0007

1

119

0.003

<0.0005

0.087

1

1,1-Dichloroethylene

0.006

mg/L

36

ND

ND

ND

0

119

0.003

0.0001

0.038

1

cis-1,2-Dichloroethylene
(1,2-DCE)

0.006

mg/L

33

0.0002

ND

0.001

0

127

0.004

<0.0005

0.053

9

trans-1,2Dichloroethylene

0.01

mg/L

36

ND

ND

ND

0

127

0.0002

<0.0005

0.003

0

Dichloromethane

0.005

mg/L

37

ND

ND

ND

0

11

ND

ND

ND

0

22622517.26

161

WATER SUPPLY WELLS

ENVIRONMENTAL WELLS

Constituent

MCL

Units

Wells
Sample
d

Avg Conc.

Min.
Conc.

Max.
Conc.

Wells
>MCL

Wells
Sampled

Avg Conc.

Min.
Conc.

Max.
Conc.

Wells
>MCL

1,2-Dichloropropane

0.005

mg/L

36

ND

ND

0.00002

0

119

0.0002

<0.0005

0.002

0

1,3-Dichloropropene

0.0005

mg/L

34

ND

ND

ND

0

18

ND

ND

ND

0

Ethylbenzene

0.3

mg/L

36

ND

ND

ND

0

271

0.182

<0.0005

17

5

Methyl tert-butyl ether
(MTBE)

0.013

mg/L

36

0.0003

ND

0.001

0

271

0.130

<0.0005

8.7

22

Chlorobenzene

0.07

mg/L

36

ND

ND

ND

0

1

0.049

0.049

0.049

0

Styrene

0.1

mg/L

36

ND

ND

ND

0

2

0.091

0.003

0.18

1

1,1,2,2Tetrachloroethane

0.001

mg/L

36

ND

ND

ND

0

119

ND

ND

ND

0

Tetrachloroethylene
(PCE)

0.005

mg/L

34

0.011

ND

0.046

5

120

0.051

<0.0005

1.58

80

Toluene

0.15

mg/L

37

0.000003

ND

0.00004

0

271

0.098

0.0001

10.0

9

1,2,4-Trichlorobenzene

0.005

mg/L

36

ND

ND

ND

0

109

ND

ND

ND

0

1,1,1-Trichloroethane

0.2

mg/L

36

ND

ND

ND

0

119

0.0001

<0.0005

0.002

0

1,1,2-Trichloroethane

0.005

mg/L

36

ND

ND

ND

0

119

ND

ND

ND

0

Trichloroethylene (TCE)

0.005

mg/L

34

0.0002

ND

0.001

0

127

0.005

<0.0005

0.13

14

Trichlorofluoromethane

0.15

mg/L

33

0.00003

0.00003

0.00003

0

119

ND

ND

ND

0
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WATER SUPPLY WELLS
Wells
Sample
d

Avg Conc.

Min.
Conc.

Max.
Conc.

Wells
>MCL

Wells
Sampled

Avg Conc.

Min.
Conc.

Max.
Conc.

Wells
>MCL

Constituent

MCL

Vinyl Chloride (VC)

0.0005

mg/L

36

ND

ND

ND

0

127

0.018

<0.0005

0.053

12

Xylenes

1.75

mg/L

34

ND

ND

ND

0

122

0.221

<0.0005

2.4

3

Note:

Units

ENVIRONMENTAL WELLS

Bold is for constituents with concentrations above the MCL.

Source: GAMA Groundwater Information System Database for period from 2010 to 2020 for water supply wells and
environmental wells within the TVS Subbasin (Downloaded June 2, 2021).
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Figure 6-4. Incidences of regulated chemical constituents above MCLs detected in water samples
collected from water supply wells within the TVS Subbasin (Data Source: GAMA Groundwater
Information System, June 2021).
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6.2.4.2

Environmental Wells

Table 6-5. presents a summary of the regulated chemicals detected in water samples
collected from environmental wells in the TVS Basin over the past 10 years. In terms of
petroleum hydrocarbon contaminants sampled during this period: 22 monitoring wells had one or
more instances of MtBE above the MCL (13 µg/L; 46 monitoring wells had one or more
instances of Benzene above the MCL (1 µg/L); 9 monitoring wells had one or more instances of
toluene above the MCL (150 µg/L); and 5 monitoring wells had one or more instances of
ethylbenzene above the MCL (300 µg/L). In terms of chlorinated hydrocarbon contaminants
sampled during this period: 80 monitoring wells had one or more instances of PCE above the
MCL (5.0 µg/L); 14 monitoring wells had one or more instances of TCE above the MCL (5.0
µg/L); 9 monitoring wells had one or more instances of 1,2-DCE above the MCL (6.0 µg/L) and
12 monitoring wells had one or more instances of Vinyl Chloride (VC) above the MCL (0.5
µg/L).
Incidences of petroleum hydrocarbon contaminants detected in groundwater samples
collected from environmental monitoring wells are presented in Figure 6-5 and are associated
with the clean-up sites in the Bijou, South Lake Tahoe and Meyers subareas presented in Table
6-6..
Table 6-6. shows the types and levels of petroleum hydrocarbon constituents with respect
to MCLs detected in cleanup site environmental monitoring wells and the status of each clean-up
site. For open sites, the groundwater quality with respect to MCLs is generally current through
2019 or 2020. For the closed sites, the groundwater quality with respect to MCLs is for the last
groundwater monitoring event completed prior to case closure, except for the Meyers Landfill
site, where groundwater monitoring continued into 2017, following case closure in 2012. Review
of No Further Action Required Summaries for clean-up sites with levels of petroleum
hydrocarbon constituents above MCLs indicate that these sites were recommended for closure
based on site land use, the levels of petroleum contamination remaining in the vadose zone, the
contaminant type(s) and lateral and vertical extent of the groundwater contamination; the
distance to nearby groundwater and surface water receptors; and the methods, duration and
quantities of soil and groundwater contamination removed from the site consistent with LTCP
criteria (Section 4.3.2).
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Figure 6-5. Incidences of petroleum hydrocarbon constituents above MCLs detected in water
samples collected from environmental wells within the TVS Subbasin (Data Source: GAMA
Groundwater Information System, June 2021).
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Table 6-6. Clean-up sites with water quality records of petroleum hydrocarbon contaminants
detected in groundwater within the TVS Subbasin over the past ten years (2011 – 2020).
Subarea

SWRCB
Site Name

Site Number

Benzene

Toluene

Ethylbenzene

Xylenes

MtBE

Site Status

Bijou

Al’s Ski
Run
Chevron
(Former)

T0601700100

<MCL

<MCL

<MCL

<MCL

>MCL

Open

Bijou

Jet-Thru
Gas and
Car Wash

T0601700108

<MCL

<MCL

>MCL

<MCL

>MCL

Closed
(2/27/2013)

South
Lake
Tahoe

Terrible
Herbst Gas
Station

T0601700090

>MCL

>MCL

>MCL

>MCL

<MCL

Closed
(1/24/2019)

South
Lake
Tahoe

Berry
Hinckley
Bulk Fuel
Plant

SL0601781518

>MCL

<MCL

<MCL

<MCL

Closed
(1/21/2015)

South
Lake
Tahoe

Cardinale
Way/Jim
Bagan
Toyota

T10000012529

>MCL

>MCL

>MCL

>MCL

Open

South
Lake
Tahoe

Former
USA Gas
#7

T0601700091

>MCL

>MCL

<MCL

<MCL

>MCL

Closed
(2/24/2015)

South
Lake
Tahoe

South Y
Regional
Contamina
tion

T10000007984

>MCL

>MCL

<MCL

<MCL

<MCL

Open

Meyers

Meyers
Landfill

SL0601724846

>MCL

<MCL

<MCL

<MCL

<MCL

Open –
Closed/with
Monitoring
(5/23/2012)

Incidences of chlorinated hydrocarbon contaminants detected in groundwater samples
collected from environmental monitoring wells are presented in Figure 6-6 and are associated
with the clean-up sites in the South Lake Tahoe and Meyers subareas presented in Table 6-7.
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Figure 6-6. Incidences of chlorinated hydrocarbon constituents above MCLs detected in water
samples collected from environmental wells within the TVS Subbasin (Data Source: GAMA
Groundwater Information System, June 2021).
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Table 6-7. Clean-up sites with water quality records of chlorinated hydrocarbon contaminants
detected in groundwater within the TVS Subbasin over the past ten years (2011 – 2020).
Subarea

SWRCB Site
Name

Site Number

DCE-12c

TCE

PCE

VCs

Site Status

South
Lake
Tahoe

Lake Tahoe
Laundry
Works

SL0601754315

>MCL

>MCL

>MCL

>MCL

Open

South
Lake
Tahoe

South Y
Regional
Contamination

T10000007984

>MCL

>MCL

>MCL

<MCL

Open

Meyers

Meyers
Landfill

SL0601724846

>MCL

<MCL

<MCL

>MCL

Open –
Closed/with
Monitoring
(5/23/2012)

Table 6-7. shows the types and levels of chlorinated hydrocarbon constituents with
respect to MCLs detected in cleanup site environmental monitoring wells and the current status
for each clean-up site. For the Lake Tahoe Laundry Works site (SL0601754315), the
groundwater quality with respect to MCLs is generally through 2020. The South Y Regional
Contamination site (T10000007984) provides groundwater quality data collected during a
regional plume characterization conducted by the LRWQCB. The regional plume investigation
involved the drilling and groundwater sampling of 79 borings to determine the lateral and
vertical extent of groundwater contamination recognized in the South Lake Tahoe subarea.
Water quality records for these grab samples represent one-time events collected during 2019
and 2020. The Meyers Landfill site (SL0601724846) includes groundwater monitoring data
collected through 2017.
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Groundwater Quality Issues

6.3

The TVS Subbasin faces three primary groundwater quality challenges: (1) migration of
contaminated groundwater; (2) emerging contaminants, specifically PFAS Substances; and (3)
potential groundwater contamination via stormwater infiltration.
Migration of Contaminated Groundwater

6.3.1

The following section presents three examples of contaminant plumes identified within
the TVS Subbasin. The first two of these examples have impaired water quality in community
water system and/or individual water system wells. Additional explanation on how groundwater
pumping may impact plume migration to address Recommended Action 5 is presented at the end
in Section 6.3.1.4.
South “Y” Regional Contamination

6.3.1.1

The South Y Regional Contamination site (T10000007984) is in the South Lake Tahoe
subarea neighboring the intersection of US Route 50 and California State Highway 89, in the
CSLT (locally referred to as the “Y”). This is an open Cleanup Program Site including the South
Y PCE site (SL0601794942) which was an open Cleanup Program Site starting in October 1989
and which was closed in February 2015.
In 2016, the District in partnership with LBWC and the TKWC undertook renewed
investigations to describe the extent of PCE contamination and identify remedial measures that
may be used to remove this contamination from groundwater to protect existing groundwater
sources used for drinking water supply, consistent with BMO #2. This included completion of
an engineering assessment of an inactive water supply well (LBWC #4) for use as a potential
extraction well (GEI, 2016a); compilation of historical data to show the spatial and temporal
distribution of PCE contamination in the South Y Area (GEI, 2016b); and initial development of
a modular three-dimensional transport model (MT3DMS) that could be used to evaluate various
remedial alternatives designed to mitigate contamination from the South Y Plume.
During 2017, three (District, LBWC and TKWC completed water quality monitoring to
better understand the current extent of PCE contamination in CWS wells; the preliminary
MT3DMS model (South Y PCE Model) was completed, and negotiations were initiated with the
DFA to conduct a Feasibility Study under a Proposition 1 Groundwater Planning Grant,
addressing this groundwater contaminant problem.
In May 2017, the LRWQCB issued a Clean Up and Abatement Order (CAO No. R6T2017-0022) requiring remediation and additional investigation of PCE groundwater
contamination resulting from historic PCE release from the former Lake Tahoe Laundry Works
site (SL0601754315) (LRWQCB, 2017). During the 2018 WY, consultants for the working
parties (Seven Springs Limited Partnership and Fox Capital Management Corporation), prepared
work plans, planning reports and conducted initial contaminant investigations required in the
CAO. A full list of documents describing the regulatory activities performed at this site can be
found online through the SWRCB GeoTracker website at.
(https://geotracker.waterboards.ca.gov/profile_report.asp?global_id=SL0601754315).
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During 2018, the District entered into an agreement with DFA to complete a Feasibility
Study of Remedial Alternatives to Mitigate Tetrachloroethylene Contamination (Agreement
D1712508). Agreement D1712508 required the District to perform numerous activities
including but not limited to: conducting a groundwater investigation near the inferred center of
the plume (referred to as the Pre-Design Investigation (PDI)); completing a Baseline Human
Health Risk Assessment; conducting groundwater modeling for the purposes of evaluating
potential implementation projects that will prevent or clean-up groundwater contamination;
completing a feasibility study to develop interim remedial alternatives that prevent or clean
contamination of groundwater that serves or has served as a source of drinking water; develop an
Interim Remedial Action Plan that will lead to the implementation of the preferred remedial
action alternative; complete environmental analysis checklists and identify mitigation measures
required for implementation of the preferred alternative; and perform public outreach to inform
the public concerning the progress of these activities.
The PDI was conducted in the mid-section of the South Y Plume and was completed
during the summer of 2018. Activities completed for this investigation involved the drilling and
logging of a borehole to a total depth of 150 feet; the drilling and construction of two test wells;
aquifer testing, soil and groundwater testing and collection of groundwater elevation readings.
The data collection was used to characterize the vertical extent of PCE contamination in
groundwater and inform the development of design strategies for hydraulic control and/or
removal of PCE contamination from groundwater. As extra work for this project the District also
updated its Well Owners Survey for the South Y Area. The update was performed to gather
information on private wells situated within or neighboring the South Y Plume to: identify
potential wells that may serve as vertical conduits for contaminant migration; and identify
property owners with active wells that may be impacted by PCE groundwater contamination.
Information from the PDI was used to inform the preliminary engineering design of extraction
wells for the removal of PCE from groundwater. The South Y PCE Model was updated using
2018 water quality data; and management scenarios were developed for modeling and
engineering evaluation.
Following performance of the PDI, KJC conducted a screening level Human Health Risk
Assessment (HHRA) addressing risks associated with PCE impacted groundwater at CWS wells
in the South Y Area. The HHRA was completed and submitted to the DFA in January 2019.
Groundwater modeling for the Feasibility Study resumed in 2018. During 2018, the
South Y PCE Model was updated through 2018 and used to evaluate management scenarios
developed for the Feasibility Study. Modeling evaluation used best- and worst-case conditions to
forecast the effectiveness of management scenarios to prevent or clean-up groundwater
contamination over the next twenty years, through 2038. Scenarios evaluated using the South Y
PCE Model included: (1) No Action; (2) Use of new extraction wells to clean-up the PCE plume;
(3) Use of new CWS wells to prevent groundwater contamination and provide replacement water
supply; and (4) Use of existing CWS wells to clean-up the South Y Plume.
During the 2019 WY, the District continued on-going activities to complete the
Feasibility Study. Initial management scenarios were refined to interim remedial alternatives to
manage on-going contamination from the PCE Plume. Six interim remedial alternatives were
developed and initially screened for effectiveness using the South Y Fate and Transport Model.
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The alternatives were also reviewed and screened for implementability using input from the
water purveyors. Based on this screening three interim remedial alternatives were selected for
detailed analysis, including 20-year project life cost analysis, to select a preferred remedy.
Technical reports presenting information from the PDI; Baseline Human Health Risk
Assessment; and South Y Fate and Transport Modeling were completed and are posted on the
District’s website (https://stpud.us). The Feasibility Study Report and accompanying Interim
Remedial Action Plan were completed and posted on the District’s website in May 2020.
In March 2019 the LRWQCB was awarded a $4.6 million grant under the Site Cleanup
Subaccount Program to investigate the South Y Plume (Figure 6-7). The South Y Plume is
believed to have resulted from spills and releases associated with the use of commercial grade
dry cleaning solvents in the South Y Area during the 1970’s. During 2019, the LRWQCB
undertook a regional plume characterization that involved the drilling and sampling of sixty-four
(64) borings to determine the lateral and vertical extent of PCE contamination; identify
contaminant pathways; and using detailed graphics show the current distribution of PCE in
groundwater. During 2020, the LRWQCB continued regional plume characterization activities
that involved the drilling and sampling of an additional 15 borings (79 borings total during 2019
and 2020). In June 2020, impaired public water supply well, LBWC #4 (situated within the PCE
plume) was identified as a vertical conduit and was properly destroyed using Site Cleanup
Subaccount Program grant funding. Future activities planned under this program include the
installation of sentry wells up-gradient of threatened community water supply wells near the
north end of the plume, soil-gas sampling to evaluate vapor-intrusion pathways at the south end
of the plume and sampling of individual water system wells located within the plume.
Review of preliminary data collected during the regional plume characterization shows
that the South Y Plume extends more than 7,200 feet north from the South Y towards the south
shore of Lake Tahoe. Within this plume, PCE concentrations above the MCL (5 UG/L) were
detected in groundwater samples collected from subsurface depths to 185 feet below ground
surface. PCE concentrations in groundwater samples collected from within the plume ranged
from below the detection limit of 0.5 UG/L to greater than 500 UG/L. The isoconcentration map
of PCE within the South Y Plume show a broad area of PCE groundwater contamination greater
than 50 UG/L extending from the south end of the plume (near inferred source areas) to the north
end of the South Y Plume (near the leading edge of the plume front).
Further investigations are being planned by the LRWQCB as part of the Regional
Contamination Investigation to identify potential source areas for this plume. Information from
these future source area investigations may help to provide detail about the composition of the
South Y Plume and its evolution from singular or multiple releases from singular or multiple
sites. Regulatory activities and environmental data for the South Y Regional Contamination
investigation (T10000007984) are available online through the SWRCB GeoTracker website at.
https://geotracker.waterboards.ca.gov/profile_report.asp?global_id=T10000007984
The South Y Plume has impaired three CWS wells (LBWC #2, LBWC #5 and TKWC
#2) with a combined source capacity of 3.25 MGD. Potential impairment of TKWC #1 would
further reduce the total production capacity of area drinking water sources by an additional 1.44
MGD. Two other CWS wells (LBWC #1 and TKWC #3) west of the South Y Plume are
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presently non-detect (LBWC#1) or below MCLs (TKWC#3) for PCE. However, the recent
impairment of TKWC #2 and TKWC #3 by natural contaminants (uranium and arsenic) has
further reduced source capacity for the TKWC water system to below its water system maximum
day demand (2.383 MGD). TKWC is currently working on long-term facilities plan to address
this apparent deficit of available water supply for its water system. In 2021, LBWC completed
construction of a wellhead treatment system for the removal of PCE from groundwater at the
LBWC #5 well site. DDW granted LBWC permission to place this facility in operation in
advance of issuance of the final operating permit on July 2, 2021. In 2021, TKWC constructed
an inter-tie connection with the LBWC water system for the emergency provision of drinking
water to the TKWC water distribution system.
The District has mutual aid and assistance agreements for the emergency provision of
drinking water using inter-tie connections from its water distribution system to both the LBWC
and TKWC water systems. During the 2020 WY, the District provided 32,000 gallons of
drinking water to LBWC through its inter-tie connection, which is less than 1% of LBWC’s total
water production for the 2020 WY. The District is also working with TKWC to confirm the
volume of flow that the District’s water system can currently supply to TKWC.
A file review of District and County records indicated that as many as 24 private wells
and 14 small community water system wells may be located within or near the South Y Plume
(KJ, 2019). Most of these wells are relatively shallow, constructed to total depths of less than
100 feet and are believed to be susceptible to water quality impairment from this plume.
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Figure 6-7. Location of the South Y Plume within the South Lake Tahoe subarea, as defined by
PCE in groundwater detected above 5 micrograms per liter (µg/L), provisional data provided by
LRWQCB.
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6.3 .1.2

Private Residence Site

The Private Residence site (SL0601714201) is in the Bijou subarea and includes the
private water supply wells that have been impacted by PCE and MtBE within the Tahoe
Meadows subdivision. This site is currently in the verification monitoring stage. Current data
suggest that the lateral extent of PCE and MtBE contamination is generally delineated, while the
vertical extent of delineation is incomplete. The source(s) of MtBE and PCE contamination has
not been identified (Fugro, 2014). In June 2016, LRWQCB sampled select domestic wells for the
Private Residence site. PCE was detected above MCLs in one well and below MCLs in four
other private wells. In June 2018, LRWQCB conducted another round of groundwater sampling
on selected private wells. PCE was detected in one private well above MCLs and three other
private wells below MCLs (LRWQCB, 2018).
6.3.1.3

Meyers Landfill Site

The Meyers Landfill site (SL601724846; T10000000216) is in the Meyers Subarea
between Pioneer Trail and Saxon Creek. The nearest active drinking water well neighboring the
Meyers Landfill is the Elks Club Well #2 located about 4,150 feet west of the Meyers Landfill.
The nearest surface water feature is Saxon Creek, which is a main tributary to Trout Creek,
flowing along the east margin of the Meyers Landfill site.
The Meyers Landfill was operated by private parties from 1946 to 1955 and the County
from approximately 1955 to 1971 under USFS Special Use Permits. Water leaching through the
landfill has impacted groundwater beneath the site, resulting in a plume of contaminated
groundwater extending approximately 2,000 feet in a north-northeast direction, down- gradient
of the site. The contaminants of concern include both petroleum and chlorinated hydrocarbons,
including VC, BTEX and naphthalene. VC has also been detected in surface water samples
collected from Saxon Creek, down gradient of the former landfill (Weston, 2012).
Contamination at the site is being remediated using an impermeable cover to prevent surface
water from percolating through the landfill waste. Groundwater monitoring is being performed to
evaluate the effects of the cover on groundwater flow and water quality underlying the site
(USFS, 2013).
In 2018, an updated groundwater characterization report was issued documenting
methods and results of investigation activities at the Meyers Landfill from 2011 through 2017
(Weston, 2018). Major findings from the groundwater characterization report indicate that;
perched water is flowing toward the waste mass across sections of a new French drain installed
to capture upgradient groundwater and divert it away from the waste mass. The VC plume in the
upper groundwater zone extends at least 1,500 feet north-northeast of the north extent of the final
cover over the Meyers Landfill and crosses Saxon Creek; the VC plume in the middle
groundwater zone extends 1,700 feet north of the north extent of the final cover over the Meyers
Landfill toward Hepka Drive. In 2019, a work plan for Remedial Investigation/Feasibility Study
of groundwater at Meyers Landfill was completed. The objective of the Remedial
Investigation/Feasibility Study is to delineate the nature and extent of groundwater
contamination, identify whether the multilayered impermeable cap installed at OU-1 (i.e., the
landfill waste mass) is affecting groundwater, and to develop and evaluate remedial alternatives
for the contaminated groundwater (ERRG, 2019).
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6.3.1.4

Potential Impacts of Groundwater Pumping on Plume Migration

The South Y PCE Model is a groundwater flow and transport model of the South Y PCE
site developed for the purpose of assessing the flow path and time scale of PCE plume migration
given current and expected pumping conditions in the TVS Subbasin, and to test the effects of
several potential remediation plans (Rybarski et al, 2019a; Rybarski et al, 2019b). The model
domain was derived as an inset within the original STGM (Carroll et al., 2016). A section of the
original model grid covering the area of PCE plume and extending northward to Lake Tahoe was
extracted, and the grid was refined in the existing plume and along the expected plume migration
path, from a grid cell size of 100 meters in the original model to a refined size of 10 meters in the
plume. To recreate the calibrated head field from the original model and simulate lateral flow
from cells not represented in the new model domain, a constant head boundary was applied to
the landward boundaries of the new model grid, with heads taken from the original model
framework. Hydraulic conductivity, specific yield, and specific storage fields were also taken
directly from the original model framework.
Transport simulations were run using MT3DMS, a modular three-dimensional transport
model for the simulation of advection, dispersion, and chemical reactions of dissolved
constituents in groundwater systems (Zheng and Wang, 1999). While the original transient
model simulated WY 1983-2015, the updated South Tahoe flow and transport model was
extended into the past and the future to simulate WY 1971-2068, to capture the genesis of the
PCE plume as well to predict future plume migration pathways (2019a). Transport parameters
including dispersity, sorption, and biogenic degradation rates were calibrated within reasonable
ranges given known and estimated aquifer parameters, organic carbon fraction, and levels of
dissolved oxygen, to closely match observed trends in PCE concentrations over time.
Several management alternatives were simulated to assess the effects of various pumping
regimes at LBWC and TKWC wells on plume migration. These include:
1) Base Treatment – this alternative acts as a baseline against which to compare other
remedial action alternatives, maintaining current (2018 WY) lead/lag/lag-lag operations
status for TKWC and LBWC wells. Produced water from both LBWC 5 and TKWC 2 is
treated via a granular activated carbon (GAC) system. Simulation is run 50 years into the
future (2068 WY) (Rybarski et al, 2019a).
2) Targeted Pumping – this alternative uses LBWC 5 and TKWC 2 as the lead wells for
LBWC and TKWC, respectively, as these wells are positioned near the current simulated
heart of the plume. Increased pumping at these wells is intended to remove mass from the
system as well as limit potential plume migration towards TKWC 1, TKWC 3, and
LBWC 1. Produced water from both LBWC 5 and TKWC 2 is treated via a GAC system.
Simulation is run 50 years into the future (2068 WY) (Rybarski et al, 2019a).
3) Targeted Pumping, Option 1 – this alternative serves to identify the benefit of using
LBWC 5 as the lead well for hydraulic control and PCE mass removal, as this well is
positioned near the simulated center of mass of the plume. Increased pumping at this well
is intended to remove mass from the system as well as limit potential plume migration
towards TKWC 1, TKWC 3, and LBWC 1. Produced water from both LBWC 5 is treated
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via a GAC system. Simulation is run 50 years into the future (2068 WY) (Rybarski et al,
2019b).
4) Targeted Pumping, Option 2 – this alternative serves to identify the benefit of adding a
new extraction well at 843 Hazel Drive (LBWC 4 site) for plume control and PCE mass
removal. Aside from the addition of this extraction well, all other pumping rates are
identical to Option 1. Simulation is run 50 years into the future (2068 WY) (Rybarski et
al, 2019b).
Pumping rates used for each of the four alternatives are listed in Table 6-8..
Table 6-8. Pumping rates used for four pumping scenarios.
Description
Base
Treatment
Targeted
Pumping
Targeted
Pumping,
Option 1
Targeted
Pumping,
Option 2

Pumping Rates (m3/d)

LBWC
1

LBWC
5

TKWC
1

TKWC
2

TKWC
3

Sunset

Paloma

Helen
2

Bayview

Al
Tahoe 2

EW-1

872.2

199.7

532.5

1,219.5

1,317.0

1,735.8

195.7

713.2

8,997.5

1,462.2

0

199.7

872.2

532.5

1,317.0

1,219.5

1,735.8

195.7

713.2

8,997.5

1,462.2

0

199.7

872.2

532.5

1,219.5

1,317.0

1,735.8

195.7

713.2

8,997.5

1,462.2

0

199.7

872.2

532.5

1,219.5

1,317.0

1,735.8

195.7

713.2

8,997.5

1,462.2

872.2

3

Note: 1 cubic meter per day (m /d) is equal to 0.1835 gallons per minute (gpm).

In general, relative to the Base Treatment scenario, the three targeted pumping scenarios
showed a reduction in maximum concentrations at downgradient wells, and a more rapid return
to PCE concentrations below 4 UG/L basin wide. Overall differences in the shape and migration
pathway of the plume were relatively small between scenarios. No simulations resulted in
concentrations at District wells meeting or exceeding 4 UG/L. Concentrations at TKWC 3 and
LBWC 1, currently unaffected by the plume, also remained well below 4 UG/L for all scenarios.
Comparisons of breakthrough curves for all scenarios for each of the TKWC and LBWC wells
are shown in Figure 6-8 through Figure 6-12, and Table 6-9. shows the number of simulation
years after WY 2018 required for the concentration at each well to drop below 4 UG/L.

22622517.26

177

6

~

5

MCL

2040

2026

l

PCE (ug/l)

1

4
3
2
1

Detection Limit

0
1971

1985
Base Treatment

1999

2012

Targeted Pumping

Targeted Pumping, Opt 1

2053

2067

Targeted Pumping, Opt 2

Figure 6-8. Breakthrough curves at TKWC 1 for four pumping scenarios.
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Figure 6-9. Breakthrough curves at TKWC 2 for four pumping scenarios.
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Figure 6-10. Breakthrough curves at TKWC 3 for four pumping scenarios.
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Figure 6-11. Breakthrough curves at LBWC 1 for four pumping scenarios.
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Figure 6-12. Breakthrough curves at LBWC 5 for four pumping scenarios.

Table 6-9. Number of years after 2018 each well drops below 4 UG/L for all pumping scenarios.
N.E. = Never Exceeds 4 UG/L.
Description
Base Treatment
Targeted Pumping
Targeted Pumping,
Option 1
Targeted Pumping,
Option 2

22622517.26

LBWC 1
N.E.
N.E.

Years after 2018 (PCE < 4 µg/l)
LBWC 5 TKWC 1 TKWC 2
22
27
22
20
22
21

TKWC 3
N.E.
N.E.

N.E.

20

23

21

N.E.

N.E.

15

N.E.

18

N.E.
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6.3.2

Emerging Contaminants

Emerging contaminants as used in this Section are contaminants that are known or may
occur in groundwater used for drinking water within the TVS Subbasin; and is not currently
subject to federal or state drinking water regulation. These contaminants include Radon 222
(Radon)) and per- and polyfluoroalkyl substances (PFAS).
6.3.2.1

Radon 222

On November 2, 1999, the EPA proposed the Radon in Drinking Water Rule in the
Federal Register (64 FR 59246). The proposed rule was designed to promote a multimedia
approach that would reduce radon risks in indoor air, where the problem is the greatest, while
protecting public health from the highest levels of radon in drinking water. The proposed
regulation provides two options for the maximum level of radon that is allowable in community
water supplies. The proposed MCL is 300 picocuries per liter (pCi/L) and the proposed
Alternative MCL is 4000 pCi/L. The drinking water standard that would apply for a system
depends on whether or not the State or CWS develops a multimedia mitigation (MMM) program
to address radon that enters indoor air from soil under homes and buildings.
In 2003, Congress directed EPA to report on the pending radon in drinking water
regulations; to consult with the State drinking water, air, and radiation programs; and evaluate
options to implement a single drinking water standard for radon. State air and radiation
representatives supported a single MCL for drinking water ranging from 4,000 to 40,000 pCi/L.
State program representatives also expressed concern that a standard for radon in drinking water
will mislead the public about the risks of radon in drinking water relative to the greater public
health risk of radon in indoor air (EPA, 2012).
Table 6-4 shows levels of Radon 222 in water samples collected from drinking water
wells averaged 694 pCi/L with maximum concentrations to 6700 pCi/L. Figure 6-13 shows the
incidences of radon in in water supply wells compared to the proposed MCL (300 pCi/L) and
proposed alternative MCL (4,000 pCi/L). Inspection of Figure 6-13 shows that every water
supply well sampled within the TVS Subbasin had incidences of radon above the proposed
MCL; and only two wells (Airport Well and Blackrock Well No. 2) had incidences of radon
above the proposed alternative MCL. These results indicate that adoption of the proposed MCL
would have a severe impact on groundwater production, while adoption of the proposed
alternative MCL would have a minor impact on groundwater production in the TVS Subbasin.

22622517.26

180

n~rald Bay
t ao ark

rJld

Figure 6-13. Incidences of Radon 222 in water samples collected from water supply wells within
the TVS Subbasin (Data Source: GAMA Groundwater Information System, June 2021).
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6.3.2.2

Per- and Polyfluoroalkyl Substances (PFAS)

PFAS are a group of nearly 5,000 manmade chemicals that are resistant to degradation in
the environment and when degradation occurs, it often results in the formation of other PFAS
compounds.
PFAS are found in many products such as dental floss, non-stick cookware, food
packaging materials, non-stick products (e.g., TeflonTM), waterproof and water repellant
textiles, water repellant furniture, carpet, polishes, waxes, paints, cleaning products, medical
garments, and fire-fighting foams (aqueous film-forming foams; AFFF). PFAS are used in the
aerospace, automotive, chemical, electronics, metal coatings and plating, and textiles industries
due to their friction-reducing characteristics. PFAS have the potential to enter the waste stream
from many different sources. Potential sources of PFAS include airports and aviation facilities,
military bases and training centers, petroleum refineries and terminals, and petrochemical
production facilities. Non-industrial PFAS sources include waste disposal facilities, wastewater
treatment plant operations, and biosolids application to land. Currently, the key chemicals of
concern are Perfluorooctanoic acid (PFOA) and Perfluorooctane sulfonic acid (PFOS).
In 2012, “Revisions to the Unregulated Contaminant Monitoring Rule (UCMR 3) for
Public Water Systems” was published in the Federal Register (77 FR 26072). UCMR 3 requires
public water systems to conduct sampling and analyses for Assessment Monitoring (List 1),
Screening Survey (List 2) and Pre-Screen Testing (List 3) contaminants. The Assessment
Monitoring (List 1) includes six perfluorinated compounds; PFOA and PFOS,
perfluorobutanesulfonic acid (PFBS), perfluorohexanesulfonic acid (PFHxS), perfluoroheptanoic
acid (PFHpA), and perfluorononanoic acid (PFNA). Public Water Systems subject to
Assessment Monitoring were required to test for these contaminates within a 12-month period
during 2013 – 2015. To satisfy UCMR 3 Assessment Monitoring requirements, the District
collected treated (i.e., chlorinated) water samples from each of its active and stand-by wells in
August 2014 and February 2015. Two rounds of samples were collected from District wells to
capture any potential seasonal variations in contaminant concentrations. All samples were
analyzed for the full list of perfluorinated compounds (EPA Method 537). Perfluorinated
compounds were not detected in any of the UCMR 3 Assessment Monitoring samples collected
form District wells.
Data on PFAS detections from more than 600 water system sites in California have been
reported to the SWRCB since August 2019 and continue to be collected on a quarterly basis and
are available from the SWRCB PFAS website (https://www.waterboards.ca.gov/pfas/). As of
August 2021, there was no data for these chemicals in this database for any well types situated
within the TVS Subbasin.
In March 2021 the EPA proposed the fifth Unregulated Contaminant Monitoring Rule
(UCMR 5). The proposed contaminant list in the draft UCMR 5 includes another twenty-nine
(29) PFAS compounds which were not sampled under UCMR 3. Under UCMR 5, public water
systems shall be required to collect samples between 2023 and 2025. EPA anticipates that the
UCMR final rule to be published in December 2021 (EPA, 2020b).
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In May 2021, the District was informed by the USFS LTBMU of the detection of PFAS
compounds in several groundwater monitoring wells located at the Meyers Landfill site
(SL0601724846). These are believed to be the first incidences of PFAS compounds detected in
groundwater within the TVS Subbasin. Laboratory results provided by the USFS LTBMU
(Golder, 2021) show that levels of PFOA and PFOS in several monitoring wells were above
SWRCB-DDW response level of 10 parts per trillion (PPT) for PFOA and 40 PPT for PFOS.
Response levels are levels of detected contaminants that if exceeded in a community water
system or a non-transient non-community public water system would be required to:
•

Report that detection in the water system’s annual consumer confidence report;
and

•

Take a water source where detected levels exceed the response level out of use or
provide public notification (as specified in Health and Safety §116378) within 30
days of the confirmed detection.

In July 2021 the Office of Environmental Health Hazard Assessment of the California
Environmental Protection Agency (OEHHA) announced the release of a draft document for
public review describing proposed Public Health Goals (PHGs) for PFOA and PFOS in drinking
water. A PHG is the level of a drinking water contaminant at which adverse health effects are not
expected to occur from a lifetime of exposure. OEHHA is proposing a PHG of 0.007 PPT for
PFOA based on kidney cancer in humans; and a PHG of 1.0 PPT for PFOS based on liver and
pancreatic tumors in laboratory animals (SWRCB, 2021).
In July 2021, the House passed H.R.2467 - PFAS Action Act of 2021 directing EPA to
establish Federal MCLs for PFAS not later than two years after the date of enactment of the Act.
6.3.3

Stormwater Infiltration

Storm water infiltration through detention basins is one of the primary treatment
processes utilized in the Lake Tahoe Basin to reduce storm water pollutant loads from urban
runoff to Lake Tahoe. To prevent groundwater contamination, discharge limits are used to
prevent pollutants in surface runoff from exceeding prescribed levels for dissolved inorganic
nitrogen, dissolved phosphorus, dissolved iron, grease and oil and suspended sediment (TRPA
Code of Ordinances Chapter 60.1.3-Water Quality Control). Table 6-10. lists the regulated
constituents and concentration limits for discharges to groundwater from these systems. The
following discussion summarizes some recent work illustrating the potential for contaminants to
reach groundwater via stormwater.
Table 6-10. Groundwater discharge limits per Chapter 60.1.3.B, TRPA Code of Ordinances.
Constituent

Units

Maximum Concentration

Total Nitrogen as N

mg/L

5

Total Phosphate as P

mg/L

1
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Constituent

Units

Maximum Concentration

Total Iron

mg/L

4

Turbidity

Jackson Turbidity Unit
(JTU)

200

mg/L

40

Oil and Grease

Figure 6-14 shows the locations of 63 stormwater detention basins and 114 dry wells
used to infiltrate stormwater from the CSLT stormwater collection system. Review of this figure
shows that the majority of active CWS wells in the South Lake Tahoe and Bijou subareas lie
near dry wells and detention basins used to discharge storm water to groundwater in the TVS
Subbasin.
6.3.3.1

2nd Nature Inc. Studies

In 2006 and 2011 two detailed studies were conducted by 2nd Nature Inc. to evaluate the
potential risk of several constituents related to storm water pollutants (hydrocarbon, oil and
grease, turbidity, iron, nitrogen, phosphorous) to shallow groundwater resources because of
urban storm water infiltration. The main objective of the 2006 study was to identify whether the
hydrocarbon contamination poses a threat to shallow groundwater quality due to infiltration of
storm water.
The 2006 study focused on stormwater infiltration through two dry detention basins
(Eloise Basin and Industrial Basin) within the urban limits of the CSLT and included both storm
water sampling and groundwater monitoring over two water years (2004 and 2005). Shallow
groundwater was monitored from 12 monitoring wells that were installed for this project
surrounding the basins to evaluate whether the local water table showed a hydrologic response to
infiltration from the detention basin. Data showed urban storm water entering the detention
basins consistently contained heavy petroleum hydrocarbons, with less frequent detections of oil
and grease. The levels of TPH-diesel detected in the surface water samples exceeded the
LRWQCB numerical groundwater quality objectives for petroleum hydrocarbons. Low level
detections of VOCs (primarily toluene and xylenes) were observed in approximately 20% of the
storm water samples collected. Other key petroleum constituents, including benzene,
ethylbenzene, and oxygenates (MtBE, TBA, etc.) were not detected in any of the surface water
samples collected. None of the monitoring wells installed for this project contained detectable
levels of hydrocarbons, VOCs or oxygenates following the analysis of over 70 shallow
groundwater samples collected in locations potentially impacted by detention basin infiltration.
The lack of hydrocarbons and VOC detections in all groundwater samples indicates that gasoline
surface spills are rapidly depleted in light-end petroleum hydrocarbons before they are entrained
in storm water flows and that the soil horizon beneath the detention basins provides adequate
treatment to reduce low level concentrations of heavy hydrocarbons, toluene, and xylene
compounds that were detected in the infiltrating urban runoff.
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The 2011 study further evaluated the vulnerability of groundwater aquifers in South Lake
Tahoe from infiltrating urban storm water with a focus on several other constituents related to
storm water pollutants (oil and grease, turbidity, iron, nitrogen, phosphorous). The study also
reported findings from other storm water infiltration studies from the scientific literature.
According to the study findings, most of these chemicals are trapped within the upper portions of
the soil column where infiltration occurs and extensive migration of pollutants in the subsurface
is unlikely. Existing data indicates that constituents such as oil and grease, total iron, total
nitrogen, and turbidity are unlikely to degrade groundwater quality as a result of storm water
infiltration.
Among the chemicals evaluated, nitrate is considered a moderate risk, given its highly
mobile state in the subsurface. Studies of infiltration basins indicated that the storm water
infiltration discharge standard of 5 mg/L of total nitrogen was commonly exceeded in urban
catchments containing a high proportion of impervious surfaces or recreational land uses. In
addition, storm water infiltration studies identified relatively higher average nitrate
concentrations measured in shallow monitoring wells located downgradient of infiltration basins
relative to nitrate concentrations measured in shallow monitoring wells located upgradient. The
mobility of nitrate in groundwater may warrant future monitoring to protect the beneficial uses of
domestic and municipal water supply wells.
According to the study, the greatest potential risk resulting from storm water infiltration
is to the shallow groundwater zones underneath infiltration basins, rather than deep groundwater
used for water supply. Other studies of urban storm water infiltration suggest that the shallow
groundwater (at a depth of about 3 feet below the water table) consisted almost entirely of storm
water and storm water did not penetrate to depths greater than 9.9 feet below the water table.
Among several results provided by this study, it is recommended for management purposes that
infiltration practices should minimize the contact between inflow storm water and organic
sediments retained in infiltration basins.
6.3.3.2

South Y Feasibility Study

In 2019 significant levels of PCE contamination (>500 µg/L) were detected in
groundwater samples collected neighboring the Tucker Avenue Stormwater Detention Basin
(Tucker Basin). Stormwater infiltrated through this basin is believed to be leaching PCE
contamination from soils underlying the Tucker Basin, contributing to the regional PCE
groundwater contamination (T10000007984). The CSLT storm drain system is believed to have
been in-place when the former Lake Tahoe Laundry Works site, (SL0601754315) was operating
between 1972 and 1979. Spills from this site are believed to have flowed to or directly into the
CSLT storm drain system contaminating the soils underlying the present-day Tucker Basin
(Weiss, 2019).
In 2021, LRWQCB issued a Notice of Violation (NOV) to responsible parties of the
Former Big O Tire Store (SL0601729739) requiring the submittal of a work plan including but
not limited to determining if contamination originating from this site occurred along preferential
pathways, including the CSLT storm drain system. Further investigations for this site have yet to
be performed.
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6.3.3.3

PFAS in Stormwater

PFAS substances have been detected in stormwater where PFAS-impacted media are
exposed to rainwater. In 2020. EPA published a memorandum with interim requirements to
address point source discharges of PFAS substances in stormwater and wastewater discharges
(EPA, 2020a). Major sources of PFAS in the environment include primary manufacturing
facilities that produce PFAS and secondary manufacturing facilities that use PFAS to produce
goods, such as use as surface coatings applied to textile and leather products, and paper products;
corrosion prevention in metal plating; and as coatings and insulation in wire manufacturing
(ITRC, 2020). However, PFAS substances have also been detected in stormwater associated with
residential and commercial land uses. Literature review of studies focused on the occurrences of
PFAS in stormwater show PFOS concentrations on the order of 15.5 PPT and PFOA
concentrations on the order of 19.1 PPT in stormwater runoff from Residential land uses; and
PFOS concentrations on the order of 42.5 PPT and PFOA concentrations on the order of 30.6
PPT in stormwater runoff from mixed Residential/Commercial land use areas (Geosyntec, 2020).
Occurrences of PFAS in stormwater runoff have caused renewed concern about the infiltration of
stormwater as a pathway for PFAS contamination of groundwater.
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6.4

Groundwater Vulnerability Assessment

The following section provides an overview of groundwater sensitivity to contamination
in terms of groundwater recharge areas, and the susceptibility of groundwater sources to
contamination using groundwater source area delineation and potential contamination activity
site mapping. Locations of small water system and domestic wells are included on the
vulnerability map to also consider the potential susceptibility of these wells to potential sources
of contamination recognized within the TVS Subbasin.
6.4.1

Importance of Protecting Groundwater Quality

Maintaining high groundwater quality not only involves protection of drinking water
wells themselves, but also extends to protection of all water-bearing zones used for water supply.
Groundwater contamination resulting from leaks or spills has impaired groundwater wells in the
TVS Subbasin (see Section 6.2.4 and 6.3.1.1). If the groundwater quality in a portion of the TVS
Subbasin is not usable for water supply due to a contamination problem, it effectively reduces
the total water supply, as wells cannot be placed in that area, and concentrating wells in nonimpacted areas may lead to well interference effects that may have to be addressed.
6.4.2

Groundwater Recharge Areas

In areas where pollutants are present at the land surface or within the pore spaces of the
vadose zone, groundwater recharge can serve as a pathway to introduce these contaminants into
the groundwater system. While the majority of groundwater recharge flowing into the TVS
Subbasin originates within the surrounding mountain block, groundwater recharge is believed to
occur at some rate over the entirety of the subbasin area. Mean annual recharge rates extracted
from the GSFRM over the TVS Subbasin are presented in Figure 6-15. Recharge rates range
from 0.4 to 12.4 in/yr. Where streamflow is present, recharge rates tend to be low as most stream
sections are gaining and are therefore less likely to act as contaminant pathways to the
underlying aquifer. Recharge rates are notably higher along the western side of Trout Creek and
in the South Y area. Most public water supply wells are in areas receiving 2-6 in/yr, though
Arrowhead 3 and Tahoe Keys 3 are in somewhat more vulnerable areas expected to receive 6-8
in/yr.
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Delineation of Well Source Area Zones

6.4.3

The source area for a groundwater well represents the recharge area with permeable
alluvial materials directly overlying an unconfined or semi-confined aquifer, where there is
direct percolation of water into the unconfined or semi-confined aquifer. Recharge areas, which
may be natural or artificial, are land areas that contribute water to an aquifer. Recharge occurs
naturally from lakes, wetlands, direct precipitation, stream inflow, and subsurface inflow from
upgradient sources of groundwater.
The delineation of source area zones was performed using the modified Calculated Fixed
Radius (CFR) method (DDWEM-CDHS, 1999). Source area protection zones are concentric
circles that represent the areas of groundwater that may be drawn to the well during two, five and
ten years of pumping. The size of each protection zone is determined by the pumping rate of the
well, the effective porosity of the formation that the well is completed in, the interval of pumping
(two, five and ten years), and the screened interval of the well.
In the modified CFR method, source area protection zones are shifted in the upgradient
direction to better represent the resulting geometry from the intersection of the capture zone of
the well and the slope of the hydraulic gradient. The upgradient extent of the zone is determined
as one and one-half times the calculated radius). The down-gradient extent of the zone is onehalf the calculated radius. Three source area zones are defined. These zones are:
•

Zone A : Microbial/Direct Chemical Contamination Zone. Protects the drinking
water supply from viral, microbial and direct chemical contamination and is
defined by the surface area overlying the portion of the aquifer that contributes
water to the well within a two-year time-of-travel.

•

Zone B5 : Chemical Contamination Zone. Prevents chemical contamination of the
water supply, and to protect the drinking water source for the long term;
encompassing the area in between the two- and five-year time-of-travel. This zone
provides for more response time for chemical spills.

•

Zone B10 : Chemical Contamination Zone. Prevents chemical contamination of
the water supply, and to protect the drinking water source for the long term;
encompassing the area in between the five- and ten-year time-of-travel. This zone
allows for some attenuation or remediation of contaminant sites, or if necessary,
time to develop alternate sources of water supply.

Source area zones for CWS wells in the TVS Subbasin were calculated using the
modified CFR method and the average pumpage rate for each well over the preceding 10-year
period (2011 WY -2020 WY). The California Drinking Water Source Assessment and Protection
(DWSAP) Program requires a minimum radius for each protection zone: 600 feet for Zone A,
1,000 feet for Zone B5, and 1,500 feet for Zone B10; if the calculated radii of the protection
zones are less than the DWSAP minimums, the minimum values are used instead. Source area
zones are cropped at the basin margins. Figure 6-16 shows the modified CFR source area zones
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for these wells. Figure 6-16 also includes locations of small water system (Section 3.3.3) and
domestic wells (Section 3.3.3.1). As pumpage data for these wells was not found, source area
zones for these wells were not calculated. However, these wells were plotted to consider the
proximity of these wells to possible contaminating activity sites (see below Section 6.4.4).
Possible Contaminating Activity (PCA) Sites

6.4.4

Under the DWSAP Program, a Possible Contaminating Activity (PCA) is defined as
human activities that are actual or potential origins of contamination for a drinking water source.
PCAs include sources of both microbiological and chemical contaminants that could have
adverse effects upon human health. PCAs are potential origins of contamination in drinking
water source areas and protection zones. To develop an inventory of PCA sites in the TVS
Subbasin, information was obtained from the following data management systems.
•

GeoTracker: SWRCB’ data management system for sites that impact, or have the
potential to impact, water quality in California, with emphasis on groundwater.

•

CERS: California Environmental Protection Agency data management system for
Unified Program information including, but not limited to facility data regarding
hazardous material regulatory activities (such as, hazardous materials business
plans, site maps, and chemical inventories), underground and aboveground
storage tanks, hazardous waste generation, and inspection, compliance, and
enforcement actions.

GeoTracker sites are environmental regulatory compliance sites that are under
investigation or in remediation for contamination of soil and groundwater. Each site is
designated as “open” or “closed”. The open sites are also described by the current status of site
investigation or remediation activities at the site, as follows: site assessment, interim remedial
action, remediation or verification monitoring. Closed sites include any site with a status that
suggests contaminated groundwater is no longer migrating offsite (e.g., case closed, no further
action). A general summary of these data includes the following groupings:
•

Moderate Threat – includes closed sites that affect groundwater not used for
drinking water supply or were soil contamination only.

•

High Threat – includes closed sites that were noted to affect groundwater used for
drinking water supplies, or open sites that affect groundwater not used for
drinking water supply or were soil contamination only.

•

Very High Threat – includes open sites that were noted to affect groundwater
used for drinking water supplies.

In addition to these data sources, listings of businesses regulated by the County
Environmental Management Division (EDCEMD); and business license information from the
CSLT were reviewed to identify businesses activities involving PCAs. Business activity PCAs
are assigned threat ranks by correlating with rankings used for the DWSAP program guidelines
(DDWEM-CDHS, 1999). A general summary of these data includes the following groupings:
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6.4.5

•

Low Threat – includes parks, playgrounds, and schools.

•

Moderately Low Threat – includes churches, schools with industrial arts facilities,
general manufacturing, commercial and service industries which would not use
chemicals.

•

Moderate Threat – includes general manufacturing, commercial and service
industries which generally use few chemicals, public areas and office buildings,
hospitals, hotels, golf courses.

•

Moderately High Threat – includes general manufacturing, commercial and
service industries which generally use chemicals, non-retail fuel dispensers.

•

High Threat – includes businesses with past histories of contamination including
dry cleaners, airports, gasoline stations, automotive repair, chemical
manufacturers, machine shops, pest control, and chemical manufacturers.

•

Very High Threat – includes businesses with past histories of contamination that
handle large volumes of hazardous materials including chemical and waste
handling facilities, and bulk fuel storage facilities.]
Groundwater Vulnerability Map

Information from the source area zone delineation and inventory of PCA sites is
presented on Figure 6-16. The number and types of PCAs found within each source water
protection zone are summarized below in Table 6-11. Highest densities of PCA sites are located
along Highways 50 and 89 especially within the Bijou, South Lake Tahoe, and Meyers subareas.
The well source areas within the South Lake Tahoe subarea overlap many of these PCA clusters,
especially for the high-volume wells in the northern portion of the Subbasin indicated by the
largest source area zones. Figure 6-16 also such a large proportion of small water system and
domestic wells across the Bijou and South Lake Tahoe subareas are located within areas with
relatively high PCA site densities.
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Figure 6-16. Source area zones delineated using the modified calculated fixed radius method and
possible contaminating activity sites identified within the TVS Subbasin.
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Table 6-11. Numbers and types of PCA sites located within source protection zones delineated within the TVS Subbasin.
Possible Contaminating Activity Sites
Number of
Sites (Count)

Type(s)

Possible Contaminants (DDWEM-CDHS, 1999)

Zone A
1

Apartments and condominiums

Swimming pool maintenance chemicals: pesticides for lawn and garden
maintenance and cockroach, termite, ant, rodent, and other pest control wastes
from on- site sewage treatment plants; household hazardous wastes.

1

Cellular Site

Diesel fuel (Diesel generator back-up); sulfuric acid (Battery back-up)

1

Clean-Up Program Site - Open

Diesel fuel; gasoline; kerosene

3

Clean-Up Program Site - Closed

Diesel fuel; gasoline; kerosene

2

Gas Stations/sumps

Soaps; detergents, waxes; miscellaneous chemicals, hydrocarbons

19

Injection Wells/ Dry Wells/ Sumps

Stormwater runoff; spilled liquids; used oils; antifreeze; gasoline; solvents; other
petroleum products; pesticides; and a wide variety of other substances

1

Motor Pools

Automotive wastes: solvents; waste oils; hydrocarbons from storage tanks

3

Sewer Pump Station

Sewage, treatment chemicals

1

Utility Stations/ Maintenance Areas

PCBs from transformers and capacitors; oils; solvents; sludges; acid solution;
metal plating solutions (chromium, nickel, cadmium); herbicides from utility
rights-of-way

1

Wells

Storm water runoff; solvents; nitrates; septic tanks
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Possible Contaminating Activity Sites
Number of
Sites (Count)

Type(s)

Possible Contaminants (DDWEM-CDHS, 1999)

Zone B5
2

Boat Services/repair/refinishing

Diesel fuels; oil; septage from boat waste disposal area; wood preservative and
treatment chemicals; paints; waxes; varnishes; automotive wastes

1

Body Shops/repair shops

Waste oils; solvents; acids; paints; automotive wastes; miscellaneous cutting oils

2

Clean-Up Program Site - Closed

Diesel fuel; gasoline; kerosene

1

Gas Stations/sumps

Soaps; detergents, waxes; miscellaneous chemicals, hydrocarbons

10

Injection Wells/ Dry Wells/ Sumps

Stormwater runoff; spilled liquids; used oils; antifreeze; gasoline; solvents; other
petroleum products; pesticides; and a wide variety of other substances

1

Sewer Pump Station

Sewage, treatment chemicals
Zone B10

1

Body Shops/repair shops

Waste oils; solvents; acids; paints; automotive wastes; miscellaneous cutting oils

1

Cellular Site

Diesel fuel (Diesel generator back-up); sulfuric acid (Battery back-up)

6

Clean-Up Program Site - Closed

Diesel fuel; gasoline; kerosene

2

Dry Cleaners

Solvents (perchloroethylene, petroleum solvents, Freon); spotting chemicals
(trichloroethane, methylchloroform, ammonia, peroxides, hydrochloric acid, rust
removers, amyl acetate)

1

Fire Station

General building wastes; hydrocarbons from test burn areas

22622517.26

195

Possible Contaminating Activity Sites
Number of
Sites (Count)

Type(s)

Possible Contaminants (DDWEM-CDHS, 1999)

1

Hardware/lumber/parts stores

Hazardous chemical products in inventories; heating oil and forklift fuel from
storage tanks; wood-staining and treating products such as creosote; paints;
thinners; lacquers; varnishes

3

Injection Wells/ Dry Wells/ Sumps

Stormwater runoff; spilled liquids; used oils; antifreeze; gasoline; solvents; other
petroleum products; pesticides; and a wide variety of other substances

22622517.26

196

SECTION 7:

STAKEHOLDER INVOLVEMENT

Public education, public participation and community relations are an integral element to
groundwater management in the TVS Subbasin. As such, the District is committed to involving
the public and the commercial and industrial communities in the development and
implementation of this Alternative Plan. Since adoption of the existing Alternative Plan (2014
GMP), the District has continually engaged stakeholders. The following section presents a brief
description of the Stakeholders Advisory Group (SAG) formed for implementation of the 2014
GMP and development of this first five-year update of the Alternative Plan; groundwater
management activities conducted in collaboration with the SAG; the public adoption process of
the first five-year update of the Alternative Plan, and opportunities for on-going and future
stakeholder involvement.
7.1

Stakeholder Advisory Group

Within the South Lake Tahoe area, there is an existing, on-going coordination and
collaboration with water issues in the TVS Subbasin. A key objective of this Alternative Plan is
to continue to build off these existing relationships to further enhance groundwater management
and protection.
Since adoption of the 2014 GMP, the District has convened an ongoing Stakeholders
SAG composed of the members of the original SAG formed for the 2014 GMP, supplemented
with new members as representatives of the general interest categories changed. Participants on
the SAG represent the interest categories called out in Section 7.4 of the District’s Groundwater
Management Plan (District, 2000). The interest categories are used to capture a broad spectrum
of community, business, and agency interests to provide meaningful input in the development
and implementation of the Alternative Plan. The District invites new or replacement members to
join the SAG through an application process as circumstances change within the subbasin.
Vacancies for the Business Rate Payer and Service Station Operator interest categories are
currently open.
The current SAG has a roster of fourteen members (Table 7-1). District staff who
participate as SAG members includes the General Manager and District Hydrogeologist. The
District Hydrogeologist serves as the Plan Manager and is the technical lead for the Alternative
Plan and liaison to the SAG. The Plan Manager is also responsible for organizing and facilitating
SAG workshops.
Table 7-1. Current members of the Stakeholder Advisory Group (SAG) for the Alternative Plan.
Interest Category

Name

Affiliation

Position

Agency

Brian Grey

Lahontan Regional Water
Quality Control Board

Engineering Geologist

Agency

Ken Payne, PE

El Dorado EDWA

General Manager

Agency

Robert Lauritzen,
PG

El Dorado County EMD

Geologist
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Interest Category

Name

Affiliation

Position

Agency

Jason Burke

City of South Lake Tahoe

Storm Water Program
Coordinator

Agency

Jacob Stock

Tahoe Regional Planning
Agency

Senior Long-Range Planner

Agency

Nicole Bringolf

UDSA Forest Service LTBMU

Hydrologist

California Tahoe Conservancy

Associate Environmental
Planner

Real Property Owner Scott Carroll
Service Station
Operator

Open

Water Purveyor

Nakia Foskett

Lakeside Mutual Water
Company

Water System Manager

Water Purveyor

Jennifer Lukins

Lukins Brothers Water
Company

Vice President

Water Purveyor

Daniel Larson

Tahoe Keys Water Company

Water System Manager

Business Community
Open
Rate Payer
Non-Business
Community Rate
Payer

Harold Singer

Resident

Retired

Other

Andrea Buxton

Tahoe Resource Conservation
District

Stormwater Program Manager

District

John Thiel, PE

South Tahoe Public Utility
District

General Manager

District

Ivo Bergsohn,
PG, HG

South Tahoe Public Utility
District

Hydrogeologist/Plan Manager

7.1.1

SAG Workshops

The SAG meets on a semi-annual basis and may meet more frequently as decided by a
majority. These meetings are organized as workshops providing a forum in which to discuss
current groundwater issues and groundwater management activities associated with
implementation of the Alternative Plan. Since 2015, the District has hosted fourteen (14) SAG
Workshops discussing a variety of topics pertinent to groundwater management with the TVS
Subbasin (Table 7-2). Notices of these workshops along with workshop agendas are emailed to
interested parties the week prior to the scheduled meeting date. Considering the COVID-19
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Public Health Emergency these workshops have been convened as virtual meetings since July
2020. Meeting notes and presentations discussed at each workshop are posted for public access
following the workshop on the District’s Groundwater Management Plan web page:
https://stpud.us/news/groundwater-management-plan/
Table 7-2. SAG workshops convened since adoption of the 2014 GMP through June 2021.
SAG WORKSHOP

DATE

2015 SAG Workshop 1

4/22/2015

2015 SAG Workshop 2

12/16/2015

2016 SAG Workshop 1

5/27/2016

2016 SAG Workshop 2

10/25/2016

2017 SAG Workshop 1

4/26/2017

2017 SAG Workshop 2

12/15/2017

2018 SAG Workshop 1

10/09/2018

2018 SAG Workshop 2

12/21/2018

22622517.26

TOPICS

•
•
•
•
•
•
•

South Y PCE Site
TVS Subbasin Drinking Source Water Assessment and
Protection (DSWAP) Improvements
SGMA - GSA Formation
2015 Annual Report - Planning
2015 Annual Report - Planning
South Y Area PCE Contamination Update
SGMA – Update
TVS Subbasin Hydrologic Modeling Tools
2015 TVS Subbasin Groundwater Levels

•
•
•
•
•
•

2016 GW Management Activities
South Y Extraction Well Study
Proposition 1 Groundwater Cleanup Program Funding
TRPA Regulations – Relevant Ordinances
2016 GW Management Activities
2016 DSWAP Mapping Update

•
•

•

Tahoe Keys Property Owners Association

•

South Y PCE Investigation
TVS Subbasin GW Modeling Evaluation Update

•
•
•
•
•
•
•
•
•
•
•

Groundwater Dependent Ecosystems (GDE’s)
SGMA – GMP Alternatives
South Y Activity - Updates
South Y Remedial Alternatives FS
2017 Private Well Owner Survey
GSA Formation Coordination Agreement
South Y Remedial Alternatives FS
South Y Activity - Updates
2017 Private Well Owner Survey
USFS LTBMU Groundwater Resources Management
GMP Activity Updates

•
•
•
•
•
•

South Y Activity - Updates
SGMA – GMP Alternatives
2018 Draft SGMA Basin Prioritization
South Y Activity - Updates
2017 Survey of Well Owners Report
2018 Closing Items
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SAG WORKSHOP

DATE

2019 SAG Workshop 1

7/23/2019

2019 SAG Workshop 2

11/22/2019

2020 SAG Workshop 1

7/29/2020

2020 SAG Workshop 2

12/17/2020

2021 SAG Workshop 1

3/25/2021

2021 SAG Workshop 2

6/30/2021

TOPICS
•
•
•
•
•

South Y Activity - Updates
TVS Subbasin Stormwater Management
2019 Groundwater Management Activities
Groundwater Management Plan – 5- Year Update
2019 TVS Subbasin GW Conditions

•
•
•
•
•
•

Private Well Owner Survey – Phase II
LRWQCB Regional Plume Characterization
DRI Model Evaluation – 50 Year Water Budget
Update to 2014 GMP
South Y PCE Contamination - Update
TVS Subbasin Alternative

•
•
•

TVS Subbasin Alternative – Progress Update
Phase II Survey of Private Well Owners
Site Cleanup Subaccount Program Regional Plume
Investigation
TVS Subbasin 50 Year Water Budget Projections
TVS Subbasin Alternative – Sustainable Management
Criteria
TVS Subbasin Alternative – Interconnected Surface
Waters
TVS Subbasin Alternative – Implementation Plan
(Section 10)

•
•
•
•

Groundwater Management Collaboration

7.2

The Alternative Plan is updated within the context of existing, on-going coordination and
collaboration in groundwater issues within the TVS Subbasin. As noted in Section 4.2.2 of this
Alternative, water quality improvement programs, with a focus on Lake Tahoe clarity, and
groundwater management issues have required the coordination and collaboration of many of the
organizations and agencies within the Lake Tahoe Basin. The following section presents several
examples showing how groundwater management through implementation of the Alternative has
benefited through collaboration and engagement with the SAG.
Protect Groundwater

7.2. 1

The overall goals for groundwater protection discussed by the SAG during development
of the Alternative included:
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•

Integrate groundwater protection into existing site inspection protocol of the
several agencies already conducting site inspections

•

Create a private well owner education and cooperation campaign, and
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•

Maintain an inventory of infiltration basins and dry wells, inform spill responders
of these locations and communicate spill events to water purveyors.

Acting on the results of the private well owners’ survey (see Section 3.3.4), the District
has offered: guidance on well maintenance, site visits for basic assessment of wellhead
conditions, and accredited laboratory testing of well water quality to improve private well
owners’ understanding on the importance of well maintenance on protecting groundwater
quality. The District has also used these efforts to build relationships and establish
communication with private well owners, promote guidance on well maintenance available
through the County Water Well Program, and encourage engagement in groundwater
management through participation on the SAG.
The District invited storm water program managers from SAG member agencies to
describe their respective stormwater management programs and consider the connection(s)
between storm water management and groundwater protection. During 2019 (2019 SAG
Workshop 1), storm water mangers proposed that parcels with known incidences of shallow soil
contamination be mapped to prevent unintended infiltration of residual soil contamination to
groundwater. Renewed public outreach and education was also proposed as the best approach to
protecting groundwater quality by preventing illicit discharges to stormwater infiltration
facilities. The locations of PCA sites (including sites that impact or have the potential to impact
groundwater quality) and CSLT stormwater infiltration facilities are included on the updated
2021 DSWAP map (Figure 6-16) presented in Section 6.4.5 of this Alternative Plan. Locations
of storm water infiltration facilities should be shared with spill responders to help prevent spills
from entering these facilities. Spills entering storm water infiltration facilities should be reported
to the LRWQCB and EDCEMD to investigate the extent of potential contamination within the
receiving infiltration facility and to the water purveyors as a potential source of groundwater
contamination within the TVS Subbasin.
Groundwater quality in the TVS Subbasin is typically of excellent quality, however, there
is a legacy of groundwater contamination from regulated chemicals (see Section 6.2.4). Under
the short-term implementation plan for BMO #2 (Maintain and Protect Groundwater Quality),
the SAG supported renewed investigation and clean-up of relict groundwater contamination with
special emphasis on PCE contaminant plume(s) in the South “Y” Area (Kennedy Jenks, 2014). A
summary of the activities involved with this work is presented in Section 6.3.1.1. Given the need
for inter-agency coordination and importance of changes being considered by SAG water
purveyors, SAG water purveyors participated as partners on the Technical Advisory Committee
(TAC) organized for the South Y Feasibility Study.
7.2.1.1

Site Inspections

Findings of the well owners’ surveys confirm that more than 340 private wells are
currently active within the TVS Subbasin (Section 3.3.4). Private wells do not require operating
permits or reporting; therefore, information on operational status is very limited along with the
overall condition of the wellhead. TRPA Best Management Practice (BMP) Parcel permit
applications, County well permit applications and County Small Water System Program
inspections could be used to collect operational status information and build on the private well
use and wellhead conditions data collected during the well owner’s surveys. Building the private
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well inventory for domestic wells could be added to the County Water Well Program for
continued use in the Alternative Plan.

7.2.2

Coordination with Land Use Planning Agencies

SGMA requires close coordination and consultation between water supply or
management agencies and land use planning agencies to ensure that proper water supply and
management planning occurs to accommodate projects that will result in increased demands on
water supplies or impact water resource management. (Gov. Code § 65352.5(a).) Existing law
requires a city or county upon adoption of its General Plan to use as a source document any
Urban Water Management Plan (UWMP) submitted by an urban water supplier. (Gov. Code §
65352.5(c).) When a city or county adopts or substantially amends a general plan, GSAs or an
entity that submits an Alternative must provide the planning agency a current version of the
Groundwater Sustainability Plan or Approved Alternative (Gov. Code § 65352.5(d)(1)) and, if
needed, a report on the anticipated effect of proposed action to adopt or substantially amend a
general plan on implementation of a GSP (Gov. Code § 65352.5(d)(3)).
Local land use planning agencies within the TVS Subbasin are described in Sections
4.3.7 (TRPA); 4.3.8 (CSLT); and 4.3.9 (USFS) of this Alternative. Agency members from the
TRPA, CSLT and USFS are represented on of the SAG (Table 7-1) and have been regularly
updated throughout the development of this Alternative. In 2021, local land use planning
agencies were formally contacted and provided copies of a participation notice and stakeholder
survey by direct mailer and follow-up email as described in Section 1.5.1.2 of this Alternative.
A key element of the Alternative includes an ongoing program of monitoring
groundwater conditions. As part of this effort, the District regularly updates and maintains a
groundwater vulnerability map. In 2017, the scope of the District’s groundwater vulnerability
map was expanded to include groundwater source information provided by SAG water purveyors
and new PCA site information provided by SAG agencies. The 2017 vulnerability map was
presented in the 2017 WY Annual Report (District, 2018) and was shared with all SAG members
for their use. This map was again updated in 2021 as part of this update to the Alternative Plan
(see Section 6.4.5).

7.2.3

Sharing Data and Information

A key part of groundwater management is collecting data to monitor groundwater
conditions. Multiple governmental agencies and water purveyors collect groundwater-related
data in the TVS Subbasin. The SAG has been an important vehicle for the sharing of well
location, construction, groundwater pumpage and water quality information used in hydrologic
models developed to calculate annual water budgets and assess groundwater conditions reported
to DWR in Water Year Annual Reports.
The District’s surveys of private well owners (Section 3.3.4) were the principal tool used
by the District to receive input from more than 500 private well owners and users. Responses
from surveys were used to identify individual private well owners to improve interested parties’
lists; and better understand private well owners’ groundwater use, private well system conditions
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and water quality concerns. The surveys were also used to inform private well owners on the
importance of private well maintenance to protect groundwater quality.
7.2.4

SAG Accomplishments

Since adoption of the 2014 GMP, the District, in collaboration with EDWA and the SAG,
has achieved a substantial list of accomplishments to support the sustainable management of
groundwater resources within the TVS Subbasin (Table 7-3). Several accomplishments involve
enhanced data collection and use with applications ranging from basic monitoring of
groundwater use, levels, and supply to development of complex hydrologic models. Advanced
hydrologic models increased accuracy and reliability of model outputs – including calculation of
annual water budgets, identification of recharge areas, effects of groundwater pumping on
interconnected surface waters, impacts of climate change, and migration of PCE-contaminated
groundwater.
Regular SAG meetings and SAG-recommended public outreach have helped build
relationships, facilitated information sharing among interested parties, and increased awareness
of sustainable groundwater management among private well owners.
Lastly, the District has continued to satisfy SGMA requirements by (1) acting as the GSA
for TVS Subbasin; (2) cooperating with EDWA via the MOU to manage groundwater resources
across the full extent of the TVS Subbasin; (3) submitting semi-annual reports of groundwater
elevation data to DWR as a monitoring entity pursuant to CASGEM; and (4) submitting Annual
Reports to DWR under SGMA (23 CCR § 356.2).
Table 7-3. Major groundwater management activities completed since 2015.
CATEGORY
Basin Monitoring
Hydrologic Modeling

Investigations

Public Outreach
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ACCOMPLISHMENT
• Groundwater Monitoring- precipitation, elevations, groundwater
pumpage, recharge, storage
• Phase 1 Hydrologic Models– Water balance, future conditions
• Phase II Hydrologic Models – Recharge areas, capture zones,
baseflow depletion analysis and capture maps, climate change
impacts, monitoring network evaluation
• Updated Phase 1 Groundwater Model
• South Y Fate & Transport Model
• Analysis of Basin Conditions
• South Y Extraction Well Suitability Investigation
• Basin Management Objectives Analysis
• Survey of Private Well Owners
• South Y Feasibility Study – Baseline Health Risk Assessment,
Pre-Design Investigation, Feasibility Study, Interim Remedial
Action Plan
• SAG Workshops
• South Y FS Workshops
• PWOS I – Groundwater Well Survey
• PWOS II – Groundwater Well Survey
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CATEGORY
Reporting

7.3

ACCOMPLISHMENT
• Groundwater Web Page
• Public Meeting Updates and Annual Reports
• GSA Formation
• MOU
• CASGEM Reporting
• SGMA Annual Reporting
• TVS Subbasin Alternative Plan
Future/Ongoing Stakeholder Involvement Opportunities

The current SAG was convened to provide input during implementation of the 2014
GMP and development of this first five-year update of the Alternative Plan. A new SAG may be
formed following formal adoption of the this Alternative Plan. The District plans to conduct any
new SAG in a similar manner as the current SAG: meet on a regular, ongoing basis to discuss
and propose actions for sustainable groundwater management. Procedures for running the SAG
will be reviewed and modified as needed to fulfill its purpose(s) in accordance with Section 7
Groundwater Management Plan of the District’s Administrative Code.
7.3.1

Future SAG Topics

The purpose of the SAG is to provide a forum to facilitate the discussion of groundwater
related issues and sharing of information between water purveyors, land use planning agencies,
regulatory agencies, businesses, and the public. Table 7-2 lists the numerous topics considered
by the SAG since 2014. In the future, the SAG will be called upon to provide input on
recommended actions for periodic review and assessment of this Alternative Plan and updates to
the Implementation Plan (Section 10). The SAG will consider any modifications to sustainable
management criteria, measurable objectives and minimum thresholds used to prevent the
occurrence of undesirable results within the TVS Subbasin. Table 7-4 provides an initial list of
future topics for potential discussion with the SAG.
Table 7-4. Potential topics for future discussion with the SAG.
TOPIC
Emerging Contaminants -PFAS

Illicit Discharges to Storm Water Infiltration
Systems
Drought
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DESCRIPTION
• Occurrence
• Meyers Landfill
• WWTP Sampling (SWRCB Order
WQ 2020-0015-DWQ)
• Storm Water
• Stormwater quality affecting groundwater
• Public Outreach and Education
• Basins and Dry Wells
• Water Supply and Demand Assessments
• Coordinating Water Conservation
Measures
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TOPIC
Private Wells

Inorganic Contaminants
Basin Monitoring Network

DESCRIPTION
• Dry Well Monitoring
• Corrosivity in groundwater
• Destruction of abandoned wells
• Public Outreach and Education
• Radionuclide impacts on drinking water
supply
• Opportunities for expanding basin
monitoring network using existing wells

Integrated Regional Water Management
(IRWM)

•

Opportunities for collaboration with the
IRWM Region

Groundwater Dependent Ecosystems (GDEs)

•

Quantifying water use

Environmental Improvement Projects (EIP)

•

Benefits to groundwater replenishment

Climate Change

•

Lake Tahoe Basin agency efforts to assess
climate change impacts on water
resources.
Operational Supply and Reliability
o Regional Power Outages
(RPOs)/Wildfire Events
GSA role in pursuing funding
opportunities and responsibilities

•
Funding for Groundwater Remediation

7.4

•

Public Participation in the Five-Year Update of the Alternative Plan

During the 2020 WY, the District and EDWA started the procedural, technical and public
outreach activities needed for the first five-year update of the Alternative Plan 7. In April 2020,
the District and DRI met with DWR staff via conference call to discuss and consider approaches
to address DWR’s recommended actions. In May 2020, the District developed Resolution 314020 establishing its intent to update the Alternative. In June 2020, the District submitted a Notice
of Intent to DWR informing DWR of its intent to draft an update to the 2014 GWMP and
Alternative Materials in preparation of the first five-year update of the Alternative Plan (STPUD,
2020) (Appendix A05). In June 2020, the District and EDWA worked to develop the second
amended and restated MOU between the District and EDWA to continue to coordinate and
cooperate in the implementation of the SGMA within their respective jurisdictions of the TVS
Subbasin. In July 2020, EDWA adopted its own Resolution WA-6-2020 establishing its intent to

In addition to the public engagement outlined in this section, the District also held multiple public meetings during
adoption of the 2014 GWMP as well as submission of the 2014 GWMP and Alternative Materials to DWR as a GSP
Alternative in December 2016.

7
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draft an updated Alternative Plan for implementation within the portion of the TVS Subbasin
lying within the County and outside the District’s service area boundary.
The SAG and members of the SAG representing the public also contributed to
development of the five-year update to the Alternative Plan, including advising the District
regarding Plan content, offering information and insight of regional groundwater issues, and
reviewing the Alternative Plan.
7.4.1

-

Public Notice and Comment

On [DATE], the District released a draft version of this five-year update to the
Alternative to the SAG for review and comment. The District received the District received
public comments from the SAG and made responsive changes. A summary of comments and
responses are included as Appendix N. The District released a draft of the Alternative Plan to the
general public on February 9, 2022 for public comment. The public review period extended until
March 8, 2022. EDWA released the Alternative for public comment on [DATE] and accepted
comments through [DATE].

--

-

On [DATE], the District issued 90-day notice to the general public, County, and CSLT of
the public hearing on [DATE] at which the District considered adoption of the Alternative Plan.
District staff advised the District’s Board of Directors of the pending hearing date at the Board’s
[DATE] meeting. On [DATE], EDWA issued 90-day notice to the general public and County of
the public hearing on [DATE] at which EDWA considered adoption of the Alternative Plan.
7.4.1.1

Public Meeting

-

The District Board of Directors held a public hearing on [XXX XX, 2022] to solicit
comments to the Alternative Plan to consider adoption of the final Alternative and enactment of
the updated Groundwater Management Ordinance No. [XXXX-XX]. The public was given an
opportunity to ask questions and provide comment at the hearing. If the parties could not attend
the public hearing, they could express their questions, interest and concerns in writing to the
District as explained in the public notice. The Notice of Availability, Public Meeting agenda, and
minutes are included in Appendix D. Following the public hearing the TVS Subbasin Alternative
was adopted by the District Board of Directors by passing Resolution No. [XXXX-XX]. A copy
of this Resolution is provided in Appendix A and the updated District Ordinance No. [XXX-XX]
is provided in Appendix E.

-

-

--

EDWA’s Board of Directors held a public hearing on [XXX XX, 2022] to solicit
comments to the Alternative Plan to consider adoption of the final Alternative and enactment of
the updated Groundwater Management Ordinance No. [XXXX-XX]. The public was given an
opportunity to ask questions and provide comment at the hearing. If the parties could not attend
the public hearing, they could express their questions, interest and concerns in writing to EDWA
as explained in the public notice. The Notice of Availability, Public Meeting agenda, and
minutes are included in Appendix D. Following the public hearing the TVS Subbasin Alternative
was adopted by EDWA Board of Directors by passing Resolution No. [XXXX-XX]. A copy of
this Resolution is provided in Appendix A and the updated EDWA Ordinance No. [XXX-XX] is
provided in Appendix E.

-
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Public Outreach and Engagement

7.4.2

Under SGMA, GSAs are required to engage the public during the development of a GSP
(Wat. Code § 354.10). As part of its public outreach the District developed a stakeholder
engagement chart organized by stakeholders groups and communication methods to be employed
for each group (); updated lists of possible stakeholders within each group; and development of
various communication tools including: participation notice, stakeholder survey, media release,
on-line web postings and a power point presentation targeted to the general public explaining the
2014 GWMP, the update process and opportunities for engagement in this process. The
stakeholders list has 286 entries and was developed in accordance with DWR guidance (DWR,
2018). Stakeholder Group A consists of regulatory bodies whose participation is specifically
required by SGMA. Group B comprises other beneficial users of groundwater with the TVS
Subbasin, and group C includes civic groups, regulatory agencies and resource managers in the
region that do not operate within the TVS subbasin, and other interested parties. Stakeholders in
Groups B and C were invited to participate in this process by the District. The participation
notice was developed to satisfy SGMA public notification and participation requirements (Wat.
Code § 10727.8). The stakeholder survey was developed for the TVS Subbasin Alternative using
the Stakeholder Survey Template available from the DWR engagement tools. The participation
notice was posted on the District and EDWA web sites and mailed along with the stakeholder
survey to Group A and Group B stakeholders. Only the Participation Notice was emailed to all
possible stakeholders with email contact information. The District’s 2014 Groundwater
Management Plan Update Presentation (District, 2020b) was posted on the Groundwater
Management Plan web page of the District’s website. Copies of the outreach materials developed
for the TVS Subbasin Alternative are provided in Appendix D.
Table 7-5. Alternative Plan stakeholder engagement chart.
Group
A

STAKEHOLDERS
1)

2)
3)

B
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1)

Legislative Bodies (§10727.8)
a.
County - Board of
Supervisors
b.
CSLT – City Council
GW Elevation Monitoring and
Reporting Entities (§10927)
a.
Federal Water Master
Local Land Use Planning
Agencies
a.
TRPA
b.
County Planning
c.
CSLT Planning
d.
US Forest Service
e.
California State Parks
Groundwater Users
a.
DOM Well Owners
b.
Water Systems

METHOD(S)
1) Direct Mailer
2) Follow-Up Email
3) Interested Parties
List
4) District Web Page

1) Direct Mailer
2) Interested Parties
List
3) District Web Page

Participation
Notice
X
X
X

Stakeholder
Survey
X
X

X
X

X
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i.

2)

3)

C

1)

2)

3)
4)
5)
6)
7)

22622517.26

Community
Water Systems
(CWS)
ii.
Non-Transient
NonCommunity;
iii.
Transient NonCommunity
iv.
State Small
Water Systems
Environmental Users of
Groundwater
a.
California Tahoe
Conservancy
Surface Water Users
a.
Lakeside Park
Association
b.
Tahoe Water Suppliers
Association
Economic Development
a.
Tahoe Chambers of
Commerce
b.
South Tahoe Chamber
of Commerce
Environmental and Ecosystems
a.
State Agencies
b.
County Environmental
Management District
c.
Environmental Groups
Federal and State Lands
a.
Federal Agency
b.
State Agency
General Public
a.
Community Leader
Human Right To Water
a.
See SSWS
Integrated Water Management
a.
Regional Water
Management
Tribes
a.
Washoe Tribe

1) Interested
Parties list
2) District Web
Page

X
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SECTION 8:

CHARACTERIZATION OF UNDESIRABLE RESULTS

Undesirable results occur when one or more significant and unreasonable effects are
caused by groundwater conditions occurring throughout the basin: chronic lowering of
groundwater levels, reduction of groundwater storage, seawater intrusion, degraded water
quality, land subsidence, and depletion of interconnected surface water. For each of these
groundwater conditions, the District has defined sustainability goals, selected sustainability
indicators, and developed minimum thresholds.
A sustainability goal is a goal that culminates in the absence of undesirable results within
20 years of GSP implementation. Minimum thresholds are defined as numeric values that, if
exceeded, may cause an undesirable result. Two groundwater conditions—seawater intrusion and
land subsidence related to groundwater extraction—were found to be not present and not likely
to occur in the TVS Subbasin. Pursuant to section 354.28 of the GSP Regulations, a minimum
threshold for sea water intrusion has not been developed. Even though not found within the TVS
Subbasin, a sustainability indicator and minimum threshold has been developed for land
subsidence.
Characterization of undesirable results for the TVS Subbasin is considered within the
framework of BMOs in the following sections. A table summarizing the current assessment of
undesirable results for the TVS Subbasin is provided below in Table 8-1. Review of Table 8-1
shows that the quantitative criteria used as sustainability indicators do not exceed their
corresponding minimum thresholds for each undesirable result assessed for the TVS Subbasin.

22622517.26

209

Table 8-1. Assessment of undesirable results for the TVS Subbasin (6-005.01)
Indicator

(WCS 10721(x))

SUSTAINABILITY INDICATOR
Description

Chronic lowering
of groundwater
levels
(Section 8.1.1)

Total source capacity of CWS
wells with pumping water levels
above the top of well screen.

Reduction of
Groundwater in
Storage
(Section 8.1.2)

Current
Value

MINIMUM THRESHOLD (MT)
Description

STATUS

Value

25.20 MGD

110% of the preceding ten-year
average maximum day demand.

14.17 MGD

Not
Exceeded

Cumulative change in groundwater
storage for the TVS Subbasin
relative to WY 2005 levels

+5,300 AF

The cumulative change in
groundwater storage corresponding
to the groundwater level that would
not allow total source capacity to be
met

-32,050 AF

Not
Exceeded

Seawater Intrusion
(Section 8.2.1)

As the TVS Subbasin is in the
Lake Tahoe Hydrologic Basin,
outside the influence of seawater, a
sustainability indicator for
seawater intrusion does not exist.

Not
Applicable

As a sustainability indicator for
seawater intrusion does not exist, a
minimum threshold for this
indicator was not developed.

Not
Applicable

Not
Applicable

Degraded Water
Quality
(Section 8.2.2)

Total source capacity of CWS
wells meeting federal and state
drinking water standards.

25.20 MGD

110% of the preceding ten-year
average maximum day demand.

14.17 MGD

Not
Exceeded

Land Subsidence
(Section 8.1.3)

Maximum negative change in
groundwater level at any
groundwater elevation monitoring
well within the TVS Subbasin
compared to May 2015 levels.

-100 ft

Not
Exceeded

Interconnected
Surface Waters
(Section 8.3.1)

Current 10-year average stream
discharge recorded at USGS Gage
103366092; 10336610 and
10336780 for Oct- Mar (winter)/
Apr – Jly (peak)/ and Jly – Sept
(late season) flows.

22622517.26

-0.85 ft

USGS 103366092:
42.8/194.4/17.6 cfs;
USGS 10336610:
61.3/226.8/19.3 cfs;
USGS 10336780:
23.0/77.2/24.9 cfs;

The sustained decline of
groundwater level at any
groundwater elevation monitoring
well.

10-year average (or 30-year median)
stream discharge at selected USGS
Gage Stations for each specified
period.

USGS 103366092:
30/80/10 cfs;
USGS 10336610:
40/240/10 cfs;

Not
Exceeded

USGS 10336780:
15/30/15 cfs;
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Indicator

(WCS 10721(x))
Groundwater
dependent
ecosystems
(GDEs)
(Section 8.3.2)

22622517.26

SUSTAINABILITY INDICATOR
Description

Trends in water level in shallow
aquifers underlying or adjacent to
identified GDEs

Current
Value

[in progress] Existing
monitoring wells to
be identified and/or
new monitoring wells
to be installed
No negative trend in
modeled water level
underlying any
identified GDEs

MINIMUM THRESHOLD (MT)
Description

No statistically significant (p<0.05)
negative trends using Mann-Kendall
trend analysis over the last ten years

STATUS

Value

Kendall’s tau less
than zero and
p<0.05

In Progress
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BMO #1: Maintain a Sustainable Long-Term Groundwater Supply

8.1

The purpose of BMO #1 is to implement measures to manage the groundwater levels for
long-term sustainability and reliability of the water supply for all users within the TVS Subbasin.
The measurable goal for tracking groundwater levels is to sustain groundwater levels within the
range of historical data. If long-term groundwater levels show a consistent declining trend that
falls below the historical range indicating a potential overdraft condition, then an assessment of
the cause for the decline would be conducted. If excessive groundwater pumping is found to be
the cause, then measures would need to be taken to either redistribute the pumping to other
portions of the basin or reduce pumping at the implicated well(s). No action would be required if
the condition described above is not observed.
Chronic Lowering of Groundwater Levels

8.1.1

8.1.1.1

•

Sustainability Goal: To maintain a sustainable supply of groundwater by keeping
groundwater water levels a safe distance above well screens.

•

Undesirable Result: Regional water level declines such that water demands cannot
be met.

•

Sustainability Indicator: The total source capacity of community water supply
wells

•

Minimum Threshold: Having water levels above the screen intake at enough
water supply wells such that the total source capacity meets or exceeds the
Maximum Daily Demand (MDD).
Sustainability Goal

The first groundwater condition is the prevention of chronic lowering of groundwater
levels in the TVS Subbasin. The goal is to implement measures to manage the groundwater
levels for long-term sustainability and reliability of the water supply for all users within the TVS
Subbasin. If long-term groundwater levels show a consistent declining trend that falls below the
historical range, indicating a potential overdraft condition, then water supply wells are likely to
fail and the needs of the beneficial users in the TVS Subbasin cannot be met.
The sustainability goal is to maintain a sustainable supply of groundwater by keeping
groundwater water levels a safe distance above well screens.
8.1.1.2

Undesirable Result – Chronic Lowering of Groundwater Levels

The high reliance on groundwater necessitates those active wells have sufficient source
capacity to meet water demands within the TVS Subbasin. To remain active, groundwater levels
must be sustained adequately above the pump intake and the top of the uppermost screen interval
of water supply wells to reduce the risk of corrosion and pump cavitation as entrainment of air in
the pumped water would lead to a loss of production.
22622517.26
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8.1.1.3

Sustainability Indicator

Because of the high reliance on groundwater to meet the drinking water needs of the
beneficial users in the TVS Subbasin and the need to have water levels above screen intakes to
prevent corrosion and pump cavitation, the total source capacity of community water supply
wells is selected as the indicator of chronic lowering of groundwater levels in the TVS Subbasin.
The data requirements for this sustainability indicator are the source capacity of the
active water supply wells operated by the District, TKWC and LBWC water systems. Source
capacity values for current community water system wells operating in the TVS Subbasin are
provided in Table 8-.
Reasons for selection of this indicator for chronic lowering of groundwater levels are as
follows:
1. The data required for this indicator are readily available from each of the
community water systems.
2. The source capacities of the community water system wells are sensitive to
nearby groundwater levels that threaten the beneficial users of groundwater within
the basin. As such, it is believed to be representative of groundwater levels
conditions within the groundwater basin.
3. The source capacities of community water system wells are significantly changed
by adjacent groundwater levels and the subsequent actions needed to address this
undesirable result. The rate of these changes can be quantified, and improvements
can be detected over relatively short periods (less than five years).
4. The source capacities of the community water system wells are independent from
the sustainable yield of the basin but are dependent on changes in groundwater
storage. However, the level of dependence on these other indicators is not critical
and does not diminish its utility as an independent indicator of groundwater
levels.
5. Trends in source capacities of community water system wells can inform policy
decisions in evaluating the impacts of lowering groundwater levels. It can also be
used as a performance measure to evaluate the effectiveness of management
decisions to mitigate lowering groundwater levels effecting beneficial users
within the basin.
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Table 8-2. Source capacity for active wells in the South Tahoe Public Utility District, Tahoe Keys Water Company, and Lukins
Brothers Water Company.
SOURCE CAPACITY
Well I.D.
Al Tahoe Well #2
Bakersfield Well
Bayview Well
Elks Club Well #2
Glenwood Well #5
Helen Ave. Well #2
Paloma Well
Sunset Well
SUT No. 3
Valhalla Well
Arrowhead Well #3

WATER SYSTEM
STPUD
STPUD
STPUD
STPUD
STPUD
STPUD
STPUD
STPUD
STPUD
STPUD
STPUD

(gpm)
2500
1450
3600
300
1037
242
1825
600
850
600
775

(MGD)
3.6000
2.0880
5.1840
0.4320
1.4933
0.3485
2.6280
0.8640
1.2240
0.8640
1.1160

13,779

19.8418

TKWC
TKWC
TKWC

1000
400
800

1.440
0.576
1.152

TKWC SUB-TOTAL

2,200

3.168

LBWC
LBWC

900
620

1.296
0.8928

LBWC SUB-TOTAL

1,520

2.1888

COMMUNITY WATER SYSTEMS TOTAL

17,499

25.1986

STPUD SUB-TOTAL
TKWC No. 1
TKWC No. 2
TKWC No. 3

LBWC No. 1
LBWC No. 5

22622517.26

STATUS
Active
Active
Active
Active
Active
Active
Active
Active
Active - Treated
Active
Active - Treated

Active
Active-Treated (LP GAC; IX (Temporary))
Active-Treated (IX (Temporary))

Active
Active-Treated (LP GAC)
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8. \ . \ .4

Minimum Threshold

The minimum threshold is having water levels above the screen intake at enough water
supply wells such that the total source capacity meets or exceeds the maximum daily demand
(MDD). This threshold will be evaluated by monitoring static water levels in all active water
supply wells semi-annually to ensure that levels are above the target levels in enough wells to
meet the total MDD for the TVS Subbasin.
There is no indication that groundwater levels are on a long-term downward trend in the
TVS Subbasin and therefore should not fall to a level that threatens the ability of groundwater
sources (CWS wells) to meet water system demands. Demand requirements for community
water systems are calculated in accordance with methods described under Section 64554 of the
California Waterworks Standards (Chapter 16, Title 22, Cal. Code Regs.). Under these standards,
community water system’s water sources shall have the capacity to meet the system’s MDD
calculated using the water system’s daily, monthly, or annual water use data, as available. These
standards also include a water system’s requirements for peak hourly demands, however peak
hourly demand requirements are directed toward the adequacy of the water system’s distribution
system to provide sufficient flows. Therefore, only the MDD calculated for the community water
systems reliant on groundwater are used to establish a minimum threshold for chronic lowering
of water levels in the TVS Subbasin.
The data required for calculating the minimum threshold is the monthly water production
data for the active wells in the District, TKWC and LBWC water systems. The LPA is primarily
reliant on surface water to meet its water system demands. LPA has one active well (LPA Well
#3). This well is used as a back-up source to augment or help temporarily replace surface water
supplies. As the LPA is generally regarded as a surface water system, production from the LPA
Well #3 is not included in the minimum threshold calculations as it is rarely used.
The MDD for the District, TKWC and LBWC are calculated using the month with the
highest water usage (maximum month) for each water system over the preceding 10-years (WY
2011 – WY 2020). The maximum month is divided by the number of days within that month to
derive an average daily usage for the maximum month. This value is then multiplied by a
peaking factor which is the quotient of the average daily use for the maximum month and the
average daily use for that year. For the minimum threshold calculation, peaking factors for each
water system were derived for each year and then averaged over the 10-year period. Average
peaking factors over the 10-year period for the District, TKWC and LBWC water systems were
1.68, 2.28 and 1.86, respectively.
As indicated in Figure 8-1, about 93 percent of the total water demand is satisfied by the
CWS wells operated by the District, TKWC and LBWC water systems. To account for the
beneficial users of groundwater not connected to these water systems, a 10 percent safety factor
is added to the MDD derived for these water systems to determine the minimum threshold for the
TVS Subbasin. Results of these calculations show that the current minimum threshold is a total
source capacity of 14.166 MGD (Table 8-).
Reasons for selection of this minimum threshold are as follows:
22622517.26
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1. The data required for this minimum threshold is readily available from each of the
community water systems.
2. The minimum threshold is calculated in a manner that is consistent with
California Waterworks Standards and is representative of the volume of water
needed to satisfy the water demands of the beneficial users of groundwater within
the TVS Subbasin.
3. The minimum threshold is based on direct water use data which is sensitive to
changes in population and water use in the TVS Subbasin. Therefore, it can be
easily adjusted to reflect current beneficial user needs.
4. The volumes used for the sustainability indicator and accompanying minimum
threshold are the same for ease of comparison.
5. The MDD is completely independent of the source capacity.
6. Groundwater levels do not fall in direct response to drought periods with the only
exception being wells that are located a short distance from Lake Tahoe.
Therefore, the minimum threshold defined above should be relatively insensitive
to water year type.
7. The minimum threshold defined for groundwater levels would also be a useful
indicator for groundwater storage, and to a lesser extent interconnected surface
water. For example, if the minimum threshold for groundwater levels was
violated this would also indicate that groundwater storage is declining at perhaps
unsafe levels. If water level declines were such that the MDD could not be met,
this would likely indicate increased loss from or reduced groundwater flow to
surface water bodies but only for streams that are located near active production
wells.
Minimum water level targets for individual wells are based on the depth to the top of
screen plus an additional amount to account for drawdown while pumping at source capacity.
Table 8- shows the calculations used to derive the target water levels for the sixteen major CWS
wells used in the TVS Subbasin. It is assumed that water levels must remain above the top of the
screen to ensure proper well-functioning. Depth to water is provided as the average water depth
measured over the past ten water years (WY 2011 – WY 2020). Depth to water was not available
during this period for four wells so they were estimated based on nearby wells because the semiannual water level measurements represent static water levels (i.e., pumps are not running for 12
hours or more prior to taking the measurement). Specific capacity values represent either direct
measurements at source capacity or calculations based on transmissivity estimates and source
capacity rates (Cooper and Jacob, 1946). Transmissivity values were estimated using nearby
wells for six of the production wells. The minimum water level target (Table 8-) is calculated as
the difference between depth from the top of screen and the additional drawdown expected at
source capacity pumping rates.
The minimum threshold is defined as having enough wells meeting the water level target
such that the MDD can be met for the entire TVS Subbasin. Currently the source capacity is
25.199MGD and the MDD is 14.166 MGD, including a 10 percent safety factor, for a surplus of
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11.032 MGD. Water levels would have to fall below the target level in enough wells for the
source capacity to fall below the MDD.
TVS SUBBASIN (6-005.01) BENEFICIAL USERS AS A PERCENT OF TOTAL
GROUNDWATER PRODUCTION
1.72%

0.79%
0.66%
3.68%
■ Community Water System (16)
■ State Small Water System (14)

■

Non-community Water System (38)

■ Non-transient Non-community Water System

(3)

■ Domestic Wells (314)

93.15%

Figure 8-1. Beneficial users of groundwater within the TVS Basin (6-5.01) as a percent of the
total groundwater production produced during WY 2020. Number of wells for each user is also
shown.
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Table 8-3. Maximum day demands (MDD) calculated for community water systems operating within the TVS Subbasin (WY 2011 –
WY 2020) and minimum threshold value for lowering groundwater levels based on water demands. The minimum threshold for
lowering groundwater levels is the total MDD, in MGD, for community water systems reliant on groundwater operating within the
TVS Subbasin.

Community Water System

Ca
Water
System
No.

Active
Wells

Connections1

Source
Capacity
(MGD)2

Population
Served1,4

Maximum
Day Demand
(MGD)3

Surplus (+)
Deficit (-)
(MGD)4

South Tahoe Public Utility District

910002

11

14,235

33,124

19.8418

9.862

9.9798

Tahoe Keys Water Company
Lukins Brother Water Company

910015

3

1,566

1,420

3.168

2.383

0.785

910007

2

982

3,200

2.189

0.634

1.555

37,744

25.199

12.879

12.320

TVS SUBBASIN (6-5.001)
TOTALS

16

Minimum Threshold (110% of MDD)

14.166

11.032

NOTES
1) Source: SWRCB Drinking Water Branch Drinking Water Watch (https://sdwis.waterboards.ca.gov/PDWW/).
2) Source capacity of active wells, in MGD (stand-by or offline sources not included).
3) 10 Year (WY 2011 - WY 2020) Water System Maximum Day Demand, in million gallons per day (MGD), as per CA Waterworks Standards (§ 64554).
4) Tahoe Keys Water Company population increases to over 7,300 during the summer.
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Table 8-4. Minimum water level targets for active production wells within the TVS Subbasin. Red line indicates drawdown required
to reach a condition where the MDD could not be met.

Well I.D.

Water
System

Top of
Screen

Bottom
of Screen

Depth to
Water1

Glenwood Well #5
Al Tahoe Well #2
SUT No. 3
LBWC No. 1
Elks Club Well #2
Valhalla Well
Helen Ave. Well #2
LBWC No. 5
Bakersfield Well
TKWC No. 2
TKWC No. 1
Paloma Well
Bayview Well
Arrowhead Well #3
TKWC No. 3
Sunset Well

STPUD
STPUD
STPUD
LBWC
STPUD
STPUD
STPUD
LBWC
STPUD
TKWC
TKWC
STPUD
STPUD
STPUD
TKWC
STPUD

(ft bgs)
150
110
70
132
110
110
90
132
130
138
125
188
180
250
175
275

(ft bgs)
180
140
90
182
160
170
150
182
170
188
312
248
300
280
300
430

(ft bgs)
32
33
19
20
23
27
20
20
29
20
20
44
29
48
20
23

Specific
Capacity2

Water
Level Min
Target3

Freeboard4

Transmissivity

Expected
Drawdown

Source
Capacity

Cum. Red.
Source
Cap.

(gpd/ft)
25,544
67,649
18,805
12,342
3,652
14,713
15,237
12,342
55,569
12,342
46,159
39,996
65,308
14,534
30,855
31,506

(ft)
111
55
23
82
55
37
17
57
38
54
39
78
74
110
46
59

(gpm/ft)
9
51
37
11
6
16
14
11
38
7
26
23
49
7
18
11

(ft bgs)
39
61
47
50
55
73
73
75
92
84
86
110
106
140
129
221

(ft)
7
27
28
30
33
45
53
55
63
64
66
66
77
92
109
193

(MGD)
1.4933
3.6000
1.2240
1.2960
0.4320
0.8640
0.3485
0.8928
2.0880
0.5760
1.4400
2.6280
5.1840
1.1160
1.1520
0.8640

(MGD)
23.7053
20.1053
18.8813
17.5853
17.1533
16.2893
15.9408
15.0480
12.9600
12.3840
10.9440
8.3160
3.1320
2.0160
0.8640
0.0000

Notes
1. Based on average WY 2011-2020 measurements. Bold values are estimates based on nearby wells.
2. Bold values represent directly measured specific capacity at well capacity. Other values are calculated using Cooper and Jacob (1946) equation.
3. Water level minimum threshold based on top of screen - expected drawdown at full well capacity.
4. Freeboard is defined as Water level target - depth to water.
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Monitoring and Reporting

8.1.1.5

The sustainability indicator (source capacity) will be accounted on every five years as
part of the periodic review for all of the community water system wells operating in the TVS
Subbasin and provided in the Annual Report. Trends in source capacity will then be compared to
the minimum threshold to determine whether any actions are required to prevent undesirable
results from occurring within the TVS Subbasin. Based on the District’s annual monitoring, the
District will update and submit its Alternative Plan to the DWR every five years as required by
SGMA.
There is no indication that groundwater levels are on a long-term downward trend in the
TVS Subbasin and therefore are not expected to threaten the ability of groundwater sources
(CWS wells) to meet water system demands. The current source capacity is 11.032 MGD more
than the MDD which provides a relatively large buffer to allow water levels to fluctuate. In
addition, under current conditions water supply wells have freeboard distances of 7 to 193 feet.
Only one well (Glenwood Well #5) has a freeboard distance of less than 10 feet.
Reduction of Groundwater Storage

8.1.2

8.1.2.1

•

Sustainability Goal: To maintain groundwater storage reserves to ensure a
sustainable supply of groundwater.

•

Undesirable Result: A groundwater overdraft condition causing water levels to
trend downward making it more difficult to extract sufficient groundwater for
water supply purposes.

•

Sustainability Indicator: Cumulative changes in groundwater storage.

•

Minimum Threshold: Cumulative groundwater storage change of negative 32,050
AF relative to WY 2005, which indicates undesirable results.
Sustainability Goal

The sustainability goal for groundwater storage is to maintain groundwater storage
reserves to ensure a sustainable supply of groundwater.
8.1.2.2

Undesirable Result – Reduction of Groundwater Storage

Long-term reductions in groundwater storage indicate an overdraft condition. When a
groundwater basin is in an overdraft condition, water levels will trend downward making it more
difficult to extract for water supply purposes.
Given that the TVS Subbasin is in a surplus state, undesirable results related to reductions
in groundwater storage would occur if there were significant reductions in precipitation and
drastic increases in groundwater pumping. Regardless of the cause of storage reductions, the
threshold can be derived based on the associated groundwater level declines that would result in
a reduction of source capacity. From Table 8-, the minimum drawdown relative to WY 2005
water levels required to cause a well to go offline is seven (7) feet. Assuming a seven (7)-foot
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reduction in water levels for the entire TVS Subbasin, a corresponding reduction in storage can
be calculated as the area of all MODFLOW model grid cells falling with in the TVS Subbasin,
multiplied by seven (7) feet and the specific yield for each grid cell (0.3 in most cells). The result
is a reduction in storage of 32,050 AF, which is defined as the minimum threshold. Because the
loss of only one production well will not result in an inability to meet the MDD, this threshold is
quite conservative.
Long-term reductions in groundwater storage are not occurring within the TVS Subbasin
as evidenced by stable groundwater levels and average annual groundwater storage changes as
calculated by the STGM that are near zero. Minor groundwater storage changes do occur in
response to climate variability and changes in groundwater extraction rates. Therefore, it is
important to understand the magnitude of groundwater storage changes that occur due to climate
variability versus more serious long-term declines.
8. l .2.3

Sustainability Indicator

The sustainability indicator will be cumulative changes in groundwater storage (either
positive or negative) as calculated using the STGM. The storage change calculations will be
performed for the TVS Subbasin only, as opposed to the larger South Tahoe area that makes up
the model domain. Since groundwater storage can be calculated directly within the modeling
framework, there is no need to specify a surrogate indicator.
8.1.2.4

Minimum Threshold

The minimum threshold for groundwater storage changes is a cumulative groundwater
storage change of negative 32,050 AF relative to WY 2005, which indicates falling water levels.
This value is based on expected groundwater level declines during a long-term drought that
would not allow total source capacity to be met.
As average inflows to the TVS Subbasin are more than three times greater than the
amount of groundwater extracted, the TVS Subbasin is highly resilient to interannual climate
variations. As shown in Figure 5-22 and Figure 5-23, groundwater storage reductions occur
during drought periods (Hagan’s Meadow experiences less than 31 inches of precipitation) and is
replenished during normal and above normal precipitation years.
Cumulative change in storage for all climate scenarios is shown in Figure 5-25. Baseline
climate scenario results (average present recharge conditions) indicate that a cumulative storage
change of negative 52,000 AF will not occur over the planning horizon of 50 years. Assuming
worst case scenario Q2 (hot and dry) climate conditions, the storage threshold would be reached
in 17 years. As the Q2 scenario simulates predicted climate change for 2075-2099 beginning
immediately, the likelihood of a 17-year drought of this magnitude occurring over the 50-year
planning horizon is quite low. However, if this were to occur, water level declines could lead to
well failures and other undesirable results.
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8.1.2.5

Monitoring and Reporting

Changes in groundwater storage will be accounted on an annual basis using the STGM.
Cumulative changes in groundwater storage will be compared to the minimum threshold to
determine whether any actions are required to prevent undesirable results from occurring within
the TVS Basin. Based on the District’s annual monitoring, the District will update and resubmit
its Alternative Plan to the DWR every five years as required by SGMA.
The historical state of groundwater storage for the TVS Subbasin is shown in Figure
5-22. Figure 5-22 shows that groundwater storage varies according to pumping and climate, but
is not near the specified threshold of negative 32,050 AF. The changes in groundwater storage
have not reached the level of a significant and undesirable result, as indicated by its current level
above the minimum threshold.
8.1.3

Land Subsidence

Section 5.6.2 provides a detailed assessment of land subsidence within the TVS
Subbasin. The analysis presented in Section 5.6.2 demonstrates that the target water levels
previously defined in Section 8.1.1 (Chronic Lowering of Groundwater Levels), are more
restrictive than the thresholds defined for land subsidence.
Assuming undesirable results would occur if subsidence would be more than 1 foot, the
minimum threshold is defined as a negative change in static water levels of more than 100 feet
compared to groundwater elevations measured in Basin Monitoring Network observation wells
in May 2015. To evaluate this minimum threshold, groundwater elevations between May 2015
and May 2020 were compared and differences calculated for each observation well. Review of
these results show that over the preceding five-year period, most observation wells showed a
positive change in static water levels. Only four wells showed a negative change, each on the
order of less than 1-foot: EX-1 (-0.65 ft), Industrial Well No. 2 (-0.85 ft), South Upper Truckee
Well No. 3 (-0.75 ft), and USGS TCF-3 (-0.06 ft).
Table 8- shows the water level thresholds that would result to ensure subsidence
magnitudes of less than 1 foot. In all but two wells (Sunset and Tahoe Keys #3), the target water
levels defined in Section 8.1.1 (Chronic Lowering of Groundwater Levels) are more restrictive
than the thresholds defined for land subsidence due to groundwater level declines.
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Table 8-5. Water levels targets for land subsidence and chronic lowering of water levels.
Water
System

Subsidence
Water
Level
Threshold
(ft bgs)
133

Water
Level Min
Target2
(ft bgs)
61

Al Tahoe Well #2

District

Depth to
Water1
(ft bgs)
33

Bakersfield Well

District

29

129

92

Bayview Well

District

29

129

106

Elks Club Well #2

District

23

123

55

Glenwood Well #5

District

32

132

39

Helen Ave. Well #2

District

18

118

73

Paloma Well
Sunset Well

District
District

44
23

144
123

110
221

SUT No. 3

District

19

119

47

Valhalla Well
Arrowhead Well #3

District
District

27
48

127
148

73
140

TKWC No. 1

TKWC

20

120

86

TKWC No. 3

TKWC

20

120

129

TKWC No. 2
LBWC No. 1

TKWC
LBWC

20
20

120
120

84
50

LBWC No. 5

LBWC

20

120

75

Well I.D.

Notes
1. Based on average WY 2011-2020 measurements. Bold values are estimates based on nearby wells.
2. Water level minimum threshold based on top of screen - expected drawdown at full well capacity.
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BMO #2: Maintain and Protect Groundwater Quality

8.2

Groundwater in the TVS Subbasin is typically of excellent quality; however, there is a
legacy of groundwater contamination from regulated industrial and commercial chemicals
(Section 6.2.4), which continues to impair water supplies (Section 6.3). The nature of the aquifer
makes it highly vulnerable to groundwater contamination as evidenced by these impacts.
The purpose of BMO #2 is to implement measures to maintain and protect groundwater
quality to sustain the beneficial use of groundwater within the TVS Subbasin. These measures
would address contamination from manmade contaminants and not natural constituents intrinsic
to the aquifer. This would include setting measurable goals and continuing proactive measures to
protect groundwater quality.
Seawater Intrusion

8.2.1

The TVS Subbasin sits at close to 6,250 feet above sea level in the Sierra Nevada
Mountains. The closest source of seawater is close to 200 miles away. Therefore, seawater
intrusion is not an issue for the TVS Subbasin and as such a minimum threshold was not
developed for this groundwater condition.
Water Quality

8.2.2

8.2.2.1

•

Sustainability Goal: To ensure that groundwater quality is maintained to support
continued extraction for water supply purposes.

•

Undesirable Result: Degraded water quality threatens the ability to produce
groundwater of sufficient quality and quantity to meet the demands of the
community.

•

Sustainability Indicator: The total source capacity of community water supply
wells.

•

Minimum Threshold: Degraded water quality concerns within the TVS Subbasin
should not rise to a level that threatens the ability of groundwater sources to meet
MDD.
Sustainability Goal

The sustainability goal for this groundwater condition is to maintain a sustainable longterm groundwater quality. The goal is to implement measures to manage the groundwater quality
for long-term sustainability and reliability of the water supply for all users within the TVS
Subbasin. If groundwater quality degrades over long periods, this is an indication of
contamination. Though this is not the present case in the TVS Subbasin, the goal is to ensure that
groundwater quality is maintained to support continued extraction for drinking water use.
Current water use estimates indicate that more than 95 percent of drinking water used in
the TVS Subbasin is from groundwater sources (District, 2016). Of this amount, more than 90
percent is produced from community water system wells, about 3 percent is produced from non22622517.26
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community water system wells, about 2 percent is produced from domestic wells, and about 1
percent is produced from State Small Water System and non-transient non-community water
system wells (Figure 8-1).

8.2.2.2

Undesirable Result – Degraded Water Quality

The high reliance on groundwater necessitates that active well have sufficient source
capacity to meet water demands within the TVS Subbasin. To remain active, groundwater
sources must be able to produce water of acceptable water quality, in accordance with federal
and state maximum contaminant levels (MCLs). Degraded water quality in the TVS Subbasin,
primarily from pollutants, threatens the ability to produce groundwater of sufficient water quality
and has resulted in impairment of some groundwater sources within the TVS Subbasin.

8.2.2.3

Sustainability Indicator

Because of the high reliance on groundwater to meet the drinking water needs of the
beneficial users in the TVS Subbasin, the vulnerability of the groundwater basin to
contamination, and the impact of degraded water quality on a water system’s capacity to produce
groundwater, the sustainability indicator for degraded water quality concerns is the total source
capacity of community water supply wells that meet all state and federal water quality standards
in the TVS Subbasin.
The data requirements for this sustainability indicator include the source capacity of the
active water supply wells operated by the District, TKWC, and LBWC water systems. Source
capacity values for current community water system wells operating in the TVS Subbasin are
provided in Table 8-. Current source capacity for all three water systems is 25.199 MGD.
Reasons for selection of this sustainability indicator for degraded water quality are as
follows:
1. The data required for this sustainability indicator is readily available from each of
the community water systems.
2. The source capacities of the community water system wells are sensitive to
degraded water quality problems that threaten the beneficial users of groundwater
within the basin. As such it is believed to be representative of degraded water
quality conditions within the groundwater basin.
3. The source capacities of community water system wells are significantly changed
by degraded water quality and the subsequent actions needed to address this
undesirable result. The rate of these changes can be quantified, and improvements
can be detected over relatively short periods (less than 5 years).
4. The source capacities of the community water system wells are relatively
independent from the sustainable yield of the basin but are somewhat dependent
on groundwater levels and changes in groundwater storage. However, the level of
dependence on other indicators is not significant within the TVS Subbasin and
does not diminish its utility as an independent indicator of degraded water quality.
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5. Trends in source capacities of community water system wells can inform policy
decisions in evaluating the impacts of degraded water quality on groundwater
sources operating within the basin. Source capacity can also be used as a
performance measure to evaluate the effectiveness of management decisions to
mitigate degraded water quality concerns affecting beneficial users within the
basin.
8.2.2.4

Minimum Threshold

In accordance with the sustainability goal advanced at the beginning of this section,
degraded water quality concerns within the TVS Subbasin should not rise to a level that threatens
the ability of groundwater sources (i.e., CWS wells) to meet water system demands. Demand
requirements for community water systems are calculated in accordance with methods described
under Section 64554 of the California Waterworks Standards. Under these standards, a
community water system’s water sources shall have the capacity to meet the system’s MDD
calculated using water system’s daily, monthly, or annual water use data, as available. These
standards also include a water system’s PHD requirements; however, these requirements are
directed toward the adequacy of the water system’s distribution system to provide sufficient
flows. Therefore, only the MDD calculated for the community water systems reliant on
groundwater will be used to establish a minimum threshold for degraded water quality in the
TVS Subbasin.
The data required for calculating the minimum threshold is the monthly water production
data for the active wells in the District, TKWC, and LBWC water systems. The LPA is primarily
reliant on surface water to meet its water system demands. LPA has one active well (LPA Well
#3). This well is used as a back-up source to augment or help temporarily replace surface water
supplies. As the LPA is generally regarded as a surface water system, production from the LPA
Well #3 is not included in the minimum threshold calculations as it is rarely used.
The MDD for the District, TKWC, and LBWC are calculated using the month with the
highest water usage (maximum month) for each water system over the preceding 10-years (WY
2011 – WY 2020). The maximum month is divided by the number of days within that month to
derive an average daily usage for the maximum month. This value is then multiplied by a
peaking factor which is the quotient of the average daily use for the maximum month and the
average daily use for that year. For the minimum threshold calculation, peaking factors for each
water system were derived for each year and then averaged over the 10-year period. Average
peaking factors over the 10-year period for the District, TKWC, and LBWC water systems were
1.68, 2.28, and 1.86, respectively.
As indicated in Figure 8-1, approximately 93 percent of the total water demand is
satisfied by the community water system wells operated by the District, TKWC, and LBWC
water systems. To account for the beneficial users of groundwater not connected to these water
systems, a 10 percent safety factor is added to the MDD derived for these water systems to
determine the minimum threshold for the TVS Subbasin. Results of these calculations show that
the current minimum threshold is 14.166 MGD (Table 8-).
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Reasons for selection of this minimum threshold for degraded water quality are as
follows:
1. The data required for this minimum threshold is readily available from each of the
community water systems.
2. The minimum threshold is calculated in a manner that is consistent with
California Waterworks Standards and is representative of the volume of water
needed to satisfy the water demands of the beneficial users of groundwater within
the TVS Subbasin.
3. The minimum threshold is based on direct water use data which is sensitive to
changes in population and water use in the TVS Subbasin. Therefore, it can be
easily adjusted to reflect current beneficial user needs.
4. The volumes used for the degraded water quality sustainability indicator and
accompanying minimum threshold are the same for ease of comparison.
5. The water demand minimum threshold is completely independent of the source
capacity sustainability indicator.
8.2.2.5

Monitoring and Reporting

The sustainability indicator (source capacity) will be accounted every five years as part of
the periodic review for all community water system wells operating in the TVS Subbasin and
provided in the Annual Report. Trends in source capacity will then be compared to the minimum
threshold for degraded water quality to determine whether any actions are required to prevent
degraded water quality – undesirable results – from occurring within the TVS Subbasin. Based
on the District’s annual monitoring, the District will update and submit its ABC Alternative Plan
to the DWR every five years as required by SGMA.
The current state of the TVS Subbasin is indicated below in Figure 8-2. This figure shows
that there is a sufficient supply of high-quality water (source capacity) adequate to meet the
drinking water needs of the beneficial users of groundwater in the TVS Subbasin. The trend in
source capacity has declined since 2015, due to well impairments from degraded water quality.
However, these impairments have not reached the level of an undesirable result, as indicated by
its current level above the minimum threshold for degraded water quality.
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TVS SUBBASIN SOURCE CAPACITY
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Figure 8-2. Source capacity trends for community water system wells in the TVS Subbasin and
the minimum threshold (in MGD) for degraded water quality.

8.3

BMO #5: Assess the Interaction of Water Supply Activities on
Environmental Conditions

The TVS Subbasin is in a unique environmental setting. Water supply operations using
groundwater may affect environmental conditions or be affected by changes in the environment.
Groundwater-surface water interactions with Lake Tahoe and the rivers and streams within the
TVS Subbasin serve as both groundwater discharge and recharge locations depending on their
location and the time of year (Rowe and Allander 2000). Understanding the interactions is a
necessary part of providing sound groundwater management for the TVS Subbasin.
Groundwater in the TVS Subbasin is inextricably linked to environmental conditions, and
management of groundwater resources will affect both GDEs and interconnected surface flows.
The purpose of BMO #5 is to implement measures to maintain and protect the ecological
communities – both plants and animals – that are dependent on in-stream surface flows and
shallow groundwater.
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Interconnected Surface Waters

8.3.1

8.3 .1.1

•

Sustainability Goal: To maintain spatial and temporal continuity of surface flows
to support existing beneficial uses

•

Undesirable Result: Reduction of flow sufficient to negatively impact wildlife

•

Sustainability Indicator: USGS gaged discharge in streams within the TVS
Subbasin

•

Minimum Threshold: Both the 10-year average annual discharge and 10-year
average late season (Aug-Sept-Oct) discharge are maintained within the range of
historical variability (defined as ±25 percent of historical mean discharge), and
statistically significant negative trends in discharge are not induced by
groundwater pumping.
Sustainability Goal

Fish and wildlife species frequently rely on groundwater contributions to streams to
provide the water that they need to thrive (CDFW 2019). Published guidance on in-stream flow
requirements in Trout Creek and the Upper Truckee River is available from California DFW
(California Department of Fish and Game 2008). This guidance is based on habitat modeling of
salmonid species in the Tahoe Basin (Department of Fish and Game 1987) and considers
spawning and rearing flow requirements for rainbow trout, brown trout, brook trout, and kokanee
salmon. Lahontan cutthroat trout are also present in the TVS subbasin (Rohde et al. 2019). All of
these salmonid species require cooler water temperatures (<79 °F; 26 °C) year round (Rohde et
al. 2019). Groundwater contributions to streams, i.e., baseflow, helps to maintain suitable
temperatures for these species. The sustainability goal for interconnected surface waters is
therefore to maintain sufficient baseflow in streams to provide spatially and temporally
continuous flows at the water temperatures required to support the needs of fish and wildlife
species in the basin.
8.3.1.2

Undesirable Result – Interaction of Water Supply Activities on
Environmental Conditions

Numerous fish and wildlife species depend on in-stream flows in interconnected surface
waters. During the spring melt, these flows are fed by surface runoff and drainage from the soil
zone. In the late summer and fall, flow in these streams is provided by baseflow, i.e.,
groundwater moving into the stream from a connected shallow aquifer. The baseflow
contributions also regulate higher temperatures in the summer and fall. When these flows are
interrupted, in either time or space, the species that depend on the flows are impacted. This BMO
seeks to avoid negative impacts to the five salmonid species listed above, and by extension to
recreational uses of surface waters (which are largely focused on angling).
8.3.1.3

Sustainability Indicator

The sustainability indicator will be the measured flow at three active USGS gages within
the TVS Subbasin: the Upper Truckee River at Highway 50 above Meyers, CA (USGS Gage No.
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103366092); the Upper Truckee River at South Lake Tahoe, CA (USGS Gage No. 10336610);
and Trout Creek near Tahoe Valley, CA (USGS Gage No. 10336780). Streams are naturally
integrative features, so these sustainability indicators will be influenced by processes outside of
the bounds of the TVS Subbasin. Similarly, the discharge in a stream is affected by numerous
environmental processes that are outside the scope of groundwater management.
Whereas salmonid species require cool water temperatures, water temperatures in streams
are regulated by baseflow. Two of the above-listed USGS gages (Trout Creek and the Upper
Truckee River at South Lake Tahoe) monitor water temperatures as well as discharge, the
temperature records are shorter in duration (less than ten years) than the discharge records.
During WY 2015-2021, water temperatures in Trout Creek have not exceeded the 79 °F (26 °C)
habitat limit for LCT. Water temperatures in the Upper Truckee River at South Lake Tahoe have
exceeded that limit during just seven days in July 2021, and only when discharges were
particularly low. For this reason, the discharge threshold is assumed to simultaneously serve as a
threshold for water temperature.
Reasons for selection of this indicator for interconnected surface waters are as follows:
1.
The data required for this indicator are readily available from existing USGS
stream gages.
2.
The Upper Truckee River and Trout Creek drain the two largest watersheds in the
South Lake Tahoe area accounting for about seventy five percent of average annual run-off (see
Table 2-1)
3.
Discharges and temperatures in the Upper Truckee River and Trout Creek and
associated impacts on salmonid species have been specifically evaluated by the California
Department of Fish and Game (now California Department of Fish and Wildlife; CDFG 2008).
As such, the measured discharges are likely to be representative of the effect of interconnected
surface waters on wildlife within the groundwater basin.
4.
Discharges in the Upper Truckee River and Trout Creek are changed significantly
by adjacent shallow groundwater levels and the subsequent actions needed to address this
undesirable result. The rate of these changes can be quantified, and improvements can be
detected over relatively short periods (five to ten years).
5.
Discharges in the Upper Truckee River and Trout Creek are independent from the
sustainable yield of the basin but are somewhat dependent on changes in groundwater storage.
However, the level of dependence on these other indicators is not critical and does not diminish
its utility as an independent indicator of interconnected surface waters.
6.
Trends in discharges in the Upper Truckee River and Trout Creek can inform
policy decisions in evaluating the impacts of baseflow depletion in interconnected surface
waters. It can also be used as a performance measure to evaluate the effectiveness of
management decisions to mitigate baseflow depletion affecting beneficial users within the basin.
8.3.1.4
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Stream discharge in the TVS subbasin exhibits both high seasonality and high interannual
variability. To account for the seasonality of measured discharge, multiple thresholds have been
developed for each stream gage, representing in-stream flows occurring during different times of
the year. To account for the interannual variability of measured discharge, the minimum
thresholds are based on a ten-year average (or thirty-year median) of discharge measurements
rather than a single year.
For each monitored USGS gage, DFW guidance is provided for three time periods: 1
October – 31 March (winter), 1 April – 15 July (peak), and 16 July – 30 September (late season).
Daily average flows over the last 30 years are shown, along with the DFW recommended
seasonal thresholds in 8-3. As the figure indicates, late-season (16 July – 30 September) flows at
both Upper Truckee River gages often fall below the DFW-recommended discharge.
For the winter and peak seasons, as well as late season flows in Trout Creek, the
minimum thresholds are set at the flows specified in the DFW guidance. For late-season flows in
the Upper Truckee River, where DFW guidance is historically unlikely to be achieved under
normal conditions, the minimum threshold is set as the 30-year median late-season discharge at
each gage, rounded up in each case to 10 cfs. Minimum thresholds for each season and gage are
shown below in Table 8-1.
During each time, the average annual discharge over the previous ten years must be greater than
the minimum threshold. The 10-year average flows for each season shown in Table 8-1 cover
WY 2011-2020 and are currently well above the seasonal thresholds. Currently, there are no
statistically significant trends in annual or late season discharge at any of the three gages. A
Mann-Kendall trend test (Mann 1945; Kendall 1976) was performed for each season of each
gage on both a 30-year and a 10-year timescale.
Table 8-1. Threshold discharges and current (WY2011-2020) 10-year average flows for each
season and gage.
Gage No.

103366092

10336610

10336780
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Location

Upper
Truckee
River above
Meyers
Upper River
River at
South Lake
Tahoe
Trout Creek

1 October – 31 March

1 April- 15 July

16 July – 30 September

Threshold

Threshold
80

10-yr
Mean
194.4

Threshold

30

10-yr
Mean
42.8

10

10-yr
Mean
17.6

40

61.3

140

226.8

10

19.3

15

23.0

30

77.2

15

24.9
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Figure 8-3. Average daily flows, WY 1991-2020 at each USGS stream gage along with the
DFW-recommended daily threshold values. The indicated interannual variability (the shaded
gray area) represents ± 1 standard deviation from the mean flow.
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Reasons for selection of this minimum threshold are as follows:
1.
The data required for this minimum threshold is readily available from long-term
records at existing USGS stream gages.
2.
The minimum threshold is calculated in a manner that is consistent with
maintaining flows within the range of historical variability and is representative of baseflow
contributions to interconnected surface waters in the basin.
3.
The minimum threshold is based on directly measured discharge data which is
sensitive to changes in baseflow in the TVS Subbasin. Therefore, it can be easily adjusted to
reflect current beneficial user needs.
4.
The discharges used for the sustainability indicator and accompanying minimum
threshold are the same for ease of comparison.
5.
The range of historical variability in measured discharge is completely
independent of future baseflow contributions.
6.
Groundwater levels in the shallow aquifers respond to drought periods on an
annual timescale. However, the minimum threshold defined above relies on a multi-year record
of measured discharge and thus should be relatively insensitive to water year type, except in
cases of prolonged drought.
7.
The minimum threshold defined for interconnected surface waters would also be
a useful indicator for GDEs, and to a lesser extent groundwater levels. For example, if the
minimum threshold for interconnected surface water was violated this would also indicate that
groundwater in shallow aquifers is less accessible to the vegetation communities comprising
GDEs. If measured discharge declines were such that the threshold could not be met, this would
likely indicate a reduction in groundwater storage in the shallow aquifer.
8.3.1.5

Monitoring and Reporting

The ten-year average gaged discharge will be evaluated every five years as part of the
periodic review of groundwater conditions. For each gage and each season, the 10-year mean
discharge will be calculated and compared to the thresholds noted in Table 8-1 above. If the 10year average discharge at any gage falls below the minimum threshold, the threshold has been
exceeded.
To provide an early warning that the threshold may be exceeded in the future, MannKendall trend tests will be performed on the most recent five years of discharge at each gage.
The shorter timescale allows for the detection of a trend well before the threshold might be
exceeded. If any gage shows a statistically significant, negative trend, additional investigation
will be undertaken to determine how much groundwater pumping may be affecting that gaged
discharge. This investigation will be based on a comparison between the current STGM (updated
annually) and a no-pumping groundwater model scenario that matches recent climate conditions.
For each model scenario, the baseflow contribution to the stream in question will be extracted
and compared to the baseflow contribution from the baseline model. If the no-pumping scenario
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indicates a decline in baseflow contribution similar to the current STGM, the exceedance of the
threshold is likely driven by climate and may not be effectively mitigated through groundwater
management actions. If the baseflow contribution in the no-pumping model is significantly
greater than that of the current model, then groundwater management is playing a role in reduced
discharge and it will be necessary to explore management options to mitigate that effect and to
return discharges above the minimum threshold.
8.3.1.5.1

Provisional Groundwater Management Area

As noted in Section 2, a GSA may designate Management Areas within a basin for which
the GSP or GSP Alternative identifies 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 (23 CCR § 351 (r)). A provisional
Management Area, shown in Figure 2-2, was defined to support future investigations into
interconnected surface waters.
In 2017, additional analysis of the TVS Subbasin hydrologic system was performed using
hydrologic modeling tools developed by DRI to define a potential, provisional management area
where additional pumping may result in significant depletions of interconnected surface waters.
As part of this effort, DRI created capture maps using two versions of the steady-state STGM,
representing Baseline and Q2 (hot and dry) climate conditions. Groundwater capture is defined
as the change in inflow or outflow from a groundwater system caused by groundwater pumping
(Barlow and Leake, 2012). Capture maps are generated by running a model with a hypothetical
pumping well in one model grid cell and comparing the resultant flow budget to a model that did
not simulate the hypothetical pumping well. This is done iteratively for every grid cell in the
model. The difference in flow budgets are equivalent to the pumping rate at the hypothetical
well, and the capture fraction at each grid cell can then be defined as the fraction of that pumping
rate removed from each flow budget component. For the steady-state TVS model, pumping at a
well results in a reduction of outflow to Lake Tahoe and local streams. Areas where the capture
fraction for streams exceeded 0.5 (indicating that more than half of pumped water was captured
from streams rather than from Lake Tahoe) delineate the provisional Management Area. Results
from the baseline model were used as they indicated a slightly larger and more conservative area
than the Q2 (hot and dry) model, as streamflow in the Q2 model had already been reduced due to
the simulated effects of climate change – thus, less streamflow was available to be captured.
One limitation to this method is that steady-state models do not simulate changes in
storage, and therefore a simulated pumping well cannot capture from storage. Instead, results
show a long-term equilibrium condition, showing capture fractions that would occur after a new
static head field was reached as a result of the pumping well. It could take many years for this
condition to occur, especially for a well situated far from a stream. Therefore, the timing of
streamflow depletions for a hypothetical well in each grid cell cannot be determined by this
method – only that it is likely they will eventually occur if new wells are placed in this area.
To ensure that local streams have sufficient groundwater to sustain Groundwater
Dependent Ecosystems (GDEs), the depletion analysis was also used to recommend a maximum
total groundwater extraction rate for the area south of the Lake Tahoe Airport. To apply this
groundwater extraction rate as a minimum threshold within the TVS Subbasin, a provisional
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Management Area was established in the Alternative to allow for the spatially varying
application of pumping thresholds. During the upcoming Periodic Review of Groundwater
Conditions, the anticipated utility of the provisional Management Area for maintaining minimum
thresholds and protecting interconnected surface water will be evaluated. The sustainability
indicators, representative monitoring sites and minimum thresholds for this provisional
Management Area are explained in this section and in Section 8.3.2 below.
Groundwater Dependent Ecosystems

8.3.2

•

Sustainability Goal: To maintain a shallow water table that supports riparian
vegetation in areas where riparian vegetation currently exists

•

Undesirable Result: Replacement of riparian vegetation by upland vegetation and
loss of associated ecosystem services

•

Sustainability Indicator: Water table elevation

•

Minimum Threshold: Having average groundwater elevations within the
interquartile range of historical variability
Sustainability Goal

8.3.2.1

The sustainability goal for GDEs is to maintain GDEs (i.e., riparian communities) where
they currently exist. This goal allows for some changes to the communities as they adapt to
changing climate. It focuses on the ecosystem services provided by riparian ecosystems in
general, rather than the persistence of any particular ecosystem.
Undesirable Result: GDEs

8.3.2.2

GDEs provide a wide range of ecosystem services. These services are largely driven by
the riparian vegetation that occurs within the GDEs, but they do not depend on any particular
riparian ecosystem structure. To maintain its riparian character, the ecosystem must have access
to shallow groundwater such that the vegetation can access more water than is available to
upland communities. If the riparian vegetation is succeeded by upland vegetation, those
ecosystem services are lost and are unlikely to be regained.
Sustainability Indicator

8.3.2.3

Because GDEs are defined by their access to shallow groundwater, the sustainability
indicator is the depth to groundwater. In addition to this threshold, TRPA monitors a wide range
of biotic and abiotic properties of SEZs throughout the Tahoe basin. These publicly available
data may be used to provide additional environmental context and to inform management
decisions.
Reasons for selection of this indicator for GDEs are as follows:
1.
The data required for this indicator are sometimes available from cooperating
agencies, and GDEs in locations without existing data sources can be prioritized for monitoring.
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2.
Groundwater levels in the shallow aquifers determine whether plant communities
have direct access to groundwater as a supplementary water source. As such, it is believed to be
representative of the status of GDEs within the groundwater basin.
3.
Groundwater levels in the shallow aquifers are significantly affected by changes
to GDE communities and the subsequent actions needed to address this undesirable result. The
rate of these changes can be quantified, and improvements can be detected over relatively short
periods (five to ten years).
4.
Groundwater levels in the shallow aquifers are independent from the sustainable
yield of the basin but are somewhat dependent on changes in groundwater storage and baseflow
contributions to interconnected surface waters. However, the level of dependence on these other
indicators is not critical and does not diminish its utility as an independent indicator of
interconnected surface waters.
5.
Trends in groundwater levels in the shallow aquifers can inform policy decisions
in evaluating the impacts of groundwater management on GDEs. Groundwater levels and trends
can also be used as a performance measure to evaluate the effectiveness of management
decisions to mitigate undesirable results affecting beneficial users within the basin.
Minimum Threshold

8.3.2.4

Because groundwater levels exhibit interannual variability, this minimum threshold is
based on a ten-year average of measurements rather than a single year. For each monitored GDE,
the ten-year average groundwater elevation and the ten-year average late-season (Aug-Sept-Oct)
groundwater elevation must be greater than 25th percentile of the historical record.
There are few, if any, existing wells with a 30-year record that can be used to establish
average conditions. However, the historical STGM can be used to identify GDEs that may be
vulnerable to degradation. Three different tests provide a baseline for the analysis of the status of
TVS Subbasin GDEs:
1.

Mann-Kendall trend test over the last 30 years (long-term trend),

2.

Mann-Kendall trend test over the last 10 years (short-term test), and

3.

Comparison of ten-year average water level to historical variability.

Like interconnected surface waters, the trend tests and comparisons can be performed
observations over the full year or over the late season. Because groundwater changes more
slowly than surface water, tests were run using the full year of data. None of the 47 GDEs within
the TVS have statistically significant negative trends in groundwater level on either a 30-year or
a 10-year timescale. In each of the 47 GDEs within the TVS, the mean groundwater elevation
over the last ten years is greater than the 25th percentile over the 30-year record.
Reasons for selection of this minimum threshold are as follows:
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1.
The data required for this indicator are sometimes available from cooperating
agencies, and GDEs in locations without existing data sources can be prioritized for monitoring.
2.
The minimum threshold is calculated in a manner that is consistent with guidance
prepared by The Nature Conservancy and the state of California (Rohde et al. 2018; Rohde et al.
2020) for monitoring GDEs and is representative of GDEs in the TVS Subbasin.
3.
The minimum threshold is based on directly water levels which are sensitive to
changes in GDEs in the TVS Subbasin. Therefore, it can be easily adjusted to reflect current
beneficial user needs.
4.
The water levels used for the sustainability indicator and accompanying minimum
threshold are the same for ease of comparison.
5.
The range of historical variability in measured discharge is completely
independent of the condition of GDEs going forward.
6.
Groundwater levels in the shallow aquifers respond to drought periods on an
annual timescale. However, the minimum threshold defined above relies on a multi-year record
of measured discharge and thus should be relatively insensitive to water year type, except in
cases of prolonged drought.
7.
The minimum threshold defined for GDEs would also be a useful indicator for
interconnected surface waters, and to a lesser extent groundwater levels. For example, if the
minimum threshold for GDEs was violated this would also indicate that groundwater in shallow
aquifers is less available to contribute to streams as baseflow. If shallow aquifer water level
declines were such that the threshold could not be met, this would likely indicate a reduction in
groundwater storage in the shallow aquifer.
8.3.2.5

Monitoring and Reporting

Since none of the 47 GDEs were identified as “vulnerable” in the above analysis, a
further analysis considered future vulnerabilities. Using the baseline future scenario (i.e.,
assuming no change in precipitation or temperature), water levels were simulated over the 50year planning period. Approximately half of the GDEs in the TVS exceeded the threshold within
the 50-year planning horizon (8-4). The time in which they exceeded the threshold, however,
varied: a few GDEs would exceed the threshold by 2030 while others would take until 2070.
Those simulated GDEs that exceeded the threshold value first are priorities for monitoring.
There are few established monitoring wells with the long-term record needed to establish
historical variability of the shallow groundwater that sustains GDEs. Local stakeholders,
including the California Tahoe Conservancy and USFS LTBMU, are actively monitoring
groundwater levels in and around GDEs, and have provided monitoring data to the District. The
data from these wells will provide the initial basis for monitoring GDEs. Because these wells
have relatively short time series of data (typically 3-4 years), observed water levels will be
regressed against simulated water levels to determine a mathematical relationship between the
observed and simulated data. This regression relationship will be used to establish the 25th
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percentile threshold by converting the simulated 25th percentile for the well to an equivalent
observed water level.
Monitoring will be performed every five years as part of the Periodic Review of
Groundwater Conditions. The ten-year average water level will be recalculated in each
monitoring well and compared to the previously established 25th percentile values. If the 10-year
average at any well falls below the 25th percentile established with the regression, the threshold
has been exceeded. To provide an early warning that the threshold may be exceeded in the
future, Mann-Kendall trend tests will be performed on the most recent five years of annual
average water levels. The shorter timescale allows the detection of a trend well before the
threshold might be exceeded.
If any monitoring well shows a statistically significant, negative trend, additional
investigation will be undertaken to determine how much groundwater pumping may be affecting
that well. This will compare the groundwater elevation in the current STGM (updated annually)
to the groundwater elevation in the no-pumping groundwater model scenario that most closely
matches the recent climate conditions. If the modeling indicates that groundwater pumping is
contributing to the negative trend, the model can then be used to explore management options to
minimize this contribution and avoid exceeding the threshold.
As additional data are collected in monitoring wells, the 25th percentiles can be refined.
During each subsequent Periodic Review of Groundwater Conditions, recently collected data
will be compared to modeled data and the historical record in order to more accurately establish
the 25th percentile threshold values.
As other stakeholders continue to collect data in these wells, the collected data can be
compared to simulated data to determine whether the model accurately represents the nearsurface groundwater that supports GDEs. At the same time, the monitoring data collected in
these wells will be examined to identify existing wells with an acceptable water level record as
candidates for addition to the existing TVS Basin Monitoring Network. At these locations
groundwater level monitoring would continue, and long-term trends would be evaluated as is
done for other wells in the network.
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Figure 8-4. Based on baseline simulations, the GDEs (as mapped by TRPA) indicated here are
vulnerable to exceeding the threshold value in the timeframe indicated by their color. Mapping is
for general use only, requiring verification at the individual parcel scale.
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SECTION 9:

GROUNDWATER MONITORING

The following section describes the monitoring network, monitoring objectives,
monitoring protocols and data reporting used to assess groundwater conditions in the TVS
Subbasin. Monitoring protocols are described in the Groundwater Elevation Monitoring Plan
(Bergsohn, 2011) provided in Appendix K.
9.1

Groundwater Monitoring

The District currently has in place various monitoring programs to fulfill the SGMA
requirements. This section briefly describes the types of data collected and how and where they
are acquired. As part of the Basin Monitoring Plan, the District will reach out to other water
purveyors and other governmental agencies about sharing data within the TVS Subbasin. The
District will work with other agencies to identify data that will help support the Basin
Monitoring Program for all stakeholders.
Since 2001, groundwater level data has been collected in the fall and spring of each year
from a standard set of wells which comprise the monitoring network within the District’s service
area (Figure 9-1). These data were initially used to monitor groundwater production well
operations, evaluate groundwater level trends and develop a dataset for future STGM calibration.
Prior to 2001, the District only collected spot readings of static and pumping water levels used to
monitor District production well operations.
In 2010, the District submitted to DWR a Notice of Intent (NOI) to volunteer to be a
monitoring entity within the California Statewide Groundwater Elevation Monitoring Program
(CASGEM) (District, 2010). Monitoring entity designation for the District under the CASGEM
program was received in December 2011 (DWR, 2011). Since 2011, the District has monitored
and reported groundwater level elevations to DWR in accordance with the approved
Groundwater Level Elevation Monitoring Plan for the TVS Subbasin (Appendix K). The
objective of the CASGEM monitoring program is to provide elevation data capable of
demonstrating seasonal and long-term groundwater elevation trends. To satisfy this objective, the
District reports static groundwater elevation data collected from observation wells within the
monitoring network semi-annually to DWR. Reporting of groundwater elevation data will
transition from CASGEM to the Groundwater Sustainability Plan Reporting System starting in
2022.
Under SGMA, GSAs are required to develop a monitoring network capable of collecting
sufficient data to demonstrate short-term, seasonal, and long-term trends in groundwater and
related surface conditions and yield representative information about groundwater conditions as
necessary to evaluate Plan implementation (23 CCR § 354.34 (a)). Since adoption of the 2014
GMP, the District has used groundwater level data collected from the monitoring network to
prepare annual reports assessing groundwater conditions and has submitted these reports to
DWR, in satisfaction of GSA reporting requirements (Wat. Code § 10728), for the following
Water Years (WY): 2017, 2018, 2019 and 2020.
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9.1.1

Monitoring Network

Groundwater levels are regularly measured in forty-seven (47) wells located throughout
the TVS Subbasin. The monitoring network includes thirty-two (32) observation wells and
fifteen (15) CWS wells (Figure 9-1). The majority of CWS wells (11 of 15) are actively used for
groundwater production; three wells are on stand-by status, and one well is currently inactive.
The observation wells include monitoring wells, sentinel wells, test wells and former drinking
water supply wells that have been removed from service and converted to observation wells.
Construction details for selected wells for which hydrographs are regularly provided in the
Annual Reports are set forth in Table 9-1. Elevation ranges of the perforated intervals for all
wells in the monitoring network are depicted in Figure 9-2.
Table 9-1. Screen intervals for selected monitoring wells presented in the Annual Reports for the
TVS Subbasin. Hydrographs for these wells showing groundwater level trends within each
subarea are presented in Section 5.2 and included in Appendix L.
Reference
Point Elevation
(ft msl)

Well

Subarea

Mountain View
Blackrock Well #1
Glenwood Well #3
Henderson OW

Angora
Bijou
Bijou
Christmas Valley

6313.14
6242.72
6261.68
6369.78

Bakersfield

Meyers

6310.50

Elks Club Well #1
Washoan OW

Meyers
Meyers

6284.63
6307.84

CL-1
CL-3
Paloma

South Lake Tahoe
South Lake Tahoe
South Lake Tahoe

6278.37
6278.49
6267.10

Sunset
Martin OW

South Lake Tahoe
South Lake Tahoe

6249.00
6262.42

USGS TCF-1-1
USGS TCF-1-2
USGS TCF-1-3
USGS TCF-1-4

South Lake Tahoe
South Lake Tahoe
South Lake Tahoe
South Lake Tahoe

6296.48
6296.47
6296.65
6296.63

22622517.26

Top of
Bottom of
Screen Depth Screen Depth
(ft bgs)
(ft bgs)
95
168
112
79
142
130
180
110
102
165
207
249
104
39
188
268
275
95
125
160
200
325
245
158
130

164
180
192
100
205
170
240
142
144
186
228
270
114
49
248
408
430
115
145
180
240
340
260
163
140
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Reference
Point Elevation
(ft msl)

Well

Subarea

USGS TCF-1-5
Lily OW
Valhalla
NOTES:
feet msl:

South Lake Tahoe
South Lake Tahoe
Tahoe Keys

ft bgs:

Depth in feet below ground surface.

22622517.26

6296.63
6236.08
6256.50

Top of
Bottom of
Screen Depth Screen Depth
(ft bgs)
(ft bgs)
88
35
110

98
37.5
170

Elevation in feet above mean sea level (NAVD88).
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TVS SUBBASIN (6-005.01)

ELEVATION (NAVD 88)

TOS (NAVD88)

6500.00
6450.00
6400.00
6350.00
6300.00
6250.00
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6150.00
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6050.00
6000.00
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Figure 9-2. Elevation ranges of the perforated intervals for all wells included in the monitoring network for the TVS Subbasin
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Monitoring Protocols

9.1.2

Groundwater conditions in the TVS Subbasin are assessed using various climate,
groundwater level, groundwater extraction and water use data. The STGM is also used to
calculate annual water budget terms (e.g., inflows, outflows and change in groundwater storage)
and generate modeled seasonal high and low isocontours of groundwater levels across the TVS
Subbasin.
Water Year Type

9.1.2.1

Water year type is categorized using total precipitation measurements collected at the
National Resources Conservation Service (NRCS) Hagans Meadow SNOTEL Site 508 (Figure
9-1). Precipitation records for this site date back to 1978 and is found to have the best correlation
between precipitation at one station versus groundwater recharge extracted from the STGM
(Figure 9-3). For this reason, it is used as a reference station to classify water year type for the
South Lake Tahoe area including the TVS Subbasin (Pohll et al, 2016).
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Figure 9-3. Hagans Meadow, CA SNOTEL 508 annual precipitation versus modeled
groundwater recharge within the South Lake Tahoe area (G. Pohll et al., 2016).
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For water year type classification, water years 1979 – 2017 were categorically defined by
assuming a normal distribution in precipitation and establishing ranges based on the z-statistics
(Table 9-2). To allow more flexibility in water year type, seven categories were established: (1)
very wet, (2) wet, (3) above normal, (4), normal, (5) below normal, (6) dry, and (7) critical. The
very wet periods are indicated by a z-statistic greater than 1.5 and occur in 1982 WY, 2011 WY
and 2017 WY. The critical water year is indicated by a z-statistic of negative 1.5 and occurs
when total accumulated precipitation is less than 14 inches. For reporting purposes, water year
type is identified using the total precipitation measured at SNOTEL site 508 and the precipitation
ranges presented in Table 9-2.
Table 9-2. Classification system for water year type based on observed accumulated precipitation
at Hagan’s Meadows, CA, SNOTEL 508. Upper bound of z-statistic and ranges in precipitation
(inches) (Adapted from Carroll et al., 2016b)
WY Type

N
N

9.1.2.2

Very Wet
Wet
Above
lNormal
Below
lDry
Critical

z
(upper)

15

>
1.5
1
0.5
-0.5
-1.0
-1.5

Precipitation
(in) (1979-2017)
>

≤

49
43
37
26
20
14
0

49
43
37
26
20
14

Count
(1979 -2020)
3
4
5
13
13
4
0

Groundwater Levels

Groundwater level data collected from the monitoring network is used to assess seasonal,
annual, and long-term trends in groundwater conditions. Hydrographs are the primary means
used to represent long-term groundwater elevation trends and are regularly updated for
presentation in the Annual Report (see Appendix L). Hand readings collected during seasonal
high groundwater conditions are used to define annual basin conditions as being either normal,
above normal, or below normal with respect to the record of groundwater levels collected during
a specified 10-year base period (2001 WY – 2010 WY) (Figure 9-4). Year-to-year differences in
seasonal high groundwater readings are also calculated to show average annual changes in
groundwater elevation.
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TVS SUBBASIN GROUNDWATER ELEVATIONS
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Figure 9-4. Hand readings collected during the May groundwater elevation monitoring event for
the 2015 WY through 2020 WY compared to the record of hand readings for the same wells
collected during the 2001 WY through 2010 WY base period for groundwater elevations.
The District uses both hand and continuous readings to monitor groundwater elevation
trends. Hand readings are collected from each of the groundwater elevation monitoring wells in
the fall and spring of each water year. Hand readings from active CWS wells are collected a
minimum of 12 hours after well pumps are turned-off for static water level measurements. May
and November are optimal for water level readings because these months generally coincide with
seasonal high and low groundwater elevations and District water demands are low, allowing
production wells to be shut-off for a minimum 12-hour recovery time prior to data collection.
These readings are recorded in bound field books and on standard field sheets. Following each
measuring event, the collected depth to water field readings is reviewed, checked for error, and
entered in a District MS-excel worksheet. The worksheet is used to convert the field readings to
NAVD88 elevations and update water-level hydrographs for each well. The field readings are
also used to check the accuracy of the automated readings.
Submersible pressure transducers with internal data loggers are used to collect pressure
head readings on a daily (12-hour frequency) basis from thirteen (13) observation wells in the
monitoring network. Pressure and barometric head readings from the well transducers are
routinely downloaded at least once per year during the summer or early fall. These electronic
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files are stored on the District’s server and combined to derive compensated head readings and
NAVD88 groundwater elevations which are then used to update electronic records of long-term
groundwater elevations and generate hydrographs for the TVS Subbasin.
Monitoring protocols including the frequency and timing of groundwater elevation
readings; data collection and reporting methods are detailed in the Groundwater Elevation
Monitoring Plan (District, 2011) A copy of this plan is provided in Appendix K.
9.1.2.3

Groundwater Flow Directions

The STGM is updated on an annual basis to simulate changes in groundwater levels and
flux due to annual changes in precipitation and groundwater pumpage. The model is used to
generate isocontours of groundwater elevations during October and May of each water year to
show the general groundwater flow directions across the TVS Subbasin during seasonal low
(October) and seasonal high (May) groundwater conditions. These maps are presented in the
Annual Report (Figure 9-5).
9.1.2.4

Groundwater Extractions

Groundwater extractions from the TVS Subbasin are primarily from CWS wells used for
drinking water uses (Section 3.3.5). Groundwater pumpage for CWS wells active in the TKWC,
LBWC and LPA water systems are shared with the District for annual update of the STGM and
for monitoring changes in the spatial distribution of groundwater pumping and water system
groundwater production trends presented in the Annual Report.
9.1.2.5

Groundwater Use

Most of the groundwater pumped from the TVS Subbasin is from District CWS wells.
Information from the District’s customer service database is used to show the general pattern of
water use by water use type from metered data for the District’s water system. These data are
presented in the Annual Report.
9.1.2.6

Groundwater Recharge

Groundwater recharge is largely dependent on annual precipitation (Figure 9-3) and is a
main component of the water budget extracted from the STGM. Recharge is defined as the
model computed excess water leaving the unsaturated root or soil zone and after accounting for
abstractions of interception, sublimation, surface runoff and evapotranspiration (Pohll et al.,
2016). Groundwater recharge is extracted from the water budgets calculated both for the
Mountain Block and for the TVS Subbasin. Change in groundwater recharge for the TVS
Subbasin is reported annually in the Annual Report.
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Figure 9-5. Model simulated groundwater elevations (upper 300 ft), representing seasonal low
(October 2019) and seasonal high (May 2020) groundwater conditions. Contour interval is 10 ft.
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9.1.2.7

Groundwater Storage

Change in annual groundwater in storage is monitored using the water budget extracted
from the STGM. The main components of the water budget include groundwater recharge;
groundwater discharge to streams (baseflow); groundwater flux to Lake Tahoe; and groundwater
pumpage. Change in annual groundwater in storage is calculated both for both the Mountain
Block and for the TVS Subbasin from the differences in total inflow (recharge) and total
outflows (baseflow, flux to Lake Tahoe and groundwater pumping) to each spatial zone over a
specified period (Carroll, et al., 2016b). Change in groundwater in storage for the TVS Subbasin
is reported annually in the Annual Report.
9.1.2.8

Seawater Intrusion

The TVS Subbasin sits at an elevation of more than 6,250 feet above sea level in the
Sierra Nevada Mountains. Seawater intrusion is not a sustainability indicator monitored in the
TVS Subbasin.
9.1.2.9

Degraded Water Quality

Groundwater is typically of excellent quality, however there are known areas of degraded
water quality which are regarded as groundwater quality issues within the TVS Subbasin (see
Section 6.3). The LRWQCB is the primary agency within the TVS Subbasin responsible for the
enforcement and oversight of groundwater clean-up of these sites, except for the Meyers Landfill
site which is a federal CERCLA site under direction of the USFS. Groundwater quality
monitoring is conducted by responsible parties, where identified and where not identified by the
LRWQCB. Groundwater quality data collected from these sites is available in site investigation
reports and chemical data stored in SWRCB-GeoTracker. To monitor degraded water quality, the
District relies on current information shared by SAG member agencies and water purveyors
during SAG workshops; and on groundwater quality data reviewed and evaluated every fiveyears during periodic review and assessment of the Alternative Plan. A summary of major
groundwater contaminant investigations and clean-up activities within the TVS Subbasin are
presented in the Annual Report.
9.1.2.10

Land Subsidence

The characterization of undesirable results shows that land subsidence more than 1-foot
would occur if groundwater levels were to decline on the order of 100 feet (Section 8.1.3).
Protocols used for measuring groundwater levels from the monitoring network is adequate to
recognize changes in groundwater levels on the order of 0.10 feet. Groundwater elevation data
collected from the monitoring network (Section 9.1.1) during the spring monitoring event are
compared to May 2015 water levels at each well to identify significant and unreasonable declines
in groundwater level elevations (see Section 8.1.3).
9.1.2.11

Depletion of Interconnected Surface Water

The Alternative Plan provides information identifying where interconnected surface
water conditions exist (Section 2.5); estimates on the quantity and timing of depletions of surface
waters (Section 5.3) and sustainable management criteria to avoid significant and unreasonable
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depletion of interconnected surface water caused by groundwater pumping (Section 8.3).
Methods to monitor potential changes in flow conditions, temporal change in conditions due to
variations in stream discharge and groundwater pumping are discussed below in Section 9.2.2.
9.2

Identification and Description of Data Gaps

The following section presents an evaluation of the monitoring network in terms of data
gaps recognized during periodic review and assessment of the Alternative Plan that could affect
its ability to achieve sustainable groundwater management for the TVS Subbasin. Objectives for
the monitoring network include demonstrating progress toward achieving measurable objectives
described in the Alternative Plan (Section 8.0), monitoring impacts to beneficial uses or users of
groundwater, monitoring changes in groundwater conditions relative to measurable objectives
and minimum thresholds and quantifying annual changes in water budget components. The
monitoring network achieves these objectives for all sustainability indicators (chronic lowering
of groundwater levels, reduction of groundwater storage and land subsidence) except degraded
water quality and depletions of interconnected surface water.
9.2.1

Monitoring for Degraded Water Quality

To ensure that water quality of drinking water is maintained, the Water Code includes a
requirement that water purveyors regularly monitor groundwater quality at each drinking water
source (i.e., well). The suite of required constituents includes various inorganic chemicals,
radioactivity, and organic chemicals. This section describes the monitoring performed by District
and by other entities extracting water from the TVS Subbasin.
The District collects groundwater quality samples from fifteen (15) active on at least an
annual basis (from June to August) and submits those samples for analysis of the full suite of
Title 22 analytes. Sampling procedures and laboratory analyses meet all Title 22 requirements.
The District has not requested water quality data from SAG agencies for active wells operated by
LBWC, TKWC and LPA; and water quality data for active wells regulated under the El Dorado
County Small Water System Program (see Section 4.3.3). Stormwater quality data collected
through the Stormwater Management and Monitoring Program (see Section 4.3.3) may also be
helpful, should the list of analytical methods used in these programs be expanded to include
selected constituents of concern important to protecting drinking water quality within the TVS
Subbasin. Regular compilation and review of these local data could be used to augment
groundwater quality datasets currently used to evaluate groundwater quality within the TVS
Subbasin (see Section 6.1.2).
9.2.2

Monitoring for Depletions of Interconnected Surface Water

Undesirable effects of depletion of interconnected surface water take one of two forms:
reduction or interruption in streamflow or impacts on groundwater dependent ecosystems
(GDEs). Reductions in streamflow are monitored using existing USGS stream gages within the
TVS. Impacts to GDEs are monitored using selected wells within the existing monitoring
network.
9.2.2. l
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Surface water is monitored by the USGS at three gaging stations managed by the Nevada
Water Science Center - Carson City, NV. Two of these stations (USGS # 103366092; USGS #
1033610) are located on the Upper Truckee River; the third gaging station (USGS # 10336780)
is located on Trout Creek (Figure 9-1). The minimum thresholds for depletion of surface flows
refer to gaged discharge at each of the three USGS gages. For each gage, the 10-year average
discharge over three seasonal timeframes will be calculated and compared to the seasonal
thresholds shown in Table 8-1 above. If the 10-year average at any gage falls below the indicated
threshold, that threshold has been exceeded.
To provide an early warning that the threshold may be exceeded in the future, MannKendall trend tests (Mann 1945; Kendall 1975) will be performed on the most recent five years
of seasonal discharge at each gage. The relatively short timescale is intended to allow the
detection of a trend well before the threshold might be exceeded. If any gage shows a statistically
significant, negative trend, additional investigation will be undertaken to determine how much
groundwater pumping may be affecting that gaged discharge.
This investigation previously described in Section 8.3.1.5, will compare the baseflow
contribution in the current STGM (updated annually) to the baseflow contribution of the nopumping groundwater model scenario that most closely matches the recent climate conditions. If
the modeling indicates that groundwater pumping is contributing to the negative trend, the model
can then be used to explore management options to minimize this contribution and avoid
exceeding the threshold.
The provisional Management Area previously described in Section 8.3.1.5.1, will be used
to explore potential mitigation approaches if a threshold is exceeded or is likely to be exceeded.
The Management Area is an area in which the current STGM indicates that any increased
pumping is likely to affect interconnected surface waters. While that model is based on the best
available climate projections, it still includes a great deal of uncertainty, especially in the
projected precipitation. Over the next five years, refined climate projections are expected to
become available that can better constrain the model, enabling more reliable predictions of the
effect of groundwater extraction. Prior to the next update of this plan, the District and the SAG
will re-evaluate the need for the provisional GMA and determine whether to make it a permanent
part of the plan. If the provisional GMA is implemented permanently, the District and the SAG
will develop sustainable management criteria for that area. Groundwater management in the
GMA would likely include a mix of approaches that may involve promoting projects that would
enhance groundwater replenishment, water conservation, and land use development limitations
to mitigate the need for new pumping.
9.2.2.2

Groundwater Dependent Ecosystems

Monitoring of GDEs will be performed on an annual basis using hydrographs observed in
selected monitoring wells. After the end of each water year, the ten-year average water level will
be recalculated in each monitoring well and compared to the previously established 25th
percentile values. If the 10-year average at any well falls below the 25th percentile, the threshold
has been exceeded.
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Monitoring wells will be selected based on their proximity to delineated GDEs.
Monitoring wells may be located within or near priority GDEs identified in section 8.3.1.5 (i.e.,
the GDEs shown in Figure 8- as likely to exceed the minimum threshold between now and
2070). Data from existing shallow monitoring wells has been provided by stakeholders, but these
wells generally have short time series of data and will require a statistical reconciliation to the
model to be used as a threshold. As more data become available for these wells, the regression to
the model can be refined to improve the threshold calculation; after enough data has been
collected, the regression can be abandoned and the time series of monitoring data used on its
own.
To provide an early warning that the threshold may be exceeded in the future, MannKendall trend tests will be performed on the most recent five years of annual average water
levels. The shorter timescale is intended to allows the detection of a trend well before the
threshold might be exceeded.
If any monitoring well shows a statistically significant, negative trend, additional
investigation will be undertaken to determine how much groundwater pumping may be affecting
that well. This will compare the groundwater elevation in the current STGM (updated annually)
to the groundwater elevation in the no-pumping groundwater model scenario that most closely
matches the recent climate conditions. If the modeling indicates that groundwater pumping is
contributing to the negative trend, the model can then be used to explore management options to
minimize this contribution and avoid exceeding the threshold.
As additional data are collected in monitoring wells, the 25th percentiles can be refined.
During each plan update, recently collected data will be compared to modeled data and the
historical record in order to more accurately establish the 25th percentile threshold values.
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SECTION 10:

IMPLEMENTATION PLAN

This section outlines a schedule (Appendix M) to assist with the implementation of the
Alternative Plan organized by BMO and actions tied to sustainable management criteria
developed for the TVS Subbasin. Over the past five years, implementation costs for the
Alternative Plan have averaged about $415,000 per annum (Section 10.2). A general description
of funding options for future implementation of the Alternative Plan are discussed below in
Section 10.2.
10.1

Projects

The implementation plan is a list of management actions and projects developed from
status review of the 2014 GWMP Implementation Plan and assessment of new information
developed for the Alternative Plan. The management actions and projects presented in Table 101 are presented in terms of on-going, short term (over the next five-year assessment period) and
long-term (greater than the next five-year assessment period) activities. On-going activities
include actions required to monitor groundwater conditions and usage, update and maintain the
groundwater budget, and satisfy reporting requirements for the Alternative Plan. Short-term
activities are new actions recognized for implementation over the next five-year assessment
period to address recommended actions and projects to address current groundwater concerns.
Long-term activities are new actions recognized for implementation beyond the next five-year
assessment period to assess groundwater conditions compared to current projections and assess
the need for modifications to sustainable management presented in the Alternative Plan.
10.1.1

Circumstances for Implementation

The District has implemented groundwater management plans successfully for over three
decades. The projects and management actions described in this section are a continuation of
those efforts. The District will continue implementation in the TVS Subbasin under the
Alternative Plan pursuant to the sustainable management criteria presented in Section 8.
Currently, certain conditions, such as groundwater contamination and interaction of groundwater
pumping on GDEs, warrant short-term management activities to improve groundwater
management and avoid undesirable results. These actions are described in Appendix M.
There are also more than 300 active private small water system and domestic wells
providing drinking water for individual water systems within the TVS Subbasin (Section 3.3.3).
These private well owners represent an important stakeholder group that should be more engaged
in groundwater management. Short-term activities under BMO #3 includes actions to expand
outreach to private well owners and recruitment of a private well owner representative to the
SAG.
10.1.2

Approval of Implementation Actions

Permitting and approval requirements may vary depending on each specific project or
management action. The District will comply with all applicable law and District policies in
approving and obtaining permits for implementation actions,
I 0.1.3
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Groundwater is the primary source of drinking water within the TVS Subbasin. On-going
monitoring and assessment of groundwater conditions within the TVS Subbasin is needed to
identify both immediate and long-term groundwater concerns that may develop in response to
over pumping, groundwater quality degradation and climate change. Recognition of impacts
from these concerns allow for the development of management actions to prevent the local overpumping of groundwater and occurrence of undesirable results. In this manner, a sustainable
source of drinking water may be maintained for all beneficial users and uses of groundwater
within the TVS Subbasin. Both short-term and long-term activities will improve groundwater
management actions, address groundwater concerns, and allow for the continued evaluation and
refinement of sustainable management criteria.
10.2

Funding the Alternative Plan

The following section describes the funding mechanisms that have been utilized to
implement the 2014 GWMP and additional potential opportunities for future implementation
efforts.
10.2.1

Budget and Funding for Past Groundwater Projects

Implementation costs for the 2014 GWMP and Alternative Materials are presented on an
annual basis in the TVS Subbasin Annual Reports. The total cost of implementation for the past
five years combined is approximately $2.075 million dollars. Slightly over 50 percent was
expended on consultants for groundwater investigations, development of hydrologic models and
performance of complex model evaluations. The next two largest expenses were District labor
(26 percent) and legal counsel time (18 percent). The remaining 5 percent went towards other
expenses (such as temporary workers employed for the well owner survey), water quality
analysis, permitting, equipment and supplies.

22622517.26

255

$1,046
$64,549
$9,040

$558

$1,153

GMP EXPENDITURES (2015 - 2020)

$10,779

CONSULTING
■ LABOR
■ LEGAL
■ LAB MONITORING
■ MATERIALS
■ EXPENSES
■ PERMITS
■ SUPPLIES
■ EQUIPMENT
■

$383,054

$1,058,260

$546,711

Total = $2,075,150

Figure 10-1. Expended costs for groundwater management in the TVS Subbasin through
December 2020.
A breakdown of the funding sources and amounts used to support groundwater
management in the TVS Subbasin through December 2020 is presented below (Table 10-1).
Major sources of funding include the District’s Water Enterprise Fund, EDWA Cost Share
Program, and State Grants used for the South Y Feasibility Study.
Table 10-1. Funding sources and amounts used to support groundwater management through
December 2020.
FUNDING SOURCE
District Water Enterprise Fund
EDWA Cost Share Grant Program
State Grants
Total

AMOUNT ($)
964,000
681,000
430,000
2,075,000

The District’s Water Enterprise Fund finances water operations through user charges,
property tax receipts, and other income. The District’s metered water rates are approximately
structured with a 75 percent fixed component and 25 percent variable component. Water
consumption revenues currently represent only 10.1 percent of the District’s 2020 combined
water and sewer service charge revenue and 6.7 percent of total revenues; therefore, fluctuations
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in actual usage do not materially impact operating income. Water consumption fees will become
a larger portion of the District’s revenues as the District continues to install meters to comply
with the state mandate requiring water systems to be completely metered by 2025.
EDWA Cost Share Grant Program is made to assist in funding projects eligible under
Section 96-11 of the El Dorado EDWA Act and Board Expenditure Priority Policy (No. B-1003).
Eligible projects for funding include needed activities required of the District (including
groundwater management) that are not associated with standard operations and direct funding of
construction projects. Grants used for these projects are typically at a 50 percent matching fund
level. Since adoption of the 2014 GMP, funding through EDWA Cost Share Grant Program has
supported about one-third of the total funds expended by the District on groundwater
management for the TVS Subbasin. While EDWA funding is limited, support of activities in
pursuit of additional state and federal funding is a priority for EDWA in support of a range of
activities as described under EDWA’s Communications and Advocacy Program (see Section
4.3.4).
Proposition 1 (The Water Quality, Supply, and Infrastructure Improvement Act of 2014,
Chapter 10 Groundwater Sustainability) includes $900 million in grants and loans for projects
that prevent or clean up contamination of groundwater that serves or has served as a source of
drinking water. During the 2016 WY, the District, in collaboration with the SAG, identified
potential projects to address the PCE groundwater contamination in the South “Y” Area that
might qualify for Proposition 1 funding. The District, in partnership with the LBWC and Tahoe
Keys Property Owners Association, prepared pre-applications and a full proposal (FAAST #
36772) requesting funding through the Proposition 1 Groundwater Sustainability Program to
conduct an engineering feasibility study of remedial alternatives to mitigate PCE groundwater
contamination in the South “Y” Area. On March 30, 2017, the District received notice of
preliminary grant award of up to $294,270.00 conditioned on the successful negotiation of an
agreement with DOFA. On May 18, 2017, the District’s Board of Directors adopted Resolution
No. 3059-17 to accept the grant award. Following adoption of the Resolution, the District
entered negotiations with DOFA staff regarding changes to the scope of work and budget
presented in the proposal. During these negotiations, current groundwater quality data for the
South “Y” Plume was available and a Pre-Design Investigation was developed which was
subsequently added to the scope of work. The Pre-Design Investigation involved installing a test
well for data collection to identify the vertical extent of PCE contamination. The test well could
be used as a pumping well during added field tests to define aquifer properties for engineering
design. Inclusion of the Pre-Design Investigation increased total project budget to $1,008,590.00
with a 50 percent funding match of $504,295.00 and a grant request of $504,295.00.
Expenditures for supporting studies and technical were used for the funding match including
EDWA Cost Share Grant Program funding.
10.2.2

Projected Budget and Future Funding Opportunities

The preceding Section 10.2.1 demonstrates that a significant level of resources was
expended on implementation of the Alternative Plan. Since 2015, implementation costs for the
Alternative Plan have ranged from $312,900 to as much as $591,500 per annum, depending on
the level of groundwater investigations being conducted in a particular year. The first five-year
average cost of implementation for the Alternative Plan (2015 – 2020) is $415,000 per annum.
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Future costs for groundwater management in the TVS Subbasin have been projected at a base
cost of twenty five percent of the first five-year average cost of implementation ($104,000) for
normal years and at thirty five percent of the first five-year average cost of implementation
($145,000) every fifth year to account for added reporting needed for periodic review and
assessment. The base cost for groundwater management in the TVS Subbasin assumes a minimal
level of groundwater investigation is needed to inform future groundwater management actions
for the subbasin. The District may utilize any funding opportunities available through the
District’s existing authority or SGMA’s fee provisions to fund implementation as necessary.
10.2.2.1

District Funding Authority

The Public Utility District Act permits the District to charge a fee for commodities or
services. (Pub. Util. Code § 16467.)
The District may impose special taxes for a specific purpose pursuant to Article 3.5
(commencing with Section 50075) of Chapter 1 of Part 1 of Division 1 of Title 5 of the
Government Code. (Cal. Pub. Util. Code § 16641.5.) The proposed tax must be submitted to the
voters and only upon approval of two-thirds of the votes cast may the District levy the tax. (Gov.
Code § 50077(a).)
The District may elect to use county assessments and take them as the basis for taxation.
(Pub. Util. Code § 16648.) An election pursuant to Cal. Pub. Util. Code § 16648 is effective the
next February 1 after the certified copy is filed. (Pub. Util. Code § 16649.)
10.2.2.2

SGMA Fees

A GSA may raise revenue to fund groundwater projects through its own powers as a local
agency or through a special provision in SGMA allowing for fees on the extraction of
groundwater.
SGMA divides a GSA’s financial fee authority into powers (1) granted to a GSA prior to
adoption of a GSP (referred to as “Pre-Adoption Fees”), and (2) reserved for after a GSA adopts
a GSP (referred to as “Post-Adoption Fees”). (Wat. Code §§ 10730, 10730.2.)
SGMA authorizes a GSA to “impose fees, including, but not limited to, permit fees and
fees on groundwater extraction or other regulated activity” to fund the development of a
groundwater sustainability program. (Wat. Code § 10730(a).) SGMA describes development of a
groundwater sustainability program to include “preparation, adoption, and amendment of a
[GSP], and investigations, inspections, compliance assistance, enforcement, and program
administration, including a prudent reserve.” (Wat. Code § 10730(a).) Water Code section 10730
requires a GSA to follow specific procedures prior to imposing a Pre-Adoption Fee, including
noticing and holding a public meeting, making public data upon which the Pre-Adoption Fee is
based, and adopting an ordinance or resolution.
Once a GSP or Alternative is adopted, SGMA authorizes a GSA that adopts a GSP (or an
Alternative) to impose Post-Adoption Fees on “the extraction of groundwater from the basin to
fund the costs of groundwater management[.]” (Water Code § 10730.2(a).) The costs of
groundwater management include, but are not limited to, the costs of the following:
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(1)

Administration, operation, and maintenance, including a prudent reserve.

(2)

Acquisition of lands or other property, facilities, and services.

(3)

Supply, production, treatment, or distribution of water.

(4)

Other activities necessary or convenient to implement the plan.

(Water Code § 10730.2(a).) Although Post-Adoption Fees are authorized to cover broader costs
than Pre-Adoption Fees, Post-Adoption Fees may only be imposed on the “extraction of
groundwater.” (Water Code § 10730.2(a).) Specifically, a fee on the “extraction of groundwater”
may include “fixed fees and fees charged on a volumetric basis, including, but not limited to,
fees that increase based on the quantity of groundwater pumped annually, the year in which the
production of groundwater commenced from a groundwater extraction facility, and impacts to
the basin.” (Water Code § 10730.2(d).)
Fees authorized by SGMA must comply with both the procedural and substantive
requirements set forth in SGMA as well as those imposed by the California Constitution,
specifically Subsections C and D of Article XIII (respectively “Proposition 26” and “Proposition
218”).
10.3

Reporting

GSAs with approved Alternatives are required to submit an annual report and resubmit its
Alternative Plan for periodic review every five-years. The following section describes the
Annual Report submitted by the District to DWR to meet its reporting requirements under
SGMA (§356). At the end of this section, information needed for regular update of the
resubmitted Alternative Plan is provided to assist periodic review by DWR.
10.3.1

Annual Report

As part of its obligations under the Alternative Plan the District produces an Annual
Report of basin conditions and a summary of groundwater management activities that occurred
during the preceding water year. The Annual Report contains groundwater elevation data, annual
aggregated groundwater pumpage, total water usage and change in groundwater storage for the
preceding water year in accordance with GSA reporting requirements (Wat. Code § 10728).
Since 2016, the District has regularly submitted this Annual Report to DWR by April 1 of
each year electronically through the DWR SGMA Portal. The Annual Report is also presented
during public hearing to the District’s Board of Directors and posted on the District’s
Groundwater Page. In 2020, DWR waived the reporting deadline and accepted Annual Reports
for the 2019 WY in response to ongoing health and safety concerns caused by the COVID-19
Public Health Emergency. The 2019 WY Annual Report was electronically submitted to DWR
on April 8, 2020.
10.3.2
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The Alternative Plan is a living document requiring periodic review and assessment to
evaluate management actions and objectives over time to assess how well they are meeting
sustainability goals. As a GSA, the District is required to resubmit the Alternative Plan to DWR
for periodic review by January 1 every five years to ensure the Alternative Plan remains in
compliance with the objectives of SGMA (§355.6). To assist in periodic review groundwater
information collected over the preceding five-year period will be used to
1) Update descriptions and assessments of current and historical groundwater
conditions, changes in groundwater storage, groundwater quality, groundwatersurface water interactions and potential impacts to GDEs.
2) Present historical and updated projected water budgets, sustainable yield and an
assessment of potential overdraft issues.
3) Update assessments, as needed, of potential impacts from climate change; and
4) Update the characterization of undesirable results to identify any potential
exceedances of minimum thresholds and to assess the impact of those exceedances on
the District’s ability to stay in conformance with the sustainability goal for the TVS
Subbasin.
Data gaps identified during periodic review will be used to modify management projects
and activities presented in the implementation plan (Appendix M) as part of the update to the
Alternative Plan. Appendix N provides a table listing the component requirements of written
assessments of the Alternative Plan required for periodic evaluation by DWR (§356.4).
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