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EXECUTIVE SUMMARY

Purpose
The Lake Tahoe Basin Framework Study Groundwater Evaluation, which was designed

to enhance the understanding of the role groundwater plays in the eutrophication processes
reducing lake clarity, is presented herein. This Groundwater Evaluation is a portion of the Lake
Tahoe Framework Implementation Report being completed by the U.S. Army Corps of
Engineers (Corps) at the direction of Congress. The Framework Report will present alternatives
for improvement of environmental quality at Lake Tahoe through enhanced implementation of
the current environmental restoration program. The State of Nevada, the State of California,
Tahoe Regional Planning Agency (TRPA), and a coalition of non-government organizations
identified the effort presented in this Groundwater Evaluation as a critical missing element
needed to present alternatives for improvement of environmental quality. The primary concerns
affecting lake clarity identified by Basin stakeholders are nutrient and sediment loading to the
lake. This evaluation provides an estimation of the nutrient loading only, specifically
phosphorous and nitrogen, as contributed by groundwater flowing into Lake Tahoe. Within that
context, the major objectives of this evaluation are to:

1. Determine an estimate of nutrient loading to the lake through groundwater on a
regional basis,

2. ldentify known and potential sources of nutrients to groundwater, and

3. ldentify nutrient reduction alternatives that could be used in the Basin.

Most management strategies and implementation actions to date have been focused on
controlling nutrient and sediment loading into the lake without fully understanding the relative
magnitudes of the various contributors. It is recommended that future activities give priority to
those areas with the greatest contribution to the nutrient loading budget. The information
presented in this report can assist agencies and policy makersin identifying those areas that
should be considered higher priority in terms of groundwater nutrient contribution in the Lake
Tahoe Basin. A summary of recommendations from this Groundwater Evaluation will be
included in the report to Congress.
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Groundwater System

The process of nutrient-rich groundwater reaching Lake Tahoe is a complex issue. It
begins with rainfall and snowmelt infiltrating the upland basin fill deposits and fractured rock.
As groundwater infiltrates and travels towards the lake, it passes through developed areas and
co-mingles with infiltration from downgradient areas. Along the way, groundwater may be
enriched with soluble nutrients through various processes. Among the major sources of soluble
nutrients in the Lake Tahoe Basin are stormwater infiltration basins, fertilized areas, urban areas,
and past and present sewage and septic systems. Groundwater flowing to the lake accumulates
and degrades nutrients from these sources. The accumulation of nutrients as groundwater travels
towards the lake occurs as multiple sources are introduced in urbanized areas. The degradation
or retardation of nutrients can occur as groundwater travels towards the lake as a result of
biological and physical processes of the natural system.

Summary of Evaluation and Results

This Groundwater Evaluation was initiated by the Corps in the fall of 2001 with the
intention of assimilating and utilizing the vast amounts of existing data for the basis of the
evaluation. Information from other reports, previous investigations, and personal
communication with many stakeholders in the basin were used in the evaluation. Scientific
principles, professional judgment, interpretation, and modeling were applied to this gathered
data. Information presented in this Executive Summary, including numerical data, loading
estimates, recommendations, etc., is detailed in the body of the report. This report represents the
results of an in-depth review of existing reports and did not include any field work. However,
based on the findings of this report, it is recommended that fieldwork be conducted in the future.

Nutrient L oading Estimate

This portion of the evaluation provides an estimate of nutrient loading to Lake Tahoe
from groundwater flow. The estimates were separated into five regions based on political
boundaries and major aquifer limits. The five regions included South Lake Tahoe/Stateline, East
Shore, Incline Village, Tahoe Vista/lKings Beach and Tahoe City/West Shore. Depending on the
amount and type of groundwater data available, discharge estimates were devel oped using one or
a combination of three methods; groundwater flow modeling, Darcy’s Law and seepage studies.
The South Lake Tahoe/Stateline aquifer discharge was based on existing data of sufficient
quality and quantity to develop a groundwater flow model. The remaining four regional aquifer
seepage estimates were developed using either Darcy's Law or existing seepage data. Once the
groundwater discharge estimates were calculated, nutrient concentrations were applied to
determine annual loading to Lake Tahoe.

The nutrient concentrations used to determine the loading estimates were based on either
average nutrient concentrations for a region, measured downgradient concentrations for aregion
or land use weighted concentrations. The land use weighted concentrations were used in areas
with little monitoring data available or areas that did not have meaningful placement of wellsin
relation to land use.

Table ES-1 presents the nutrient loading estimates (amounts contributed by groundwater)
determined for each region and overall loading to the lake.
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TableES-1. Regional and Lake Tahoe Basin Wide Nutrient L oading Estimates Via

Groundwater
Total GW Nitrogen Total GW Phosphorus
Region Loading (kg/year) Loading (kg/year)
South Lake Tahoe/Stateline 2,459 416
East Shore 6,151 140
Incline Village 4,189 768
Tahoe VistalKings Beach 9,667 1,099
Tahoe City/West Shore 28,327 4,395
Lake Tahoe Basin Wide 50,800 6,800

The portion of the overall nitrogen and phosphorus loading contributed by groundwater is
estimated by this evaluation to be 12% and 15% of the total annua budget for the lake,
respectively. Thisis similar to the estimates developed by Thodal (1997), 15% and 10%. In
addition to independently verifying Thodal’ s previous estimate, this evaluation has narrowed the
margin of error and estimated nutrient loading by subbasin. This estimate indicates that
groundwater is a significant contributor of nutrients annually; i.e., 50,800 kg (111,995 Ibs) of
nitrogen and 6,800 kg (14,991 Ibs) of phosphorus into the lake each year. This estimate also
shows that the areas most deserving additional investigation, characterization and mitigation are
Tahoe VistalKings Beach and Tahoe City/West Shore. These two areas appear to contribute
significantly to the nutrient loading of the lake perhaps as a result of higher groundwater flow
into the lake and denser urban development along the lake shore.

Sour ce I dentification

This portion of the evaluation identified the known and potential sources of nutrients to
groundwater and was integral in determining any alternatives that could be used to reduce the
loading from groundwater. The key sources evaluated were fertilized areas, sewage, infiltration
basins and urban infiltration.

Fertilized areas were broken down into residential neighborhoods, recreational facilities,
ingtitutional sources, commercial sources, and agriculture. Residential and recreational sources
were assumed to be the most significant in the basin as agriculture is limited and commercial and
institutional sources are typically small improved areas. Residential neighborhoods consisted of
both single family and multi-family homes. The Home Landscaping Guide (UNR Cooperative
Extension 2001) was used in evaluating potential loading from residential neighborhoods. A
scenario using “off the shelf” fertilizers was also evaluated to determine worst case loading
estimates. Recreational facilities were separated into golf courses and urban parks. The loading
estimates from these two sources were based on Fertilizer Management Plans devel oped for
severa golf courses and communication with local Public Utility Districts (PUD). Institutions
consisted of schools, cemeteries and al other institutional establishments. Commercial and
agricultural land uses were not broken down into more specific regions.
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Using those techniques, this evaluation estimated the total annual nitrogen and
phosphorus loading applied in the basin. The estimated total nitrogen and phosphorus applied
annually is 143 metric tons and 45 metric tons (157.5 tons and 49.6 tons), respectively.

Another potential source of nutrients in the groundwater may originate from active
sewage line exfiltration or as residual contamination remaining from septic tanks and treated
sewage infiltration areas. A study conducted by Camp Dresser and McKee (CDM) for the U.S.
Army Corps of Engineers (Corps) concluded that exfiltration was not a significant source of
nutrients flowing to the lake. Using the exfiltration rate and average nutrient concentration of
sawage, the annual nitrogen loading rate was estimated to be 1,746 kg (3,850 |bs) per year and
the annual phosphorus loading rate was estimated to be 467 kg (1,030 Ibs) per year, respectively.
The effects of decommissioned septic tanks were also evaluated. Based on previous studies, it
was estimated that each septic tank could have contributed between 2.13 kg to 4.86 kg (4.7 Ibsto
10.7 Ibs) of phosphorus to the groundwater zone. It is estimated that the phosphorus could take
as many as 110 hundred years to travel 500 meters (1,640 ft) to the lake. Thisimplies that much
of the phosphorus in the groundwater as a result of septic tank use could still be arisk to the lake
in the future. Conversely, much of the nitrogen has probably aready reached the lake as it
typically travels at the same rate as groundwater. Although little information is available for
former treated water irrigation areas, these are also potential contributors of nutrients. Treated
water irrigation areas would contribute larger volumes of water, but lower concentrations of
nutrients. The sources of phosphorus are not limited to sewage. The phosphorus in groundwater
may be attributed to all sources of this nutrient. Once the soil is saturated, the phosphorus will
eventually reach the groundwater and begin migrating towards the lake. This process will
continue as long as the soil cannot assimilate additional phosphorus.

Other potential contributors are engineered infiltration basins and urban infiltration.
Engineered infiltration basins are constructed specifically to collect stormwater runoff and allow
it to dlowly seep into the groundwater aquifer below. Thisis intended to prevent high nutrient
loads from directly entering the lake via sheet flow or storm drainage outfalls, and to prevent
high nutrient loads from entering streams that flow into the lake. The technology works well for
preventing surface runoff from entering streams, but little is known about the effects on
groundwater. Monitoring to determine if infiltration basins represent a significant point source
of groundwater contamination is now being undertaken. Thisis opposed to urban infiltration
which is natura infiltration of rainfall and snowmelt, and is less likely to be concentrated asiit is
not directed to a specific area.

Reduction Alternatives

Five nutrient reduction alternatives were considered as part of this evaluation with the
goal of reducing nitrogen and phosphorus loading to the lake. The reduction alternatives
evaluated include phytoremediation, permeable reactive treatment walls, pretreatment of
stormwater runoff/infiltration, implementation of best management practices, and
implementation of awareness programs. The first two aternatives focus on reducing the
nutrients that have already been released into groundwater. The remaining three aternatives are
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concerned with the prevention of the release of nutrients into groundwater. Nutrient reduction
aternatives are evaluated based on effectiveness, implementability, and cost.

Phytoremediation is the use of plants to remove, contain, or render harmless
environmental contaminants in soil and groundwater. This technology utilizes vegetation to
control the nutrient concentrations in the subsurface. The method is appropriate for areas of
shallow groundwater, asit relies on the roots (rhizomes) of the plants to extract nutrient laden
groundwater and convert it to biomass. Physicaly, plants can slow the movement of
contaminants in soil, by reducing runoff and increasing evapotranspiration and by adsorbing
compounds via their roots. Once a wetland or upland phytoremediation system isin place, its
biological components are naturally self-sustaining, powered by plant photosynthesis. The
technology is relatively inexpensive, but may require alarge land area for planting, detailed
knowledge of the appropriate ecosystem and time. Construction estimates for phytoremediation
are approximately $200,000/acre and $20,000/acre for operaions and maintenance (AEC
2002a). Effectiveness of this treatment method was measured in one study that showed a 98
percent reduction of nitrate (AEC 2002a).

A permeable reactive treatment wall is atype of barrier wall that allows the passage of
groundwater while causing the degradation or removal of nutrients and other pollutants. A
permeable reaction wall is designed to be installed across the flow path of a contaminant plume,
allowing the groundwater portion of the plume to passively move through the wall while
prohibiting the movement of contaminants. Sorbents that can be used in permeable reactive
walls to remove pollutants include diverse materials such as straw, newspaper, raw cotton, jute
pellets, vegetable oil, compost, wood mulch, and sawdust. This treatment would be aimed at
areas with known plumes of nutrients. During operation, it is unintrusive and maintenance is
minimal; studies have shown these reactive walls to last for 10 years before needing to replace
the reactive medium. It islimited to areas with aguitards shallow enough for trenching
equipment to reach, typically 24 to 27 meters (80 to 90 feet). Nitrate removal rates have been
measured in a study at the University of Waterloo, and ranged from 0.7 to 32 mg/L per day. The
removal rates were temperature dependent, and did not significantly diminish over the
monitoring period. (Robertson et al. 2000)

Collection and infiltration of stormwater runoff has become a popular means of reducing
surface water runoff into Lake Tahoe, thereby reducing suspended sediments and pollutants from
reaching lake waters. Though considered highly effective and beneficial in preventing direct
flow of suspended sediments and pollutants into the lake, infiltration of untreated runoff could
potentialy impact the quality of groundwater, and indirectly, the quality of lake water which is
being fed by groundwater. Accumulation of nutrient and pollutant rich sedimentsin infiltration
systems (basins, trenches, dry wells, and wetlands) creates a potential point source for
groundwater (Whitney 2003). New technology in the area of stormwater management has led to
the development of several products that may prove useful in both controlling and treating
stormwater runoff and infiltration, protecting the quality of groundwater and surface water at the
sametime.
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A more aggressive implementation of existing best management practices (BMP) in the
Lake Tahoe Basin is an important step toward improving lake clarity. Scientists have
determined that implementing BMPs for existing development is one of the most critical steps
toward improving water quality (TRPA 2003b). The development of new BMPs may not be
necessary as there are a number of existing BMPs in place already, developed mainly for the
protection of surface water quality. However, surface water BMPs do not always take into
account the effects on groundwater, which could be negatively affected if not considered.
Groundwater should be a component of the decision process for recommending and
implementing BMPs.

Awareness programs to educate the public on how they can reduce nutrient loadings to
soil and groundwater in their own backyards are another important step in the protection of
groundwater and surface water quality. Public education about lawn fertilizer application in
residential yards and pet dropping pickup in designated pet walking areas can reduce an
overlooked yet contributing source of nutrients to groundwater. A number of public awareness
programs are already in place for programs such as water conservation, stormwater BMPs, and
fertilizer management.

Summary of Findings
The major findings of this evaluation are statements of fact or of the best available
information at the time of this evaluation. A summary of these findings include:

A comprehensive management strategy to obtain consistent groundwater data and
uniform reporting is not currently in place.

Groundwater as a source of nutrients to the lake has not been an area of concern
until recently.

Little investigation of the subsurface geology has been conducted in the basin.
A magjority of the groundwater wells and stream gage stations have not been
surveyed.

The nutrients analyzed by agencies throughout the basin are not consistent.

The groundwater wells used to monitor nutrients have been selected from wells
already in place and not constructed to efficiently evaluate sources or loading
estimates.

Summary of Conclusions
The conclusions based on the findings of this evaluation are detailed in the body of the
report. Summarized conclusions include:

Groundwater is an important contributor of nutrients to Lake Tahoe.

The estimated annual nutrient loading from groundwater to the lake is 50,800 kg
(111,995 Ibs) for total dissolved nitrogen and 6,800 kg (14,991 Ibs) for total dissolved
phosphorus. These loadings represent 12% and 15% of the total loadings of nitrogen and
phosphorus, respectively, to Lake Tahoe.
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The estimated ambient annual groundwater nutrient loading fromis 11,700 kg (25,794
Ibs) of total dissolved nitrogen and 4,400 kg (9,700 Ibs) of total dissolved phosphorus.
This leaves the remaining 39,100 kg of total dissolved nitrogen and 2,400 kg of total
dissolved phosphorus coming from other sources.

The areas potentially contributing the largest annual nutrient loading through
groundwater are Tahoe City/West Shore and Kings Beach.

Wells and stream gaging stations within the basin are, for the most part, not surveyed to
define an accurate horizontal and vertical position. This introduces errors in determining
the hydraulic gradient for each area.

Subsurface geology is not well defined in the basin. Extensive investigation of the
subsurface geology is needed to better understand the aquifer shape, hydraulic
conductivity of the aquifer, and depth to bedrock.

Fracture flow in the basin is not understood. Most studies, including this one, have
assumed that fracture flow isinsignificant. There have been no studies on the actua flow
that could be associated with bedrock fractures.

Some data exists that could be used to characterize ambient groundwater concentrations.
However, the location of the wellsis not always ideal. Due to this constraint, the natural
levels of nitrogen and phosphorus in groundwater are not well understood.

The monitoring network is not structured to evaluate the difference between shallow and
deep nutrient concentrations. This type of evaluation can be done only in localized areas.
The monitoring network is not structured to evaluate the contributing land uses in the
basin. Wells that have been used for monitoring are typically public or private drinking
water wells and not specifically designed to evaluate specific land use contributions.
Septic tank phosphorus plumes may be a continuing problem associated with loading
estimates. The retardation factor associated with phosphorusis high, 20 to 100. This
implies that much of the phosphorus associated with septic tanks has not yet reached the
lake and could be a continuing source for along period of time.

Phosphorus plumes generated from many sources in the basin may be a continuing
problem for yearsto come. As basin soils become saturated with phosphorus, the
nutrient travels more easily to groundwater. Once in the groundwater, the high
retardation factor combined with the persistence prove to be a significant problem.
Fertilizer application in the basin is also a potentialy significant source of nutrients. The
estimated total nitrogen and phosphorus applied to manicured areas annualy is 143
metric tons and 45 metric tons (157.5 tons and 49.6 tors), respectively. This shows that
the fertilizer used in the basin could be a significant source of the annual nutrient budget
of the lake. Continuous application of fertilizer over long periods of time could saturate
the soil with phosphorus. If this occurred, much of the phosphorus would not be used by
the plants, but rather transported to the groundwater zone. The Natural Resource
Conservation Service (NRCY) is performing an evaluation of soilsin the basin. This
report should be reviewed to determine if the soilsin the basin are already saturated with
phosphorus.

Storm water infiltration basins have the potential to be acting as point sources for
nutrients to groundwater.
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A rigorous monitoring program would be required to provide significantly better dataon
regiona and basin-wide nutrient loading.

Summary of Recommendations

A comprehensive approach to groundwater monitoring and reporting is recommended to
provide consistent and high quality data related to groundwater monitoring. Specific areas and
sources have been identified as higher risk and should be evaluated for potential remedy. Details
for all recommendations are contained within the body of the report. The recommendations, or
suggestions based on the conclusions of this evaluation, include a few important activities:

Develop a comprehensive monitoring Work Plan to be used on all nutrient
groundwater monitoring activities in the basin. Thiswill provide a framework for
data quality and consistency. By using this plan, basin managers will be able to
utilize all data gathered in the basin to continue to monitor trends in groundwater
quality. Thiswould also include reporting requirements so all data collected in
the basin can be easily included in the Tahoe Integrated Information Management
System (TIIMYS).

Survey al wells and stream gage stations used in the basin as part of the
monitoring network. Thisis arelatively inexpensive first step in developing more
accurate gradients and groundwater contours to be used in groundwater flux
estimates.

Investigate select infiltration basins over the short and long term to determine
their effects on groundwater.

Investigate select former septic tanks and former treated wastewater infiltration
areas to verify the existence of persistent phosphorus plumes and to determine
mitigation measures.

Complete more detailed groundwater hydrology and nutrient investigations in the
Tahoe VistalKings Beach and Tahoe City/West Shore areas, as they appear to
represent the highest nutrient loading via groundwater to the lake. With the
collection of additional information, groundwater flow models could be
developed for the regions to better understand the groundwater/lake interactions.
A follow-up study on the interaction of groundwater with streams should be
conducted in the basin. The determination of loading to the streams from
groundwater may be an important contributor of nutrients to the lake through
surface water.

Surface geophysical investigations should be done along key transects both
parallel and trarsverse to the shoreline. These data can be used to better define
lateral continuity of major reflecting surfaces. Select, continuously cored test pilot
holes should then be drilled to validate material types to ground-truth the surface
geophysics. Such geophysical surveys should include seismic reflection surveys
to define general stratigraphic patterns and the basement geometry. Where
shallow stratigraphic information is required, ground-penetrating radar surveys
should be conducted to acquire high-resolution information for the upper 18 to 30
meters (60 to 100 feet).
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LAKE TAHOE BASIN FRAMEWORK STUDY

GROUNDWATER EVALUATION
LAKE TAHOE BASIN, CALIFORNIA AND NEVADA

10 INTRODUCTION

11  Scopeof Project
The U.S. Army Corps of Engineers has completed a Lake Tahoe Basin Framework Study

Groundwater Evaluation with results and conclusion presented herein. The goals of this
evaluation were to:

Estimate nutrient loading (phosphorus and nitrogen) to Lake Tahoe via
groundwater,

Determine known and potential nutrient sources, and

Recommend potential nutrient reduction alternatives.

This information will be used to determine potential projects that could aid in reducing the
nutrient loading to the lake from groundwater. The Tahoe Regional Planning Agency (TRPA)
may use this information to meet its management goals. The Lahontan Regional Water Quality
Board (LRWQCB) plans to use the information from this evaluation in their development of
Total Maximum Daily Loads (TMDLSs) for Lake Tahoe. This evaluation broadens the
understanding of nutrient cycling in the basin, and provides refined estimates of nutrient
contributions to the lake through the groundwater system that are a component of the
eutrophication processes reducing lake clarity.

This Groundwater Evaluation is a portion of the Lake Tahoe Framework Implementation
Report that Congress directed the U.S. Army Corps of Engineers (Corps) to complete. The
Framework Report will present alternatives for improvement of environmental quality at Lake
Tahoe by enhanced implementation of projects. Basin Stakeholders identified the effort
presented in this Groundwater Evaluation as a critical missing element to presenting any
alternatives for improvement of environmental quality. A summary of recommendations from
the Groundwater Evaluation will be included in the report to Congress. This report is part of a
comprehensive effort to assess sources of nutrients and sediment to Lake Tahoe. Most
management strategies and implementation actions have been and continue to be focused on
controlling nutrient and sediment loading into the lake. Future activities should consider giving
priority to those areas with the greatest contribution to the nutrient loading budget. The
information presented in this report can assist agencies and policy makers in identifying areas
that should be considered higher priority in terms of groundwater nutrient contribution in the
Lake Tahoe Basin.
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1.2 Defining the Problem

Groundwater has been identified as a potentially important source of nutrient pollutants
being discharged into Lake Tahoe. Some research on the effects of groundwater nutrient
contributions on lake water quality has been conducted (e.g., Loeb 1987, Thodal 1997, Ramsing
2000), but further assessment is needed. Likely sources of nutrient contribution to the lake
through groundwater are residual effluent from past sewage disposal sites, fertilizer application,
sewage conveyance lines, and infiltration of urban storm water runoff.

A hydraulic gradient exists between the upland areas and Lake Tahoe. Groundwater
flows downgradient until it is discharged by evapotranspiration, seepage to streams, springs,
small lakes, and Lake Tahoe.

Increased eutrophication due to an increase in nutrients, most notably phosphorus and
nitrogen, has been cited as one cause of degradation in lake clarity in Lake Tahoe. The
accelerated eutrophication can be measured by an increase in phytoplankton productivity in the
lake, and can be directly attributed to increased urban development in the Lake Tahoe Basin.
Long-term monitoring of Lake Tahoe shows that near-surface lake clarity (within 91 meters (300
ft.) of the surface) has declined at |least 20 percent since 1968, due to “accelerated cultural
eutrophication” (Goldman 1988). Previous studies have indicated that groundwater which
discharges into Lake Tahoe contains concentrations of nutrients, such as nitrogen and
phosphorus, greater than those found in lake water (Thodal 1997, Goldman 1988).

Given that dissolved nutrients are frequently found in higher concentrations in
groundwater than in sub-alpine surface waters, it stands to reason that nutrient discharges to
Lake Tahoe via groundwater may be significant despite low rates of flow. (Ramsing 2000)

13 Site Background

1.3.1 Evaluation Focus

Lake clarity has been degrading in Lake Tahoe as documented over the last 30 years.
This decrease in clarity has been attributed to accelerated eutrophication due to an increase in
nutrients being discharged into the lake (Thodal 1997). Efforts to determine the sources of
nutrient and particulate pollutants have been ongoing for a number of years.

This evaluation consolidates and evaluates information about nutrient loading to Lake
Tahoe by way of groundwater. It focuses on are-evaluation of existing data and the compilation
of new data generated since Thodal’s study in 1997. The evaluation also focuses on
identification of land use practices, both current and historic, that could be contributing to
nutrient loading to the groundwater system. The results of this evaluation are presented in terms
of total loading to Lake Tahoe and are also broken down into five regions based on political
boundaries and major aquifer limits. These regions include South Lake Tahoe/Stateline, Incline
Village, Tahoe VistalKings Beach, Tahoe City/West Shore and East Shore. This report
represents the results of an in-depth review of existing reports and did not include any field
work.
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1.3.2 Location and Physiography

Lake Tahoe is a 495 square kilometers (191 square mile) lake located in a fault-bound
basin on the border of Californiaand Nevada between the Sierra Nevada and Carson Mountain
ranges. The evaluation area is within the Lake Tahoe Basin Hydrographic Area, or Lake Tahoe
Basin. The basin is approximately 816 square kilometers (315 square miles), excluding the lake.
It has alegally defined maximum depth of 501 meters (1,645 ft), and an average depth of 313
meters (1,027 ft) (Thodal 1997, TRPA 1988). Sixty-three watersheds drain directly into Lake
Tahoe. The basin is contained within portions of six counties including Placer, El Dorado, and
Alpine Counties in California, and Douglas and Washoe Counties and the Carson City rural area
in Nevada. (Figure 1-1)

1.3.3 Previous|nvestigations

Data from previous groundwater investigations and monitoring in the basin was obtained
and used to develop an estimate of nutrient loading to Lake Tahoe via groundwater. This effort
was based on the compilation and evaluation of existing knowledge of groundwater flow
characteristics, geology, and existing groundwater and near-shore lake nutrient data for the
Tahoe Basin.

Severa reports were referenced in preparation for this evaluation. McGauhey and others
(1963) investigated environmental and water-quality issues in the Lake Tahoe Basin; Crippen
and Pavelka (1970) focused on water and other natural resources of the basin. Thodal (1997)
studied the hydrogeology of the Lake Tahoe Basin, which included a groundwater monitoring
program. The results for water years 1990-1992 show that groundwater contains concentrations
of nutrients that are greater than those of 1ake water, and that groundwater does discharge into
Lake Tahoe. Loeb and others (1987) participated in a program that studied the groundwater
quality in three magjor aquifers within the Lake Tahoe Basin between 1985 and 1987. They
concluded that groundwater was being polluted with nutrients, such as nitrate-nitrogen, as they
moved toward Lake Tahoe through devel oped regions of the watershed. A thesis at the
University of California, Davis by Woodling (1987) focused on the hydrogeol ogic aspects of
groundwater and lake interactions in the southern portion of the Lake Tahoe Basin. Similarly, a
thesis at the University of Nevada, Reno by Ramsing (2000) focused on measuring groundwater
seepage into Lake Tahoe and estimating the nutrient transport from the Incline Creek watershed.

14  Geologic Setting

The Tahoe Basin is a structural basin situated between the Sierra Nevada Mountains to
the west and the Carson Range to the east. The basin encompasses 506 square miles, of which
495 square kilometers (191 sgquare miles) (42%) is covered by Lake Tahoe (Crippen and Pavelka
1972, Boughton et al. 1997). The lake was formed by downward block faulting during uplift of
the Sierra Nevada between 2 ard 3 Million years ago and currently reaches a maximum depth of
501 meters (1,645 ft), making it one of the deepest lakes in the world. The basin islocated along
the western edge of the Great Basin physiographic province near the boundary of the Walker
Lane deformation belt (Oldow et a. 2001). Modern geodetic measurements indicate that the
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highest strain-rates (up to 2-3 mm/yr) associated with the Basin and Range extension that may be
accommodated along the faults in the Lake Tahoe region are located just to the east (Thatcher et
al. 1999, Dixon et al. 2000, Bennett et al. 1998).

Prudic et a. (2000) classify the geology into four magor materia types (Figure 1-2).
These are Paleozoic metamorphosed sedimentary and volcanic rocks, Jurassic and Cretaceous
granitic rocks of the Sierra batholith, Tertiary and Quaternary volcanic rocks, and Quaternary
sediments of glacial, fluvial and lacustrine origin. Paleozoic metasediments and metavol canics
form the oldest rocks in the basin (Crippen and Pavelka 1972). They crop out at a few locations
along the east and west sides of the basin, mostly at high altitude. These represent the remains of
the original host rock that has been intruded by Jurassic and Cretaceous igneous rocks.

Granitic rocks crop out in all areas except the northwest quarter of the Tahoe Basin
(Figure 1-2). These rocks form the steep and high mountain slopes and peaks. Along the eastern
margin of the lake, granitic rocks decompose to form thick, sandy soils. Mudflows, aswell as
basalt and andesite flows comprise the Tertiary and Quaternary volcanic rocks in the
northwestern part of the basin (Crippen and Pavelka 1972, Prudic et a. 2000). The mudflows
are described as being crudely stratified, massive, thick-bedded, and well to loosely consolidated,
while the andesite and basalt flows are more thinly layered. Mechanical weathering by freeze-
thaw cycling occurs where water enters joints and interstitial spaces in the talus slope.

Glacial deposits are predominantly found in the southern and western portions of the
basin where they locally form thick basin fill sequences. Glaciation in the basin began around
1.5 million years ago when al but the highest peaks in the Sierra Nevada were inundated by ice
(Purkey and Garside 1995). Subsequently, at least three more glaciations occurred between
100,000 and 120,000 years ago, at 20,000 years ago and at 10,000 years ago (Birkeland 1962,
1964, Purkey and Garside 1995).  During these events, ice was largely restricted to the Sierra
Nevada, as the Carson Range was situated in a precipitation shadow.

15 Quaternary History of the Tahoe Basin

The Quaternary history of the Lake Tahoe Basin has been described by Birkeland (1962,
1964). We acknowledge that more recent work in the Sierra Nevada may provide additional
resolution on glacier fluctuations, which can likely be correlated to the global oxygen isotope
record; however, Birkeland's work provides the most complete investigation of its type in the
Tahoe Basin. According to Birkeland, several highstands in lake level correspond to periods of
glaciation where glaciers advancing out of valleys between Bear Creek and Donner Pass
dammed the outlet of Lake Tahoe in the Upper Truckee Canyon (Figure 1-3). However,
evidence of the highest 1akestands are associated with lava flows dated between 2.5 and 1.3
million years ago which also dammed the Truckee River and allowed Lake Tahoe to rise to about
7000 ft above mean sea level (m.s.l.) (Burnett 1971).

In his work, Birkeland (1962, 1964) recorded evidence of 4 major glacia periodsin the
basin. These are, from oldest to youngest, the Hobart, Donner, Tahoe and Tioga. The oldest of
these glaciations, Hobart and Donner, were the most extensive and formed large compound
valley glaciers that filled significant portions of the upper Truckee Canyon. The lake level
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during these events is believed to have risen as high as ~6225 ft above m.sl. Theicedamis
believed to have been breached several times, resulting in periodic, catastrophic flooding down
valley and periodic lowering of the lake level.

During the Tahoe Glaciation, ice again flowed into the Upper Truckee Canyon but was
not as extensive as the previous two glaciations (Birkeland 1962, 1964). Damming of the Lake
Tahoe outlet occurred again, but the ice wasnot as extensive. The resulting |ake elevations rose
only to between 18 and 27 meters (60 and 90 ft) before the ice dam was broken, again producing
catastrophic flooding down valley.

Such damming and flooding likely occurred several times during each g aciation between
Hobart and Tahoe. During the interglacia periods, the lake level would have been similar to
today’s level. Lavaflows at the outlet of Lake Tahoe provide a minimum threshold for lake
elevation at about 6220 ft above m.s.l. Morgan (unpublished data) suggests that there is
additional evidence around the lake of another lake stand around 61 meters (200 ft) above
current lake level. Thisis exemplified by cave elevations at Cave Rock and Eagle Rock, as well
as an apparent wave cut platform near the South Lake Tahoe Airport. Given our current lake
chronology, the last time the lake level could have been at this elevation was at the end of the
Donner glaciation. However, Morgan and others have been revisiting some of Birkeland s field
sites, and they feel that the sequence at Eagle Rock represents a shoreline feature of Tahoe age at
about 61 meters (200 ft) above present lake level. If thisistrue, then it places truncation of the
Airport Moraine during the Tahoe glaciation.

Recent offshore seismic profiling near the head of the Upper Truckee River indicates that
an incision of up to 9 meters (30 ft) may have occurred in the past, but subsequent infilling has
resulted in the current threshold to the lakes outlet (Kent 2003). Lake lowstard is recorded by
submerged shorelines around the lake that have been tectonically tilted and submerged stumps
found at depths less than 6 meters (20 ft) below the lake surface (Lindstrom et a. 2000, Kent
2003)

1.6  Project Staffing

The Environmental Engineering Branch, Sacramento District, USACE prepared this
report, under the supervision of Richard Meagher, P.E. The project manager is Phillip Brozek of
the Civil Works Programs and Project Management Division. The technical team for the
groundwater evaluation consists of:

Name Title

Meegan Nagy, P.E. Environmental Engineer, Team Leader
Melissa Kieffer, P.E. Environmental Engineer

Lewis Hunter, PhD, R.G. Senior Geologist

Timothy Crummett Geologist
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Teresa Rodgers Geologist
John Baum Environmental Engineer
Elizabeth Caldwell Environmental Engineer
Scott Gregory GIS Specialist
Suzette Ramirez Engineering Technician
Glenn Cox Draftsman

Jon Fenske, P.E., Hydrogeologist, of the U.S. Army Corps of Engineers Hydrologic
Engineering Center, Davis California, has conducted all groundwater modeling.

1.7 Report Organization

The report is broken down into 13 main sections. The first section is the introduction
which includes information on the purpose and background of the evaluation. The second
section provides a discussionof the data collection activities as well as a conceptual site model
for the groundwater system at Lake Tahoe. Section 3.0 describes the nutrients that are being
evaluated, the methodology used to estimate nutrient loading and major basin-wide
investigations that have been conducted in the past. Sections 4.0 — 8.0 contain the nutrient
loading estimates for five distinct regions in the Tahoe Basin, while Section 9.0 evauates the
overall nutrient loading to Lake Tahoe. Section 10.0 discusses the major nutrient sources found
in the Lake Tahoe Basin and Section 11.0 provides an evaluation of nutrient reduction
dternatives. The findings, summary and conclusions are provided in Section 12.0. All
references can be found in Section 13.0.
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Lahontan Regional Water Quality Control Board for their support and guidance throughout the
evauation. We would also like to thank the Tahoe Regional Planning Agency and Nevada
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Figure 1-2. General geology of the Lake Tahoe Basin. From Crippen
and Pavelka (1972)
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Figure 1-3. Extent of glaciationsin the Truckee River Valley. Hobart (dashed),
Donner (solid), and Tahoe Glaciations (dot-dash). Modified after Birkeland
(1964).
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20 GROUNDWATER DATA —COLLECTION AND CONCEPTUAL
SITE MODEL

21 Data Collection and Liter atur e Sear ch

The data collection and literature search efforts were the first steps taken in conducting
the groundwater evaluation. A comprehensive literature search was conducted to identify and
obtain published research on Lake Tahoe studies involving geology, hydrogeol ogy,
geomorphology, nutrients sources, land use, groundwater modeling, behavior of nitrogen and
phosphorous in groundwater, and remediation technologies. Over 300 literature sources were
identified, and among those, several were carefully selected and reviewed.

The groundwater evaluation focused on a re-evaluation of existing data and a limited
compilation of new data generated since the study conducted by Thodal (1997). The goals for
the re-evaluation of existing data were to identify land use practices (current and historic) that
could be contributing to nutrient loading to the groundwater system, and to develop an estimate
for nutrient loading to Lake Tahoe transported through groundwater. Specific data collected
included nutrient concentrations, groundwater flow characteristics, and geology available
through records of public drinking water supply wells and groundwater monitoring wells. Other
resources used were land use maps, aeria photographs, and Geographical Information System
(GIS) layers.

Existing data was obtained from a number of different local, state, and federal agenciesin
Californiaand Nevada. Among the agencies contacted, many were able to provide data which
was valuable to this evaluation. There are still numerous studies currently being conducted in
the basin which were not included. Some of this un-finalized data will become available in the
near future, but not in time to contribute to this evaluation. Though most data obtained was in
electronic form, there was a significant amount presented as hard copies. Some of the more
manageable hard copy data was obtained and used in this evaluation. Some data needed to
evauate regional groundwater flow did not exist and additional field work and sample collection
will be necessary to fill in those data gaps. In addition, not all land use types evaluated had
associated groundwater nutrient data. In this instance, assumptions were made to estimate how
specific land use types would affect nutrient loading.

Agencies contacted for data collection and information included but were not limited to
the following: Lahontan Regional Water Quality Control Board, Tahoe Regional Planning
Agency, University of California-Davis- Tahoe Research Group, University of Nevada-Reno,
Desert Research Institute, California Tahoe Conservancy, US Forest Service, US Park Service,
US Geological Survey, California Department of Health Services — Data Management Unit,
California Department of Water Resources, California State Park Service, Nevada Bureau of
Health Protection, Nevada Division of Environmenta Protection, Nevada Division of Water
Resources, Nevada Division of State Lands, Public Utility Districts (South Tahoe, Tahoe City,
North Tahoe), General Improvement Districts (Incline Village, Kingsbury), City of South Lake
Tahoe, El Dorado County Department of Transportation and Environmental Management, Placer
County Environmental Management and Transportation Departments, Washoe County, Douglas
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County, Lake Tahoe Transportation & Water Quality Coalition, South Tahoe Chamber of
Commerce, The League to Save Lake Tahoe, and Entrix.

2.2 Historic Aerial Photogr aphy

Historical aerial photography was obtained from the U.S. Forest Service. This
photography was obtained for Lake Tahoe Basin from 1966, 1968, and 1971. The photography
was scanned and geo-referenced to the 1998 digital orthoquad. The developed areas were then
determined based on roads and other features representing development. This was then used to
determine where there could be septic tank leach fields remaining in the basin. These are
important features as they could be continuous sources of nutrients to groundwater in the basin.

2.3 L and Use Classification

There are numerous land use classifications within the basin. The primary land uses of
concern are residential, commercial, ard recreational. These land use types can be sources of
nutrients to the groundwater system. Because many of the regions did not have adequate
monitoring networks, regional average concentrations for specific land use types were
developed. Each well was assigned a land use code based upon its location. The analytical
results for all wells of the same land use type were then compiled and average concentrations
were determined (Table 2-1). The vegetated land use type was developed to show potential
ambient conditions. However, because many urban lots are considered vegetated, this land use
classification did not represent ambient conditions. A forested land use category was used to
better represent background conditions of the basin.

When devel oping a basin-wide average for orthophosphorus and total dissolved
phosphorus, the average orthophosphorus for most land use types (residential, recreational,
commercia and vegetated) was higher than the total phosphorus concentration. Thisislikely
due to many wellsin the basin only being sampled for one form of phosphorus. To rectify this,
all samples within the basin providing both an orthophosphorus concentration and total dissolved
phosphorus concentration on the same sampling event were compiled. Each concentration was
compared to develop the percent of orthophosphorus in each sample. The results showed an
average of 74% of the total dissolved phosphorus was orthophosphorus. This percentage was
then used to derive an estimated concentration for those sampling events where only one form of
phosphorus was sampled. New averages for each land use type were then determined using the
estimated concentrations. Those corrected values are listed in Table 2-1.
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Table2-1. Average Nutrient Concentrations Based on Land Use Types within the Tahoe
Basin
Nitrogen
Ammoniaplus  Nitrogen Nitrite

Organic plus Nitrate Total Dissolved Dissolved

Land Use/Tests Dissolved Dissolved Phosphorus  Orthophosphorus
Run (mg/l) (mg/l) (mg/l) (mg/l)

Residential 0.256 0.367 0.114 0.081
Commercial 0.158 0.512 0.124 0.092
Recreational 0.419 1.264 0.100 0.069
Vegetated 0.361 0.578 0.131 0.097
Forested 0.06 0.121 0.068 0.047

Notes:

1. All sources of data collected as part of this evaluation were used in developing the average
concentrations.

2. Theaverages were based on anywhere from 40 to 590 sampl e results.

24 Conceptual Site M odel

A conceptua site model for this evaluation was developed as an aid in explaining
applicable chemical reactions of nitrogen and phosphorous, sources of those nutrients, the
mediums through which nutrients are driven to the groundwater, and the pathways that the
nutrients can take to reach the lake. A brief description of the hydrologic cycle is provided
below as an aid in developing a conceptual site model of groundwater behavior in the Tahoe
Basin.

Water vapor trapped in clouds precipitates as snow and rain.
Surface runoff and groundwater discharge to rivers, streams, and eventually the lake.

Evaporation and transpiration return water to the vapor state and complete the hydrologic
cycle (Figure 2-1).

The Lake Tahoe Basin is 1,311 square kilometers (506 square miles) in area, of which the
surface area of the lake itself is 40% of the total or 495 square kilometers (191 square miles).
The dramatic topographic relief of the surrounding watersheds limits urban development to a few
flat areas along streams and in wetlands. A recent study in the Basin estimates groundwater
flows into Lake Tahoe at a rate of about 5.6 x 10’ nt/year (45,000 acre-feet per year) (Fogg
2002).

While 40% of precipitation in the Tahoe Basin falls into Lake Tahoe (USGS 2003), the
remaining 60% of rain and snow is deposited in watersheds. Surface runoff flows into streams
while groundwater infiltrates basin fill and fractured bedrock, with both eventually discharging
to Lake Tahoe. The only outlet from Lake Tahoe is the Truckee River, which flows northeast
from the lake through Reno, Nevada, and finally into Pyramid Lake.
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Rainfall and snowmelt infiltrate the upland basin fill deposits and fractured rock. As
groundwater infiltrates and travels downgradient, it passes through developed areas and co-
mingles with infiltration from lower areas. Along the way, groundwater may be enriched with
soluble nutrients through various processes. Among the major sources of these soluble nutrients
are storm water infiltration basins, runoff from golf courses and parking lots, runoff from
housing developments, and sewage and septic systems. The increasing rate of nutrient
deposition to Lake Tahoe is affecting lake clarity by accelerating algal growth and
eutrophication. Lake Tahoe islosing clarity at the rate of about 0.3 meters (1 foot per year)
(Jassby et al. 2001).

Until 150 years ago, Lake Tahoe maintained an oligotrophic state because it received
very low amounts of nutrients and sediments. The lake was both nitrogen and phosphorus-
limited. Logging during the last half of the nineteenth certury caused a temporary decrease in
clarity, but the lake recovered over a period of about 50 years. Starting around 1960, nitrogen
loading from vehicle emissions and dissolved fertilizer created a high nitrogen to phosphorus
ratio and caused the lake to shift to being phosphate- limited by about 1980 (Jassby et a. 2001).
As expected in the eutrophication process, the flora and fauna of the lake are increasing in both
population and diversity as aresult of nutrient loading. Figure 2-1 illustrates a conceptua site
model of groundwater and nutrient movement in the Tahoe Basin. The figure aso includes
detailed sketches of the hydrologic cycle, an abandoned septic system and its associated leach
field, and an engineered infiltration system.
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3.0 NUTRIENT LOADING - GROUNDWATER

This section includes the nutrient loading estimates developed for the Lake Tahoe Basin.
The study areawas divided into five main regions based on political boundaries and major
aquifer limits. Larger regions were sometimes subdivided to provide better estimates. The five
main regions include Tahoe City/West Shore, South Lake Tahoe/Stateline, East Shore, Incline
Village, and Tahoe VistalKings Beach (Figure 3-1). For each region, a section has been written
that discusses. a description of the study location, a short history of development, a description
of the local geology, a synopsis of any previous groundwater nutrient loading studies conducted
in the region, the nutrient concentrations in groundwater, groundwater discharge and nutrient
loading, data gaps, and summary and conclusions.

Data was collected for numerous wells in the basin from a multitude of sources. Each
source typicaly had a unique naming convention for each well, which generated uncertainties
when trying to compile information. To avoid adding another naming convention, it was decided
that no new naming convention would be established. Rather, current naming systems were
used. Because the USGS has assigned 1D numbers to numerous wells in the basin and they
house the largest data set, the system location codes thet they assigned to a well were retained as
the primary. The second choice was the State Well ID Number. If neither of these were
available, then the well codes were assigned according to the source agency’s codes. The USGS
codes and State Well 1D numbers tend be long, so a numerica site ID was developed to assign a
number to each well for ease of presentation in thisreport. A summary tableisincluded in
Appendix A which shows each site ID for the report and associated source agency code.

31 Nutrients — Nitrogen and Phosphor ous

Overview of the Nitrogen Cycle (Follet 1995)

Nitrogen (N) makes up 78 percent of the atmosphere, is inert and unavailable to most
organisms in its gaseous form. All organisms require nitrogen, usualy in its organic form, to
create proteins, nucleic acids, and other cellular components. Figure 3-2 illustrates the ways and
forms in which nitrogen cycles through air, water, soil, and rock.

In the nitrogen fixation process, a few types of microorganisms can convert N> gasinto
ammonia (as NHz and NH;"), then into proteins and other organic nitrogen compounds. Free-
living cyanobacteria (blue-green algae), symbiotic Rhizobia (bacteria living in the root nodules
of leguminous plants), and riparian tree species such as alder are common examples of nitrogen
fixers. When organic matter decomposes, cellular nitrogen is released to form ammonium
(NH4") and simple organic nitrogen compounds. In the nitrification process, nitrifying bacteria
convert ammonium ions (NH,") into nitrate (NOg"). During the denitrification process,
denitrifying bacteria convert nitrate (NOs") to nitrite (NOz"), and then to gaseous compounds
(nitrous oxide [N20], nitric oxide [NO], and N2). All three processes occur simultaneoudly in
soil, atmospheric, and aquatic environments, and form the nitrogen cycle.
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Figure 3-1. Lake Tahoe Basin Groundwater Study Regions
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Overview of the Phosphorus Cycle (Shar pley 1995)

Phosphorus is found primarily in the earth’s crust as a minor component in rock, athough
it is also found concentrated in a few mineral forms, especialy apatite [Ca(PO,)3(OH, Cl, F)].
Phosphorus is present in the atmosphere (as phosphine gas [PH3] and soluble reactive
phosphorus), but has only recently been considered when modeling phosphorusin the
environment (Jassby 2002). Figure 3-3 illustrates the ways and forms in which phosphorus
cycles through the atmosphere, water, soil, and rock.

Phosphorus is released from rocks and minerals by westhering. lonic species of
phosphorus include phosphate (PO4%"; by far the most abundant) and orthophosphate (HPO,?).
These two forms, found dissolved in water and attached to soil particle surfaces, are the source of
environmental concerns regarding phosphorus. Plants take up PO,* from soil and water, and in
turn release it upon consumption by animals.

Organic phosphate is found in the bones and teeth (as organic apatite) of vertebrates,
some shells, and in the cells of all organisms where it is part of many cellular and molecular
structures including deoxyribo nucleic acid (DNA), ribo nucleic acid (RNA), and adenosine
triphosphate (ATP; an enzyme for energy transformation). Decay or excretion returns phosphate
to berecycled in soil or water. Residerce time for this biogeochemical cycle ranges from hours
to hundreds of years.

Most phosphorus is buried in the lithosphere as sediments that are eventually uplifted and
weathered. Phosphate is released to the oceans or soil, in alonger-term inorganic cycle that
takes approximately 100 million years to complete. Mining of phosphorus minerals and their
subsequent application as fertilizer, however, short circuits the inorganic cycle and has doubled
the rate of transport of PO,> into the environment (SCOPE 1995).

Although not as important a factor as atmospheric nitrogen, atmospheric phosphorus
(usually as soluble reactive phosphorus attached to dust particle surfaces) plays a stronger rolein
the phosphorus cycle than previousdly suspected (Jassby 2002). See Section 3.1.1 for a
discussion and comparison of nitrogen and phosphorus loading from the atmosphere and
groundwater to Lake Tahoe.

3.1.1 Nutrientsas Pollutants

Nitrogen and phosphorus are both essentia nutrients for survival of all organisms.
However, their presence in excess can accelerate the natural process of lake eutrophication. This
means that over a period of thousands to millions of years, alake will move through a series of
steps from clear water to marshy wetland to meadow. Suspended sediment also playsarolein
the process, but will not be discussed in this report.

Historically, only a small amount of sediment and nutrients made their way into Lake
Tahoe, a condition known as oligotrophy. Forty percent of precipitation in the Tahoe Basin falls
directly on the lake, and is consequently unavailable for runoff or groundwater infiltration. The
granitic and volcanic soils in the basin contain relatively little organic matter, and have acted as
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an inorganic filter for the 60 percent of precipitation that falls in watersheds. Wetland areas
served as retention zones for sediment and nutrients such as nitrogen and phosphorus. Thus, the
waters the lake received carried low amounts of suspended sediment and dissolved nutrients.
Over the last 150 years, logging, road construction, discharge of septic and sewage systems,
atmospheric deposition, and urban development in the basin have together contributed to the
increased transport of sediments and nutrients to the lake. As nutrients have accumulated, their
presence stimulates growth of aguatic plants and algae, and has led to a corresponding loss of
lake clarity. The current rate in loss of clarity is 1 foot per year (Jassby et a. 2001).

Over the last few decades, Lake Tahoe has shifted frombeing a nitrogenlimited system
to phosphate-limited. Enough nitrate is entering the lake, both in dry deposition from the
atmosphere and dissolved (atmosphere, surface water, and groundwater), that the system is
saturated with respect to nitrate. Jassby (2002) reported 10 — 100 micromoles/nf/day of
dissolved inorganic nitrogen entered Lake Tahoe directly from the atmosphere from 1992 to
1996. During the same period, soluble reactive phosphorus was deposited from the atmosphere
at arate of about 1 micromole/nf/day. In this report, Jassby compared atmospheric deposition
(both dry and wet) of dissolved inorganic nitrogen (DIN) and soluble reactive phosphorus to
values for the same nutrients in watershed runoff for the years 1989 to 1991. Atmospheric
deposition for DIN was 19 times higher than for runoff. For phosphorus, atmospheric deposition
was 4 times higher. The researcher concluded that air pollution of nitrogen was a leading cause
of nitrogen loading to Lake Tahoe, and has led to the lake' s shift to being a phosphorus- limited
system. Thus, effortsto limit aguatic plant and algal growth are now focusing on controlling
phosphate loading into the lake due to air pollution, surface runoff, and groundwater infiltration.

A recent U.S. Geological Survey study (Rowe and Allander 2000) of groundwater in two
Tahoe Basin watersheds found that the Upper Truckee River and Trout Creek supply about 40
percent of all water that flows into Lake Tahoe. And 40 percent of the Upper Truckee River's
flow is from goundwater. Dissolved nitrite plus nitrate concentrations in groundwater ranged
from 0.002 to 3.24 mg/L. Surface water concentrations were 20 times less than those found in
groundwater. For total phosphorus, concentrations in groundwater ranged from 0.018 to 0.101
mg/L, and were twice as high as those found in surface waters.

E:\Groundwater\DocumentsReport \SectionaGW Study Report - Draft Final Section 3.doc June 2003



C:\DATA\ACAD2000i\ PROJECTS\M—GALIE\TAFXmgO08.DWG, 06/12/03, 1:1

NITROGEN CYCLE

ATMOSPHERE N2

NITROGEN—-FIXING BACTERIA
IN SOIL AND WATER

N,0
NOorNO,
NO,

WATER AND SOIL
- D,
@ ﬁ NH; AMMONIA AND
NH+ AMMONIUM 10N
4
DENITRIFYING

BACTERIA

ANIMALS

NITRIFYING @ z&

BACTERIA

DEPARTMENT OF THE ARMY

SACRAMENTO DISTRICT,
CORPS OF ENGINEERS
JUNE 2003
TAKE TAHOE CALIFORNIA/NEVADA

SITE CONCEPTUAL MODEL
LAKE TAHOE BASIN

NITROGEN CYCLE

SCALE: FIGURE:
NONE 3-2




PHOSPHORUS CYCLE

PHOSPHATE —WEATHERED FROM ROCKS
—APPLIED AS FERTILIZERS

RESIDENCE TIME *
=MILLIONS OF YEARS

DECOMPOSERS
DECOMPOSERS
PHOSPHATE IN
_ ATMOSPHERE,
PHOSPHATE RESIDENCE TIME= SOIL, STREAMS,

Ww ANIMALS ne s 100 AND  LAKES

UPLIFT OF BEDROCK
CONTAINING PHOSPHATES @

PHOSPHATE IN
PLANTS AND ALGAE

0

RUNOFF TO OCEANS
AND DEPOSITION
AS SEDIMENTS

* MINING PHOSPHORUS SHORT—CIRCUITS THE LONG-—TERM CYCLE.
APPLICATION OF FERTILIZERS HAS DOUBLED THE RATE OF TRANSPORT
OF PO;3INTO THE ENVIRONMENT, WHERE IT BEOMES AVAILABLE FOR
UPTAKE BY PLANTS AND ALGAE.

DEPARTMENT OF THE ARMY

SACRAMENTO DISTRICT,
CORPS OF ENGINEERS
JUNE 2003
TAKE TAHOE CALIFORNIA/NEVADA

SITE CONCEPTUAL MODEL
LAKE TAHOE BASIN

PHOSHORUS CYCLE

SCALE: FIGURE:
NONE 3-3

C:\DATA\ACAD2000i\ PROJECTS\M—GALIE\TAFXmgO07.DWG, 06/12/03, 1:1




Draft Fina Groundwater Evaluation
Lake Tahoe Basin, CA and NV 3.7

3.1.2 Nutrient Attenuation in Groundwater

The behavior of nitrogen and phosphorus in groundwater is important to consider when
determining the most effective measures to control and/or reduce nutrient loading to Lake Tahoe.

Nitrate (NOg3’) is the primary form of nitrogen that leaches into groundwater (Follet
1995). Itistotally soluble at typical concentrations, and moves freely through most soils.
Nitrate is repelled by negatively charged clay surfaces, and tends to mobilize rather than attach to
soils. Nitrogen attenuates at the same rate as groundwater flows, i.e. it moves as fast as the water
is moving.

Phosphorus (as PO;*) moves much more slowly, asit is easily taken up by plants and
attached to soil particle surfaces (Sharpley 1995). Although very few reports are available, a
study of 10 septic systems in Ontario, Canada reported phosphate plume migration rates were 20
to 100 times slower than ground water velocities, and calculated the rate of migration of
phosphate in sandy soil is about 1 meter per year (3 feet per year) (Robertson et al. 1998). Ina
related study, Robertson and Harmon concluded that phosphorus loading to groundwater can
continue for many years after a septic system is abandoned (1999). Given the similar cold
climate, sandy to granitic soil, and steeper terrain, Tahoe Basin may have rates of phosphate
attenuation equal to or greater than 1 meter per year (3 feet per year).

3.2 Methodology

Nutrient loading estimates were developed using a variety of methods based on the data
available in each region. Nutrient concentration values were estimated in three ways. 1) average
concentration, 2) downgradient concentration, and 3) land use weighted concentration. The
groundwater discharge rate in South Lake Tahoe was determined using a groundwater flow
model (Fenske 2003); the remainder of the basin was estimated using one or more of the
following methods, 1) Darcy’s law using estimated hydraulic conductivity, 2) Darcy’s law using
estimated transmissivity, and/or 3) seepage meter estimates.

The average nutrient concentration method was used in each area. The average dissolved
nitrogen and dissolved phosphorus concentration was determined for the group of wells located
within each area and aquifer. This method did not take into account upgradient versus
downgradient trends. The downgradient concentration method was used in each area where
wells were located near the lake and represented the major upgradient land uses. The average
dissolved nitrogen and dissolved phosphorus concentration was determined for these
downgradient wells only. The nutrient concentrations in the downgradient wells can be used to
determine whether attenuation is occurring or conversely, if additional nutrients are
accumulating. The land use weighted concentration method was used in those areas where wells
were not placed to ideally represent the land use classifications in the area. Overall averages
were calculated for the basin based on all nutrient concentrations categorized by land use
(Section 2.2). Each region was evaluated to determine the types of land uses within the area.
Once determined, the basin wide land use averages were prorated based on the percentage of
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area that each occupied. These three forms of estimation provided arange of loading that could
be entering the lake from each region. No quality control datais available for the data that was
collected as part of this evaluation, therefore, it was assumed that all data was of good quality.

Groundwater discharge for the South Lake Tahoe area was estimated using numerical
modeling (Fenske 2003) and should provide the best estimate of groundwater discharge. When
Darcy’s Law was applied, one of two methods was used. An average hydraulic conductivity was
predicted for each region, which was used in conjunction with the estimated cross sectional area
and hydraulic gradient of each region.

Q=kiA

Q Volumetric rate of groundwater discharge

k Hydraulic conductivity

i Hydraulic gradient

A Cross sectional area of the contributing aquifer

When transmissivity estimates were available, Darcy’s Law was again calculated using
transmissivity.

Q=Twi

Q Volumetric rate of groundwater discharge
i Hydraulic gradient

T Transmissivity of aquifer

w Length of aquifer

This methodology assumes that no water is added to or taken away from the system.
Thisisavery simplified approach but can give an order of magnitude estimation of groundwater
flow. Thisaso assumes that the aquifer is homogeneous (using a constant k value). Whileit is
known that the aquifers in the basin are not homogeneous, the Darcy’s Law approach is a
reasonable method to obtain an order of magnitude estimate.

Incline Village had seepage meter estimates associated with the region that were al'so
used in estimating the rate of groundwater discharge.

Annual nutrient loading values were estimated by multiplying the average nutrient
concentrations determined using each method described in this section by the groundwater
discharge estimates developed for each region. This provided a range of groundwater loading
estimates that could be observed in the basin.

3.3 Previous L ake Tahoe Basin Studies

This section only includes those studies that were done for the entire Lake Tahoe Basin.
Studies which focus on smaller areas are summarized in subsequent sections.
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3.3.1 USGS Groundwater Loading Study (Thodal 1997)

Thodal studied groundwater quality and loading from 1990 to 1992. The purpose of this
study was to establish a monitoring network that was representative of groundwater in the Lake
Tahoe Basin. The long-range goa was to provide information to decision makers about the
relative significance of groundwater to the nutrient budget of the lake.

Thodal’ s monitoring network consisted of 32 sites that measured groundwater quality
constituents. Mean concentrations of dissolved nitrogen ranged from 0.02 mg/l to 12 mg/L.
Thodal determined nitrate as the dominant form of nitrogen measured in samples collected.
Nitrate represented 85 percent of the total nitrogen, ammonia represented 5 percent, and organic
nitrogenrepresented 10 percent. The mean concentrations of dissolved phosphorus ranged from
0.021 to 0.40 mg/L. The distribution of mean phosphorus concentration was about 55 percent
orthophosphorus and 42 percent organic phosphorus. Phosphorus was the only constituent found
to be statistically different between the fall and spring seasons.

Thodal determined that a hydraulic gradient generally exists between wells in the upland
areas and Lake Tahoe; the median hydraulic gradient was 0.014. Thoda aso estimated
hydraulic conductivity for the valley-fill aquifers ranging from 0.3 to 15 meters/day (1 to 50
ft/day); the median used was 7 meters/day (23 ft/day). He used the top 15 meters (50 feet) of
saturated basin fill and 87 kilometers (54 miles) of shoreline intersecting basin fill depositsin his
estimates.

According to Great Basin recharge to precipitation relationships, 25 percent of the total
precipitation, or 2.0 x 10® cubic meters (160,000 acre-feet) of water annually, is available for
groundwater recharge. Because basin fill aquifersin Tahoe are relatively full, Thodal estimated
that 69 percent of groundwater recharge discharges as stream flow before reaching Lake Tahoe.
This equates to 4. x 10 cubic meters (37,000 acre-feet) that could discharge to Lake Tahoe each
year. When using the median values of the hydraulic variables, the total groundwater discharge
was estimated at 4.9 x 10" cubic meters per year (40,000 acre-feet per year).

Thodal estimated groundwater contributions to the lake for nitrogen and phosphorus were
60 kg and 4 kg (132 Ibs and 9 |bs), respectively. Thisrelatesto 86 percent and 20 percent of the
stream contribution, and represents 15 percent of the nitrogen and 10 percent of the phosphorus
loading to Lake Tahoe each year.

3.3.2 Desert Research Institute (DRI) Near Shore Water Quality Study (Taylor 2002)

The spatial and temporal variability of turbidity in the near shore zone of Lake Tahoe was
investigated by Taylor using an instrumented boat that mapped the spatial distribution. Areas
with occasional high turbidity occurred off Emerald Bay, Tahoe City, South Shore, Incline
Village and Glenbrook. A more detailed look at the near shore turbidity and chlorophyl|
concentrations are provided in the subsections. Taylor noticed a strong correlation between
elevated turbidity near the shore and urban development on the shore. It islikely that most of the
clarity loss near the shore is caused by processes that occur along a small percentage of the
lakeshore.
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Taylor hypothesized that high turbidity levels could be caused by boat traffic
resuspending lake sediment, by the release of nutrients from lake sediment, or by nutrient rich
groundwater inflows. Nutrients from developed areas may be entering the lake during the
summer through groundwater inflow and enhancing algae populations; nutrients entering the
lake during the winter via surface and groundwater inflows become stored in lake sediments.
These stored nutrients may be released from the sediments during the summer when the
increased algae concentrations deplete the nutrients in the lake. (Taylor 2002)
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40 SOUTH LAKE TAHOE/STATELINE NUTRIENT LOADING

4.1 Description of Study Area

The aquifer that encompasses South Lake Tahoe, California and Stateline Nevadais, by
far, the largest aguifer in the Lake Tahoe Basin. Thisis aso where a mgjority of the
development is located. It is bounded on the east by Emerald Bay and extends just north and
west of Stateline Nevada. The watersheds from east to west in this area include Eagle Creek,
Cascade Creek, Tallac Creek, Taylor Creek, Camp Richardson, Upper Truckee River, Trout
Creek, Bijou Creek, Bijou Park, Edgewood Creek and Burke Creek. The areafrom Fallen Leaf
Lake to the California/Nevada border was numerically modeled because of the extensive data
available for thisregion. During the modeling process, this area was divided into four sub-
regions (Fenske 2003). See Figure 4-1 for the delineation of the subregions.

Land development is extensive and consists of awide variety of land uses. There are
single family and multi-family residential neighborhoods intermixed with commercial
complexes. Recreational sites such as golf courses, swimming beaches, and parks also abound,
as tourism is the main attractionto this area.
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4.1.1 History of Development

The history presented is based on Lindstrom et al. (2000). Markets created by teamsters
traveling through the South Lake Tahoe areain the mid 1850s — 1860s prompted the
development of seasonal farming and ranching. As this started, large meadowlands were quickly
preempted. By 1860, a pony express route was designated through the area over Echo Summit
and Daggett Pass; a post office soon followed. This route was heavily used by passenger and
freight wagon traffic en route to the Comstock during the early 1860s.

As shown by the 1870 “California Products of Agriculture” census, hay was a major
business in the area in the 1860s. This census shows that 232 metric tons (228 tons) of hay were
baled in the region. The 1875 “Resources and Wonders of Tahoe” publication cited that the
South Lake Tahoe area was primarily a“hay and dairy producing center, dotted with fertile
ranches’ and that the ranchers contributed most of the 726 metric tons (800 tons) of hay cut
along Tahoe' s shoreline in 1875. An estimated 1,800 cows were grazed in the area by 1880,
including a pasture on Barton Meadows near the lake shore.

A dairy ranch was in operation in beginning in the late 1920s on a 6 square kilometer
(1,600-acre) tract of land on the west side of the Upper Truckee River floodplain in what is now
Gardner (Tahoe) Mountain, Tahoe Island Park, Tahoe Keys, and Tamarack Subdivision.

By the 1930s, the Meyers, Al Tahoe, and Bijou subdivisions were thriving, and additional
lots were developed at Al Tahoe in the mid 1940s. The 1950s brought the expansion of the
gaming industry, which was soon followed by a building boom. This brought on discussions
about water and sewage problems as development put more pressure on the existing sewage
disposal system. A temporary solution was found by spraying effluent directly onto the land.

Heavenly Valley, amajor ski resort, opened in 1956 drawing more tourism into the basin.
Soon after, the Squaw Valley Winter Olympics were held, bringing even more attention and
visitors to the area. The new subdivision developments of Tahoe Paradise, Golden Bear, and
Meadow L akes were established in the 1960s, and South Lake Tahoe became an incorporated
city in 1965. Between 1960 and 1980 Tahoe's population multiplied five times, along with the
construction of severa magjor housing developments. The most notable and extensive was the
Tahoe Keys subdivision, which required 3 square kilometers (750 acres) of functioning wetland
at the mouth of the Upper Truckee River to be dredged and filled.

4.1.2 Local Geology

| ce Advance into the South Lake Tahoe Basin

Severa glacia advances into the South Shore area correspond with those into the Upper
Truckee Canyon. Burnett (1971) in mapping the area has identified moraines from these events.
The Hobart and Donner glaciations flowed out of Christmas Valley and covered the Meyers area.
The ice would have been blocked to the north by Twin Peaks and Tahoe Mountain, and to the
west by ice flowing into the Fallen Leaf Lake basin, which eventually resulted in a moraine
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being deposited between the two ice streams. The result was that ice flowed to the east, around
the Twin Peaks and deposited the Airport Moraine, the sedimentary ridge adjacent to the South
Lake Tahoe Airport. Burnett has mapped a Tahoe age-end moraine in the Meyers area just north
of Tahoe Paradise, while Tioga age moraines have been identified near Meyers Grade. This
indicates that Wisconsinan age ice advanced into the Meyers area at |east twice.

Bedrock Geometry

The basin geometry is characterized by two deep subbasins that have been defined using
detailed gravity surveys (Appendix A; Blum 1979, Bergsohn 2003). Both of these basins appear
to reach depths in excess of 274 meters (900 ft) below the current land surface. One basinis
centered below the Meyers area while the other is situated just south of the Tahoe Keys. A low
that extends from the South Shore near Bijou towards the Airport probably corresponds to the
Stateline Fault that has been mapped just offshore by Kent (2003). Tahoe Mountain and Twin
Peaks are situated between these subbasins. A ridge to the west of the Meyers subbasin lies
between this subbasin and a basin occupied by Fallen Leaf Lake and is mantled by morainal
deposits.

Hydrogeology of the Meyers and South Lake Tahoe Area

The hydrologic basin that is occupied by Meyers and South Lake Tahoe is roughly
triangular with its apex to the south near Meyers Grade. It extends northward to the south shore
of Lake Tahoe where it runs from the west of Camp Richardson to Stateline, NV. The surface
topography is generally smooth and gently dipping to the north. Near the lake, surface
topography is low lying and poorly drained resulting in the Truckee and Pope marshes. Geologic
mapping by Bonham and Burnett (1976) indicates that the surficial deposits are composed of
lake and fluvial deposits. East of Twin Peaks, a terraced feature is cored by glacial moraine
deposits and flanked by older l1ake deposits. Twin Peaks and Tahoe Mountain, which project
above this depositional surface, are characterized by unweathered and weathered granite.

The stratigraphy of the sedimentary fill has been investigated in various phases over the
past few decades. The most comprehensive investigation published to date was performed by
Scott et a. (1978) in areport for the South Tahoe Public Utility District (STPUD). The
investigation was conducted to evaluate potertial water reserves for STPUD below South Lake
Tahoe. Several of their geologic cross-sections are shown in Figure 4-2. An important feature in
these sections is a preponderance of more or less continuous fine-grained units in the upper 30
meters (100 ft). There are severa relatively thin units nearer the surface and a thick unit at 18 m
(60 ft) to 30 m (100 ft) depth. Cross-sections prepared by Avaex (2002) also show thin, fine-
grained units in the upper section and a thicker, more continuous unit at depth. These units dip
gently to the north, towards Lake Tahoe.
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Figure 4-2. Geologic cross-sections of the South L ake Tahoe area from Scott et al.
(1978). Zonesshaded in gray indicate fine-grained units that are hydrologically
significant.
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More recently, Einarson (2003) devel oped a series of geologic cross sections for the
South Lake Tahoe and Meyers areas. Due to inconsistent lithologic logging techniques, also
previously noted by Scott et al. (1978) who stated “the inconsistent nature of well log
descriptions, especially in shallower wells’, Einarson utilized borehole geophysical data
collected by STPUD in their production wells. Borehole geophysical data represents a nonbiased
source of information that can be used for stratigraphic correlation (Keys 1997). Examples of
these cross-sections are presented in Figure 4-3. Deflections in the geophysical logs have been
used to correlate several thick fine-grained units across the basin as well as other less continuous
units. It should be noted that due to the nature of the data used, the fine stringers observed by
Scott et d. (1978) and the environmental investigations near the *Y” area of South Lake Tahoe
are not identified, but much thicker units have been detected. In his interpretation of these data,
Einarson further aludes to these being correlative to the bright reflectors seen offshore by Hyne
et a. (1972) and identified as marking the Hobart, Donner and Tahoe glacial events. Regardless
of the chronologic interpretation, all of these data indicate that there are several more or less
continuous fine-grained units under both South Lake Tahoe and the Meyers area that would
impact downward infiltration of groundwater.
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Figure 4-3. Geologic cross-sections derived from bor ehole geophysical logs by
Einarson (2003). Blue indicatesfine-grained units whileyellowindicates sand
and gravel.
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Conceptually, the majority of the deposits comprising the sedimentary fill in the South
L ake Tahoe basin would have been deposited in a lacustrine environment. Thisinterpretation is
driven largely by the bedrock surface configuration as defined by gravity surveys conducted for
STPUD (Blum 1979, Bergsohn 2003). These indicate that the floor of the subbasins below both
Meyers and South Lake Tahoe are least 274 m (900 ft) below the land surface. For nost of the
Quaternary, the minimum lake level was controlled by the sill at Tahoe City near the mouth of
the Truckee Canyon (~6220 ft) above mean sealevel (m.sl.). However, at least once, the lake
level may have reached about 6220 ft above m.s.l., asis indicated by the submerged shoreline
and in situ tree stumps (Figure 4-4). However, dating back to the Pliocene, there have also been
several high stands, up to at least 7000 ft above m.s.l. During the Quaternary, lake highstands
between 18 m (60 ft) and 183 m (600 ft) above the current lake level have been correlated by
Birkeland (1962, 1964) to ice damming events during glacial maxima. As aresult, even at
minimum lake level and compensating for current topography, the basin floor below Meyers was
at a bathymetric depth of about 244 m (800 ft) and at least 274 m (900 ft) in South Lake Tahoe
near the“Y.” Thus, lacustrine processes must account for the majority of the sedimentary fill in
both areas. Under these conditions, processes controlling underflow, suspension settling, and
surge deposition would have predominated?.

1 Underflow: water denser than ambient lake water that flows along the bottom of the lake.
Suspension settling: the process of particlesfalling through the water column.
Surge deposition: Deposition of sediment that has been re-mobilized by sediment failure processes (e.g., debris
flow, turbidite, etc.).
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Figure4-4. Submergedtreesindicating former lower lake levels. From Linstrom
et al. (2000).
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An understanding of the depositional processes aids in determining the geometry of the
deposits. For the purpose of this study, two end members of deltaic systems are examined:
proximal and distal (Figure 4-5). Deposition in the proximal deltaic environment is
characterized by rapid deposition of coarse sediment where streams discharge into the low
energy environment of the lake. This deposition results in periodic oversteepening and collapse
along the delta front; the collapse produces surge type, density driven, sediment rich flows that
transport material downgradient and into the more distal basin (Ashley 2002). Coarser material
from the surge-type events is deposited along the cascading face, forming delta foresets, while
the finer-grained material is transported into the deeper basin at turbidites and forms bottomsets.
Asthe delta front progrades into the lake through successive deposition of foresets, fluvial
deposition in the subaerial environment results in gradual aggradation and the formation of
topsets. Such surge deposits would also have been interbedded with underflow and suspension
settling deposits, especialy in the bottomsets. Deposition in such an environment forms the
typica “Gilbert Type” delta.
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Figure 4-5. | ce-contact depositional environments from Ashley (2002). (a)
Coarse-grained delta with high-angle foresets deposited in a “proximal” setting.
Density underflows can be generated by inflowing meltwater or by for eset
dumps. (b) Fine-grained delta, with low angleforesetsthat can form in the distal
portion of an ice-contact delta or wherethe delta is separated from theice by an
outwash stream.
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The distal deltaic environment is characterized by inflow from streams with a finer
grained sediment load. Much of the sediment in such an environment can be transported into the
lake in a coherent flow. The dynamics of the flows are dictated by the density stratification of
the lake and relative density of the inflow (controlled by water temperature and sediment
concentration). Inflow that is denser than the ambient lake water will flow aong the lake bottom
as an underflow (Ashley 1985). Lighter inflow will form interflows or overflows depending on
where they achieve neutral buoyancy in the lake. In the case of underflows, the sediment is
transported into the basin and pools in the topographic lows; sedimentation effectively bypasses
bathymetric highs (Figure 4-6). Sediment in the overflows and interflows is released through
suspension settling, which forms a blanket deposit that thins over highs and thickens in the lows.
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Figure 4-6. Spatial variationsin lake-bottom deposits as a function of dispersal
mechanisms. (a) over flow-interflow, (b) underflow, and (c) combination
overflow-interflow and underflow. From Ashley (1985).
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It must also be realized that there is the potential for significant deposition in front of the
Hobart, Donner and Tahoe glaciers, which would have terminated in the lake for significant
periods of time. Deposition during these times would have been characterized by proximal
subagueous fans (Rust and Romanelli 1975, Shaw 1985). Deposition in this environment would
have dictated rapid accumulation of coarse-grained glaciofluvia sediments where the stream
discharged from the ice margin. Debris flows initiated by oversteepening and subsequent
collapse, as well as fluctuations in the ice margin, would have distributed coarse material away
from the ice margin. Density driven underflows would aso have transported sand and silt away
from the glacier margin. An important aspect here is that the streams would have discharged at
or near the lake floor and would have aggraded as an ice-contact fan. If aggradation was able to
progress to lake level, then it would have prograded as a fan-delta. We will ignore further
discussion of these complications for this report, understanding that the formation of some of the
sand and gravel sequences observed at depth (e.g., Scott et al. 1978, Einarson 2003) were likely
deposited in this manner.

During interglacial periods, as well as the early onset and late stages of glaciation,
sedimentary processes in the lake would have been dominated by fine-grained deposition. As
glaciers were growing and shrinking, sediment loads in the tributary streams would have climbed
dramatically (Lawson 1993) resulting in rapid accumulation of silty deposits, especialy in basins
like that below South Lake Tahoe. In the interglacia periods proper, sedimentation rates would
be similar to those of today. Sediment would have been delivered to the lakes in underfit streams
with low sediment concentrations. Minor delta progradation may have occurred near the
shoreline while suspension settling occurred away from the shore. The result would have been
widespread, continuous fine-grained blankets of silt and clay. These deposits would have been
thickest over topographic lows and thinning over highs. The blarkets also would have pinched
towards the basin margin where wave-based activity would have winnowed the fine and coarse
sediment introduced from the shore.

Based on this discussion, the stratigraphic sequence below Meyers and South Lake Tahoe
is characterized by the interbedding of fine-grained lake sediments with coarse-grained sand and
gravel. The fan and delta sedimentation during the glacial period would have prograded through
coalescing fans. This can be pictured as a series of stacked sand and gravel |obes, the migration
of lobes reflecting changes in sediment delivery through braided outwash channels and
distributary channels on the fan in order to fill adjacent lows. The result would be a wedge of
coarse-grained material that becomes bracketed by fine-grained units representing “quiet” water
conditions. This sequence should repeat itself for each successive glaciation until the
depositional surface is subaerially exposed.

Development of Model Layers

A six-layer model was developed for conceptualizing the hydrogeology of the South
Lake Tahoe and Meyers areas. The goal was to provide relatively high resolution in the upper 46
m (150 ft) and then lump deeper units to behave as a reservoir in the computations. The
rationale behind thisis that Scott et al. (1978) and Einarson (2003) have demonstrated that thick,
continuous fine-grained units exist at depth. These units should impose considerable impedance
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to vertical flow and therefore restrict flow contaminated by surface processes and anthropogenic
inputs to the upper water bearing zones. Therefore, the upper 30 m (100 ft) were subdivided into
four units of 8 m (25 ft) thickness. Thisfirst layer was used to account for higher groundwater
elevations away from the shore. This layer was added that extended from 6243 to 6268 ft above
m.s.l. Layers 2 through 6 are the layers which intersect Lake Tahoe, with the upper of these
units starting at an elevation of 6243 ft above m.s.l. (the approximate water level at the“Y™).
Layer 5 was 15- meter (50- feet) thick and all the remaining sequences were lumped into a deep
zone that extends to bedrock. The bedrock configuration was extrapolated from Bergsohn
(2003).

Within each of these zones, variations in hydraulic conductivity were estimated based on
relative percentages of fines versus coarse sand and gravel. The stratigraphic information used
to do this for South Lake Tahoe was extracted from the geologic cross sections in Scott et al.
(1978). Inthe Meyers area, these data were extracted from stratigraphic interpretation based on
borehole geophysical logs. The hydrologic conductivity was placed in seven groups for each
layer as defined in Table 4-1 and shown in Appendix B (Fenske 2003).

Table4-1. Hydrologic Conductivity Estimates (m/day) Initial Values Used

Conductivity
Unit Description Horizontal Vertical

A Bedrock 0.5 0.06
B  Clean sand and gravel 40 6

C  Sand and gravel with less than 25% fines 15 0.15
D Sty Sand 1.5 0.06
E  25to050% fines 15 0.15
F 50 to 75% fines 15 0.006
G  Greater than 75% fines 0.03 0.003

Notes:

1. 1 m/day = 3.2808 ft/day
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4.2 Previous South L ake Tahoe/Stateline | nvestigations

4.2.1 UC Davis Thesis (Woodling 1987)

Woodling conducted a study from January 1986 until February 1987 to characterize the
geologic, hydrology, hydraulic and hydrochemical conditions in the South Lake Tahoe
groundwater basin. The information was then used to assess the magnitude and distribution of
the groundwater and nutrient fluxes to Lake Tahoe. The study area was chosen because there
was alarge base of available data. 1n addition to using existing information, Woodling also
collected water samples and aquifer tests as part of hisfieldwork. Computer simulation was then
used to approximate the flow regime.

Woodling determined that a steady-state flow model could approximate the South Lake
Tahoe groundwater basin. Although current studies suggest that South Lake Tahoe has a
multiple aquifer system, Woodling's study reported that the aquifer was unconfined based on the
specific yield and hydrochemical evidence of the distribution of chemical constituents.
Woodling determined the transmissivity was highest at the lakeshore near the center of the
valley. The concentrations of nitrate-nitrogen in the groundwater were much higher than in the
streams or lake. Soluble reactive phosphorous concentrations of groundwater were only slightly
higher than in streams and the lake. Woodling's numerical simulation indicated that interflow
from the surrounding granitic bedrock is important, and piezometric data suggested that |ake
water influx to the basin may be possible over alimited area of shoreline.

Woodling determined annual discharge of groundwater to Lake Tahoe in the study area
encompassing Trout Creek and Upper Truckee watersheds is 1.7x10° cubic meters (1,375 acre-
feet). The nitrate and soluble reactive phosphorus loading from groundwater was 152.6 kg/yr
(336.4 Iblyr) and 26.6 kg/yr (58.6 Iblyr), respectively. This accounted for only 4.6 percent and
1.8 percent of the nitrate and soluble reactive phosphorus loads from the watershed, respectively.
Woodling aso determined that the high nutrient concentrations of groundwater at the sediment-
lake interface may be important in the biological processes of Lake Tahoe.

4.2.2 UC DavislInstitute of Ecology Study (L oeb 1987)

Loeb studied the Upper Truckee and Trout Creek watersheds in the mid 1980s with the
objectives of determining the degree of nutrient contamination of the groundwater, quantifying
the amount of water and associated nutrients entering Lake Tahoe via groundwater, assessing the
impact of groundwater inflow on the growth rate of algae in Lake Tahoe, and outlining
mitigation measures to prevent further degradation of groundwater quality.

Groundwater sampling indicated that deeper wells had a much lower nitrate- nitrogen
concentration than shallow wellsin the Trout Creek watershed. Loeb determined that nitrate
enters the aquifer from the land surface and does not mix well into the large reservoir of water
deep in the aquifer. In addition, a mgority of the highest nitrate concentration wells were near
the shore. The range of nitrate-nitrogen concentrations were 0.006 — 2.548 mg/L and 0.023 —
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1.528 mg/L for Upper Truckee and Trout Creek, respectively. Loeb found that the overall
average nitrate-nitrogen concentration for the wells in the Upper Truckee watershed was 0.466
mg/L while phosphorus was found in low to medium concentrations averaging 0.018 mg/L.

The gradient that Loeb observed in the South Lake Tahoe groundwater basin was 0.0028.
Transmissivity was taken from earlier studies and further testing was conducted during his study.
L oeb determined the distribution of transmissivity correlated closely with sediment thickness. It
was found to be highest near the lake in the vicinity of Tahoe Keys and decreased toward the
rozck boundaries on the east and west. The average transmissivity was 346 nf/day (3,724
ft“/day).

Loeb observed alarge pumping depression near the confluence of Heavenly Valley Creek
and Trout Creek extending north into the Al Tahoe area. Loeb considered the possibility of lake
water entering the subsurface due to groundwater pumping, but found that it was not conclusive
from the groundwater level data alone.

Using the hydraulic data from his study, L oeb determined that the Upper Truckee and
Trout Creek watersheds discharged 1.71 x 10° nv/year (1,386 acre-feet/year) of water into Lake
Tahoe. Using the nutrient values from the groundwater monitoring network, Loeb estimated
groundwater loaded 153 - 799 kg (337 — 1,761 |b) of nitrate- nitrogen per year into Lake Tahoe
representing 5 - 20 percent of the total dissolved inorganic nitrogen loading of Lake Tahoe from
thisarea. Annua loading of 27 kg (60 Ib) soluble reactive phosphorus was discharged from the
South Lake Tahoe watersheds Loeb studied, which represented 2 percent of the watershed’ s total
loading of soluble reactive phosphorus (SRP).

Loeb recommended mitigation measures to deal with the groundwater nutrient loading to
Lake Tahoe. He emphasized the need for educating the local community on how to protect the
lake, and that fertilizer use should be held to a minimum and sewer systems should be routinely
checked for exfiltration points. He also recommended that the water quality agencies require all
public and private water systems to grant permission for water quality sampling for
environmental health twice ayear. Another suggestion was to restrict land disturbance and
sustain a monitoring program to evaluate the trends and provide better information.

4.2.3 DRI Near Shore Clarity Study (Taylor 2002)

Results from Taylor’s monitoring, conducted along the south shore for July 2002, show
elevated turbidity near Tahoe Keys, the outlet of the Upper Truckee River and Trout Creek, near
Al Tahoe and Bijou Creek. The chlorophyll results are highest near Tahoe Keys and the Upper
Truckee River. Moderate concentrations were observed near Bijou Creek.

4.2.4 Other Investigations

The USGS maintains the most extensive groundwater monitoring network in the South
Lake Tahoe/Stateline area. Thisis mostly due to the extensive basin and groundwater wells
available for monitoring. The South Tahoe Public Utility District operates the largest
groundwater municipal supply system in the basin. Groundwater supplies 100 percent of the
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drinking water for the region. The California Tahoe Conservancy, El Dorado County
Department of Transportation and local golf courses also provide localized groundwater
monitoring networks. These latter systems are typically built for monitoring water quality rather
than public supply of drinking water. El Dorado County Environmental Management, the
California DHS and Nevada Bureau of Health Protection Services aso retain limited nutrient
datarelevart to public drinking water standards. The well construction information for regiona

wells with nutrient monitoring datais provided in Table 4-2.

Table4-2. South Lake Tahoe/Stateline Area Well Construction | nformation

Elevation Depth of Well
Site No. ft above msl meters  (ft)
Emerald Bay to Taylor Creek
027 -- 114 (373)
041 6235 30 (100)
058 -- 14 (45)
059 -- 59 (195)
066 -- 12 (38)
Subregion 1
043 6235 -- --
055 6253.58 -- --
056 6240 8 (25)
057 6240 8 (25)
053 6235 7 (24)
04 6235 7 (29)
051 6235 -- --
052 6235 -- --
047 6235 11 (35)
048 6235 11 (35)
Subregion 2
076 -- -- --
081 -- -- --
084 6280.92 -- --
087 6276.89 41 (135)
086 6270 -- --
083 -- 41 (135)
085 6278 79 (260)
050 6230 104 (341)
Subregion 3
042 6255 123 (405)
049 6268.33 -- --
039 6255.37 -- --
034 6250 -- --
044 -- 23 (77)
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Elevation Depth of Well
Site No. ft above md meters  (ft)
045 6260 38 (125)
Subregion 4
046 -- -- --
032 -- -- --
040 - - -
031 6235 25 (82
030 -- -- --
028 -- 32 (104)
037 -- 35 (115)
024 -- -- --
025 -- -- --
026 6235 43 (142)
029 6250 40 (130)
033 -- 46 (150)
036 -- 31 (102)
038 -- 30 (98)
035 -- 34 (110)
023 -- -- --
021 -- 25 (82
013 6239.48 55 (180)
022 -- -- --
014 6237.88 -- --
020 -- 21 (70)
011 6240 76 (250)
016 6230 76 (248)
019 6260 -- --
018 -- -- --
005 -- -- --
008 -- 30 (100)
015 -- -- --
006 -- 23 (76)
009 -- 21 (70)
010 -- -- --
007 -- -- --
012 -- -- --
Stateline
197 6235 18 (58)
200 6230 3 9)
199 6230 3 (12)
201 6230 3 9)
003 6230 2 (6)
202 6240 4 (13)
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Elevation Depth of Well
Site No. ft above md meters  (ft)
001 6235 2 (8)
002 6235 3 (10)
004 6245 7 (23)
188 6275 61 (200)
193 6260 8 (25)
198 6360 5 (18)
186 6320 2 (8)
219 6335 -- --
Notes:
1. The source agency code associated with each site number can be found in Appendix A.
2. --indicatesthe elevation or well depth is unknown.

3. Dataobtained from USGS, LRWQC, CTC, TRPA, El Dorado EM, STPUD, Nevada BHPS, California
DHS, California DWR, and Nevada DWR.

Monitoring data available from agencies date back to 1980. Monitoring of some wells
still continues as part of the USGS basin-wide monitoring network and local groundwater
monitoring networks. This datais collected to monitor both environmental and public health.
See Section 4.3 for a detailed description of the nutrient data.

Groundwater elevations have been recorded periodically aswell. These elevations were
used in the numerical model for calibration in addition to stream gage elevation data. See
Appendix B for acomprehensive report of the groundwater modeling effort.

4.3 Nutrient Concentrations

Groundwater wells are spread throughout the area from Christmas Valley to the Lake
shore. The groundwater that is likely to discharge directly to the lake is within 1,500 meters
(4,921 ft) of the shoreline. Additionally, groundwater located within 2,000 meters (6,562 ft)
directly south of the Tahoe Keysis likely to discharge into the Keys and subsequently into Lake
Tahoe. Figure 4-7 shows the flow lines and groundwater contours in the model area. To the
south and east of Tahoe Keys, the groundwater tends to travel towards the Upper Truckee River
and Trout Creek (Fenske 2003). Because of the extensive monitoring system, this discussion
will focus on the wells within the area where groundwater likely discharges directly to the Lake.
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Figure4-7. South Lake Tahoe Model Area Groundwater Contours and Flow Lines
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Notes:
1. Figure obtained from Fenske (2003)
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LRWQCB requires groundwater monitoring at Bijou golf course to establish baseline
conditions in early spring, monitor the effects of chemicals applied during the summer season
and determine the residual effects once the active season has ceased. LRWQCB also requires the
golf course to build a database adequate to provide effective feedback for golf course chemical
and irrigation management with respect to environmental protection (LRWQCB 2000b). To
build the database, LRWQCB has required that groundwater be monitored on a monthly basis.
The golf course is required to sample groundwater for dissolved chemical constituents passing
through a 0.45 micron filter. The nutrient constituents requiring analysis are dissolved Kjeldahl
Nitrogen, dissolved nitrite plus nitrate, and dissolved orthophosphorus and total dissolved
phosphorus. TRPA aso requires Edgewood Golf Course to collect groundwater samples.
Edgewood golf course is required to sample groundwater quality to assure that the fertilizer
management plan will meet the water quality thresholds. The sample testing focuses on nutrients
representative of types of fertilizers used on the property. Three groundwater sites are monitored
on amonthly basis, and the samples are tested for nitrate plus nitrite, ammonia, and total
phosphorus.

USGS has been collecting samples periodically for many years. These wells are sampled
as part of a Tahoe basin-wide monitoring program. The USGS typically tests for dissolved
ammonia, dissolved Kjeldahl nitrogen, dissolved nitrate plus nitrite, dissolved orthophosphorus,
and total dissolved phosphorus. The specific analytical profiles per well may vary.

The Cdifornia DHS, Nevada BHPS, STPUD and El Dorado County EM require
sampling for nitrate and nitrite in drinking water wells. These samples have been added to the
larger data set to combine as much nutrient chemistry collected in the basin as possible.

The average concentrations and top of open interval for wells located near the lake are
included in Table 4-3 through Table 4-8. The top of open interval represents the depth below
ground surface that groundwater can freely enter the well (e.g. top of screen or bottom of casing
infractured rock). The well locations and land use in each are shown in Figure 4-8 through
Figure 4-13.

4.3.1 Emerald Bay to Taylor Creek Nutrient Concentrations

The wells and land use in the area are depicted in Figure 4-8. Well 041 isthe only well
that has been monitored for all applicable forms of dissolved nitrogen and phosphorus. Well 041
has been sampled since 1995. Wells 027, 058, 059 and 066 have only been sampled to monitor
drinking water standard compliance which includes only total nitrate and nitrite testing.

The dissolved ammonia + organic nitrogen concentrations for well 041 range from 0.001
mg/L to 0.09 mg/L, averaging 0.045 mg/L. The dissolved nitrate concentrations, which include
nitrite, range from 0.034 mg/L to 0.064 mg/L with an average of 0.051 mg/L. Thisresultsin an
average total dissolved nitrogen concentration of 0.096 mg/L. The average total nitrate
concentrations found in wells 027, 058, 059 and 066 range from 0.012 mg/L to 0.4584 mg/L.
Lower concentrations of nitrogen are found in well 041. This may be indicative of
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denitrification, which occurs as the groundwater travels towards the lake, or the differencein

dissolved versus total nitrogen concentrations. Table 4-3 includes the dissolved nitrogen

concentrations for well 041.

Orthophosphorus concentrations for well 041 range from 0.022 mg/L to 0.085 mg/L,
averaging 0.071 mg/L. The range of total dissolved phosphorusis 0.06 mg/L to 0.101 mg/L,
averaging 0.085 mg/L. No phosphorus concentrations have been measured in the other wellsin

thearea. Table 4-3 includes the dissolved phosphorus concentrations for well 041.

Well 041 iswell placed to represent the downgradient conditions for the area. It islikely
an accurate reflection of the majority of the groundwater discharging across this area (Figure

4-8).

Table4-3. Emerald Bay to Taylor Creek Average Nutrient Concentrations (mg/L)

Well ID
Constituent 041
Ammonia +
Oraanic 0.045
Nitrate 0.051
Jotal Nitrogen 0.096
Orthophosphorus 0.071
Total Phosphorus 0.085
Top of Open
Interval (ft bgs) 70

Notes:

1. All concentrations reported are dissolved.
2. Dataobtained from USGS.

3. Top of Open Interval with a-- indicates the open interval isunknown. A <

indicates less than the total depth of the well.

4. na-—not analyzed

5. Total Nitrogen is calculated for those wells with both ammonia + organic and

nitrate concentrations
6. Nitrate concentrationsinclude nitrite.
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Figure4-8. Emerald Bay to Taylor Creek Groundwater Wellsand Land Use
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Notes:
1. Land use coverage provided by Tahoe Research Group

2. Only wellswith groundwater elevation and/or analytical data are shown.
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4.3.2 Subregion 1 Nutrient Concentrations

The wells and land use in the area are depicted in Figure 4-9. Wells 043, 047, 048 and
051 - 057 have been monitored for al forms of dissolved nitrogen and phosphorus that are of
concern as part of this evaluation.

The dissolved ammonia + organic nitrogen concentrations range from 0.01 mg/L to 2.8
mg/L, averaging 0.26 mg/L. The dissolved nitrate concentrations, which include nitrite, range
from 0.002 mg/L to 0.108 mg/L with an average of 0.031 mg/L. Thisresultsin an average total
dissolved nitrogen concentration of 0.289 mg/L. Table 4-4 includes the dissolved nitrogen
concentrations for wells in subregion 1.

Orthophosphorus concentrations in subregion 1 range from 0.001 mg/L to 0.051 mg/L,
averaging 0.025 mg/L. The range of total dissolved phosphorusis 0.012 mg/L to 0.098 mg/L,
averaging 0.035 mg/L. Table 4-4 includes the dissolved phosphorus concentrations for wellsin
subregion 1.

WEells 043, 047 and 048 are considered the downgradient wells in subregion 1. They are
well placed to represent the downgradient conditions for the area. The data shows that the
concentrations of nutrients are higher in the downgradient wells versus the upgradient wells.

The predominant land use in this area is recreationa (Camp Richardson) (Figure 4-9). Large
numbers of geese that are typically present in this area could contribute to the increased nutrient
concentrations. Because al of the wellsin this area are shallow, they likely represent the highest
nutrient concentrations in this area.
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Table 4-4. South Lake Tahoe Subregion 1 Average Nutrient Concentrations (mg/L)

Well ID
Constituent 055 056 057 051 052
Ammonia +
Oraanic na 0.01 0.02 0.07 0.01
Nitrate 0.058 0.023 0.005 0.028 0.02
Total Nitrogen - 0.033 0.025 0.098 0.03
Orthophosphorus 0.1 0.015 0.003 0.017 0.005
Total Phosphorus na 0.034 0.018 0.043 0.019
Top of Open
Interval (ft bas) -- 10.25 3.7 8.28 5.15
Well ID
Constituent 053 054 047 048 043
Ammonia +
Oraanic 0.05 0.04 1.4218 0.64 0.08
Nitrate 0.007 0.002 0.0678 0.038 0.064
Total Nitrogen 0.057 0.042 1.4896 0.678 0.144
Orthophosphorus 0.011 0.003 0.0337 0.031 0.0325
Total Phosphorus 0.025 0.012 0.0502 0.046 0.0693
Top of Open
Interval (ft bgs) 17 3.4 15.45 5 --
Notes:

1. All concentrations reported are dissolved.
2. Dataobtained from USGS and STPUD.
3

total depth of the well.
4. na-notanalyzed

5. Total Nitrogen is calculated for those wells with both ammonia + organic and nitrate

concentrations.
6. Nitrate concentrations include nitrite.

E:\Groundwater\DocumentsReport \SectionaGW Study Report - Draft Final Section 4.doc

Top of Open Interval with a— indicates the open interval isunknown. A < indicates |lessthan the



Draft Final, Groundwater Evaluation,
Lake Tahoe Basin, CA and NV 4-27

Figure4-9. South Lake Tahoe Subregion 1 Groundwater Wellsand Land Use
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Notes:

1. Land use coverage provided by Tahoe Research Group
2. Only wellswith groundwater elevation and/or analytical data are shown.
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4.3.3 Subregion 2 Nutrient Concentrations

The wells and land use in the area are depicted in Figure 4-10. Well 050 has been
monitored for all forms of the dissolved nutrients of interest to this evaluation. The remaining
wells shown in Table 4-5 have only been sampled for dissolved nitrate and total dissolved
phosphorus. Wells 076, 081 and 083 have only been sampled to monitor drinking water standard
compliance which includes only total nitrate and nitrite.

The dissolved ammonia + organic nitrogen concentrations for well 050 range from 0.001
mg/L to 0.2 mg/L, averaging 0.043 mg/L. The dissolved nitrate concentrations for all wells
shown in Table 4-5, which include nitrite, range from 0.01 mg/L to 2.36 mg/L with an average of
0.678 mg/L. Well 050 has an average total dissolved nitrogen concentration of 0.418 mg/L. The
average total nitrate concentrations found in wells 076, 081 and 083 range from 0.415 mg/L to
1.01 mg/L. Table 4-5 includes the dissolved nitrogen concentrations for wells 050, and 084 -
087.

Orthophosphorus concentrations for well 050 range from 0.015 mg/L to 0.02 mg/L,
averaging 0.018 mg/L. The range of total dissolved phosphorus for al wells shown in Table 4-5
is0.01 mg/L to 0.78 mg/L, averaging 0.039 mg/L. No phosphorus concentrations have been
measured in the other wellsin the area. Table 4-5 includes the dissolved phosphorus
concentrations for wells 050, and 084 - 087.

The distribution of wellsin the areais not suited to characterize the area (Figure 4-10).
The downgradient well, 050, would not detect nutrients migrating from the residential
neighborhoods to the southwest. There is a noticeable difference in nitrogen concentrations
between the deep wells and those in the upper aquifer. The phosphorus concentrations do not
vary much downgradient or from upper to lower aquifer. The distribution of nitrogen
concentrations in this area seems to be related to nearby sources, and an assessment of
cumulative sources is not possible as there are no wells suited to make this assessment. The
upgradient cluster of wells located within a residentia land use only (wells 084 — 087) does not
seem to have a defined trend in nitrate concentrations in the downgradient direction.
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Table4-5. South Lake Tahoe Subregion 2 Average Nutrient Concentration (mg/L)

Well ID

Constituent 084 087 085 086 050
Ammonia +

Organic na na na na 0.043
Nitrate 0.719 1.017 0.029 1.252 0.375
Jotal Nitrogen - -- - - 0.418
Orthophosphorus na na na na 0.018
Total Phosphorus 0.027 0.077 0.024 0.037 0.029
Top of Open

Interval (ft bgs) 40 65 190 87 <341

Notes:

1. All concentrations reported are dissolved.
2. Dataobtained from USGS, and STPUD.

3. Top of Open Interval with a— indicates the open interval isunknown. A < indicates |lessthan the

total depth of the well.
na— not analyzed

4,
5. Total Nitrogen iscalculated for those wells with both ammonia + organic and nitrate concentrations.
6

Nitrate concentrations include nitrite.
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Figure4-10. South Lake Tahoe Subregion 2 Groundwater Wellsand Land Use
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1. Land use coverage provided by Tahoe Research Group
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2. Only wellswith groundwater elevation and/or analytical data are shown.
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4.3.4 Subregion 3 Nutrient Concentrations

The wells and land use in the area are depicted in Figure 4-11. Wells 045 and 049 have
been monitored for all forms of the dissolved nutrients of interest to this evaluation. The
remaining wells shown in Table 4-6 have only been sampled for dissolved nitrate and total
dissolved phosphorus. Wells 034 and 044 have only been sampled to monitor drinking water
standard compliance which includes only total nitrate and nitrite.

The dissolved ammonia + organic nitrogen concentrations for wells 045 and 049 range
from 0.01 mg/L to 0.2 mg/L, averaging 0.124 mg/L. The dissolved nitrate concentrations for all
wells shown in Table 4-6, which include nitrite, range from 0.01 mg/L to 1.31 mg/L with an
average of 0.346 mg/L. Wells 045 and 049 have an average total dissolved nitrogen
concentration of 0.396 mg/L. The average total nitrate concentrations found in wells 034 and
044 are 1.276 mg/L and 3.614 mg/L, respectively. Table 4-6 includes the dissolved nitrogen
concentrations for wells 039, 042, 045 and 049.

Orthophosphorus concentrations for wells 049 and 045 range from 0.01 mg/L to 0.04
mg/L, averaging 0.021 mg/L. The range of total dissolved phosphorus for all wells shown in
Table4-6is0.012 mg/L to 0.7 mg/L, averaging 0.033 mg/L. No phosphorus concentrations
have been measured in the other wellsin the area. Table 4-6 includes the dissolved phosphorus
concentrations for wells 039, 042, 045 and 049.

The high total nitrate concentrations found in well 044 could be due to groundwater
migrating towards the pumping wells from the vicinity of the golf course and residential
neighborhood. Unlike the nutrient concentrations found in subregion 2, the higher nitrogen
concentrations are found in the deeper aquifer in this region. Phosphorus concentrations do not
vary much with depth. This may be due to the fact that wells 042 and 039 are municipal supply
wells used by STPUD. Wells 042 and 039 are STPUD’ s two primary wells municipal supply for
the area. As shown by the groundwater flow model, the pumping forms a significant cone of
depression (Fenske 2003). These wells may be drawing the groundwater, along with the
nutrients, towards the wells.
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Table4-6. South Lake Tahoe Subregion 3 Average Nutrient Concentration (mg/L)

Well ID

Constituent 049 042 039 045
Ammonia +
Oraanic 0.2 na na 0.0476
Nitrate 0.1553 0.2879 0.5499 0.3894
Total Nitrogen 0.3553 -- -- 0.437
Orthophosphorus 0.028 na na 0.014
Total Phosphorus 0.028 0.0378 0.0387 0.0294
Top of Open
Interval (ft bgs) 268 170 180 86

Notes:

1. All concentrations reported are dissolved.

2. Dataobtained from USGS, STPUD, and El Dorado EM.

3. Top of Open Interval with a— indicates the open interval isunknown. A <indicates lessthan the
total depth of the well.

4. na-—not analyzed

5. Total Nitrogen is calculated for those wells with both ammonia + organic and nitrate concentrations

6. Nitrate concentrationsinclude nitrite.
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Figure4-11. South Lake Tahoe Subregion 3 Groundwater Wellsand Land Use

b

Notes:
1. Land use coverage provided by Tahoe Research Group

2. Only wellswith groundwater elevation and/or analytical data are shown.
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4.3.5 Subregion 4 Nutrient Concentrations

The wells and land use in subregion 4 are depicted in Figure 4-12. Wells 024 - 026, 031,
032, 040, and 046 have been monitored for al forms of the dissolved nutrients of interest to this
evaluation. The remaining wells shown in Table 4-7 have only been sampled for dissolved
nitrate and total dissolved phosphorus. All other wells shown on Figure 4-12 have only been
sampled to monitor drinking water standard compliance which includes only total nitrate and
nitrite.

The dissolved ammonia + organic nitrogen concentrations for wells 024 - 026, 031, 032,
040, and 046 range from 0.01 mg/L to 4.8 mg/L, averaging 0.535 mg/L. The dissolved nitrate
concentrations for all wells shown in Table 4-7, which include nitrite, range from 0.01 mg/L to
10 mg/L with an average of 0.747 mg/L. The average total dissolved nitrogen for wells 024 -
026, 031, 032, 040, and 046 ranges from 0.292 mg/L to 5.294 mg/L, averaging 1.508 mg/L. The
total nitrate concentrations range from are 0.009 mg/L and 3.613 mg/L, averaging 0.345 mg/L.
Table 4-7 includes the dissolved nitrogen concentrations for wells 024 - 026, 031, 032, 040, and
046.

Orthophosphorus concentrations for wells 024 - 026, 031, 032, 040, and 046 range from
0.006 mg/L to 4.1 mg/L, averaging 0.119 mg/L. The range of total dissolved phosphorus for al
wells shown in Table 4-6 is 0.006 mg/L to 0.97 mg/L, averaging 0.052 mg/L. No phosphorus
concentrations have been measured in the other wellsin the area. Table 4-7 includes the
dissolved phosphorus concentrations for wells 024 - 026, 031, 032, 040, and 046.

Again, subregion 4 shows high levels of nitrogen in both the shallow and deep aquifers
and a dight difference in the phosphorus concentrations (Table 4-7). A maority of the wells
located within the subregion are designed to measure groundwater quality from specific sources.
These areas do show an increased nutrient concentration related to those sources. The most
notable is well 046 which is located within the Bijou golf course.
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Table4-7. South Lake Tahoe Subregion 4 Average Nutrient Concentration (mg/L)

Well ID
Constituent 031 026 013 014 016 046
Ammonia +
Oraanic 0.0636 0.2 na na na 0.2736
Nitrate 0.7784 0.092 0.4837 0.0816 0.2911 5.02
Total Nitrogen 0.842 0.292 -- -- -- 5.2936
Orthophosphorus 0.0207 0.006 na na na 0.029
Total Phosphorus 0.0354 0.006 0.0178 0.0134 0.01 0.0313
Top of Open
Interval (ft bgs) 50 <142 168 169 181 Shallow
Well ID
Constituent 032 040 007 012 024 025
Ammonia +
Oraanic 0.2614 0.54 na na 0.6538 1.7545
Nitrate 0.5135 0.38 1.2518 0.0448 0.0138 0.0136
Total Nitrogen 0.7749 0.92 - - 0.6676 1.7681
Orthophosphorus 0.5188 0.026 na na na na
TJotal Phosphorus 0.0542 0.021 na na 0.2026 0.1318
Top of Open
Interval (ft bgs) Shallow Shallow Shallow Shallow Shallow Shallow

Notes:

1. All concentrations reported are dissolved.
Data obtained from USGS, LRWQCB, STPUD, El Dorado EM.
Top of Open Interval with a— indicates the open interval isunknown. A <indicates less than the total

2
3.

depth of the well.
4. na-notanalyzed
5. Total Nitrogen iscalculated for those wells with both ammonia + organic and nitrate concentrations.
6. Nitrate concentrationsinclude nitrite.
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Figure4-12. South Lake Tahoe Subregion 4 Groundwater Wellsand Land Use

Notes:

1. Land use coverage provided by Tahoe Research Group

2. Only wellswith groundwater elevation and/or analytical data are shown.
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4.3.6 Stateine Nutrient Concentrations

The wells and land use in the Stateline area are depicted in Figure 4-13. All wells
included in Table 4-8 have been monitored for all forms of the dissolved nutrients of interest to
this evaluation.

The dissolved ammonia + organic nitrogen concentrations for Stateline wells range from
0.01 mg/L to 1.1 mg/L, averaging 0.365 mg/L. The dissolved nitrate concentrations for Stateline
wells, which include nitrite, range from 0.001 mg/L to 16.3 mg/L with an average of 0.972 mg/L.
The average total dissolved nitrogen for Stateline wells ranges from 0.127 mg/L to 8.88 mg/L,
averaging 1.337 mg/L. Table 4-8 includes the dissolved nitrogen concentrations for Stateline
wells.

Orthophosphorus concentrations for Stateline wells range from 0.001 mg/L to 0.049
mg/L, averaging 0.015 mg/L. The range of total dissolved phosphorus for Stateline wellsis
0.005 mg/L to 0.069 mg/L, averaging 0.023 mg/L. Table 4-8 includes the dissolved phosphorus
concentrations for Stateline wells.

The Stateline area wells demonstrate a difference between the deep and shallow
groundwater nutrient concentrations. The nitrogen concentrations in the golf course increase
downgradient, indicating that the golf course is acting as a source of additional nutrients to the
groundwater. The areain the northern portion of the golf course shows significant detections of
nitrogen. Thisislikely due to not only the golf course, but aso the upgradient residential land
use (Figure 4-13). Wells 198 - 202 are interesting to observe. The upgradient well, 198 is
located within aresidential area and shows high concentrations of nitrogen. The concentration
decreases downgradient and then dlightly increases again, showing that the more significant
source of nitrogen isin the residential area as opposed to the open area closer to the lake. The
phosphorus shows a consistent increase in concentration as the groundwater progresses towards
the lake. The residential area does not prove to be a significant contributor of phosphorus, rather
there seems to be a natura increase in phosphorus as it passes through the open area near the
lake.
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Table 4-8. Stateline Average Nutrient Concentration (mg/L)

Well ID
Constituent 004 003 001 002 198
Ammonia +
Oraanic 0.12 1.1 0.14 0.3 0.45
Nitrate 0.0069 0.01 1.402 2.8 0.055
Total Nitrogen 0.1269 1.11 1.542 3.1 0.505
Orthophosphorus 0.0141 0.024 0.003 0.005 0.006
Total Phosphorus 0.0321 0.033 0.0075 0.005 0.0135
Top of Open
Interval (ft bgs) <23 <6 <8 <10 <18
Well ID
Constituent 193 186 219 199 200
Ammonia +
Oraanic 0.2147 0.6 0.04 0.6 0.8
Nitrate 8.6659 0.01 0.143 0.08 0.01
Jotal Nitrogen 8.8806 0.61 0.183 0.68 0.81
Orthophosphorus 0.0092 0.049 0.015 0.012 0.037
Total Phosphorus 0.0241 0.054 0.017 0.016 0.065
Top of Open
Interval (ft bgs) <25 <8 0 <11 <9
Well 1D
Constituent 201 202 188 197
Ammonia +
Oraanic 0.4 0.2 0.0735 0.0694
Nitrate 0.01 0.01 0.0631 0.34
Jotal Nitrogen 0.41 0.21 0.1366 0.4094
Orthophosphorus 0.008 0.007 0.009 0.0078
Total Phosphorus 0.005 0.01 0.0238 0.0227
Top of Open
Interval (ft bgs) <9 <13 <200 <58
Notes:

1. All concentrations reported are dissolved.

2. Data obtained from USGS.

3. Top of Open Interval with a— indicatesthe open interval is unknown. A < indicates |less than the total
depth of the well.

4. na— not analyzed

5. Total Nitrogen is calculated for those wells with both ammonia + organic and nitrate concentrations

6. Nitrate concentrations include nitrite.
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Figure4-13. Stateline Groundwater Wellsand Land Use

Fings Baach
Fionw krea
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4.4 Groundwater Discharge

A groundwater flow model was developed by the USACE Hydrologic Engineering
Center. The model was broken down into four areas based upon discharge estimates (Fenske
2003). Severa different scenarios were modeled to show the change in discharge based upon
climatic changes. The values used in this report are the normal average year, average spring and
average fall. Modeling was aso conducted to show a dry and wet year. See Appendix B for a
more detailed discussion.

Table 4-9, Table 4-10, and Table 4-11 depict the total groundwater discharge rates for
each area. Figure 4-14, Figure 4-15, and Figure 4-16 depict the total groundwater discharge rates
in for each area.

Table4-9. South Lake Tahoe Area Total Flux from Groundwater to Lake Tahoe by Layer
and Region, Average Normal Year (Fenske 2003)

Total Flow into Lake m°/year (acre-feet/year)
Midpoint of
Layer Region 3
Layer Elevation Region 2 (South Lake Region 4
(ft above msl) | Region 1  (Tahoe Keys) Tahoe) (Stateline)
4.0x10° 1.2x10° 4.4x10" 4.7x10°
2 6222 (328) (959) (36) (379)
5.8x10* 1.2x10* 0 7.2x10*
3 6205 (47) (10) 0) (58)
1.2x10° 0 0 1.2x10*
4 6180 1) (0) 0) (10)
1.2x10° 1.2x10° 1.2x10° 8.0x10*
5 6143 1) 1) 1) (65)
7.4x10° 6.2x10° 3.7x10° 8.9x10*
6 6059 (6) (5) A3) (72)
4.7x10° 1.2x10° 4.9x10* 7.2x10°
Total (383) (976) (40) (584)
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Table 4-10. South Lake Tahoe Area Total Flux from Groundwater to L ake Tahoe by
Layer and Region, Average Spring (Fenske 2003)

Midpoint of Total Flow into Lake m°/year (acre-feet/year)
Layer Region 3
Layer Elevation Region 2 (South Lake Region 4
(ft above msl) | Region1 (Tahoe Keys) Tahoe) (Stateline)
5.7x10° 1.6x10° 8.3x10" 5.6x10°
2 6222 (461) (1,287) (67) (454)
9.0x10* 1.7x10* 0 8.5x10*
3 6205 (73) (14) (0) (69)
1.2x10° 1.2x10° 0 1.5x10%
4 6180 1) 1) (0) (12)
2.5x10° 1.2x10° 2.5x10° 9.7x10*
5 6143 ) 1) ) (79)
1.1x10* 1.1x10* 6.2x10° 1.0x10°
6 6059 9) 9) (5) (85)
6.7x10° 1.6x10° 9.0x10* 8.6x10°
Total (546) (1,312) (73) (699)

Table4-11. South Lake Tahoe Area Total Flux from Groundwater to L ake Tahoe by
Layer and Region, Average Fall (Fenske 2003)

Midpoint of Total Flow into Lake m°/year (acre-feet/year)
Layer Region 3
Layer Elevation Region 2 (South Lake Region 4
(ft above msl) | Region1 (Tahoe Keys) Tahoe) (Stateline)
2.1x10° 7.0x10° 0 3.6x10°
2 6222 (171) (570) (0) (291)
1.9x10* 7.4x10° 0 5.6x10*
3 6205 (15) (6) (0) (45)
0 0 0 9.9x10°
4 6180 (0) (0) (0) (8)
0 0 0 5.9x10*
5 6143 (0) (0) () (48)
3.7x10° 1.2x10° 1.2x10° 6.9x10*
6 6059 3) 1) 1) (56)
2.3x10° 7.1x10° 1.2x10° 5.5x10°
Total (190) (578) 1) (447)
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The areato the east of Taylor Creek and extending to Emerald Bay was not included in
the model due to lack of data. The well in this area included only two groundwater level
measurements. The gradients from these two measurements to the lake were 0.0018 and 0.018,
averaging 0.0099. The land surface gradient in this areais similar to the average, 0.008. Using
the range of gradients from 0.018 to 0.0018, a shoreline length of 1850 meters (6,070 feet),
average depth of aguifer of 15 meters (50 ft) and a hydraulic conductivity of 15 m/day (50
ft/day), the discherge from this area ranges from 2.5x10° to 2.7x10° n/year (200 to 2,200 acre-
feet/year). The discharge estimate using the average hydraulic gradient is 1.5x10° m?/year (1,200
acre-feet/year).

The California/Nevada border was the western boundary of the model therefore, the
Stateline area discharge estimate was calculated. As the near shore topography is similar to that
of South Lake Tahoe, an estimated hydraulic gradient of 0.0028 is reasonable. Using the
gradient of 0.0028, a shoreline length of 2400 meters (7,874 ft), average depth of aquifer of 15
meters (50 ft) and a hydraulic conductivity ranging from 15 to 25 m/day (50 to 82 ft/day), the
discharge from this area ranges from 4.9x10° to 8.6x10° nt/year (400 to 700 acre- feet/year).

45  Nutrient Loading
The potentia range of nutrient discharge via groundwater from the South Lake
Tahoe/Stateline area to Lake Tahoe was calculated by multiplying the estimates of annual

groundwater discharge for each subregion by concentrations of nutrients found in monitoring
wells in the respective subregions. Details of the methodology used are described in Section 3.2.

451 Emerald Bay to Taylor Creek

This area only contains one well, 041, with analytical results for all nutrient forms of
interest. Although this would normally be a constraint, the well is located in a significant
location being close to the lake and within the predominant land use. For this reason, only one
method of estimating loading was used, as it represents average, downgradient and land use
weighted estimates. The average nutrient concentrations for well 041 are multiplied by the
groundwater flux estimates calculated in Section 4.4. Table 4-12 summarizes the nutrient flux
using this method.

The average concentrations, in conjunction with the discharge estimate using the average

hydraulic gradient, 1.5x10° n/year (1,200 acre-feet/year), are the best representation of the
average nutrient loading from the Emerald Bay to Taylor Creek region to Lake Tahoe.
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Table 4-12. South Lake Tahoe Average Annual Nutrient Loading, Emerald Bay to Taylor
Creek

Average Concentration Method

Groundwater Average Nutrient Loading
Flux Concentration Estimate
Constituent (m>/year) (mg/L) (kglyr)

2.7E+06 122
1.5E+06 67
Ammonia + Organic 2.5E+05 0.045 11
2.7E+06 138
1.5E+06 75
Nitrate 2.5E+05 0.051 13
2.7E+06 261
1.5E+06 142
Total Nitrogen 2.5E+05 0.096 24
2.7E+06 193
1.5E+06 105
Orthophosphate 2.5E+05 0.071 18
2.7E+06 231
1.5E+06 126
Total Phosphorus 2.5E+05 0.085 21

Notes:
1. 1 nPlyear = 0.0008 acre-feet/year, 1 kglyr = 2.2 Iblyr
2. Average nutrient concentrations derived from those included in Table 4-3.

45.2 Subregion1

Both the average nutrient concentration and downgradient nutrient concentration methods
were used for Subregion 1. The land use weighted method was not used as the wells in this
region are located such that they represent the regional land use.

An average concentration for all nutrients of concern was determined for the subregion.
The concentrations used to calculate the subregional averages are shown in Table4-4. The
average nutrient concentrations were multiplied by the groundwater flux estimates calculated in
Section 4.4.

The wells in subregion 1 which best represent the downgradient concentrations are 043,
047, and 048. The average nutrient concentrations for these wells were multiplied by the
groundwater discharge estimates calculated in Section 4.4. Table 4-13 summarizes the nutrient
flux estimate using these methods.

The downgradient approach is the most reasonable estimate for the subregion. The
downgradient wells represent the land uses of the region and would account for the accumulation
or degradation of nutrients. The downgradient concentrations, in conjunction with the normal
average year discharge rate, are the best representation of the average nutrient loading from
subregion 1 to Lake Tahoe.
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Table 4-13. South Lake Tahoe Average & Downgradient Annual Nutrient Loading,
Subregion 1
Average Concentration Downgradient
Method Concentration Method

Nutrient Downgradient  Nutrient

Groundwater Average Loading Average Loading

Discharge Flux Concentration  Estimate | Concentration Estimate

Constituent Estimate Type (m>/year) (mg/L) (ka/yn) (mg/L) (kalyr)
Normal Average 4, 7E+05 123 337
Ammonia + | Spring Average 6.7E+05 175 481
Organic Fall Average 2.3E+05 0.260 61 0.714 167
Normal Average 4. 7E+05 15 27
Spring Average 6.7E+05 21 38
Nitrate Fall Average 2.3E+05 0.031 7 0.057 13
Normal Average 4.7E+05 137 364
Spring Average 6.7E+05 195 519
Total Nitrogen | _Fall Average 2.3E+05 0.289 68 0.771 181
Normal Average 4.7E+05 12 15
Spring Average 6.7E+05 17 22
Orthophosphate] Fall Average 2.3E+05 0.025 6 0.032 7

Normal Average 4.7E+05 17 26
Total Spring Average 6.7E+05 24 37
Phosphorus Fall Average 2.3E+05 0.035 8 0.055 13

Notes:
1. 1 nPlyear = 0.0008 acre-feet/year, 1 kglyr = 2.2 Iblyr
2. Average nutrient concentrations derived from those included in Table 4-4.

45.3 Subregion 2

All three methods of estimation are used in subregion 2. The wells are distributed
throughout the area, so both the average and downgradient methods are applicable. The wells
are not located in prime locations according to land use so the land use weighted method of
estimation is aso used. Table 4-14 shows the nutrient loading estimates for all methods.

The average nutrient concentrations were calculated for dissolved nitrate and total
dissolved phosphorus using the average concentrations from the wellslisted in Table 4-5. Only
well 050 was monitored for ammonia + organic and orthophosphorus in this subregion. To
establish a better estimate for these constituents as well as total dissolved nitrogen, the
concentration for ammonia + organic was estimated using the nitrate concentrations as a basis.
Nitrate represented 90% of the total nitrogen in well 050. Thodal (1997) estimated that the
percentage of nitrate to total nitrogen was 85%. Orthophosphorus represented 61% of the total
phosphorus in well 050. Thodal (1997) estimated that the percentage of orthophosphorus to total
phosphorus was 55%. Thodal’s estimates were based upon a larger data set and were used for
the estimation in this subregion. There are several sources of error in using the average nutrient
loading method. The majority of wells used in this estimation are located a considerable distance
from the lake (Figure 4-10), and do not take into account cumulative effects downgradient. The
wells are clustered together and do not represent the distribution of land uses in the area.
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Well 050 is the most downgradient well in this subregion. The average concentrations
for this well were used in the downgradient nutrient loading estimates. This method is not ideal
as the downgradient well does not represent a mgjority of the land use. In addition, thiswell is
deep (Table 4-5) and would not reveal the concentrations of nutrients in the shallow aquifer
where they would be expected to be higher.

The land use weighted concentration method is more appropriate for this subregion. This
method takes into account the major land uses of the area to estimate the average nutrient
concentrations. The predominant land uses in this subregion are commercial and residential.
They each account for approximately 50% of the land use in the region. A weighted average,
using the values established in Section 2.3, was determined for each form of nitrogen and
phosphorus. These weighted averages were used in conjunction with the discharge estimates to
determine the estimated land use weighted nutrient loading for subregion 2.

The most reasonable estimate for this subregion uses the land use weighed concentrations
and the normal average year discharge estimate. This method provides an estimation for
subregion 2 which does not have an adequate monitoring network to evaluate the nutrients in the
area.
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Table 4-14. South Lake Tahoe Average, Downgradient & Land Use Weighted Annual Nutrient L oading, Subregion 2

Average Concentration

Downgradient Concentration

Method Method Land Use Weighted Method

Nutrient Downgradient Nutrient Land Use Nutrient

Average Loading Average Loading Average Loading

Discharge Groundwater Flux | concentration ~ Estimate | Concentration  Estimate | Concentration Estimate

Constituent Estimate Tvpe (m3vear) (ma/l) (ka/vr) (ma/l) (ka/vn (ma/l) (ka/vr
Normal Averaae 1.2E+06 138 52 249
Sorina Averaae 1.6E+06 186 70 335
Ammonia + Organic Fall Average 7.1E+05 0.115 82 0.043 31 0.207 148
Normal Averaae 1.2E+06 816 451 530
Sprina Averaae 1.6E+06 1097 607 712
Nitrate Fall Averaae 7.1E+05 0.678 483 0.375 267 0.440 314
Normal Averaae 1.2E+06 955 503 779
Sprina Averaae 1.6E+06 1283 676 1047
Total Nitroaen Fall Average 7.1E+05 0.793 565 0.418 298 0.647 461
Normal Averaae 1.2E+06 26 22 104
Sorina Averaae 1.6E+06 36 29 139
Orthophosphate Fall Average 7.1E+05 0.022 16 0.018 13 0.086 61
Normal Averaae 1.2E+06 47 35 143
Sorina Averaae 1.6E+06 63 47 193
Total Phosphorus Fall Average 7.1E+05 0.039 28 0.029 21 0.119 85

Notes:

1. 1 nPlyear = 0.0008 acre-feet/year, 1 kglyr = 2.2 lblyr
2. Average nutrient concentrations derived from those included in Table 4-5.
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45.4 Subregion 3

All three methods of estimation are used in Subregion 3. The wells are distributed
throughout the area, so both the average and downgradient methods are applicable. The wells
are not located in prime locations according to land use so this method of estimation is also used.
Table 4-15 shows the nutrient loading estimates for al methods.

The average nutrient concentrations were calculated for dissolved nitrate and total
dissolved phosphorus using the average concentrations from the wells listed in Table 4-6. Only
wells 045 and 049 were monitored for anmmonia + organic and orthophosphorusin this
subregion. To establish a better estimate for these constituents as well as total dissolved
nitrogen, the concentration for ammonia + organic was estimated using the nitrate concentrations
asabasis. Again, Thoda’s estimates of 85% nitrate and 55% orthophosphorus were used in this
subregion based upon alarger data set. The average concentration approach is not suited for this
area as most of the wells are screened within the deep aquifer. This method neglects those
concentrations found in the shallow aquifer and bias the estimates to lower concentrations. The
potential accumulation of nutrients downgradient is not accounted for in the averaging method.

Well 039 is the most downgradient well in this subregion with nutrient concentrations
reported. The downgradient approach is not the best method to use in this subregion. The well
is located approximately 450 meters (1,476 ft) from the shore and does not represent
downgradient concentrations. These well is deep, neglecting the shallow aquifer.

The land use weighted method is the most appropriate for the region. This takes into
account the primary land use and provides an estimation over arange of aquifer depths. The
predominant land uses in this subregion are vegetated, residential and commercial representing
approximately 50%, 33% and 17% of the land use in the region, respectively. A weighted
average, using the values established in Section 2.3, was determined for each form of nitrogen
and phosphorus. These weighted averages were used in conjunction with the discharge estimates
to determine the estimated land use weighted nutrient loading for subregion 3.

The most reasonable estimate for this subregion uses the land use weighed concentrations
and the normal average year discharge estimate. This method provides an estimation for
subregion 3 which does not have an adequate monitoring network to evaluate the nutrients in the
area.
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Table 4-15. South Lake Tahoe Average, Downgradient & Land Use Weighted Annual Nutrient Loading, Subregion 3

Average Concentration

Downgradient Concentration

Method Method Land Use Weighted Method
Nutrient | Downgradient Nutrient Land Use Nutrient
Groundwater Average Loading Average Loading Average Loading
Discharge Flux Concentration  Estimate |Concentration  Estimate | Concentration Estimate
Constituent Estimate Type (m®/year) (ma/L) (kalyr) (ma/L) (kalyr) (ma/L) (kalyr)
Normal Averaae 4.9E+04 5 5 14
Sprina Average 9.0E+04 9 9 26
Ammonia + Qraanic Eall Averaae 1.2E+03 0.099 Q 0.097 0] 0,292 0
Normal Averaae 4 9E+04 17 27 25
Spring Average 9.0E+04 31 50 45
Nitrate Fall Average 1.2E+03 0.346 0] 0.550 1 0,497 1
Normal Average 4.9E+04 22 32 39
Sorina Averaae 9.0E+04 40 58 71
Total Nitrogen Fall Average 1.2F+03 0,444 1 0,647 1 0,789 1
Normal Averaae 4.9E+04 1 1 4
Spring Average 9.0E+04 2 2 8
QOrthophosphate Fall Averaae 1.2E+03 0.021 0] 0.021 0] 0,091 0
Normal Averaae 4.9E+04 2 2 6
Sprina Average 9.0E+04 3 4 11
Total Phosphorus Fall Average 1.2E+03 0.033 0 0.039 0 0,124 0
Notes:
1. 1 nPlyear = 0.0008 acre-feet/year, 1 kg/yr = 2.2 Iblyr
2. Average nutrient concentrations derived from those included in Table 4-6.
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455 Subregion 4

All three methods of estimation are used in Subregion 4. The wells are distributed
throughout the area, so both the average and downgradient methods are applicable. The wells
are not located in prime locations according to land use so this method of estimation is aso used.
Table 4-16 shows the nutrient loading estimates for al methods.

An average concentration for al nutrients of concern was determined for the subregion.
The concentrations used to calculate the subregional averages are shown in Table4-7. The
average nutrient concentrations were multiplied by the groundwater flux estimates calculated in
Section 4.4. Many of the sampling points in this region are chosen to monitor specific nutrient
sources. This increases the concentration for the region, as much of the other land uses are not
represented.

The wells in subregion 4 which best represent the downgradient concentrations are 024,
and 031. The average nutrient concentrations for these wells were multiplied by the groundwater
discharge estimates calculated in Section 4.4. Table 4-13 summarizes the nutrient flux estimate
using these methods. The downgradient wells are again designed to monitor specific sources.
This may introduce errors when using this as an estimation for the entire region.

The land use weighted option is the most appropriate for this region. This method
considers the type of land use in the region to apply average concentrations. The predominant
land uses in this subregion are residential, commercial and vegetated. Commercia and vegetated
land uses represent approximately ¥4 and /g™ of the land use in the region, respectively. The
remaining areais predominantly residential. A weighted average, using the values established in
Section 2.3, was determined for each form of nitrogen and phosphorus. These weighted
averages were used in conjunction with the discharge estimates to determine the estimated land
use weighted nutrient loading for subregion 4.

The most reasonable estimate for this subregion uses the land use weighed concentrations
and the normal average year discharge estimate. This method provides an estimation for
subregion 4 which does not have an adequate monitoring network to evaluate the nutrients in the
area. The land use weighted average and normal average year discharge provide the best
estimation of nutrient loading for this region.
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Table4-16. South Lake Tahoe Average, Downgradient and Land Use Weighted Annual Nutrient Loading, Subregion 4

Average Concentration

Downgradient Concentration

Method Method Land Use Weighted Method
Nutrient | Downgradient  Nutrient Land Use Nutrient
Groundwater Average Loading Average Loading Average Loading
Discharge Flux Concentration Estimate |Concentration Estimate | Concentration  Estimate
Constituent Estimate Type (m’lyear) (ma/L) (katyr) (ma/l) (kalyr) (ma/L) (kalyr)
Normal Averaoe 7.2E+05 385 259 176
Sprina Averaae 8.6E+05 461 310 211
Ammonia + Qraanic Eall Averaae 5.5E+05 0.535 295 0.359 198 0.245 135
Normal Averaae 7.2E+05 538 285 310
Spring Average 8.6E+05 644 341 371
Nitrate Fall Average 5.5E+05 0,747 412 0,396 218 0,430 237
Normal Average 7.2E+05 1086 544 486
Sorina Averaae 8.6E+05 1300 651 581
Total Nitrogen Fall Average 5.5E+05 1.508 831 0.755 416 0.674 372
Normal Averaae 7.2E+05 86 48 61
Spring Average 8.6E+05 103 57 73
Orthophosphate Fall Averaae 5.5E+05 0.119 66 0.066 36 0.085 47
Normal Averaoe 7.2E+05 37 86 86
Sprina Averaae 8.6E+05 45 103 103
Total Phosphorus Fall Average 5.5E+05 0.052 29 0.119 66 0.119 66
Notes:
1. 1 nPlyear = 0.0008 acre-feet/year, 1 kg/yr = 2.2 Iblyr
2. Average nutrient concentrations derived from those included in Table 4-7.
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456 Statdine

The Stateline area wells are dispersed throughout the area, providing a representative
network. The wells are located in areas with a variety of land uses, and downgradient wells are
present along the shoreline. For this reason, only the average and downgradient methods are
applied. Table 4-17 shows the nutrient loading estimates for al methods.

An average concentration for al nutrients of concern was determined for the area. The
concentrations used to calculate the subregional averages are shown in Table 4-8. The average
nutrient concentrations were multiplied by the groundwater flux estimates calculated in Section
4.4.

The downgradient wells in this region are 003, 197, 199 and 200. The average nutrient
concentrations for these wells were multiplied by the groundwater discharge estimates calculated
in Section 4.4. The average nutrient concentrations for these wells was determined for usein

estimating nutrient loading.

The downgradient approach is the most accurate in this region. The wells are positioned
to monitor avariety of land uses and are close enough to the lake to show representative
concentrations of nutrients that could be entering the lake. The downgradient nutrient
concentrations and groundwater discharge rate of 8.6 x 10° nt/year (700 acre-feet/year) are
considered the most reasonable estimation of nutrient loading to Lake Tahoe from this area.

Table4-17. Stateline Average & Downgradient Annual Nutrient Loading

Average Concentration Downgradient
Method Concentration Method
Nutrient | Downgradient Nutrient
Average Loading Average Loading
Groundwater Flux | concentration Estimate | Concentration Estimate
(m*vear) (ma/L) (ka/yr) (ma/L) (ka/vr)
4.9E+05 180 317
8.6E+05 0.365 315 0.642 bh4
4.9E+05 480 54
8.6E+05 0972 839 0.110 95
4.9E+05 660 371
8.6E+05 1.337 1154 0752 649
4.9E+05 7 10
8. 6E+05 0.015 13 0.020 17
4 9E+05 11 17
8.6E+05 0,023 20 0.034 29

Notes:
1. 1 mPlyear = 0.0008 acre-feet/year, 1 kglyr = 2.2 Iblyr
2. Average nutrient concentrations derived from those included in Table 4-8.
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4.6 Ambient Nutrient L oading

Ambient loading was calculated from the basin-wide data set for wells located in a
forested land use. The ambient nutrient loading is calculated to estimate the amount of nutrients
that would discharge into Lake Tahoe regardless of anthropogenic sources. The discharge rates
which were determined to be the most reasonable estimates of groundwater discharge were used
in calculating the ambient nutrient loading. Based on these estimates, the total dissolved
nitrogen concentrations that may be entering the lake from natural processesis 867 kg/year
(1,911 Ibslyr). The estimated ambient total dissolved phosphorus concentration entering the lake
is 326 kg/year (719 Ibs/yr). Table 4-18 summarizes the loading estimates.

Table4-18. South Lake Tahoe/Stateline Ambient Nutrient Loading Estimate

Ambient Ambient
Ambient Total Nitrogen Phosphorus
Groundwater  Ambient Total Dissolved Nutrient Nutrient
Discharge Dissolved Phosphorus Loading Loading
Subregion (m’/vear) _ Nitrogen (ma/L) (ma/L) (ka/vear) (ka/vear)
Emerald Bay to
Tavlor Creek 1.48E+06 268 101
Subregion 1 4.72E+05 86 32
Subregion 2 1.20E+06 0.181 0.068 218 82
Subregion 3 4.93E+04 9 3
Subregion 4 7.20E+05 130 49
Stateline 8.63E+05 156 59
Total 867 326
Notes:

1. 1 nPlyear = 0.0008 acre-feet/year, 1 kglyr = 2.2 Iblyr
2. Average nutrient concentrations derived from those included in Section 3.2.

4.7 Summary & Conclusions

The South Lake Tahoe/Stateline area has the largest monitoring network in the basin.
This provides the best dataset available to calculate nutrient loading to Lake Tahoe. For this
reason, a groundwater flow model was developed. The model encompassed all of this area
except Taylor Creek to Emerald Bay and Stateline. The groundwater discharge estimates for the
areas not modeled are computed in a similar manner as the rest of the basin.

The groundwater discharge estimates for the subregions ranged from 1.2 x 10° nv/year to
2.7x 10° nlyear (1 acre-ft/year to 2,200 acre-ft/year). The broad range of valuesis due to
municipal drinking water supply well pumping in subregion 3 and no pumping and a steeper
gradient in the Emerald Bay to Taylor Creek area. A number of methods were used to provide a
range of nutrient loading estimates for each region. The most reasonable estimate for each
region isincluded in Table 4-19.
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Table 4-19. South Lake Tahoe/Stateline Total Dissolved Nitrogen and Total Dissolved
Phosphorus L oading Estimate Summary by Subregion

Nutrient Loadina Estimate (ka/vear)
Emerald Bay to
Constituent Taylor Creek | Subreqion 1| Subregion 2| Subreqion 3| Subregion 4| Stateline | Total
Total Nitrogen 142 364 779 39 486 649 2,459
Total Phosphorus 126 26 143 6 86 29 416

Comparing the total groundwater nutrient loading (Table 4-19) to the ambient nutrient
loading (Table 4-18), natural processes may make up to 35% of the nitrogen and 78% of the total
dissolved phosphorus loading to the lake.

The South Lake Tahoe/Stateline Area has an extensive monitoring network, however the
placement of many of the wells are not representative of the nutrient concentrations that may be
entering the lake through groundwater. Subregion 2 and subregion 4 are prime candidates for a
better placed monitoring network, as the wells currently are not placed to properly evauate all
the potential sources. While subregion 3 does ot have an adequate monitoring network, the lack
of significant discharge (Fenske 2003) to the lake in this area reduces the amount of loading
originating from the region. The evaluation shows that subregion 2 and the Emerald Bay to
Taylor Creek area potentially discharge the highest concentrations of nitrogen and phosphorus
for the region, respectively. These estimates would place the two subregions as top priorities for
future investigation or mitigation in South Lake Tahoe/Stateline.

Additional downgradient monitoring points would be beneficial in the Tahoe Keys area.
The wellsin this region are located approximately 2,800 meters (9,186 ft) from the lake. There
are no wells that are sufficient to characterize groundwater near the lake. A cluster of wells
installed to define the nutrient concentrations with depth would provide better information on the
distribution of nutrients with depth.

The area between wells 024 and 013 in subregion 4, near the lake shore, would be a good
addition to the monitoring network. Again, many of the wells are located too far from shore to
provide a good estimation of nutrients near the lake.

Although well placement is acceptable in the Emerald Bay to Taylor Creek area, the
groundwater level measurements and geology are not clearly defined. This region should be
targeted for additional groundwater level measurements to better define the gradient for the
region. The geology should be further investigated in this area, as well as the remainder of the
region.
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Bergsohn has conducted a study to determine depth to bedrock, but the intervening zones
require additional investigation. An understanding of the stratigraphy of South Lake Tahoe is
critical for evaluating contaminant and nutrient transport towards Lake Tahoe and their
redistribution within the basin. Current models are based mainly on deep production wells drilled
for STPUD and geophysically logged. Although this is a valuable dataset, each log represents a
point measurement showing vertical changes in materia types. Then, the data must be
extrapolated between wells. To reduce potential for interpreter error, surface geophysical
investigations should be run along key transects, both parallel and transverse to the shoreline.
These data can be used to better define lateral continuity of major reflecting surfaces. Select,
continuously cored test pilot holes should then be drilled to validate materia types to ground
truth the surface geophysics. Such geophysical surveys should include seismic reflection surveys
to define generd stratigraphic patterns and the basement geometry. Where shallow stratigraphic
information is required, ground- penetrating radar surveys should be conducted to acquire high
resolution information for the upper 18 m to 40 m (60 to 100 ft).

Because of the multitude of land uses in the region, it is difficult to determine the
contribution of nutrients from various sources. Specific land use types should be targeted for
additional monitoring to better understand each as a contributor. Examples of land uses that
require additional investigation are residential areas that are fertilized vs. those that prefer natural
vegetation. Ball fields and urban parks should be targeted for additional information. South
Lake Tahoe a so contains numerous dry wells. The effects from these and other infiltration
basins and trenches are unknown. Studies are underway or planned to monitor the effects from
infiltration basins.

Additional data gaps for this area can be found in Appendix B.
The results of the South Lake Tahoe/Stateline area nutrient loading estimate are
compared to those presented in The U.S. Forest Service Watershed Assessment (Murphy et al.

2000). Comparing these values, the South Lake Tahoe/Stateline area represents only 4.1% of the
nitrogen and 10.4% of the phosphorus nutrient loading from groundwater to Lake Tahoe.
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Table 4-20. South Lake Tahoe/Stateline Area Groundwater Nutrient L oading Comparison
to Basin Wide Loading Estimates from U.S. Forest Service Water shed Assessment

(Murphy et al. 2000)

Nitrogen Phosphorus

Dissolved
Phosphorus

U.S. Forest Service Water shed Assessment Results, Basin-Wide

Estimated annua nutrient 418,100 45,700
loading from al sources

(kg)

17,000

Estimated annual nutrient 60,000 4,000
loading from groundwater

(kg)

4,000

Corps Groundwater Evaluation Results, South Lake
Tahoe/Stateline Area

Estimated annual nutrient 2,459 416
loading from groundwater

(kg)

416

Estimated percent of annual 0.59% 0.91%
nutrient loading from all
sources

2.4%

Estimated percent of annual 4.1% 10.4%
nutrient loading from
groundwater

10.4%
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50 INCLINE VILLAGE AREANUTRIENT LOADING

5.1  Description of Study Area

Incline Village is located on the northeastern shore of Lake Tahoe. The streams that
make up the Incline hydrologic area include First, Second, Wood, Third, Incline, and Mill
Creeksin order from west to east. All of these streams flow into Crystal Bay. The community
of Incline Village is located in the midst of these streams. The hydrologic boundary has an area
of 57 square kilometers (22 square miles).

Human development is extensive near the lake. The land uses include residential,
commercial and recreational. The primary forms of recreational land use include golf courses
and aski area. There are also two swimming beaches located on the shore.

The Incline Creek watershed discharges less surface water to the lake than the watersheds
located on the western shore. Lower amounts of precipitation occur on the eastern shore of Lake
Tahoe caused by the rain-shadow effect created by the higher western mountains.

Approximately 79% of the watershed lies above 7000 ft and 35% lies above 8000 ft. This factor
issignificant as alarge portion of the runoff occurs as spring snow-melt. (Ramsing 2000)

5.2 History of Development

The Incline Village watershed and the surrounding area was completely stripped by clear-
cut logging in the late 1800s to supply timber for the minesin Virginia City. It had recovered by
the late 1960s. The development of the town of Incline Village began in the 1960s and
continued throughout the 1970s. During this time, Third and Incline Creek watersheds
experienced major disturbance. Incline Village was built on parts of a 9,000-acre tract at Crystal
Bay, formerly owned by George Whittell. (Lindstrom 2000)

While many wells for domestic drinking water purposes were present before
development of the town, most of them were abandoned and removed (Ramsing 2000). Incline
Village now obtains its municipal supply of water directly from Lake Tahoe.

53 L ocal Geoloqgy

The Incline Creek watershed consists of mountainous canyons primarily underlain by
granitic bedrock with scattered volcanic deposits. The upper parts of the watershed are forested
subalpine bowls, while the lower sections are less steep and consist of alluvia wash deposits.
(Reuter 2000)

The geology of this catchment is characterized by exposed bedrock composed of
grandiorite in the highlands and aluvial and lacustrine sediments in the lower, less steep portion.
The alluvia deposits are over 40 meters (130 feet) in depth throughout most of the lowlying
areas and reach 350 meters (1,150 feet) deep at the lake level (Markiewicz 1992), indicating an
extensive aquifer system. (Ramsing 2000)
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The geologic units containing the aquifer of the Incline Village Watershed are composed
of the following: 1) Sandy gravel and gravelly sand aluvium (arkosic debris transported mainly
from weathered granitic rocks, occurring along low- gradient segments of streams), 2) sandy
boulder gravel colluvium (arkosic, derived mostly from weathering of granitic rocks along high
relief boundaries) and 3) beach sand (arkosic, fine to very coarse grained, which is restricted to
the shoreline of the lake) (Grose 1986).

Drill logs obtained from wells drilled in the Incline Village area indicate that the majority
(approximately 80%) of the subsurface material, down to 46 meters (150 feet) below ground
surface, issand. The other 20% is composed of boulders, clay and silt. Relatively high
hydraulic conductivity (K-value) can be inferred from the drill logs and the known geology in
the area. The hydraulic conductivity estimated for the area ranges from 5 to 10 meters/day (16 to
33 ft/day).

Seismic reflection testing was performed at Incline Beach State Park by the Bureau of
Reclamation in 1992 (Markiewicz 1992). A seismic line was recorded approximately 15 meters
(50 feet) inland, within the Incline Beach Park property. A reflection can be observed from the
data that most likely represents bedrock at a depth of about 350 meters (1,000 feet). The
groundwater in this area could be influenced by faults. The North Tahoe fault and the Incline
Village fault trend through the watershed area in northeast- southwest directions (Schweicker and
others).

The length of the shoreline representing the main aquifer for the Incline Village
watershed was measured from the outcropping of hornblende granodiorite (Grose 1986), located
just west of the North Tahoe Fault, and due north from State Line Point, to the outcropping of
Biotite-hornblende monzogranite of Spooner Summit (Grose 1985). This granitic outcrop is
located on the eastern portionof Crystal Bay. The length of shoreline between the two granitic
unitsis approximately 6,100 meters (3.8 miles).

54 Previous I ncline Village Area | nvestigations

5.4.1 University of Nevada at Reno Master’s Thesis (Ramsing 2000)

A master’s thesis written at UNR by Ramsing is the only major groundwater study in the
Incline Creek watershed. The goal of his study was to determine the groundwater nutrient flux
into Lake Tahoe for a small watershed, Incline Creek, extending from Third Creek to Mill Creek.

Seepage meters were installed to measure direct groundwater discharge from the
watershed. Stable isotope analysis of deuterium and *20 from interstitial pore water in lakebed
sediments was used to validate measurements. Average nutrient concentrations from nearby
wells were multiplied by groundwater discharge to determine total direct groundwater nutrient
flux. Ramsing's calculations showed only 9.9 x 10° to 3.0 x 10* n/day (8 to 24 acre-ftlyr), less
than 1% of the watershed budget, discharging directly as groundwater as opé)osed to the
hypothesis of 10% of the total water discharge from the watershed, 5.8 x 10° nv/day (474 acre-
ft/yr). Ramsing determined a reasonable estimate for soluble inorganic nitrogen loading to be 30
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kglyr (66 Ibs/yr), or 14% of the watershed budget. The groundwater contribution of soluble
reactive phosphorous was determined to be insignificant.

An emulated seepage run was performed by analyzing existing stream flow data to
determine whether groundwater was being intercepted as seepage to streams in the lower basin.
Because of the inaccuracies of the stream flow gauges and the method used to emulate a seepage
run on reaches of Incline Creek, Ramsing determined it is inconclusive as to whether streamsin
the lower basins are recharging groundwater or groundwater is seeping into streams and
contributing to base flow. It was determined that Ramsing’s hypothesis, which suggested that
2.2 x 10° mlyear (1753 acre-ft/year), or 37% of the total runoff from Incline Creek comes from
groundwater discharge to streams in the lower basin, is not true. Ramsing concluded that, while
base flow conditions contribute to perennial flows, the primary water sources for base flow are
the upper watersheds and not the lower basins. (Ramsing 2000)

54.2 USGS, InclineVillage General Improvement District (IVGID) and Nevada Bureau
of Health Protection Services (BHPS) Water Quality Monitoring

There are four wells located in the Incline Village area. Three of the wells are located at
the Incline Village Championship Golf Course and are used to monitor groundwater quality.
The fourth is a private well used by the USGS in 1990 for groundwater quality monitoring
samples. Two additional wells are located in the vicinity at Sand Harbor and Memoria Point.
The wells range in depth from 4 to 50 meters (14 to 163 feet). Table 5-1 contains genera well
information.

Table5-1. InclineVillage Area Well Construction Information

Elevation Depth of Well
Site No. (ft md) Meters (Feet)
161 6290 50 (163)
146 6360 4 (14)
147 6550 12 (39)
148 6625 14 (46)
153 6270 34 (110)
Notes:
1. The source agency code associated with each site number can be found in Appendix A.
2. --indicatesthe elevation or well depth is unknown.

3. Dataobtained from USGS, TRPA, Nevada BHPS, Nevada DWR.

Nutrient data has been collected periodically by 1VGID and the USGS from 1989 through
2001. Thisinformation has been collected for monitoring purposes. Nevada BHPS retains
nutrient data for the drinking water wells to monitor compliance with drinking water standards.
See Section 3.4.5, Nutrient Concentrations, for a detailed description of nutrient data.

Groundwater elevations have been recorded periodically from 1992 through 2001 at the
Incline Village Golf Course Monitoring Wells. The groundwater elevation at the other wells has
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only been observed once. See Table 5-2 for groundwater elevation data in the Incline Village
area.

Table5-2. InclineVillage Area Groundwater Elevation Data (ft above mgl)

Well ID
161 146 147 148 153
Average| 6,256.00 6,349.30 6,530.13 6,589.37 6,195.00
Minimum - 6,346.16 6,526.39 6,585.22 --
Maximum - 6.350.70 6.,532.75 6,594.21 --

Notes:
1. Dataprovided by USGS
2. Only one elevation was measured for wells 161 and 153.

The average gradient between the Incline Village wells and the lake is 0.057. The
average gradient between the downgradient well and the lake is 0.033. The horizontal and
vertical accuracy of the Incline Village Golf Course wellsis +5 seconds for latitude and
longitude coordinates and +6 meters (20 feet), respectively. This gradient is considered above
average for the Tahoe Basin as compared to Thodal’ s average gradient of 0.02 for the Tahoe
Basin (Thodal 1997). The above average gradient is expected in the steep terrain of the Incline
Village area.

55 Nutrient Concentrations

IVGID collects groundwater samples to monitor the groundwater on their golf course.
The samples are used to determine if application of fertilizer is affecting groundwater. These
results are reported to TRPA annually. IVGID samples are analyzed for dissolved ammonia,
dissolved nitrate, and dissolved orthophosphate. The USGS periodically samples al the Incline
Village area. USGS samples are analyzed for dissolved ammonia, dissolved ammonia plus
organic nitrogen, dissolved nitrite, dissolved nitrate, dissolved hydrolyzable plus orthophosphate,
dissolved orthophosphate, and dissolved phosphorus. The average concentrations of each
constituent are listed in Table 5-3.

The wells and land use in the area are depicted in Figure 5-1. Because IVGID does not
sample for ammonia + organic nitrogen, organic nitrogen for many samples was not available.
To determine an average total dissolved nitrogen concentration, the average organic nitrogen
concentrations were calculated for each well using the USGS data. These average concentrations
were then used in computing the total dissolved nitrogen concentration when only 1VGID
samples were available.

The dissolved ammonia + organic nitrogen concentrations range from 0.02 mg/L to 1
mg/L, averaging 0.265 mg/L. The dissolved nitrate concentrations, which include nitrite, range
from 0.007 mg/L to 5.6 mg/L with an average of 1.84 mg/L. Thisresultsin an average total
dissolved nitrogen concentration of 2.231 mg/L.
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Orthophosphorus concentrations for well 041 range from 0.001 mg/L to 0.211 mg/L,
averaging 0.047 mg/L. The range of total dissolved phosphorusis 0.013 mg/L to 1.76 mg/L,
averaging 0.128 mg/L.

If fertilization at the golf course was impacting the groundwater, the concentration of
nutrients in the groundwater would increase as the groundwater moves downgradient through the
golf course. The data shows that the highest concentrations of dissolved nitrogen are
consistently located in the upgradient well, indicating a source (or sources) of nitrogen actually
lies upgradient of the golf course and denitrification is occurring through the golf course;
therefore, the golf course is not a significant contributor to nutrients in groundwater. Because
there are no wells downgradient of the golf course, it is unknown how nutrient concentrations
vary as groundwater approaches the lake. However, it could be speculated that nutrient
concentrations may increase downgradient of the golf course since the downgradient land uses
are similar to the upgradient land uses.

The land use classifications upgradient of the golf course are single family, multi- family
and mixed urban. The potential sources of nutrients from these land- use types are fertilizer,
abandoned septic systems, and active sewer lines. The historical photos show development in
the late 1960s in this part of Incline Village. This indicates that abandoned septic systems could
be acting as continuing sources.

The land use near groundwater well 161 is single family residentia with light industry
upgradiert. A former treated wastewater pond and former treated wastewater infiltration
trenches lie upgradient of this well along Mill Creek. The potentia sources of nutrients from
these land- use types are fertilizer, abandoned septic systems, and active sewer lines. Although
abandoned, the former treated wastewater storage area could have contributed significant
amounts of nutrients to the groundwater system.
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Table5-3. Incline Village Area Average Nutrient Concentrations (mg/L)

Well ID

Constituent 161 146 147 148 153
Ammonia +
Organic 0.270 0.366 0.240 0.196 0.075
Nitrate 0.646 0.372 1.874 3.267 0.378
Total Nitrogen 0.916 0.805 2.206 3.672 0.453
Orthophosphate 0.157 0.036 0.043 0.055 0.012
Total Phosphorus 0.189 0.072 0.215 0.090 0.030
Top of Open
Interval (ft bas) 29 Shallow Shallow Shallow 70

Notes:

1. All concentrations reported are dissolved.
2. Dataobtained from USGS and TRPA.
3. Top of Open Interval with a— indicates the open interval isunknown. A < indicates less than the total

depth of the well.
4. na-notanalyzed

5. Nitrate concentrations include nitrite.

6. Total Nitrogen concentration is calculated by adding ammonia+ organic + nitrate.
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Figure5-1. Incline Village Area Groundwater Wellsand Land Use Classifications
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Notes:
1. Land Usecoverage provided by Tahoe Research Group.
2. Only wellswith groundwater elevation and/or analytical data are shown.
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5.6 Groundwater Discharge

There are severa approaches that can be used in the Incline Village area to approximate
the groundwater flow rate into Lake Tahoe.

5.6.1 Darcy’'sLaw Calculation

A ssmple Darcy’s Law calculation can be executed using the average gradient, median
hydraulic conductivity and aquifer area. The average gradient, 0.033 between the lake and
downgradient Incline Village monitoring well was chosen as representative of gradient between
the aguifer and Lake Tahoe. The range of hydraulic conductivities, 6 - 8 m/day (20 — 26 ft/day),
as determined from the boring logs was used. The length of the mgor aquifer is 6,100 meters
(3.8 miles). An aquifer depth of 15 meters (50 feet) was used. The depth used was chosen to
correspond with the depth at which the seepage meters no longer detected groundwater flow into
the lake.

This calculation yields an estimated flow rate from 6.7 x 10° — 8.8 x 10° nt/year (5,400 —
7,100 acre-ft/year).

5.6.2 SeepageMeter Calculations

McBride (1975) showed that seepage of water into or out of lakes tends to be
concentrated near the shore. The seepage rate is greatest at the shore ard decreases with
increasing distance from shore. In many cases McBride saw that the rate of decrease was
exponential. Unfortunately, very little seepage meter data was collected as part of the Ramsing
study due to problems with the seepage meters. This left little data to determine how seepage
varies with distance from the shore. Table 5-4 shows the flows measured by the seepage meters
along transects near Incline Creek.
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Table 5-4. Incline Village Area Seepage M eter M easurements

Ski Beach: August 1996 - May 1997

hMeasured Seepage Flux (cm/fd)
Sampling | Distance from Date
Puoint Shore () | 8/5/1996 101311996 2A5M1997 21181997 2251997 2271997 5241997 7N8A997 72501997
SN-5 5 1.70E-01
SN-7 7 -2 A0E-02
SM-10 10 1.70E-01 -1.30E-04  2.30E-02
SN-12 12 3.80E-02
SMN-154, 15 9.80E-02 8.40E-02 1.80E-02 1.60E-02 5Z20E-02 4.00E-03
SN-15B 15 1.00E-03 1.20E-02 250E-02
SN-15C 14 2.80E-02 200E02 570E-02 7.0E-02 4.80E-03
SN-150 15 1.30E-01  1.40E-0Z 160E-0Z 1.60E-01 1.30E-01 1.30E-02
SP-1 20 7. 70E-02 1.00E-01 Z2.B0E-02
SP-2 20 6.90E-02 -1.80E-02 -3.50E-03
SP-3 20 4. 10E-02 2.00E-02
SP-4 20 9.20E-03 9.10E-03 1.10E-02
SP-5 20 1.80E-M1 4.80E-03
SN-30 30 4.80E-05 -7 GOE-04 5.50E-02 3 0E-02 2.70E-02
SN-40 40 2.90E-02 3.B0OE-02 2.40E-03 540E-03
51-4 100 2.40E-03
52-4 100 5.00E-03
53-4 100| 5.90E-03
31-3 125 7.90E-03
52-3 125| 6.50E-03
53-3 125| 5.10E-03
52-2 150( 7.10E-03
532 150| -F.00E-03
51-1 2000 9.60E-03
52-1 200| 6.90E-03
Average| 5.34E03  1.29E-01 B.35E-02 7A4BE02 7.11E-03 B52E-03 7O0O5E-02 469E-02 1.30E-02
Standard Deviation| 4.43E-03  580E-02 488E-02 B.S3E-02 BO9ME-03 168E0Z2 529E-02 513E-02 1.05E-02
Average (non-negative)| B.B0E-0S  1.29E-01 B.35E-02 7.48E-02 7. 1ME03 1.69E-02 7.08E-02 B.55E-02 1.45E-02
Standard Deviation| 2.04E-03  580E-02 4.88E-02 B6.53E-02 B.9ME-03 724E03 S5.29E-02 4.46E-02 9.37E-03
Average (>1x10%cmid) 1.29E-01 B.35E-02 8.96E-02 1.30E-02 1.98E-02 7B1E-02 7.G63E-02 Z.00E-02
Standard Deviation 5.80E-02 4.88E-02 B.OBSE-L2 1.41E03 386E-03 510E-02 3891E-02 6.63E-03
Legend:
Blue Less than detection limit but greater than zero
Red Less than zero
Motes:
1. Data obtained from Rarnsing 2000

No trend could be determined when plotting the data for seepage versus distance from the
shore (Figure 5-2). Some of the variation may be due to the measurements taken over different

seasons, spatial variation of seepage and experimental error. The only month that has enough

data for a“seasona” evaluation is February, however, there is no apparent trend when evaluating
February measurements alone (Figure 5-3). The only trend that could be established was by
determining the average flow per distance from shore. Although an exponentia trend could be

established with a high coefficient of determination (r%), the standard deviations of the means are

significant (Figure 5-4). The following charts show the plots of seepage versus distance from

shore under the above scenarios.
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Figure5-2. Summary of Ski Beach Seepage M eter M easur ements (Ramsing 2000)
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Figure5-3. Summary of Ski Beach Seepage M eter M easurements (Ramsing 2000),

February 1997

2.00E-01

1.50E-01

1.00E-01

5.00E-02

Seepage Flux [cm/id)

0.00E+00

Ski Beach Seepage Meter Measurements

February 1997

*
L 4
\ 4
L 4
‘
T > T \g *
0 10 20 30 40

Distance (m)

50

Notes: Detections below zero are not included.

E:\Groundwater\DocumentsReport \SectionaGW Study Report - Draft Final Section 5.doc

June 2003



Draft Final Groundwater Evaluation,
Lake Tahoe Basin, CA and NV 5-11

Figure 5-4. Average Seepage Meter M easurements, Ski Beach
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When reviewing the average of seepage measurements, ignoring negative measurements,
an exponential fit was calculated with ar? value of 0.72. Error bars showing the standard
deviation of the means are included. The lack of a significant amount of data can also produce
significant errors.

The length of shoreline considered part of the Incline Village areais approximately 6,100
meters long (3.8 miles). The depth to bedrock reaches a maximum of 305 meters (1,000 ft)
below ground surface near Incline Beach and extending westward to the North Tahoe fault. An
average distance of 300 meters (984 ft) from shore was used in the calculation. This distances
was chosen as the point where the cumulative discharge into Lake Tahoe becomes steady. Two
methods of calculating seepage flux were used for Incline Village. The first was calculated by
determining the area under the curve (from 0 to 300 meters (0 to 984 ft) off shore) for the
exponentia fit above and multiplying by the length of shoreline in the Incline Village area. The
second was calculated by taking the average seepage meter measurement (0.0365 cm/day,
Ramsing 2000) and multiplying by the aquifer/lake interface area, 1,830,000 square meters (0.7
square miles).
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Method 1.

300

f'(x) = ¢.069e *****dx
0

0.069 300
f X) = e-0.0153x
00 =- 0.0153[ ]°
£ (0 = 0.069 [ a0 _ e°]

- 0.0153

Seepage Flux = 4.5 cm/day

Estimated Total Annual Seepage = 4.5 cm/day x 6,100 meters of shoreline x 365

daylyear x — 1 x A€ ft3 = gp acre: ft =9.9x 10* miiyr
100cm 1233.5m year

Method 2.
Seepage Flux = Average seepage x Aquifer Area

Estimated Total Annual Seepage Flux = 0.0365 cm/d x 300 m x 6100 m x 365 d/yr x

m_ &€ ft3 = 200 aCr€: y =25x 10° nPlyr
100cm  1233.5m year

5.6.3 Summary

The various methods for calculating groundwater flux to Lake Tahoe produce estimated
values ranging from 9.9 x 10* to 8.8 x 10° n’/yr (80 to 7,100 acre-feet/year). The uncertainties
are aresult of approximated k values, an assumed gradient based on afew wells, the
approximation of the aquifer boundary and depth, seepage flux as calculated by metersin only
one section of the area, and a limited number of seepage meter readings.

5.7 Nutrient L oading

The potential range of nutrient discharge from the Incline Village area occurring as direct
groundwater inputs to Lake Tahoe was calculated by multiplying the estimates of annual
groundwater discharge by concentrations of nutrients found in monitoring wells in the Incline
Village Area. Various methods are described below. Details of the methodology used are
described in Section 3.2.

The average nutrient concentrations for all four wells were multiplied by the groundwater
discharge estimates calculated in Section 5.6. Table 5-5 summarizes the nutrient flux determined
using this method. The wells located within this area are concentrated within a golf course. This
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does not represent a majority of the land use in the Incline Village area and therefore may not be
representative. In addition, the downgradient well in the golf course is over a mile from the lake.
If additional sources of nutrients are located downgradient of the wells, the nutrient flux estimate
could be low.

The average nutrient concentrations in the downgradient wells, 161 and 146, were
multiplied by the groundwater flux estimates calculated in Section 5.6. Table 5-5 summarizes
the nutrient flux using this method. The downgradient well located in the Incline Village
Championship Golf Course is still a considerable distance from Lake Tahoe. Downgradient
from this well are land use types that could be contributing additional nutrients to the
groundwater system. Additionally, the well located in the western portion of the basin is not
representative of the remainder of the area. Thiswell islocated downgradient of a former
sewage holding area, whereas the majority of the Incline Village area is made up of commercial
and residential land use types.

The Incline Village area does not have a comprehensive groundwater monitoring
network. To overcome this problem, the dataset compiled for the entire basin was used to apply
average nutrient concentrations within similar land use categories. A majority of the Incline
Village area consists of residential and commercia land use types. Commercia use represents
about and eighth of the land use in the region, the remainder being dominated by residential
development. Using the averages established for these land use categories (see Section 2.3) land
use weighted averages were devel oped.

The land use weighted average approach for the Incline Village area seems the most
reasonable, as there is alimited monitoring network. This method assumes that the land uses of
the same category are consistent across the basin. Potential errors could be introduced by certain
residential neighborhoods having manicured lawns versus those with natura yards. The results
of the land use weighted nutrient estimate combined with the groundwater discharge estimate of
6.7 x 10° ntlyear (5,400 acre-feet/year) provide the most reasonable nutrient loading estimate to
Lake Tahoe.
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Table5-5. Incline Village Area Average, Downgradient and Land Use Weighted Annual Nutrient Loading

Downgradient Concentration
Average Concentration Method Method Land Use Weiahted Method
Nutrient Downgradient Nutrient Land Use Nutrient
Groundwater Average Loading Average Loading Average Loading
Flux Concentration Estimate Concentration Estimate Concentration Estimate
Constituent (m3vean (ma/L) (ka/vn) (ma/l) (ka/vn (ma/l) (ka/vn
6.7E+06 1,765 2,331 1,625
8.8E+06 2,321 3,065 2,137
Ammonia + 2.5E+05 65 86 60
Oraanic 9.9E+04 0.265 26 0,350 35 0,244 24
6.7E+06 12,276 2,598 2,564
8.8E+06 16,141 3,416 3,372
2.5E+05 455 96 95
Nitrate 9.9E+04 1.843 182 0.390 38 0.385 38
6.7E+06 14,860 5,409 4,190
8.8E+06 19,539 7,111 5,509
2.5E+05 550 200 155
Total Nitrogen 9.9E+04 2231 20 0812 80 0.629 62
6.7E+06 313 293 546
8.8E+06 412 385 718
2.5E+05 12 11 20
Orthophosphate 9.9E+04 0.047 5 0.044 4 0.082 8
6.7E+06 853 606 766
8.8E+06 1,121 797 1,007
2.5E+05 32 22 28
Total Phosbhorus 9.9E+04 0.128 13 0.091 9 0.115 11

Notes:
1. 1 n/year = 0.0008 acre-feet/year, 1 kg/yr = 2.2 Iblyr
2. Average nutrient concentrations derived from those included in Table 5-3.
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5.8 Ambient Nutrient L oading

Ambient loading was calculated from the basin-wide data set for wells located in a
forested land use. The ambient nutrient loading is calculated to estimate the amount of nutrients
that would discharge into Lake Tahoe regardless of anthropogenic sources. The discharge rates
which were determined to be the most reasonable estimates of groundwater discharge were used
in calculating the ambient nutrient loading. Based on these estimates, the total dissolved
nitrogen concentrations that may be entering the lake from natural processesis 1,206 kg/year
(2,659 Ibslyr). The estimated ambient total dissolved phosphorus concentration entering the lake
is 453 kglyear (999 lbs/yr). Table 5-6 summarizes the loading estimates.

Table5-6. InclineVillage Area Ambient Nutrient L oading Estimate

Ambient Ambient
Ambient Total Nitrogen Phosphorus
Groundwater  Ambient Total Dissolved Nutrient Nutrient
Discharge Dissolved Phosphorus Loading Loading
(m®/vear) Nitroaen (ma/lL) (ma/l) (ka/vear) (ka/vear)
Incline Village 6.66E+06 0.181 0.068 1206 453

Notes:
1. 1 nt/year = 0.0008 acre-feet/year, 1 kg/yr = 2.2 Iblyr
2. Average nutrient concentrations derived from those included in Section 3.2.

5.9 Summary and Conclusions

Incline Village encompasses arelatively small area, but because of the estimated depth of
the aquifer, is one of the most significant in the basin. An extremely limited monitoring system
is located within the basin, making estimates for nutrient loading difficult. In addition to the
limited monitoring network, the placement of the wells is such that they do not represent a
majority of the land uses in the region. These limitations result in awide range of discharge
estimates for the area.

There is avery limited monitoring well system in the Incline Village area. The only
wells used for monitoring are located in the eastern section of Incline Village. This small
network provides only alimited amount of data for land uses that are predominant in the
remainder of the watershed. A majority of the wells are currently located in recreational areas,
specifically agolf course. Thereisvery limited data for residential or commercia areas which
have a potential to be nutrient sources from fertilizer use, abandoned septic systems, etc. A
monitoring network which is designed to monitor the predominant land uses with spatial
variability would provide better estimates of nutrient loading.

There is no information on the effects of infiltration basins to groundwater. The Village
Green basin is located downgradient of the golf course monitoring wells. These wells could be
used to evaluate the effects the basin has on groundwater. A recommended approach would be
to place a monitoring well network downgradient of the Village Green infiltration basin. It
would also be useful to place awell upgradient of the infiltration basin, but downgradient from
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the turf grass area of Village Green. Thiswould provide useful information on the effects of
infiltration basins and fertilizer application at recreational sites other than golf courses.

Subsurface information is generally lacking in the Incline Village area. It is
recommended that additional boreholes be drilled, including the collection of continuous core, or
split-spoon sampling at regular intervals with borehole geophysics to tie in contacts, so that
accurate determination of the stratigraphy can be made. A surface geophysical survey could then
be run to extend the stratigraphic information parallel and perpendicular to the shoreline. To aid
in the understanding of hydrologic conditions, piezometer wells should be located in nests to
evauate vertical components of groundwater flow. Currently, only a couple of wells exist in this
part of the basin and one test seismic reading has been collected. The geometry of the
sedimentary fill below Incline Village is significantly different from other portions of the basin,
but the data defining these differences is sparse. Additional geology information would reduce
errors in the loading estimate. Conducting pumping tests on the existing wells as well as
performing additional geophysical (or seismic) studies would provide a better estimation of k
values. Thiswould aso better define whether the aquifer has any significant aquitards.

A more comprehensive evaluation of the groundwater/stream interaction would provide
better estimates of the area directly discharging to the lake versus the area discharging to
streams. A more complete groundwater level monitoring network would be required near gaged
streams. Magjor faults in Incline Village may provide pathways for significant groundwater flow.
Effects of faults on groundwater movement should also be studied.

The IKONOS satellite imagery could be used to determine if any neighborhoods have a
significant amount of fertilized lawns. The imagery can be processed to display areas with high
nutrient content, both natural and fertilized area. These areas could then be targeted for
additional monitoring. Historical record searches could be performed to locate and study the
residual effects of septic systems, and the former treated wastewater pond located along Mill
Creek and infiltration trenches. Additional data on the long term effects of the area should be
undertaken to determine if thisis a significant contributor of nutrients to the groundwater system.

The groundwater discharge estimates ranged from 9.9 x 10* to 8.8 x 10° n/yr (80 to
7,100 acre-ft/year). The broad range of valuesis due to estimation based on seepage meters and
Darcy’s Law calculation. A number of methods were used to provide a range of nutrient loading
estimates for each region. The most reasonable estimate based on land use weighted averagesis
included in Table 5-7.

The results of the Incline Village area nutrient loading estimate are compared to those
presented in The U.S. Forest Service Watershed Assessment (Murphy et al. 2000). Comparing
these values, the Incline Village area represents 7.0% of the nitrogen and 19.2% of the
phosphorus nutrient loading from groundwater to Lake Tahoe.
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Table5-7. Incline Village Area Groundwater Nutrient Loading Comparison to Basin Wide
Loading Estimates from U.S. Forest Service Water shed Assessment (Murphy et al. 2000)

Nitrogen Phosphorus Dissolved
Phosphorus

U.S. Forest Service Water shed Assessment Results, Basin-Wide
Estimated annual 418,100 45,700 17,000
nutrient loading
from all sources
(kg)
Estimated annual 60,000 4,000 4,000
nutrient loading
from groundwater
(ka)
Corps Groundwater Evaluation Results, Incline Village Area
Estimated annual 4,190 766 766
nutrient loading
from groundwater
(kg)
Estimated percent 1.0% 1.7% 4.5%
of annual nutrient
loading from all
sources
Estimated percent 7.0% 19.2% 19.2%
of annual nutrient
loading from
groundwater

The land use weighted average is considered the most reasonabl e estimate because of the
limited monitoring network. This method takes into account the land uses of the region. The
Darcy’s Law calculation using 6 m/day (20 ft/day) hydraulic conductivity was determined to be
the best estimation. There are many errors associated with the seepage meter readings and they
represent only a portion of the shoreline intersection basin fill deposits (Ramsing 2000). These
two methods produce an estimated annual nitrogen loading of 4,190 kg (9,237 Ibs) and
phosphorus loading of 766 kg (1,689 Ibs).

Comparing the total groundwater nutrient loading (Table 5-5) to the ambient nutrient

loading (Table 5-6), natural processes may make up to 29% of the nitrogen and 59% of the total
dissolved phosphorus loading to the lake.
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6.0 TAHOE VISTA/KINGSBEACH NUTRIENT LOADING

6.1 Description of Study Area
The Tahoe VistalKings Beach areais located on the north shore of Lake Tahoe extending
from the California/Nevada state line east to Dollar Point. Griff Creek drains the areainto Agate

Bay. The Tahoe Vista, Griff Creek, Kings Beach and East Stateline Point watersheds make up
this region.

Human development is extensive near the lake. The land use includes residential,
commercial and recreational. The primary forms of recreational land use include a golf course,
regional park and State Recreation area.

6.2 History of Development

Settlements were established in Tahoe Vista and Kings Beach in the early 1860s. A
logging camp and small mill community were established around 1864. During the late 1860s
dairy and hay operations were conducted at locales on a small scale in North Tahoe. Hay and
dairy enterprises were based in the meadows around Griff Creek near Tahoe Vista and Kings
Beach. (Lindstrom et al. 2000)

Pine Grove Station was established by awood contractor in Tahoe Vistain 1865. Tahoe
Vista began to expand in the early 1900s with the establishment of the first casino/hotel in 1911
and the first subdivision in 1914. (Lindstrom et al. 2000)

Wiggins Station was established in Kings Beach by awood contractor as alogging camp
and small mill community in the mid 1800s. By 1896, the Brockway Hot Springs Resort was
developed. The 1920s brought the first subdivisions along with expansion of the resort to
include a casino, club and golf course. (Lindstrom et al. 2000)

6.3 L ocal Geology

The basin-fill comprises glacial deposits and lacustrine sediments. This material is
composed of rock ranging from fine silt to large boulders that have been sorted and stratified by
the action of water flowing from glaciers. The hydraulic corductivity is estimated to range from
0.3 to 30.5 m/day (1 to 100 ft/day), with the mean at 15 m/day (50 ft/day).

Geophysical surveys in the areaindicate that basin-fill deposits overlying volcanic rock
are less than 30 meters (100 feet) thick (Markiewicz 1992, p.21-27), but one driller’slog for a
well near Tahoe Vista, reports a clay and gravel contact at 27 meters (89 ft) and basalt at 60
meters (197 ft) bgs. Estimates of the thickness of basin-fill deposits along the eastern shore are
limited but thickness probably extends to 61 meters (200 ft) thick (Thodal 1995, p. 14). The
Dollor Point Fault, trending north-south, bounds the western side of the watershed area. As with
most of the faults in the Lake Tahoe areg, thisis a steeply dipping normal fault.

The length of the shoreline representing groundwater recharge for the Kings Beach
Watershed was measured from aerial photographs and a geologic map of California (Jennings,
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1977). Thelength of the shoreline representing groundwater recharge for the Kings Beach area
was measured from the granitic outcropping, located at Brockway, just southeast of Kings Beach
to the outcropping of volcanic rock at Flick Point to the west. The length of shoreline between
the two geologic units is approximately 6,000 meters (3.7 miles).

6.4 Previous Tahoe Vista/Kings Beach Area | nvestigations

No mgjor investigations have been conducted in thisarea. Thodal’s study included one
public well just to the west of Tahoe Vista, but no wells within the basin fill area.

6.4.1 USGS, Brockway Golf Course & North Tahoe Public Utility District Water Quality
Monitoring

There are eight wells located within the basin fill aguifer in Tahoe VistalKings Beach
(Figure 6-1). Five of these wells are located on the Old Brockway Golf Course (149-152). No
information is available regarding a fourth monitoring well at the golf course. Oneislocated in
North Tahoe Regiona Park (145) and the other two are located in the southwestern portion of the
basin fill aquifer (142-143). The golf course wells are used to monitor groundwater quality. The
North Tahoe Regiona Park well isamunicipal supply well. The two wells located in the
southwestern area are small provider drinking water wells. One additional well islocated in the
area outside of the basin fill aquifer (144). The well is a private drinking water well and has
been used by the USGS for monitoring purposes.

Table 6-1. Tahoe Vista/Kings Beach Area Well Construction Information

Site No. Elevation Depth of Wdll
(ft abovemd) Meters  (Feet)
Tahoe Vista/Kings Beach

149 6280 -- --
150 -- -- --
151 6250 -- --
152 6245 -- --
145 6450 268 (880)
142 6260 -- --
143 6260 -- --
Tahoe Vista Vicinity
144 6440 130 (425)
Notes:
1. The source agency code associated with each site number can be found in Appendix A.
2. --indicatesthe elevation or well depth is unknown.

3. Dataobtained from USGS, LRWQCB, California DHS, and California DWR.

Nutrient data has been collected for the Old Brockway Golf Course wells since
1989. Monitoring of well 144 began in 1990 and continues to be monitored. The
California DHS retains monitoring data for the drinking water wells to monitor
compliance with drinking water standards. See Section 6.5, Nutrient Concentrations for a
detailed description of the nutrient data.
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Figure6-1. Tahoe Vista/Kings Beach Groundwater Wellsand Land Use
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1

Land Use coverage provided by Tahoe Research Group.

2. Only wellswith groundwater elevation and/or analytical data are shown.
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Groundwater elevations have been recorded during each sampling event at the Brockway
Golf Course. Groundwater elevation data was recorded only at the time of drilling for well 144.
No groundwater elevation datais available for the remaining wells. See Table 6-2 for
groundwater elevation data in the Tahoe Vista/lKings Beach area.

Table 6-2. Tahoe Vista/Kings Beach Groundwater Elevation Data (ft above mdl)

Well ID
Date 144 149 151 152 Lake Elevation
Average Water Level|] 6,180.00 6,266.44 6,245.29 6,237.45 6,221.35
Minimum -= 6,261.60 6,244.00 6,232.80 6,219.42
Maximum -- 6,271.00 6,248.70 6,241.00 6,224.29

Notes:
1. Datawas obtained from USGS.
2. Only one elevation was measured for well 144.

Well 144 is located outside of the basin fill aquifer. This well is constructed in fractured
bedrock. The gradient between this well and the lake is negative, implying that the lake actually
discharges to the groundwater in thisarea. The gradient within the basin fill aquifer averages
0.02 which corresponds to Thodal’ s average gradient for the basin (Thodal 1997).

6.5 Nutrient Concentrations

LRWQCB requires Old Brockway Golf Course to monitor groundwater to establish
baseline conditions in early spring, monitor the effects of chemicals applied during the summer
season and determine residual effects once the active season has ceased (LRWQCB 2000a). At
least three groundwater samples are collected between March and November, the first sample
occurring prior to any chemical application and one after cessation of chemical application but
before winter. The golf course is required to sample groundwater for dissolved chemical
constituents passing through a 0.45 micron filter. The nutrient constituents requiring analysis are
dissolved Kjeldahl Nitrogen, dissolved nitrate plus nitrite, dissolved orthophosphorus and total
dissolved phosphorus. No total dissolved phosphorus results were available.

The USGS has sampled well 144 periodically since 1989. These wells are sampled as
part of a Tahoe Basin-wide monitoring program. The USGS samples for dissolved ammonia,
dissolved Kjeldahl Nitrogen, dissolved nitrate plus nitrite, dissolved orthophosphorus and total
dissolved phosphorus.

The California DHS requires sampling for nitrate and nitrite in drinking water wells. The
municipa wells are sampled for nitrate annually. Nitrite samples are collected every three years.
Data for the municipal well has been obtained beginning 1996. The small provider wells have
data from 2002 only.

The average concentrations of each constituent are listed in Table 6-3.
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Table 6-3. Tahoe Vista/Kings Beach Average Nutrient Concentration (mg/L)
Well ID
Constituent 144 149 150 151 152 142 143 145
Ammonia +
Organic 0.080 1.100 1.060 0.081 0.661 na na na
Nitrate 0.050 0.342 0.064 0.077 0.878 0.050 0.510 0.239
Total Nitrogen 0.130 1.441 1.124 0.159 1.539 na na na
Orthoohosphate 0.036 0.061 0.079 0.035 0.131 na na na
Total Phosphorus| 0.056 na na na na na na na
Top of Open
Interval 335 Shallow __ Shallow____Shallow___Shallow - -- 240
Notes:
1. All concentrations reported are dissolved.
2. Dataobtained from USGS, LRWQCB, and CA DHS
3. Top of Open Interval with a— indicates the open interval isunknown. A <indicates |essthan the total depth of the well.
4. Nitrate concentrationsinclude nitrite
5. Total Nitrogen concentrationis calculated by adding ammonia + organic + nitrate
6. na-—notanayzed
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6.5.1 Old Brockway Golf Course Data

Old Brockway Golf Course has five groundwater monitoring points at the site, four of
which have groundwater monitoring data available. Upgradient monitoring well 4 has no data
associated with it. Monitoring well 150 is considered an upgradient wells. Monitoring wells
149, 151 and 152 are downgradient wells. In general, the concentration of all forms of nitrogen
is higher in the downgradient well as compared to the upgradient well. The concentration of
orthophosphate is at the detection limit in a majority of the samples for monitoring wells 149,
150, and 151. Monitoring well 152 consistently has orthophosphate concentrations above the
detection limit.

Although total phosphorus was not measured in the golf course wells, an estimate is
made as part of thisevauation. This estimate is based on the average percent organic
phosphorus from the two wells in the vicinity is approximately 42% of the total phosphorus.
This corresponds to Thodal’ s estimate of organic phosphorus percentage for the entire Tahoe
Basin (Thodal 1997). This percentage was used to estimate the organic phosphorus and finally
the total phosphorus estimates for the golf course monitoring wells.

The data shows that the groundwater entering the golf course is elevated in total nitrogen
concentrations. The values are below the maximum concentration for discharge to land
treatment systems (5 mg/L as N), but higher than the maximum concentration for discharge to
surface waters (0.5 mg/L as N), as regulated by LRWQCB. The estimated total phosphorus
concentration of groundwater entering the golf course is typically below the maximum
concentration for discharge to land treatment systems (1 mg/L as N), and the maximum
concentration for discharge to surface waters (0.5 mg/L as N), as regulated by LRWQCB. The
land uses upgradient of the golf course primarily consist of single family and multi family
residential. The potential sources of nutrients from the land use types are fertilizer, abandoned
septic systems, urban runoff and active sewer lines.

The groundwater monitoring activities show that the concentration of nitrogen increases
as it passes through the golf course. Monitoring well 152 is the only downgradient well that
consistently shows higher estimated phosphorus concentrations. This well is not only
downgradient from the golf course, but also aresidential complex located within the boundary of
the golf course. This indicates that the golf course and residential complex are contributing
sources to the groundwater nutrient concentrations.

6.5.2 Drinking Water Wéells

WEélls 142 and 143 have only been sampled for nitrate and only one date has been
recorded. Therefore, no evaluation of trends can be made for these wells. The well located
within the Regional Park, 145, has only been sampled for nitrate. Thiswell has consistently
higher concentrations of nitrate each year. In addition, this well represents the deep water
aquifer showing concentrations of nitrate approaching the maximum total nitrogen concentration
for discharge to surface waters. This does not include organic nitrogen or ammonia, as no testing
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has been conducted for those constituents. This deep water monitoring well should be evaluated
yearly to determine if the increase in nitrogen concentration continues.

6.6 Groundwater Discharge

No seepage meter measurements have been taken in thisarea. This limits the discharge
calculation to the Darcy’s Law approach.

Darcy’sLaw Calculation Using Estimated Hydraulic Conductivity

A simple Darcy’s Law calculation can be executed using the average gradient, median
hydraulic conductivity and aquifer area. The average gradient, 0.0197, between the monitoring
well and lake was used in the estimate. The median hydraulic conductivity, 15 m/day (50 ft/day)
as determined from the boring logs was used. The length of the basin fill aguifer is estimated at
6,000 meters (3.7 miles). The aquifer depth is 15 meters (50 feet).

The calculation yields an estimated discharge rate of 9.7 x 10° mt/year (7,900 acre-
ft/year).

The California Department of Water Resources estimated that the length of shoreline
intersecting basin fill deposits is approximately 4,000 meters (2.5 miles) (CADWR 2003). Using
this estimate, the groundwater discharge reduces to 6.4 x 10° nlyear (5,200 acre-ft/year).

6.7 Nutrient L oading

The potential range of nutrient discharge from the Tahoe VistalKings Beach area
occurring as direct groundwater inputs to Lake Tahoe was calculated by multiplying the
estimates of annual groundwater discharge by concentrations of nutrients found in monitoring
wells. Details of the methodology used are described in Section 3.2.

The average nutrient concentrations for al wells in the Tahoe VistalKings Beach area
were multiplied by the groundwater flux estimates calculated in Section 6.6, Groundwater
Discharge. Table 6-4 summarizes the nutrient flux using this method. The wells used in this
estimation are mostly concentrated within a golf course. This does not represent a majority of
the land use in the area and therefore is not representative. This approach aso neglects the
accumulation of nutrients as groundwater progresses downgradient through potertial sources.

A more accurate method for this region is to multiply the average nutrient concentration
in the downgradient well, 152, by the groundwater discharge estimates calculated. Table 6-4
summarizes the nutrient flux using this method. This method provides a reasonable estimation
of nutrient loading to Lake Tahoe. Although the downgradient well is located in a golf course, it
does represent much of the land use in the Tahoe Vista/lKings Beach area. The golf course well
is downgradient of residential and commercial land uses. Thisindicates that any contamination
resulting from those land uses are intercepted by the well 152. This method may dightly
overestimate the nutrient concentrations for the region as the wells also accumulate nitrogen and
phosphorus from golf course activities that would be absent elsewhere in the region.
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Although the wells in the Tahoe VistalKings Beach area are placed such that they
represent the area more accurately than the Incline Village wells, there are till areas that are
without data. To account for this, the dataset compiled for the entire basin was used to apply
average nutrient concentrations within similar land use categories. A majority of this area
consists of residential, recreational and commercial land use types. Each type represents
approximately one-third of the area. Using the averages established for these land use categories
(see Section 2.3) land use weighted average concentrations were devel oped.

The land use weighted average and discharge estimate using 6,000 meters (3.7 miles) of
shoreline are used in the basin-wide estimate for overall nutrient loading to Lake Tahoe. The
land use weighted average was chosen to best represent the nutrient concentrations that are likely
in thisregion. The longer extent of basin fill aquifer is a more conservative approach to estimate
the regional nutrient loading.
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Table 6-4. Tahoe Vista/Kings Beach Average, Downgradient and Land Use Weighted Annual Nutrient Loading
Average Concentration Downgradient Land Use Weighted
Method Concentration Method Method
Land Use
Downgradient Weighted
Groundwater Average Nutrient Average Nutrient Average Nutrient
Flux Concentration Loading Concentration Loading | Concentration Loading
Constituent (m’/year) (ma/L) (kalyr) (ma/L) (kalyr) (ma/L) (kalyr)
Ammonia + 9.7E+06 7,205 6,441 2,709
Organic 6.4E+06 0.739 4,742 0.661 4,240 0.278 1,783
9.7E+06 3,798 8,556 6,958
Nitrate 6.4E+06 0.390 2,500 0.878 5,632 0.714 4,580
9.7E+06 11,054 14,997 9,667
Total Nitrogen 6.4E+06 1.134 7,276 1,539 9,871 0.992 6,363
9.7E+06 761 1,277 789
Orthophosphate 6.4E+06 0.078 501 0.131 840 0.081 520
9.7E+06 1,310 2,202 1,101
Total Phosphorus | 6.4E+06 0.134 862 0.226 1,450 0.113 725

Notes:

1. Total Phosphorus concentrations for the average and downgradient concentration method are an estimation based on an assumed 42% content
of organic phosphorus.

2. 1 n/year = 0.0008 acre-feet/year, 1 kglyr = 2.2 Iblyr

3. Average nutrient concentrations are derived from those included in Table 6-3

E:\Groundwater\DocumentsReport \SectionaGW Study Report - Draft Final Section 6.doc June 2003



Draft Final Groundwater Evaluation,
Lake Tahoe Basin, CA and NV 6-1C

6.8 Ambient Nutrient L oading

Ambient loading was calculated from the basin-wide data set for wells located in a
forested land use. The ambient nutrient loading is calculated to estimate the amount of nutrients
that would discharge into Lake Tahoe regardless of anthropogenic sources. The discharge rates
which were determined to be the most reasonable estimates of groundwater discharge were used
in calculating the ambient nutrient loading. Based on these estimates, the total dissolved
nitrogen concentrations that may be entering the lake from natural processesis 1,764 kg/year
(3,889 Ibs/yr). The estimated ambient total dissolved phosphorus concentration entering the lake
is 663 kg/year (1,462 Ibs/yr). Table 6-5 summarizes the loading estimates.

Table 6-5. Tahoe Vista/Kings Beach Ambient Nutrient Loading Estimate

Ambient Ambient
Ambient Total Nitrogen Phosphorus
Groundwater  Ambient Total Dissolved Nutrient Nutrient
Discharge Dissolved Phosphorus Loading Loading
(m®/vear Nitrogen (ma/L) (ma/L) (ka/vear) (ka/vear)
Incline Village 9.74E+06 0.181 0.068 1764 663

Notes:
1. 1 nPlyear = 0.0008 acre-feet/year, 1 kglyr = 2.2 Iblyr
2. Average nutrient concentrations derived from those included in Section 3.2.

6.9 Summary & Conclusions

The Tahoe VistalKings Beach area has only a limited amount of data for the region. The
public water supply in this area is mostly taken from the lake, leaving only one municipa supply
well inthe area. A golf course is monitored in the basin, but as the only major source of data,
this could be unduly showing high concentrations of nutrients in the area.

There is avery limited monitoring well system in the Tahoe Vista/Kings Beach area. The
majority of wells used for monitoring are located in the eastern region. This small network
provides only alimited amount of data for land uses that are predominant in the remainder of the
watershed. A majority of the wells are currently located in recreational areas, specifically a golf
course. Thereisvery limited data for residential or commercial areas of basin fill deposits which
have a potential to be nutrient sources from fertilizer use, abandoned septic systems, etc. A
monitoring network which is designed to monitor the predominant land uses with spatial
variability would provide better estimates of nutrient loading.

Subsurface information is generaly lacking in the area. It is recommended that
additional boreholes be drilled, including the collection of continuous core, or split-spoon
sampling at regular intervals with borehole geophysics to tie in contacts, so that accurate
determination of the stratigraphy can be made. A surface geophysical survey could then be run
to extend the stratigraphic information parallel and perpendicular to the shoreline. To aid in the
understanding of hydrologic conditions, piezometer wells should be located in nests to evaluate
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vertical components to ground water flow. Currently, a limited number of wells exist in this part
of the basin. The geometry of the sedimentary fill below Tahoe Vista/lKings Beach is unknown.
Additional geology information would reduce errors in the loading estimate. Conducting
pumping tests on the existing wells as well as performing additional geophysical (or seismic)
studies would provide a better estimation of k values. This would aso better define whether the
aquifer has any significant aquitards.

A more comprehensive evaluation of the groundwater/stream interaction would provide
better estimates of the area directly discharging to the lake versus the area discharging to
streams. A more complete groundwater level monitoring network would be required near gaged
streams. A better understanding of the impacts the faults have on groundwater movement is
another important factor.

A better definition of the actual source(s) of nutrients is needed. The IKONOS satellite
imagery could be used to determine if any neighborhoods have a significant amount of fertilized
lawns. The imagery can be processed to display areas with high nutrient content, both natural
and fertilized area. These areas could then be targeted for additional monitoring. More detailed
historical record searches could be performed to locate and study the residual effects of septic
systems.

Another important source of nutrients could be the former treated wastewater pond
located in the North Tahoe Regional Park. Additional data on the long term effects of the area
should be undertaken to determine if thisis a significant contributor of nutrients to the
groundwater system.

The screen intervals of the wells should be determined. Thiswill provide additional
information regarding the portion of the aquifer which is being monitored by each well. This
will aid in the design of any additional wells that would be useful to the monitoring of the area.

The groundwater discherge estimates ranged from 6.4 x 10° to 9.7 x 10°n/year (5,200 to
7,900 acre-ft/year). The range of valuesis due to uncertainty in the length of basin fill deposits
bounding Lake Tahoe. A number of methods were used to provide arange of nutrient loading
estimates for each region. The most reasonable estimate based on land use weighted averagesis
included in Table 6-6.

The results of the Tahoe Vista/lKings Beach area nutrient loading estimate are compared
to those presented in The U.S. Forest Service Watershed Assessment (Murphy et a. 2000), Table
6-6. Comparing these values, the Tahoe VistalKings Beach area represents 16.1% of the
nitrogen and 27.5% of the phosphorus nutrient loading from groundwater to Lake Tahoe.
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Table 6-6. Tahoe Vista/Kings Beach Area Groundwater Nutrient L oading Comparison to
Basin Wide Loading Estimatesfrom U.S. Forest Service Water shed Assessment (Murphy

et al. 2000)
Nitrogen Phosphorus Dissolved
Phosphorus
U.S. Forest Service Water shed Assessment Results, Basin-Wide
Estimated annual nutrient 418,100 45,700 17,000
loading from al sources
(kg).
Estimated annual nutrient 60,000 4,000 4,000
loading from groundwater
(kg)
Corps Groundwater Evaluation Results, Tahoe Vista/Kings Beach
Area
Estimated annual nutrient 9,667 1,099 1,099
loading from groundwater
(kg)
Estimated percent of annual 2.3% 2.4% 6.5%
nutrient loading from all
sources
Estimated percent of annual 16.1% 27.5% 27.5%
nutrient loading from
groundwater

Comparing the total groundwater nutrient loading (Table 6-4) to the ambient nutrient
loading (Table 6-5), natural processes may make up to 18.2% of the nitrogen and 60.3% of the
total dissolved phosphorus loading to the lake.

This region has the potential to be discharging a significant amount of nutrients to the
lake. Because of the lack of aregiona monitoring network, there may be significant errors
associated with these estimates. A more extensive and represertative monitoring network would
provide additional information that could be used to better estimate the nutrient loading to Lake
Tahoe. It could also be used to target the sources of nutrients which have the potential of
contributing the most nutrients to the lake.
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7.0 TAHOECITY/WEST SHORE NUTRIENT LOADING

71 Description of Study Area

The Tahoe City/West Shore area eastern extent begins at Dollar Point and extends west
and south to Meeks Bay. For ease of presentation, this area has been split into five subregions.
The North Tahoe City subregion includes the devel oped regions of Lake Forest and Tahoe City
north of the Truckee River. The Ward Valley subregion includes the developed region south of
the Truckee River including Sunnyside. Tahoe Pines and Homewood make up the Homewood
subregion. Tahoma and Meeks Bay each make up individual subregions in the southern reach of
the area. The major creeks consist of Dollar Creek, Lake Forest Creek, Barton Creek, Burton
Creek, Ward Creek, Blackwood Creek, Madden Creek, Homewood Creek, Quail Lake Creek,
McKinney Creek, and General Creek.

Human development is limited to a narrow band along the lake shore as the terrain is not
condusive to development further west. The land use is primarily made up of single and multi-
family residential, commercia and recreational land use types.

7.2 History of Development

During the 1850s and 1860s major thoroughfares were built through the Truckee River
Canyon and along Tahoe' s north shore. This brought the beginning of the resort development in
Tahoe City in the 1860s. By the early 1860s the first log cabin was built and hay was being
harvested from the meadows surrounding Tahoe City. Tahoe City town site was laid out in 1863
and became an officia town site by 1868. Tourism flourished in the 1880s and resorts began to
expand. During this time Tahoe City was aso considered a “medium large” logging camp. The
early 1900s brought the railroad connecting Truckee and Tahoe City. This brought about
another boost for tourism in the area. Beginning in the mid twenties, through the 1950’s
subdivisions were established in the Tahoe City area. (Lindstrom et al. 2000)

7.3 L ocal Geology

The geologic units that dominate the Tahoe City area, north of the Truckee River are
Tertiary volcanic and Quaternary Basaltic rocks. Quaternary sedimentary deposits occur only as
anarrow bank along the margins of Lake Tahoe, mostly near the outflow of the Truckee River
and beneath Tahoe City. The area near Tahoe City does not have exposed granitic or
metamorphic rock at the surface. The rocks are covered by younger volcanic rocks and
sedimentary deposits (West Yost & Associates 1995).

South of the Truckee River, in the Sunnyside area, the surficial geology is dominated by
Quaternary glacial and sedimentary deposits. Most of the floor of Ward Creek and north of the
creek is covered by extensive glacial till and outwash. Near the shoreline, glacia deposits are
mapped near Sunnyside with lower elevation lacustrine deposits bordering the lake (West Y ost
& Associates 1995). Inthe McKinney Creek area, surficial geology consists of Quaternary
sedimentary deposits of glacial outwash, till and lake beds. Limited subsurface information
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seems to show glacial outwash exists in the shallow subsurface. The Rubicon area contains pre-
cenozoic bedrock of granitic intensive rocks in uplands extending to the lakeshore. (West Yost &
Associates 1995)

The basin-fill comprises glacial deposits and lacustrine sediments. This materia is
composed of rock ranging from fine silt to large boulders that have been sorted and stratified by
the action of water flowing from glaciers (Freeze and Cherry 1979). The hydraulic conductivity
is estimated to range from 0.3 to 30.5 m/day (1 to 100 ft/day), with the mean at 15 m/day (50
ft/day).

An estimate based on drilling logs from the area, finds the depth of bedrock at the
groundwater- lake water interface extends to a maximum depth of 61 meters (200 feet). The
basin fill deposits are shallow beginning at Dollar Point, and increase to a depth of 30 meters (98
feet) near Lake Forest. At Tahoe City the depth is approximately 61 meters (200 feet) and
remains at this approximate depth through Ward Valey. From Ward Valley south to Rubicon
Point the depth to bedrock along the lake shore varies and likely ranges from as thin as 3 meters
(10 feet) to as thick as 61 meters (200 feet). From this point south to Emerald Bay, the areais
dominated by bedrock and a moraine. Two to three faults have been approximated (Schweicker
and others) in the Tahoe City Watershed area. These normal faults roughly parralel the shoreline
in a north-south direction. They are thought to be just inland from the shoreline.

The length of the shoreline representing groundwater recharge for the Tahoe City

Watershed was measured from the volcanic outcropping, located at Dollar Point to Rubicon
Point. The length of shoreline is estimated at 30,000 meters (18.2 miles).

7.4 Previous Tahoe City/West Shore | nvestigations

7.4.1 Ward Valley Investigation (L oeb 1979)

The study was conducted in the Ward Valley watershed. The study estimated the total
groundwater flow from the Ward Valley watershed into Lake Tahoe from basic hydraulic
principles. A geophysical survey and mapping was done to determine the configuration of the
aquifer and the cross sectional area through which flow was to be determined. Loeb sampled six
wells for water-table levels to determine the hydraulic gradient across the cross section.
Constant pump-rate tests were performed to estimate transmissivity. Chemical analysis was
performed for nutrient forms of nitrate and total dissolved phosphorus on all samples, while only
some samples were sampled for anmonia.

L oeb determined the aquifer was a single unconfined layer overlying a consolidated
formation which acted as an aquiclude. The aquifer thickness was determined to reach a
maximum of 60 meters (197 feet) with an average of 34 meters (112 feet). The aquifer length
L oeb estimated during the study was 1,900 meters (1.2 miles). Loeb used an average
transmissivity value calculated from the constant pump-rates test of 310 square meters/day
(3,337 square feet/day). The average hydraulic gradient as determined by measured water levels
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was 0.019. Using these values, Loeb estimated a groundwater discharge rate into Lake Tahoe of
4.1 x 10° cubic meterslyear (3,324 acre-feet/year).

Loeb estimated the average nitrate concentration detected was 0.162 mg/L and the
average dissolved phosphorus concentration was 0.073 mg/L. Ammoniain the groundwater was
below the detection limit (0.015 mg/L) in al samples. On the basis of the averages, Loeb
estimated that the loading of nitrate and dissolved phosphorus from groundwater to Lake Tahoe
was 660 kg/year (1,455 Ibs/year) and 300 kg/year (661 |bs/year), respectively. The study
showed that groundwater discharge from Ward Valey was 10% of the total precipitation in the
watershed. The nitrate and dissolved phosphorus loading was 49% and 44% of the loading from
the watershed, respectively.

7.4.2 UC Davis|nstitute of Ecology Study (L oeb 1987)

In the mid 1980s, Loeb revisited the Ward Valley investigation published in 1979. The
objectives of Loeb’s study were to determine the degree of nutrient contamination of the
groundwater, quantify the amount of water and associated nutrients entering Lake Tahoe via
groundwater, assess the impact of groundwater inflow on the growth rate of algae in Lake Tahoe
and outline mitigation measures to prevent further and potential future degradation of
groundwater quality.

Through the results of groundwater sampling, L oeb observed that downgradient nitrate-
nitrogen concentrations were higher than upgradient. The upgradient groundwater had an
average concentration ranging from 0.051 mg/L while the downgradient average concentration
was reported as 0.195 mg/L. The other constituents did not show any major upgradient-
downgradient differences. When comparing the data from this study to his previous study (Loeb
1979), a marked change in the overall nitrate and soluble reactive phosphorus distribution was
observed. The average nitrate- nitrogen concentrations decreased by about 21% and the average
soluble reactive phosphorus decreased by about 38%.

L oeb determined the gradient in Ward Valley was 0.0189 and transmissivity was 314
sguare meters/day (3,380 sguare feet/day). Based on this hydraulic data, Ward Valley
discharged 3.1 x 10° n/year (2,513 acre-feet/year) of water into Lake Tahoe. Using the nutrient
values from the groundwater monitoring network, the groundwater loaded 525 kg (1,157 1bs) of
nitrate-nitrogen per year into Lake Tahoe, representing 60% of the total dissolved inorganic
nitrogen loading of Lake Tahoe from thisarea. Annual loading of 185 kg (408 Ibs) soluble
reactive phosphorus was discharged from Ward Valley, representing 45% of the watershed's
total loading of soluble reactive phosphorus.
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7.4.3 USGS, DRI Near Shore Clarity Study, Tahoe City PUD, Placer County
Environmental Management & California DHS Water Quality Monitoring

North Tahoe City Subregion

Twelve wells are located within the North Tahoe City Subregion. Two of the wells are
located in the Dollar Point area and have no major monitoring activities associated with them.
Of the little nitrogen data associated with these wells, all analysis was non-detect for nitrate and
nitrite. The remaining ten wells are located closer to Tahoe City. Three of these wells are part
of the Tahoe City golf course monitoring program (176 — 178). The remaining seven wells are
either municipal or small provider drinking water wells. Wells 175,174, and 165 have been used
by the USGS for monitoring purposes. The Table 7-1 and Figure 7-1 depicts information and
locations for the golf course wells and those used by the USGS for monitoring.

Table 7-1. North Tahoe City Well Construction Information

Elevation Depth of Well
Site No. (ft above mdl) Meters (Feet)

175 6580 116 (380)
174 6390 -- --
165 6245 -- --
176 -- -- --
177 -- -- --
178 -- -- --

Notes:

1. Thesource agency code associated with each site number can be found in Appendix A.

2. --indicatesthe elevation or well depth is unknown.

3. Dataobtained from USGS, LRWQCB, TCPUD, Califomia DHS, and California DWR.

Nutrient data has been collected for the Tahoe City Golf Course wells since 1989. The
USGS only collected sampling datafor well 174 in 1991. Wells 165 and 175 have been
monitored by the USGS from 1989 and continue to be monitored. The California DHS retains
monitoring data for the drinking water wells to monitor compliance with drinking water
standards. All analytical results for wellsin this region were non-detect for nitrate and nitrite.
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Groundwater elevation datais much more sparse for the area, and was only available for
well 175. The well was only measured on two occasions, once in 1986 and again in 1999. Table
7-2 depicts the groundwater average, minimum and maximum water levels recorded during these
events.

Table 7-2. North Tahoe City Subregion Groundwater Elevation Data (ft above m9l)

Well ID
175 Lake Elevation
Average Water Level 6400.25 6227.04
Minimum 6397.00 6226.20
Maximum 6403.50 6227.88

Notes:
1. Data provided by USGS.

The gradient as calculated from the information in Table 7-2is0.04. Thisvaueislikely
higher than the actual gradient to the lake, as this site is located a great distance from the lake
(approximately 1220 meters), and in an area of steep topography compared to that near the lake.
Because of the error associated with this measurement, an average basin wide gradient, as
developed by Thodal, 0.02, is used for the area.

Taylor’s investigations, which were previousy noted, have shown significant levels of
chlorophyll extending from Lake Forest west and south to the Truckee River outlet.

Ward Valley Subregion

Five wells from which data was collected are located within the Ward Valley Subregion.
One of the wells, 159, has only public drinking water compliance monitoring activities
associated with it. The remaining four wells (155, 166, 169 and 170) have been used by the
USGS for monitoring purposes. The wells are either municipal, private or small provider
drinking water wells. Most of the wells are located near the |ake shore, however, one well is
located in the mountains (170). The following table depicts information for the wells used by
the USGS for monitoring.

Table 7-3. Ward Valley Subregion Well Construction Information

Elevation Depth of Well
(ft above
Site No. msl) Meters (Feet)
170 7300 o1 (300)
169 6460 -- --
166 6480 137 (450)
155 6260 8l (265)
159 -- 50 (165)
Notes:
1. The source agency code associated with each site number can be found in Appendix A.
2. --indicatesthe elevation or well depth is unknown.

3. Dataobtained from USGS, Placer County, TCPUD, CA DHS and CA DWR.
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The USGS collected sampling data for well 170 in 1986. Well 169 monitoring began in
1986 and ceased in 1997. The other two wells have been monitored periodicaly by the USGS
from 1986 and continue to be monitored. Placer County retains monitoring data for the drinking
water wells to monitor compliance with drinking water standards. Placer County possessed data
associated with well 159.

Groundwater elevation data is limited for the area. Groundwater elevation data was
available for three of the wells, but only one event each. Well 170 was one of those wells, but
considering its placement is not suited for determining hydraulic gradient. The remaining two
wells had an average gradient of 0.013. Thisissimilar to Loeb’s (1979) hydraulic gradient of
0.019. Table 7-4 depicts the groundwater levels measured during these events.

Table7-4. Ward Valley Subregion Groundwater Elevation Data (ft above mdl)

Well 1D
166 155 170 Lake Elevation
Average Water Level 6289.00 6222.16 7300.00 6,224.68
Minimum -- - -- 6,222.39
Maximum -- -- -- 6,227.74

Notes:
1. Data Obtained from USGS
2. Only one elevation was measured for each well.
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Figure7-2. Ward Valley Area Groundwater Wellsand Land Use
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Notes:
1. Land Use coverage provided by Tahoe Research Group.
2. Only wellswith groundwater elevation and/or analytical data are shown.
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Homewood Subregion

Only two wells are located within the Homewood Subregion. The northern most well is
located near Kaspian point and has no major monitoring activities associated with it. The
remaining well is used by the USGS for monitoring purposes. The following table depicts
information for the two wells.

Table 7-5. Homewood Subregion Well Construction Infor mation

Depth of Well
Elevation
(ft above
Site No. msl) Meters (Feet)
213 6270 37 (120)
164 - 20 (65)
Notes:
1. The source agency code associated with each site number can be found in Appendix A.
2. --indicatesthe elevation or well depth is unknown.

3. Dataobtained from USGS, Placer County, TCPUD, CA DHS and CA DWR.

Nutrient data has been collected for well 213 since 1989 and continues to be monitored.
Only one nitrate sample is available for well 164.

Groundwater elevation datais also limited for the area. Groundwater elevation datais
available for well 213 only. The well was only measured on one occasion. Table 7-6 depicts the
groundwater level measured during this event.

Table 7-6. Homewood Subregion Groundwater Elevation Data (ft above m9gl)

Well ID
213 Lake Elevation
Average 6233 6,227.13
Notes:
1. Dataobtained from USGS.
2. Only one elevation was measured for well 213.

The gradient between the well and the lake as calculated from this above information is
0.0076. Thisvalueislikely lower than the actual gradient to the lake, as this site is similar to the
Ward Valley area which has a steeper gradient (0.013 — 0.019).

E:\Groundwater\DocumentsReport \SectionaGW Study Report - Draft Final Section 7.doc June 2003



Draft Fina Groundwater Evaluation
Lake Tahoe Basin, CA and NV 7-10

Figure 7-3 Homewood/Tahoma Subregions Groundwater Wellsand Land Use
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Notes:
1. Land Usecoverage provided by Tahoe Research Group.
2. Only wellswith groundwater elevation and/or analytical data are shown.
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Tahoma Subregion

Eight wells are located within the Tahoma Subregion. Monitoring data has only been
collected from the three wells shown on Figure 7-3. Well 217 only has nitrate sampling, but the
other two have been sampled by the USGS for additional constituents. Nutrient data has been
collected for these wells since 1989. No groundwater elevation data has been collected for this
region. Table 7-7 depicts information for the wells used by the USGS for monitoring.

Table 7-7. Tahoma Subregion Well Construction Information

Elevation
(ft above
mg) Depth of Wl
Site No. Meters (Feet)
218 6380 107 (350)
212 6305 -- --
217 -- 128 (420)
Notes:
1. The source agency code associated with each site number can be found in Appendix A.
2. --indicatesthe elevation or well depth is unknown.

3. Dataobtained from USGS, Placer County, TCPUD, CA DHS and CA DWR.

M eeks Bay Subregion

Data has been collected for five wells within the Meeks Bay Subregion. Three of the
wells have been sampled during only one event (210, 211 and 214). Well 216 was monitored by
the USGSin 1991 and 1992. The only well that has been consistently monitored is 215. This
well has had data collected beginning in 1986, and continuing to the present. The wells are

either municipa or small provider drinking water wells. The following table depicts information
for the wells.

Table 7-8. Meeks Bay Subregion Well Construction Information

Elevation
(ft above
md) Depth of Well
Site No. Meters (Feet)
214 6410 128 (420)
215 6315 98 (320)
211 6240 -- --
216 6240 -- --
210 -- -- --
Notes:
1. The source agency code associated with each site number can be found in Appendix A.
2. --indicatesthe elevation or well depth is unknown.

3. Dataobtained from USGS, Placer County, TCPUD, CA DHS and CA DWR.
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Again, groundwater elevation data is limited. Groundwater elevation data was available

for well 211 only. The well was only measured on one occasion. Table 7-9 depicts the
groundwater level measurement during this event.

Table 7-9. MeeksBay Subregion Groundwater Elevation Data (ft above m9l)

Well ID
211 Lake Elevation
Average 6234.27 6,227.88
Minimum -- -
Maximum
Notes:

1. Dataobtained from USGS
2. One one elevation was measured for well 211.

The groundwater flow direction in this area cannot be determined because of lack of data.
However, based on the topography, it is likely that groundwater flows from well 211 towards
Meeks Creek rather than towards Lake Tahoe. Nevertheless, the gradient between well 211 and
Lake Tahoe was calculated from the data presented in Table 7-9. The gradient was 0.0038. This
valueis likely lower than the actual gradient to the lake. Due to lack of datain this area, the
gradient calculated for the Ward Valley area (0.013 to 0.019) is more appropriate to use.
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Figure 7-4. Meeks Bay Subregion Groundwater Wellsand Land Use
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Notes:
1. Land Use coverage provided by Tahoe Research Group.
2. Only wellswith groundwater elevation and/or analytical data are shown.
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75 Nutrient Concentrations

The USGS has sampled wells periodically since 1989. These wells are sampled as
part of a Tahoe Basin-wide monitoring program. The USGS samples for dissolved
ammonia dissolved Kjeldahl nitrogen, dissolved nitrate plus nitrite, dissolved
orthophosphorus and total dissolved phosphorus. Wells 174, 170, 214, and 211 have only
been sampled once for the same constituents as listed for the other wells.

The California DHS requires sampling for nitrate and nitrite in drinking water
wells. The municipal wells are sampled for nitrate annually. Nitrite samples are collected
every three years. Thereistypically only one to three sets of data available in the DHS
database for these wells. Many wells only being monitored for public health contain
nitrate and nitrite below the levels of detection.

LRWQCB requires Tahoe City golf course to conduct monitoring activities on site.
This monitoring is used to evaluate the golf course' s effects on groundwater from
fertilization activities. The nutrient constituents analyzed are dissolved Kjeldahl nitrogen,
dissolved nitrate plus nitrite and dissolved orthophosphorus.

7.5.1 North Tahoe City Subregion

All of the wells located within this area are part of the USGS monitoring network
or Tahoe City golf course.

The dissolved ammonia + organic nitrogen concentrations range from 0.001 mg/L
to 0.5 mg/L, averaging 0.089 mg/L. The dissolved nitrate concentrations, which include
nitrite, range from 0.01 mg/L to 0.35 mg/L with an average of 0.089 mg/L. Thisresultsin
an average total dissolved nitrogen concentration of 0.161 mg/L.

Orthophosphorus concentrations range from 0.01 mg/L to 1.4 mg/L, averaging
0.116 mg/L. The range of total dissolved phosphorusis 0.031 mg/L to 0.125 mg/L,
averaging 0.071 mg/L. No total phosphorus concentrations were measured for the Tahoe
City golf course.

The highest total nitrogen concentration is found in the most upgradient and
deepest well (175). When evauating the wells only within the golf course (176 — 178),
the downgradient wells show a dight increase in nitrogen concentration through the golf
course, but a decrease in orthophosphorus. In addition to the golf course as a source of
contamination to the wells, a school is located upgradient of monitoring well 177. Well
165 is located downgradient from a variety of land uses including, residential,
commercial, and recreational, Figure 7-1. No land use data is available upgradient of the
remaining wells.
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Table 7-10. North Tahoe City Subregion Average Nutrient Concentrations (mg/L)

Well ID
Constituent 175 174 165 176 177 178
Ammonia + Organic 0.086 0.040 0.067 0.089 0.089 0.093
Nitrate 0.189 0.112 0.044 0.080 0.073 0.090
Total Nitrogen 0.275 0.152 0.110 0.153 0.153 0.174
Orthobhosbhorus 0.050 0.043 0.052 0.187 0.152 0.090
Jotal Phosphorus 0.067 0.054 0.076 na na na
Top of Open Interval
(ft bgs) <380 -- -- Shallow  Shallow  Shallow
Notes

1. All concentrations reported are dissolved.

2. Dataobtained from USGS, CADHS, Placer County

3. Top of Open Interval with a— indicates the open interval is unknown. A < indicates|ess
than the total depth of the well.

4. Nitrate concentrationsinclude nitrite

5. Total Nitrogen concentration is calculated by adding ammonia + organic + nitrate

6. na-notanalyzed

7.5.2 Ward Valley Subregion

All of the wells located within this area are part of the USGS monitoring network
or California DHS.

The dissolved ammonia + organic nitrogen concentrations range from 0.01 mg/L
to 1 mg/L, averaging 0.144 mg/L. The dissolved nitrate concentrations, which include
nitrite, range from 0.01 mg/L to 1.585 mg/L with an average of 0.117 mg/L. This results
in an average tota dissolved nitrogen concentration of 0.262 mg/L.

Orthophosphorus concentrations range from 0.02 mg/L to 8.76 mg/L, averaging
0.343 mg/L. Therange of total dissolved phosphorusis 0.03 mg/L to 0.366 mg/L,
averaging 0.125 mg/L.

An extremely high level of orthophosphorus, 8.67 mg/L, was detected in
November of 1999 in well 166. Including this estimate, the average orthophosphorus
concentration in well 166 is 0.606 mg/L. This detection islikely due to a specific incident
and is not related to the average concentration found in the well. The average
concentration presented for well 166 in Table 7-11 was determined using all other
sampling events. The average concentration for all wellsin the are disregarding the 8.67
mg/L concentration is 0.103 mg/L. All of the wells within this region are deep. This
provides no chemistry data for the shallow aquifer which could contain higher
concentrations of nutrients. Wells 170 and 169 are located downgradient of and withina
vegetated area. These two wells are likely only influenced by natural conditions. Well
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155 is located downgradient of a commercial areawhile well 166 is located on the edge of
aresidential neighborhood. The placement of the wells does not allow for analysis of the
chemical behavior downgradient.

Table 7-11. Ward Valley Subregion Average Nutrient Concentrations (mg/L)

Well ID

Constituent 169 166 170 155
Ammonia + Oraanic 0.049 0.073 0.300 0.312
Nitrate 0.048 0.174 0.100 0.130
Total Nitroaen 0.070 0.247 0.400 0.442
Orthophosphorus 0.093 0.063 0.020 0.180
Total Phosphorus 0.113 0.079 0.030 0.213
Top of Open Interval
(ft bgs) -- 299 <300 255

Notes:

1. All concentrations reported are dissolved.

2. Dataobtained from USGS, CADHS, Placer County.

3. Top of Open Interval with a— indicates the open interval is unknown. A <indicates
less than the total depth of the well.

4. Nitrate concentrationsinclude nitrite

5. Total Nitrogen concentration is calculated by addingammonia + organic + nitrate

6. na-—notanalyzed

7.5.3 Homewood, Tahoma and M eeks Bay Subregions

All of the wells located within this area are part of the USGS monitoring network
or California DHS.

The dissolved ammonia + organic nitrogen concentrations range from 0.001 mg/L
in Homewood to 0.5 mg/L in Tahoma. The dissolved nitrate concentrations, which
include nitrite, range from 0.004 mg/L in Meeks Bay to 0.2 mg/L in Tahoma and Meeks
Bay. The average total dissolved nitrogen concentrations for Homewood, Tahoma and
Meeks Bay are 0.122 mg/L, 0.119 mg/L and 0.171 mg/L, respectively.

Orthophosphorus concentrations range from 0.003 mg/L in Homewood to 0.43
mg/L, in Meeks Bay. The average total dissolved phosphorus for Homewood, Tahoma
and Meeks Bay are 0.046 mg/L, 0.048 mg/L and 0.185 mg/L, respectively.

Homewood only has one monitoring point for the area, which is located
downgradient of a ski resort. Unfortunately, this well is not representative of the majority
of surrounding land uses. The downgradient well in Tahoma shows a dight increase in
nitrogen concentration and no change in phosphorus. Tahomawell 218 is located within a
vegetated land use with no upgradient source other than natural concentrations. Well 212
is located within a residential neighborhood, but is at the upgradient extent of this area.
Thiswell does not represent the entire residential area or how it could cumulatively be
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affecting the lake. Most land use within the Tahoma area are residential and mixed urban.
None of the wells are close to lake, so the cumulative impacts cannot be determined.
Meeks Bay wells 215 and 214 are isolated from other wells in the area therefore no
comparisons can be made pertaining to upgradient versus downgradient affects. Meeks
Bay wells 211 to 216 show a decrease in nitrogen concentrations downgradient and are
stable for phosphorus. All of the wellslocated in these three regions are deep. This limits
the ability to evaluate the effects of local sources as much of the nutrient concentration
likely goes undetected in the shallow aquifer.

Table 7-12. Homewood, Tahoma and Meeks Bay Subregions Average Nutrient
Concentrations (mg/L)

Well ID
Homewood Tahoma Meeks Bay

Constituent 213 218 212 214 215 211 216
Ammonia + Oraanic 0.049 0.049 0.064 0.200 0.059 0.200 0.120
Nitrate 0.072 0.035 0.091 0.150 0.096 0.100 0.022
Total Nitrogen 0.122 0.084 0.155 0.350 0.156 0.300 0.142
Orthophosphorus 0.023 0.031 0.031 0.140 0.103 0.060 0.400
Total Phosphorus 0.046 0.048 0.048 0.150 0.116 0.600 0.449
Top of Open Interval
(ft bas) <120 <350 -- 200 190 -- --

Notes:

1. All concentrations reported are dissolved.

2. Dataobtained from USGS, CA DHS, Placer County

3. Top of Open Interval with a— indicates the open interval is unknown. A <indicates|ess
than the total depth of the well.

4. Nitrate concentrationsinclude nitrite

5. Total Nitrogen concentration is calculated by adding ammonia + organic + nitrate

6. na-—notanalyzed

7.6 Groundwater Discharge

No seepage meter measurements have been taken in thisarea. This limits the
discharge calculation to the Darcy’s Law approach.

7.6.1 Darcy’'sLaw Calculation Using Estimated Hydraulic Conductivity

A simple Darcy’s Law calculation can be executed using the average gradient,
median hydraulic conductivity and aquifer area. The average hydraulic gradient ranges
from (0.013 to 0.02). The median hydraulic conductivity, 12-15 m/day (40 — 50 ft/day) as
determined from the boring logs was used. The length of the basin fill aquifer is estimated
at 16,000 — 29,000 meters (10 - 18 miles). A depth of 3-30 meters (10 —100 feet)
represents the depth of basin fill deposits. An aquifer depth of 15 meters (50 feet) was
used to estimate the average aquifer thickness.
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The calculation yields an estimated discharge rate of 1.4 x 107 to 4.8 x 10" nt/year
(11,100 to 39,000 acre-ft/year).

The length of the basin fill aguifer is the factor that makes this discharge rate vary
the most. The estimations of the length vary widely among sources.

7.6.2 Darcy’'sLaw Calculation Using Estimated Transmissivity

A Darcy’s Law calculation can be executed similar to that above, except using
transmissivity estimates rather than using the hydraulic conductivity and aquifer area. The
same hydraulic gradients were used and the range of aquifer fill length remained the same.
The transmissivity estimates that were developed by Loeb, 310 n¥/day (3,337 ft*/day) was
used.

The calculation yields an estimated discharge rate of 2.4 x 10 to 6.6 x 10" nt'/year
(219,200 to 53,700 acre-ft/year).

7.7 Nutrient L oading

The potential range of nutrient discharge via groundwater from the Tahoe City
area to Lake Tahoe was calculated by multiplying the estimates of annual groundwater
discharge by concentrations of nutrients found in monitoring wells. The method of using
the downgradient wells is not used in this region, as most of the wells are positioned either
within or at the upgradient edge of the development. Details of the methodology used are
described in Section 3.2.

The nutrient concentrations vary widely along the lake shore. To account for this
variation, a weighted average concentration was developed. The weighted average is
based on the length of shoreline for each region. Table 7-13 includes the percentage of
shoreline in each subregion. The average nutrient concentration is multiplied by the
percent of shoreline for the subregion. The sum of the concentrations becomes the
weighted average used in the estimation.
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Table 7-13. Percent of Shoreline by Subregion in the Tahoe City/West Shore Area

Shoreline Lenath  Percent of Total

Region meters miles Shoreline
North Tahoe City 5020 3.1 17%
Ward Valley 7100 4.4 24%
Homewood 7520 4.7 26%
Tahoma 5530 3.4 19%
Meeks Bay 4090 2.5 14%
Total 18.2
Notes:

1. 1.2 miles was added to the Homewood shoreline length
to account for the area south of Meeks Bay. Thisareais
basin fill but contained no analytical data. Homewood
was chosen because it represents the lowest nutrient
concentrationsin theregion. The limited development
in the area south of Meeks Bay constitutes using the
lower nutrient concentrations.

The weighted concentration is then multiplied by the groundwater flux estimates
calculated in Section 7.6. Table 7-14 summarizes the nutrient flux using this method. The
wells used in this estimation are mostly located in the deep aquifer. This method could be
discounting higher concentrations of nutrients that may be in the shallow aquifer. This
approach aso neglects the accumulation of nutrients as groundwater progresses
downgradient through potential sources. Most of the wells are located either at the edge
of developments or near the middle of the developed areas. No wells are located next to
the lake.

Although the wells in the Tahoe City area are placed such that they represent some
of the land use types, there are still areas for which there is no data and no shallow
monitoring results. To account for this, the dataset compiled for the entire basin was used
to apply average nutrient concentrations within similar land use categories. Most of the
developed area consists of residential (75%), commercial (15%) and recreational (10%)
land use types. Using the averages established for these land use categories (see Section
2.3), the land use weighted averages were developed as shown in Table 7-14.

The land use weighted average approach for the Tahoe City/West Shore areais the
most reasonable, as there is a limited monitoring network and mostly deep wells within
the region. This method assumes that the land uses of the same category are consistent
across the basin. Potential errors could be introduced by certain residential neighborhoods
having manicured lawns versus those with natural yards. The results of the land use
weighted nutrient estimate combined with the groundwater discharge estimate of 3.8 x 10’
ntlyear (31,200 acre-feet/year) provide the most reasonable nutrient loading estimate to
Lake Tahoe.
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Table 7-14. Tahoe City/West Shore Average and Land Use Weighted Annual
Nutrient L oading

Average Concentration Land Use Weighted
Method Concentration Method
Land Use
Weighted
Groundwater Average Nutrient Average Nutrient
Flux Concentration Loadina Concentration Loading
Constituent (m®/vear) (ma/l) (ka/vr) (ma/l) (ka/vr)
Ammonia + 1.4E+07 1.162 3.527
3.8E+07 3.267 9.914
Qrganic 6.6E+07 0.085 5.623 0.258 17.063
1.4E+07 1,282 6.551
3.8E+07 3.603 18.413
Nitrate 6.6E+07 0.094 6.202 0.478 31.692
1.4E+07 2.313 10.078
3.8E+07 6,501 28,327
Total Nitrogen 6.6E+07 0 169 11,188 0736 48,755
1.4E+07 1,049 1,109
3.8E+07 2.950 3.117
Orthophosphate 6.6E+07 0,077 5077 0.081 5,365
1.4E+07 1,383 1,563
3.8E+07 3.887 4.395
Total Phosphorus 6.6E+07 0.101 6,690 0.114 7,564

Notes:
1. 1 nPlyear = 0.0008 acre-feet/year, 1 kglyr = 2.2 Iblyr
2. Average nutrient concentrations are derived from those included in Table 7-10 -Table 7-13

7.8 Ambient Nutrient L oading

Ambient loading was calculated from the basin-wide data set for wells located in a
forested land use. The ambient nutrient loading is calculated to estimate the amount of
nutrients that would discharge into Lake Tahoe regardless of anthropogenic sources. The
discharge rates which were determined to be the most reasonable estimates of
groundwater discharge were used in calculating the ambient nutrient loading. Based on
these estimates, the total dissolved nitrogen concentrations that may be entering the lake
from natural processes is 6,966 kg/year (15,357 Ibs/yr). The estimated ambient total
dissolved phosphorus concentration entering the lake is 2,617 kg/year (5,769 |bs/yr).
Table 7-15 summarizes the loading estimates.
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Table 7-15. Tahoe City/West Shore Ambient Nutrient L oading Estimate

Ambient Ambient
Ambient Total Nitrogen Phosphorus
Groundwater  Ambient Total Dissolved Nutrient Nutrient
Discharge Dissolved Phosphorus Loading Loading
(m*/vean Nitroaen (ma/lL) (ma/l) (ka/vear) (ka/vear)
Incline Village 3.85E+07 0.181 0.068 6966 2617

Notes:
1. 1 nPlyear = 0.0008 acre-feet/year, 1 kglyr = 2.2 Iblyr
2. Average nutrient concentrations derived from those included in Section 3.2.

79 Summary & Conclusions

The Tahoe City/West Shore region bounds Lake Tahoe with basin fill deposits
continuously over along distance. It aso tends to have arelatively steep gradient which
results in higher groundwater discharge estimates for the area. For these two reasons, this
is one of the most important areas in the basin to understand.

There is avery limited monitoring well system in the Tahoe City/West Shore
region. The wells are dispersed across the area, but are typically far from the lake and
upgradient of the developed land uses. In addition, a majority of the wells are screen at
depth, limiting the amount of shallow data to assess the nutrient concentrations in the
shallow aquifer. This small network provides only a limited amount of data for land uses
that are predominant in the remainder of the watershed. There is very limited data for
residential or commercia areas which have a potential to be nutrient sources from
fertilizer use, abandoned septic systems, etc. A monitoring network which is designed to
monitor the predominant land uses with spatial variability would provide better estimates
of nutrient loading.

Subsurface geology information is generally lacking in the Tahoe City/West Shore
area. Itisrecommended that additional boreholes be drilled, including the collection of
continuous core, or split-spoon sampling at regular intervals with borehole geophysics to
tie in contacts, so that accurate determination of the stratigraphy can be made. A surface
geophysical survey could then be run to extend the stratigraphic information parallel and
perpendicular to the shoreline. To aid in the understanding of hydrologic conditions,
piezometer wells should be located in nests to evaluate vertical components to ground
water flow. The geometry of the sedimentary fill below this length of shorelineis
significantly different from other portions of the basin, but the data defining these
differencesis sparse. Additiona geology information would reduce errors in the loading
estimate. Conducting pumping tests on the existing wells as well as performing additional
studies would provide a better estimation of k values. Thiswould also better define
whether the aguifer has any significant aquitards.

A more comprehensive evaluation of the groundwater/stream interaction would
provide better estimates of the area directly discharging to the lake versus the area
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80 EAST SHORE NUTRIENT LOADING

8.1  Description of Study Area

The east shore arearuns from the Incline Village region south to the northern edge of
Stateline. North to south, the watersheds included in this area are Sand Harbor, Marlette Creek,
Secret Harbor Creek, Bliss Creek, Deadman Point, Slaughter House, Glenbrook Creek, North
Logan House Creek, Logan House Creek, Cave Rock, Lincoln Creek, Skyland, North Zephyr
Creek, Zephyr Creek, and McFaul Creek.

A majority of the land use in this areais vegetated. The residential communities that are
in the area are located along the shoreline and extend from Stateline north to Glenbrook. There
are aso recreational facilities interspersed throughout the area, including a golf course in
Glenbrook.

8.2 History of Development

Much of the east shore is undeveloped. The areas of Glenbrook and Zephyr Cove began
to develop in the late 1800s. Wild hay was harvested and grain and vegetables were planted in
Glenbrook meadow in the 1860s and the community at Glenbrook Bay was established at
Walton's Landing in 1861. By 1863, a hotel and way station was established along the Lake
Tahoe Wagon Road at Zephyr Cove. The Glen Brook House was constructed in 1866, and the
enduring role of Glenbrook as a hostelry and tourist resort began. 1n the 1930s, George Whittell
acquired a continuous strip of property from the Bliss and Hobart estates that stretched from
Crystal Bay south to Zephyr Cove. The Bliss family sold their Glenbrook property in the 1970s
for the private Glenbrook subdivision. (Lindstrom 2000)

8.3 L ocal Geology

The basin-fill along the eastern shore of Lake Tahoe is homogenous. It is composed of
decomposed granitic material ranging is size from boulders and cobles down to fine sand. The
homogenous nature of the fill leads to a relatively high hydraulic conductivity. The hydraulic
conductivity is estimated to range from 3 to 46 m/day (10 to 151 ft/day), with the average around
24 m/day (79 ft/day).

The mgjority of the eastern shore consists of outcroppings of granitic rock. Thin strips of
basin fill are dispersed aong the shoreline. Thereis alimited amount of well logs for the eastern
shore. WEell logsin the Zephyr Cove area display the depth of fill extending to 15 meters bgs
(50 ft). Therest of bedrock depth along the eastern shoreline is shallow. In some areas bedrock
could be as deep as 4.5 meters (15 ft) and the average is most likely around 2.4 meters (8 ft).
There are some faults along the Eastern Shore that could have an influence on groundwater
recharge. For example, the Sand Harbor fault, Marlette Creek fault, Slaughterhouse Canyon
fault have been identified in the area (Schweicker and others). These faults intersect the
shoreline in a Northeast- Southwest direction.
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The length of the shoreline representing groundwater recharge for the eastern shoreline
extends from the Incline Village Watershed south to the state line in South Lake Tahoe. The
majority of the shoreline is granitic outcrops. The total of the length of basin-fill dispersed along
the shoreline is approximately 10,140 meters (6.3 miles).

84 Previous East Shor e | nvestigations

8.4.1 Thodal 1995

Thodal conducted a study of groundwater quality in the Douglas County and Carson City
area of the Lake Tahoe Basin, Nevada. He compiled data from the State of Nevada as well as
collecting additional data as part of the study from 1985 through 1987. The purpose of the study
was a reconnaissance investigation of groundwater and groundwater quality in thisregion. The
objective was to compile existing geophysical, hydrogeologic, and water quality data and to
collect additional datato describe the hydrogeologic setting and groundwater quality
characteristics. Thodal found that the range of total dissolved nitrogen was <0.01 mg/L to 9.3
mg/L. The range of total dissolved phosphorus was found to be <0.005 mg/L to 0.065 mg/L.

8.4.2 USGS & Nevada Bureau of Health Protection Services Water Quality Monitoring

There are twenty-six wells located in the East Shore region. A majority of these wells are
located near Zephyr Cove and Glenbrook. Most of the wells are located near the shore as the
basin fill aquifer along the East Shore is typically limited to the near shore area. Data has been
collected for fifteen wells; six of which have been sampled more than once. The wells are public
drinking water wells, private drinking water wells or monitoring wells. Nutrient data has been
collected periodically since 1986. See Section 8.5, Nutrient Concentrations for a detailed
description of the nutrient data. Table 8-1 includes construction information for those wells with
monitoring data.

Table8-1. East Shore Area Well Construction Information

Elevation Depth of Wdll
(ft above
Site No. mgl) Meters (Feet)

190 6240 10 (32
189 6245 5 (17)
191 6230 2 (8)
192 6245 5 (18)
187 6240 7 (22
179 6390 55 (180)
185 6280 61 (200)
162 6270 8 (27)
160 6235 9 (30)
163 6240 10 (32)
154 6230 33 (109)
167 6340 6 (20)
168 6260 3 9)
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Elevation Depth of Wl
(ft above
Site No. msl) Meters (Feet)
173 6232 2 (7)
171 6230 34 (110)
Notes:
1. The source agency code associated with each site number can be found in Appendix A.
2. --indicatesthe elevation or well depth is unknown.

3. Dataobtained from USGS, TRPA, Nevada BHPS, Nevada DWR.

8.5 Nutrient Concentr ations

TRPA requires Glenbrook golf course to collect groundwater samples. Edgewood has
not reported monitoring data to TRPA, however, the USGS has severa wells located on the golf
course property. The USGS regularly monitors five wells along the east shore. Ten additional
wells have been sampled for at least one event. The USGS samples for dissolved ammonia,
dissolved Kjeldahl Nitrogen, dissolved nitrate plus nitrite, dissolved orthophosphorus and total
dissolved phosphorus. The Bureau of Health Protection Services requires sampling for nitrate
and nitrite in drinking water wells. Limited data was available from the BHPS. The average
concentrations of each constituent are listed in Table 8-2.

The dissolved ammonia + organic nitrogen concentrations range from 0.02 mg/L to 1.5
mg/L, averaging 0.471 mg/L. The dissolved nitrate concentrations, which include nitrite, range
from 0.004 mg/L to 10 mg/L with an average of 0.658 mg/L. Thisresultsin an average total
dissolved nitrogen concentration of 1.129 mg/L.

Orthophosphorus concentrations for well 041 range from 0.001 mg/L to 0.255 mg/L,
averaging 0.022 mg/L. The range of total dissolved phosphorusis 0.003 mg/L to 0.26 mg/L,
averaging 0.031 mg/L.

A cluster of wellsis located near Zephyr Resort (Figure 8-3). These wells show an
increase in total nitrogen concentration downgradient. The land use is primarily recreational.
An active sewer line runs through the area. The phosphorus concentrations are constant
throughout the area. Another grouping of wellsis located within the Glenbrook golf course
(Figure 8-1). Two wells are monitored regularly while the third has only two monitoring events
associated with them. Again there is an increase in total nitrogen downgradient. This
concentration may influenced by the golf course and a sewage line in the area. Residential land
use is located upgradient of the golf course and could also be contributing to nutrients. A change
in nutrient concentration in the downgradient direction cannot be assessed for the remainder of
the wells. The wells located in the undeveloped areas show a higher total nitrogen concentration
than those in the residential neighborhoods. The natural nitrogen concentration in this area may
be significant.
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Table 8-2. East Shore Average Nutrient Concentration (mg/L)

Well ID
Constituent 190 189 191 192 187
Ammonia +
Oraanic 0.179 0.700 1.500 1.000 1.000
Nitrate 6.974 0.027 0.099 0.136 0.010
Total Nitrogen 7.153 0.727 1.599 1.136 1.010
Orthoohosphate 0.016 0.010 0.020 0.001 0.001
Total Phosphorus 0.037 0.005 0.005 0.005 0.005
Top of Open
Interval (ft bgs) <32 <17 <8 <18 <22
Well ID
Constituent 179 185 162 160 163
Ammonia +
Oraanic 0.073 0.300 0.148 0.174 0.125
Nitrate 0.244 0.290 0.049 1.438 0.218
Total Nitrogen 0.317 0.590 0.197 1.613 0.343
Orthophosphate 0.005 0.010 0.068 0.039 0.024
Total Phosphorus 0.024 0.010 0.081 0.070 0.035
Top of Open
Interval (ft bgs) <180 50 <27 <30 <32
Well ID
Constituent 154 167 168 173 171
Ammonia +
Oraanic 0.200 0.600 0.400 0.600 0.070
Nitrate 0.100 0.063 0.162 0.034 0.018
Total Nitrogen 0.300 0.663 0.562 0.634 0.088
Orthoohosphate 0.030 0.022 0.016 0.033 0.034
Total Phosphorus 0.040 0.034 0.031 0.040 0.046
Top of Open
Interval (ft bgs) <109 <20 <9 <7 52
Notes:

1. All concentrations reported are dissolved.
2. Dataobtained from USGS, BHPS

3. Top of Open Interval with a— indicates the open interval isunknown. A <indicateslessthan the

total depth of the well.
4. Nitrate concentrationsinclude nitrite

5. Total nitrogen concentration is calculated by adding ammonia + organic + nitrate

6. na-—not analyzed
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Figure8-1. East Shore (North) Groundwater Wellsand Land Use

Notes:
1. Land Usecoverage provided by Tahoe Research Group.

2. Only wellswith groundwater elevation and/or analytical data are shown.

E:\Groundwater\DocumentsReport \SectionaGW Study Report - Draft Find Section 8-9.doc

Legena
Land Use

Agriculture/Livestock
I commercial
Il communications/Utilities
I nstitutional
Il Vixed Urban
Recreation/Open Space
Il Residential
Il uti-family Residential
Il single-family Residential
- Transportation
Open Water

Perennial Ice/Snow

Quarries/Strip Mines/Gravel Pits

Mixed Bare
Brush/Shrubland

Coniferous

Coniferous/Deciduous Mixed

Deciduous
Herbaceous Wetland
Natural Herbaceous
Vegetated
Wooded Wetland

< Groundwater Wells

June 2003



Draft Fina Groundwater Evaluation
Lake Tahoe Basin, CA and NV 8-6

Figure8-2. East Shore (Central) Groundwater Wellsand Land Use
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Notes:
1. Land Use coverage provided by Tahoe Research Group.
2. Only wellswith groundwater elevation and/or analytical data are shown.
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Figure8-3. East Shore (South) Groundwater Wellsand Land Use
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Notes:
1. Land Use coverage provided by Tahoe Research Group.
2. Only wellswith groundwater elevation and/or analytical data are shown.

E:\Groundwater\DocumentsReport \SectionaGW Study Report - Draft Find Section 8-9.doc June 2003



Draft Fina Groundwater Evaluation
Lake Tahoe Basin, CA and NV 8-8

8.6 Groundwater Discharge

No seepage meter measurements have been taken in this area. This limits the discharge
calculation to the Darcy’s Law approach.

A simple Darcy’s Law calculation can be executed using the average gradient, median
hydraulic conductivity and aquifer area. The average hydraulic gradient is 0.012. The median
hydraulic conductivity, 24 m/day (79 ft/day) as determined from the boring logs and was used.
The length of the basin fill aguifer is estimated at 10,140 meters (6.3 miles). A depth of 2.5t0
4.5 meters (8 to 15 feet) represents the average depth of basin fill deposits.

The calculation yields an estimated discharge rate of 2.7 x 10° to 4.8 x 10° n/day (2,200
to 3,900 acre- ft/year).

8.7 Nutrient L oading

The potential range of nutrient discharge from the East Shore area occurring as direct
groundwater inputs to Lake Tahoe was calculated by multiplying the estimates of annual
groundwater discharge by concentrations of nutrients found in monitoring wells. The method of
using the land use weighted average is not used in this region, as most of the wells are positioned
to accurately reflect the land uses of the region. Details of the methodology used are described
in Section 3.2.

The average nutrient concentrations are multiplied by the groundwater flux estimates
calculated in Section 8.6. Table 8-3 summarizes the nutrient flux using this method. This
approach neglects the accumulation of nutrients as groundwater progresses downgradient
through potential sources.

The downgradient approach is the most applicable to thisarea. All wells except 162, 167
and 189, were used in the downgradient average estimation Many of the wells are placed along
the lake shore. Thisis primarily due to the basin fill deposits being limited to the shoreline area.
These wells are also located in representative land use designations. This provides an estimate
for arange of sources and allows for the accumulation of nutrients.

The downgradient average and discharge estimate of 4.8 x 10° n/day (3,900 acre-
feet/year) are used in the basin-wide estimate for overall nutrient loading to Lake Tahoe. The
downgradient average was chosen to best represent the nutrient concentrations that are likely in
thisregion. The wells are placed to represent much of the land use along the East Shore as well
as show provide a concentration which represents either accumulation or degradation of
nutrients.
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Table 8-3. East Shore Average and Downgradient Annual Nutrient L oading

Average Concentration

Downgradient

Method Concentration Method
Downgradient
Groundwater Average Nutrient Average Nutrient
Flux Concentration Loading Concentration Loading
Constituent (m3/year) (mg/L) (kglyr) (mg/L) (kglyr)
Ammonia + 2.7E+06 1,279 1,271
Organic 4.8E+06 0.471 2,267 0.468 2,253
2.7E+06 1,784 2,199
Nitrate 4.8E+06 0.658 3,163 0.810 3,898
2.7E+06 3,063 3,470
Total Nitrogen 4.8E+06 1.129 5,430 1.279 6,151
2.7E+06 59 51
Orthophosphate 4.8E+06 0.022 105 0.019 91
2.7E+06 85 79
Total Phosphorus 4.8E+06 0.031 150 0.029 140

Notes:

1. 1 nPlyear = 0.0008 acre-feet/year, 1 kglyr = 2.2 Iblyr
2. Average nutrient concentrations are derived from those included in Table 8-2.

8.8

Ambient Nutrient L oading

Ambient loading was calculated from the basin-wide data set for wells located in a
forested land use. The ambient nutrient loading is calculated to estimate the amount of nutrients
that would discharge into Lake Tahoe regardless of anthropogenic sources. The discharge rates
which were determined to be the most reasonable estimates of groundwater discharge were used
in calculating the ambient nutrient loading. Based on these estimates, the total dissolved
nitrogen concentrations that may be entering the lake from natural processesis 871 kg/year
(1,920 Ibs/yr). The estimated ambient total dissolved phosphorus concentration entering the lake
is 327 kglyear (721 Ibs/yr). Table 8-4 summarizes the loading estimates.

Table 8-4. East Shore Ambient Nutrient L oading Estimate

Ambient Ambient
Ambient Total Nitrogen Phosphorus
Groundwater  Ambient Total Dissolved Nutrient Nutrient
Discharge Dissolved Phosphorus Loading Loading
(m®/vear) Nitrogen (ma/L) (ma/l) (ka/vear) (ka/vear)
Incline Village 4.81E+06 0.181 0.068 871 327

Notes:

1. 1 nPlyear = 0.0008 acre-feet/year, 1 kglyr = 2.2 Iblyr
2. Average nutrient concentrations derived from those included in Section 3.2.
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8.9 Summary & Conclusions

The east shore area contributes a significant amount of groundwater to the lake each year.
Thisis primarily due to the higher hydraulic conductivities found here as well as the steeper
gradient.

The hydrogeologic setting along the east shore of Lake Tahoe is characterized by
fractured bedrock with a weathered zone. Unlike the west shore where glaciers have scoured off
much of the weathered material, this weathering rind appears to play a significant role in ground
water flow and storage. Studies are required to define the hydrologic significance of the
wesathered zone, how groundwater interacts and flow through this zone, and to what extent do
fractures play in groundwater flow. To collect this data, detailed ground water investigations,
geologic (structural) analyses, and surface geophysical investigations should be conducted. The
geometry of the sedimentary fill below this length of shoreline is significantly different from
other portions of the basin, but the data defining these differencesis sparse. Additional geology
information would reduce errors in the loading estimate.

To assist in determining the actual source(s) of nutrients, several methods could be used.
The IKONOS data could be used to determine if any neighborhoods have a significant number of
fertilized lawns. These areas could be targeted for additional monitoring. Historical record
searches could be performed to locate and study the residual effects of septic systems. The
infiltration basins of the region should also be monitored to determine their potential threat to
elevated nutrient concentrations in groundwater.

The results of the East Shore area nutrient loading estimate are compared to those
presented in The U.S. Forest Service Watershed Assessment (Murphy et al. 2000), Table 8-5.
Comparing these values, the East Shore area represents 10.3% of the nitrogen and 3.5% of the
phosphorus nutrient loading from groundwater to Lake Tahoe.
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Table 8-5. East Shore Area Groundwater Nutrient Loading Comparison to Basin Wide
Loading Estimates from U.S. Forest Service Water shed Assessment (Murphy et al. 2000)

Nitrogen Phosphorus Dissolved
Phosphorus

U.S. Forest Service Water shed Assessment Results, Basin-Wide
Estimated annual nutrient 418,100 45,700 17,000
loading from all sources
(kg)
Estimated annual nutrient 60,000 4,000 4,000
loading from groundwater
(kg)
Corps Groundwater Evaluation Results, East Shore Area
Estimated annual nutrient 6,151 140 140
loading from groundwater
(kg)
Estimated percent of annual 1.5% 0.3% 0.8%
nutrient loading from all
sources
Estimated percent of annual 10.3% 3.5% 3.5%
nutrient loading from
groundwater

Comparing the total groundwater nutrient loading (Table 8-3) to the ambient nutrient
loading (Table 8-4), natural processes may make up to 14% of the nitrogen and 100%+ of the
total dissolved phosphorus loading to the lake. These results indicate that the total phosphorus
loading may be coming from natural sources in the East Shore area.

Glenbrook and Zephyr Cove tend to have elevated concentrations of nitrogen. These two
areas warrant further investigation into the source and behavior of the nitrogen in the region. A
likely source in Glenbrook is the fertilizer used as part of golf course activities. Also nearby are
active sewage conveyance systems. This system could also be a source of nitrogen to the
groundwater. An evaluation of the actual source of nitrogen should be investigated and
mitigated in this region. The Zephyr Cove area aso contains active sewage conveyance lines in
the vicinity. An infiltration basin is located upgradient of well 191 and could be contributing to
the nitrogen concentrations in the groundwater. This area should be further evaluated to
determine the primary source of nitrogen.
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90 LAKETAHOE BASIN-WIDE GROUNDWATER NUTRIENT
L OADING

91 Basin-Wide Data Gaps

Systematic groundwater investigations should be conducted throughout the basin,
especially in the more populated parts and where they coincide with sedimentary fill basins.
Investigations should be designed to define vertical and horizontal variations in flow, mixing
among various zones, and interaction with surface water and the lake shore zone. These factors
are pertinent for better understanding available resources and for defining management strategies
for protecting those resources. Geochemical analyses should be performed to adequately define
variations among shallow, intermediate and deep aquifer systems and to determine groundwater
evolution trends as water travels from the mountain slopes to the lake. Geologic and geophysical
evaluations should be conducted to more accurately define aquifer parameters, water basin
boundaries and the importance of confining horizons. Much controversy exists about the extent
and continuity of fine-grained horizons in South Lake Tahoe. Such units should be adequately
defined there and in other parts of the basin.

Survey data for the wells and stream gage stations, for the most part, has not been
collected. Thisisaminor activity that could greatly improve the loading calculations by
providing better data for more accurate gradients. Groundwater level data should be obtained for
all wells during sample collection. Thistoo would provide a more complete data set to
determine accurate gradients in the basin.

A consistent set of nutrients monitored would provide a more complete dataset for
evaluation. Specifically, additional organic nitrogen and total phosphorus testing would provide
amore complete dataset.

9.2  Error Analysis

The accuracy of the groundwater discharge and nutrient loading estimates are a function
of the input parameter data quality. The data set is limited for the basin, thereby reducing the
level of accuracy in the estimates. Unfortunately, the lack of data also hinders the assessment of
accuracy. Thediscussion of errorsis qualitative.

Groundwater level measurements are accurate from 0.03 m to 6 m (0.1 foot to 20 feet).
This broad range of accuracy is due to only a handful of wells with survey data. The vertica
coordinates of the remainder of wells has been estimated by topographic maps, inducing an error
of one half a contour interval. In addition, the horizontal accuracy of the wells is poor because of
the lack of survey data. These factors combined limit the accuracy of the hydraulic gradients
estimated.

Hydraulic conductivity estimates were based primarily on drillers’ well logs. The
literature was also searched for better descriptions of the geology. The poor quality of drillers
reports and lack of sufficient geological investigations produces errors associated with these
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estimates. Thisis probably the largest source of error in most parts of the basin. The aquifer
area also suffers from the lack of geological investigations. The depth to bedrock and potential
confining layers are also inferred from drillers well logs. The well logs tend to be inconsistent,
introducing error into the estimates of geological parameters. The lack of data from fracture
flow isaso aproblem. Thereisapotential to have significant flows from the fractured bedrock
that is not evaluated.

The accuracy of the chemical analysisis likely the most accurate. The groundwater
samples are representative of the aquifer chemistry to the extent collection and analytical
methods are valid. The extrapolation of the groundwater chemistry to other part of the basin
based on land use, average or downgradient estimates can induce error. Similar land uses may
not be directly comparable throughout the basin. A good example of thisis residentia land use.
There are neighborhoods in the basin with manicured lawns and other with natural vegetation.
These two types of neighborhoods may have drastically different groundwater loading associated
with them. This type of information was not available, and therefore was not considered in the
estimated land use averages. In addition, many of the wells are screened in the deep aquifer.
The analytical results may not accurately reflect the upper aquifer which likely contains the
highest levels of nutrients.

9.3 Overall Loading to L ake Tahoe

A regiona groundwater discharge and loading estimates were conducted throughout the
basin. These values produce a new estimate of groundwater discharge and nutrient loading to
Lake Tahoe. Each of the areas have unique characteristics which warrant regiona nutrient
loading estimates. These values can then be combined to evaluate the overall estimates of
nutrient loading to Lake Tahoe. Table 9-1 summarizes the range and most reasonabl e estimates
of nutrient loading in each area.
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Table 9-1. Range of Nutrient Loading to Lake Tahoe by Region
Region Total Groundwater
South | ake Tahoe/Stateline Total Groundwater| Loadingto Lake
Emerald Bay to Incline  Tahoe Vista/ Tahoe City/ East Loading to Lake | Tahoe (Murphy et
Constituent Tavlor Creek  Subreaion 1 _Subregion 2 Subreaion 3 Subreaion 4 Stateline Village  Kinas Beach West Shaore Shore Tahoe al. 2000)
Total Minimum 24 68 298 1 372 371 62 6,363 2,313 3,063 12,935
Dissolved
Nitrogen Maximum 261 519 1,284 71 1,300 1,154 19,535 14,998 48,755 6,151 94,028
(ka/vear) Estimate 142 364 778 39 486 650 4,189 9.667 28.327 6.151 50.800 60,000
Total Minimum 21 8 21 0 29 12 9 723 1,380 79 2,282
Dissolved )
Phosphorus Maximum 229 37 193 11 103 30 1,123 2,205 7,564 150 11,645
(ka/vear) Estimate 125 26 143 6 86 30 768 1,099 4,395 140 6,800 4,000
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The estimated total nitrogen and total phosphorus loading to Lake Tahoe from
groundwater is 50,900 and 6,800 kg (112,215 and 14,991 Ibs) per year, respectively. Thisis
similar to the 60,000 and 4,000 kg reported in the U.S. Forest Service Watershed Assessment.
This constitutes 12% and 15% of the annual nitrogen and phosphorus loading to Lake Tahoe,
which is similar to Thodal’ s estimates of 15% nitrogen and 10% phosphorus loading annually.
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discharging to streams. Thisis most important in the North Tahoe City, Ward Valley, and
Meeks Bay subregions. A more complete groundwater level monitoring network would
be required near gaged streams. Mgjor faults may provide pathways for significant
groundwater flow. A better understanding of the impacts the faults have on groundwater
movement is another important factor.

To assist in determining the actual source(s) of nutrients, several methods could be
used. The IKONOS data could be used to determine if any neighborhoods have a
significant number of fertilized lawns. These areas could be targeted for additional
monitoring. Historical record searches could be performed to locate and study the residual
effects of septic systems. The infiltration basins of the region should also be monitored to
determine their potential threat to elevated nutrient concentrations in groundwater.

The results of the Tahoe City/West Shore area nutrient loading estimate are
compared to those presented in The U.S. Forest Service Watershed Assessment (Murphy
et a. 2000), Table 7-16. Comparing these values, the Tahoe City/West Shore area
represents 47.2% of the nitrogen and 100%-+ of the phosphorus nutriert loading from
groundwater to Lake Tahoe.
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Table 7-16. Tahoe City/West Shore Area Groundwater Nutrient L oading
Comparison to Basin Wide L oading Estimates from U.S. Forest Service Water shed
Assessment (Murphy et al. 2000)

Nitrogen Phosphorus Dissolved
Phosphorus

U.S. Forest Service Water shed Assessment Results, Basin-Wide
Estimated annual nutrient 418,100 45,700 17,000
loading from all sources
(kg)
Estimated annual nutrient 60,000 4,000 4,000
loading from groundwater
(kg)
Corps Groundwater Evaluation Results, Tahoe City/West Shore
Area
Estimated annual nutrient 28,327 4,395 4,395
loading from groundwater
(ko)
Estimated percent of annual 6.8% 9.6% 25.9%
nutrient loading from all
sources
Estimated percent of annual 47.2% 100%+ 100%+
nutrient loading from
groundwater

Notes: The phosphorus contributions from the Tahoe City/West Shore region estimated during
this eval uation exceed the total groundwater loading estimated in Murphy et a. 2000.

Comparing the total groundwater nutrient loading (Table 7-14) to the ambient
nutrient loading (Table 7-15), natural processes may make up to 25% of the nitrogen and
60% of the total dissolved phosphorus loading to the lake.

This region has the potential to discharge a significant amount of nutrients to the
lake. Because of the lack of aregional monitoring network, there may be significant
errors associated with these estimates. Thisis a justification for installing a more
comprehensive monitoring network. This would reduce errors inherent in this method and
provide additional confidence in the loading estimates.
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10.0 NUTRIENT SOURCES

It has been shown that groundwater is a contributor of nutrients to Lake Tahoe. The
nutrients may come from several sources throughout the basin. Each of the primary sources are
discussed in this section. The key sources evaluated are fertilized areas, sewage, infiltration
basins and urban infiltration. Nutrients are also present in the natural system and will contribute
to the concentrations in groundwater.

10.1 Fertilizer

Fertilizer use has received increasing attention as a potential source of nutrient loading
into the Lake Tahoe watershed. The nutrients provided by fertilizers to enhance plant growth
can also cause algae in the lake to bloom (Welch 1992). The annual application of fertilizersin
the basin can provide a regular source of nitrogen and phosphorus into the watershed. Algal
growth in Lake Tahoe is limited by the availability of phosphorus in the Lake Tahoe Basin
(Hatch 2001). The following report section will examine fertilizer use in the Lake Tahoe Basin
and its potential availability to groundwater.

10.1.1 Historical Fertilizer Usagein Lake Tahoe Basin

Historical fertilizer use in the Lake Tahoe Basin is largely undocumented. In 1972,
representatives from the University of California, Davis conducted a study to determine fertilizer
use in the Lake Tahoe Basin (Mitchell 1972). The report found that the principal areas of
fertilizer use in the Lake Tahoe Basin were golf courses, school grounds, landscaped areas
around motels, condominiums, permanent resident homes, and agricultural areas. The report
estimated fertilizer use by homeowners from application instructions and land areas. Fertilizer
use in managed areas such as schools and golf courses was taken from available reports and
interviews. The 1972 study found that fertilizer use added approximately 53 tons of nitrogen and
8 tons of phosphorus to the basin annually.

More recently, severa steps have been initiated to limit the use of fertilizer in the Lake
Tahoe Basin. The Tahoe Regional Planning Agency (TRPA) has worked to end the use of
fertilizers in shore zone areas and stream channels while monitoring heavy fertilizer usersin the
basin (TRPA 2002a). The TRPA requires that large fertilizer users write or generate and submit
Fertilizer Management Plans. These larger users include golf courses, parks, cemeteries, plant
nurseries, recregtional ball fields, and large residential yards with an acre or more of turf (only
the Fertilizer Management Plans for golf courses were available for this Groundwater study).
Since algae growth in Lake Tahoe is limited by phosphorus availability, the TRPA discourages
the use of fertilizers that contain phosphorus. When a Fertilizer Management Plan submitted to
the TRPA suggests the use of phosphorus, justification for the use of the fertilizer shall be
included. Asrecently as November 2002, the TRPA Advisory Planning Commission was
discussing a ban on phosphorus fertilizers in Tahoe (TRPA 2002a). Until such rigid guidelines
are in place, users of fertilizer in the Lake Tahoe Basin are directed to use the TRPA, “Handbook
of Best Management Practices’ or the “Home Landscaping Guide for Lake Tahoe and Vicinity”
(HLG) published by the University of Nevada Cooperative Extension (University of Nevada
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Cooperative Extension 2001). For this report, the rate of fertilizer loading in the Lake Tahoe
Basin was in part determined using suggested rates in the HLG.

10.1.2 Fertilizer Composition

Fertilizers provide the essential nutrients required for plant growth. Nutrients provided in
fertilizers include nitrogen, phosphorus, and potassium. Puchased fertilizers generaly are
associated with a sequence of three numbers that stand for the weight percentage of nitrogen,
phosphorus, and potassium that are in the fertilizer, respectively. For example: if ten pounds of a
fertilizer rated 15-30-15 were applied to an area, the area would receive 1.5 pounds of nitrogen, 3
pounds of phosphorus, and 1.5 pounds of potassium. Because they have a greater impact on lake
water clarity (Welch 1992), this report will focus on the nitrogen and phosphorus in fertilizers.

In afertilizer, some of the nutrients may be in more soluble forms that would be more quickly
available for plant utilization. Due to the limited amount of information available, this section
will focus on the mass of nitrogen (N) and phosphorus (P) applied rather than solubility of
various forms of N and P.

Nitrogen

Nitrogen movement in the environment is very complex due to being stored and cycled in
severa forms. Nitrogen is generally found in four forms in soils and sediments: nitrogen gas,
organic nitrogen, ammonium-ammonia, and nitrate (Novotny 1994). Nitrogen gas comprises
approximately 80% of the atmosphere, but nitrogen must be converted to a plant- usable form by
biological or light-energized reactions. Only specialized organisms have the ability to fix
nitrogen gas ( N,) into a form usable for growth. Organic nitrogen is generally retained by

organic matter until mortality and degradation. Both nitrate ( NO; ) and ammonium (NH ;) are

among the most utilized forms of nitrogen by plants (OSUE 2003). Nitrate, and to a lesser extent
ammonium, is soluble and readily transported into groundwater.

Phosphorus

Compared to nitrogen, phosphorus is considered less mobile in the environment.
Phosphorus found in the environment can come from several sources that include natural
weathering of phosphate minerals, fertilizers, sewage, and phosphate detergents (Novotny 1994).
Inorganic forms of phosphorus, such as aluminum, iron, and calcium phosphates, are somewhat
inefficient for plant uptake due to their low solubility. To compensate, fertilizers are often added
to raise the surrounding concentration to ensure some concentration is available for plant growth.
Additionally, more soluble forms of phosphorus can be applied to meet plant requirements for

growth. The general form of phosphorus applied to plants is phosphate ( PO? ), whichisa

soluble form of phosphorus (Schulte 1996). Since phosphorus itself is relatively insoluble, little
phosphorus has the potential for leaching into groundwater until the soil is saturated. Locations
that have received ongoing phosphorus applications are more likely to be in a saturated state.
Once a soil areais saturated, a considerable amount of leaching can occur. In areas that have
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been fertilized and have not undergone erosion, soil removal, or crop removal, the concentration
of phosphorus can remain elevated.

10.1.3 Fertilizer Nutrient Leaching

Nitrogen L eaching.

Nitrogen leaching is a means for nitrogen to enter and be transported by groundwater.
While this report does not determine the amount of nitrogen transported into the groundwater, it
does provide the amount of nitrogen from fertilizer that is applied to the soil in the Lake Tahoe
Basin. Often the types of fertilizers applied to improve plant growth are soluble, enhancing the
potential for nitrogen leaching into groundweter.

Phosphor us L eaching.

For this report a simplified phosphorus-leaching model was utilized in order to estimate
the availability of phosphorus for groundwater infiltration. The calculations are based on a
Langmuir adsorption model (Novotny 1994). Some assumptions were made in order to estimate
the buildup of phosphorus which included: that there were long periods of watering, alinear
partitioning (isotherm) concept was applicable, and that the moisture content of soil was equal to
the porosity (~40%). Using the model, the partitioning of phosphorus between the dissolved and
adsorbed phase was determined. Additionally, the time for saturation (and breakthrough) could
be determined for an assumed soil depth. The equations used for the model and the values
applicable for soils in the Lake Tahoe Basin (USDA 1995) are listed below:

Q° =-3.5+10.7(%Clay) + 49.5(%0rganicC) (Equation 1)

b=0.061+170,000" 10 ™ +0.027(%Clay) + 0.076(%OrganicC) (Equation 2)

R, a®°be, 0 .
depth " " Elvc, 5 (Equation 3)

c. =_ (Qobr +q - bCT)i\/(Q"br +q - bCT)2 - 4(bq )(_ CT)

Equation 4

d 2(bq) (Eq )
max saturation=Q° " r * depth” area (Equation 5)

Time= max saturafion (Equation 6)

(Ra' Rp)

where:
Q° = The phosphorus adsorption maximum (in ny/g)
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b = Adsorption energy coefficient (in L/mg)
c; = Total inorganic P content of the soil
c, = Dissolved inorganic P content in the pore water

g = Soil moisture content
r = Soil Density (ing/L)

R, = Rate of phosphorus application
R, = Rate of plant uptake, assuming plants are harvested

depth = Assumed to be 3 inches, the estimated root depth/mixing zone

Max saturation = maximum adsorped P content for the soil
Time = Time required to reach soil saturation

Table10-1. Lake Tahoe Soil Characteristics Applied to Phosphorus Model (USDA 1995)

Average Soil Characteristics

% Clay 12.25
% Organic Matter 2.6
Soil pH 5.8
Soil Density, g/L 1337
porosity 0.4

Note: These values are based on basin-wide averages.

10.1.4 Fertilizer Application and Loading Rates

To quantify the amount of fertilizer applied in the Lake Tahoe Basin, severa steps were
taken. First, several categories of areas based on land use (TRG 2002) and their potential for
fertilization were designated or established. Since only a portion of each land use area would
receive fertilizers, the area fertilized in each land use category were determined or estimated.
Next, the typical fertilizer loading/application rates were applied according to land use. From the
loading rate and the land area of application values, the mass of fertilizer applied was then
determined. Finaly, the loading rates for single-family homes and golf greens were applied to
the phosphorus leaching model (Equations 1 through 6) to determine the amount available for
leaching into groundwater. Single-family home areas and golfing greens were specifically
modeled due to their potential to include both regular watering and fertilizer applications.
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Table 10-2. Estimated Fertilized Areasin the Lake Tahoe Basin

Category Specific use Land Area % of Area Estimated Area Fertilized
Acres Fertilized Acres

Residential

General 5.3 20 1.1

Single-family Residential 11093.5 21 2329.6

Multi-family Residential 3315.6 20 663.1

SUBTOTAL 14414.5 2993.8
Recreation

Golf Courses 979.9 95 931.0

Urban Parks 70.8 50 35.4

SUBTOTAL 1050.8 966.4
Institutions

General 505.5 20 101.1

Schools 217.1 50 108.6

Cemeteries 3.7 95 3.5

SUBTOTAL 726.4 213.2
Commercial

Commercial 4439.0 10 443.9

SUBTOTAL 4439.0 443.9
Agriculture

Agriculture/Livestock 132.4 100 132.4

SUBTOTAL 132.4 132.4
[TOTAL 20762.9 4749.7 |

The land area categories determined for this report included the following: residential
areas, recreationa areas, institutional areas, commercial areas, and finally agricultural and
livestock areas. The number of acresin each land area can be seen in Table 4-2. Residential
areas include genera areas, single-family homes, and multi-family homes. Recreational areas
include golf courses and urban parks. Institutions include general areas (hospitals, libraries,
government facilities, etc.), schools, and cemeteries. Commercial and agricultural areas were not
broken into smaller categories. The method for determining the percent fertilized land area for
each category was based on historical reports (Mitchell 1972) and sound judgment. This report
assumes a scenario wherein fertilizer is applied to each area that can have it applied.

Fertilizer loading rates were based on land use characteristics. Generally the application
rates suggested by the HL G were seen as the best case loading rates, while the worst case was
assumed to be the utilization of a high nutrient fertilizer (in this case Miracle-Gro® All Purpose
Plant Food). The suggested fertilizer utilization rate by the HLG uses a 20-7-7 fertilizer applied
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in the amount of 2.75 pounds per 1000 square feet, twice ayear. The high nutrient (15-30-15)
fertilizer is applied in 2.5-pound increments over 1000 square feet bimonthly over 4 months as
directed by the product label. Any additional knowledge of loading rates particular to aland use
areais discussed within that land use section.

10.1.5 Residential

Fertilizer loading rates in residential areas were examined for single-family areas, multi-
family areas, and general residential areas. The number of single family homes and their
individual land areas were estimated from the single home land area for the basin (TRG 2002)
and census data of housing (U.S. Census Bureau 2001). The fertilized portion of each residential
lot was assumed to be 3200 square feet based on information from the 1972 fertilizer use study
(Mitchell 1972). For the multi-family and general residential areas, the percent of fertilized area
was an educated estimate or a careful estimate.

Fertilizer loading rates in residential areas were assumed to be based on the HLG and
instructions from a commonly used high nutrient fertilizer. Fertilizer application according to
the HL G was assumed to be the best case, while the application of a commonly found fertilizer
according to its instructions was seen as the worst case. Attempts to determine more
representative application rates by conducting phone interviews for this report were
unsuccessful.

As expected, the amount of nitrogen and phosphorus applied using the high nutrient
fertilizer was much greater than the amount resulting from using the HLG application rates.
Assuming that the HL G application rates were followed, the Lake Tahoe Basin residential areas
have the potentia to annually receive approximately 70 tons of nitrogen and nearly 25 tons of
phosphorus. If a high nutrient fertilizer were applied by single-family homeowners, then the
nutrient loading in residential areas could swell to a potential 237 tons of nitrogen and nearly 450
tons of phosphorus. A complete breakdown of the estimated annual fertilizer loading ratesin
residential areas can be seen in Table 4-3.

Table 10-3. Annual Fertilizer Loading Rates For Residential Areas

Annual Pounds of Nutrients per 1000 square feet

N P
Home Landscaping Guide (HLG) 1.1 0.4
High Nutrient Fertilizer 3 6
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Useful planning information was obtained when the phosphorus-leaching model was
applied to single-family possibly fertilized areas. For the mode, it was assumed that landowners
utilized grass clippings as mulch and reapplied it to their yards; therefore total removal of
phosphorus by plant growth was eliminated. When areas were fertilized according to the HLG,
the top 3 inches of soil were saturated in approximately 13 years and had a dissolved phosphorus
concentration of nearly 30 ng/L. If ahigh nutrient fertilizer was applied according to directions,
the top 3 inches of soil were saturated in one summer season (~ 4 months).

10.1.6 Golf Courses

During the early 1990’s, golf courses began implementing Fertilizer Management Plans
to both document and limit their fertilizer use (IVGID 2002). Many of the golf coursesin the
Lake Tahoe Basin submit annual reports documenting their fertilizer use during the previous
year to the TRPA. Several annual reports were used to create a more accurate composite
fertilization rate for the golf coursesin the Lake Tahoe Basin (IVGID 2002, LTCB 1991).
Depending on their use, different areas of golf courses will have appropriate fertilization rates.
Table 4-4 indicates the percentage of fertilized area of greens, tees, fairways, and rough and their
corresponding fertilization rates determined from several golf resorts in the Lake Tahoe Basin.
The estimated amount of nitrogen and phosphorus applied yearly to golf courses in the basin
were 57 tons and 18.4 tons, respectively (Table 4-5).

Table 10-4. Golf Course Application Areasand Fertilizer Rates

Portion of Golf Course N Application Rate P Application Rate
- @ % @ |bsper1000saft  Ibsper1000saft

Greens 3 4.9 1.8
Tees 3 4.4 1.0
Fairwavs 22 3.2 0.9
Rouahs 72 25 0.9

The phosphorus leachate model was applied to fertilized greens to determine the
approximate dissolved concentration and determine the saturation time for 3 inches of soil. For
the model it was assumed that landscapers utilized grass clippings as mulch and reapplied it to
their areas; therefore total removal of phosphorus by plant growth was eliminated. When areas
were fertilized according to average green application rates the top 3 inches of soil were
saturated in alittle over 5 years and had a dissolved phosphorus concentration of 192 ng/L in
pore water.
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10.1.7 Urban Parks

The fertilizer loading rates in urban parks were obtained in a phone interview with a park
representative. The loading rates obtained from a phone interview with the Tahoe City Public
Utility District Park Superintendent (Russell 2002) are listed below. Calculations indicate that
the amount of nitrogen and phosphorus applied to urban parks in the Lake Tahoe Basin were 2.2
tons and 0.3 tons respectively.

10.1.8 Institutions

Ingtitutional fertilized areas include general areas (e.g., hospitals, libraries, and
government facilities), schools, and cemeteries. For both general areas and cemeteries the
fertilizer loading rate was in accordance with the HL G, using the assumption that landscaping
professionals were knowledgeable of the HLG. Use of the fertilizing methods listed in the HLG
for the fertilizable general and cemetery areas listed in Table 4-1 resulted in an annual basin
loading of 6.6 tons nitrogen and nearly 1 ton of phosphorus. For schools in the Lake Tahoe
Basin, fertilizer application was assumed to be at the rates stated by the Park Superintendent of
the Tahoe City Public Utility District (Russell 2002). The annual loading of nitrogen and
phosphorus to school areas is estimated to be 6.8 tons of nitrogen and 1 ton of phosphorus.

10.1.9 Commercial

Fertilizing methods listed in the HLG were applied to the potentialy fertilized
commercia areas listed in Table 4-1. Calculations resulted in an estimated annual loading of 9.8
tons of nitrogen and 3.4 tons of phosphorus in commercial areas.

10.1.10 Agriculture

Due to alack of information, nutrient levels from agriculture and livestock were in
accordance with those found in the 1972 report (Mitchell 1972). In 1972, average annual
agricultural nutrient loading rates were found to be 5 tons of nitrogen and roughly 1 ton of
phosphorus.

10.1.11 Summary

Current fertilizer application rates are thought to be much higher than estimates
determined in 1972 (Table 4-5). The annual soil loading of nitrogen in the Lake Tahoe Basin has
potentialy tripled from approximately 53 tonsin 1972 to arange of 158-325 tonstoday. The
potential annual soil loading of phosphorus has increased approximately 8 tons in 1972 to at least
50 tonstoday. The wide range of current nutrient loading in the basin was a result of simulating
both a high and low nutrient fertilizer application in single-family residential areas. The
assumption that fertilizer was applied by all land owners provides an estimate of the potential
application of fertilizer in the basin by residents. Even at the recommended application rates, the
potential amount of fertilizer applied by individual property ownersis large. While this study
liberally assigned fertilizer use by all single-family homeowners in the Lake Tahoe Basin, the
values from the remaining land use areas are based on redlistic rates. When considering only the
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application rates from recreational, institutional, and commercia areas, nitrogen application has
increased roughly 230% while phosphorus use has increased over 400%.

Table 10-5. Estimated Annual Nitrogen and Phosphorus Application in the Lake Tahoe
Basin in 1972 (Mitchell 1972) and Currently.

Category Specific use Tons of Nitrogen Tons of Phosphorus
1972 Current 1972 Current
Residential
General 0.03 0.01
Single-family Residential 54.1-221.1* 18.9 -442.3*
Multi-family Residential 15.9 5.6
SUBTOTAL 15.0 70 - 237* 11 24.5 - 448*
Recreation
Golf Courses 29.0 57.1 4.4 18.4
Urban Parks 2.2 0.3
SUBTOTAL 29.0 59.3 4.4 18.7
Institutions
General 6.4 0.9
Schools 2.0 6.8 <0.4 1
Cemeteries 0.2 0.03
SUBTOTAL 2.0 13.4 <0.4 1.9
Commercial
Commercial 2.5 9.8 <0.4 3.4
SUBTOTAL 2.5 9.8 <0.4 3.4
Agriculture
Agriculture/Livestock 5.0 5 1 1
SUBTOTAL 5.0 5 1 1
[TOTAL ~53  157.5 - 324.5* ~8  49.6 - 472.86"|

* Ranges for current loading levels include loading rates using the HLG or a high nutrient
fertilizer in single-family residential aress.

Phosphorus leaching calculations indicate that areas that are receiving regular doses of
phosphorus may be saturated. Additional applications are more likely to increase groundwater
infiltration without an increase in plant growth benefits. It is probable that phosphorus
application could cease in areas that have been regularly fertilized (and have a plant clippings
recycling program) with no decrease in plant growth.
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The nutrient loading rates for the Lake Tahoe Basin that were determined for this report
are only estimates. Additional studies are required to determine more accurate |oading rates.

10.2 Sewage Exfiltration

10.2.1 Exfiltration

Exfiltration is the incidental outflow, or leakage, from sewer collection/flow pipes due to
joints, cracks, holes, or breaks in the pipe. Collection systems are typically designed to account
for a certain amount of leakage; average new construction allowable |eakage rates range from
100 to 300 gallons/day/inch-diameter/mile of pipe. These averages are based on values provided
by such sources as the EPA Sewer Manual, Engineering Contractors Association Greenbook,
and the American Society for Testing and Materials (ASTM) Standard for both asbestos cement
pipe and vitrified clay pipe. Tahoe City Public Utility District (TCPUD) uses an even stricter
standard of 10 gallong/day/inch-diameter/mile of pipe. Factorsthat affect exfiltration rates
include: pipe age, pipe materias, normal vs. full flow in the pipe, and surrounding groundwater
levels (USACE 2002).

Exfiltration can prove to be a problem because sewage carries high concentrations of
nitrogen, phosphorous, fecal coliform, and many other potential contaminants. In the areas
where leaks occur, the soil becomes saturated with these pollutants, thus potentially affecting
water infiltrating through the soil, the groundwater, and eventually, the lake. A study has been
conducted that shows a strong correlation between highly developed urban areas near the shore
and high turbidity and chlorophyll measured in the lake; however, due to the particular testing
methods used in the study, it is not possible to determine any exact sources, or causes, of the
excessive turbidity and chlorophyll. A primary study of exfiltration rates for operating sewer
systems was examined in the “Wastewater Collection System Overflow/Release Reduction
Evaluation” portion of the overall Framework Study that attempted to estimate the amount of
exfiltration that is occurring in the utility districts in both California and Nevada surrounding
Lake Tahoe. This study, titled “Tahoe Basin Sewer System Exfiltration/Overflow Study”, was
conducted in 1983 by the South Tahoe Public Utility District (STPUD) along with TCPUD and
the North Tahoe Public Utility District (NTPUD) (USACE 2002).

In order to provide an accurate estimate of the amount of exfiltration that is occurring in
the Tahoe Basin, testing conducted for the 1983 study included field testing 14.5 km (9 miles) of
the 1022 total kilometers (635 total miles) of sewer linein STPUD, TCPUD, and NTPUD using
hydrostatic pressure methods. Results of this testing showed exfiltration rates averaging from
100 to 300 gallons/day/inch-diameter/mile of pipe; this data reflects expected exfiltration values
based on accepted construction values. Once the field values had been collected, correction
factors were used to determine average exfiltration rates; field testing was conducted in areas that
were considered to have a high to medium risk of exfiltration based on pipe age, construction,
and surrounding conditions. Correction factors were chosen to account for differencesin flow
conditions and hydraulic head, clogging of joints, steep slopes, high groundwater, and areas with
less than 100 percent build-out. This factor was multiplied by the field values, which, in turn
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were multiplied by the applicable pipe diameter and length to produce the following table of
exfiltration values (Table 10-6). (Nevada values were estimated based on estimated average unit

exfiltration rates in California.)
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Table 10-6. Average Unit Exfiltration Rate and Annual Exfiltration

Estimated Average Unit Estimated Annual
Exfiltration Rate! Exfiltratior?
(gallons/day/inch (Millions of Gallons)
District diameter/mile of Pipe)
Cdifornia
STPUD 6.0 3.2
TCPUD 6.7 2.5
NTPUD 34.9 6.0
Nevada
Incline Village Gereral 114 19
Improvement District
Tahoe Douglas District 114 0.6
Round Hill General 114 0.3
Improvement District
Douglas County Sewer 114 0.3
Improvement District Number
1
Kingsbury Generad 114 0.6
Improvement District
Total 154

! Reflects only the correction factor for reduced hydraulic head
2 Reflects only the adjustment for reduced hydraulic head correction factor

In the 1983 study, exfiltration rates for both sewer force mains and pump stations were
determined to be zero. (USACE 2002)

The “Wastewater Collection System Overflow/Release Reduction Evaluation”
recommends that the Corps use an average annual exfiltration rate in the Tahoe Basin of 15.4
million gallons per year. It was determined that this amount of sewage exfiltration would
contribute approximately 1,746.3 kg per year (3,850 |bs per year) of nitrogen and 467.2 kg per
year (1,030 pounds per year) of phosphorus at the point of leakage. These values were found to
be insignificant based on previous studies that estimate the overall nutrient loading into Lake
Tahoe of nitrogen at 418,213 kg/year (922,000 Ib/year) and phosphorus at 45,813 kg/year
(101,000 Ib/year). Exfiltration from sewage collection systems in the Tahoe Basin was not found
to be considerable contributors to nutrient loading based on the studies evaluated in the “Lake
Tahoe Basin Framework Study” (USACE 2002).
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10.2.2 Septic Tanks

The effects from decommissioned septic tanks on groundwater are unknown in the Lake
Tahoe Basin. Until the early 1970s, all homes and many businesses relied on septic tanks for
wastewater treatment. Septic tanks were later banned. The decommissioning of the tanks
included removing the contents and filling them with lime. The leach fields were typically
abandoned in place.

Some research has been conducted on the effects of abandoned systems. Robertson
(19983, 1998b, 1996 and 1991) performed a series of studies on both active and decommissioned
septic tanks. His studies found that nitrogen, mostly in the form of nitrate, returned to
background values within one year of decommissioning. Conversely, phosphate persisted at
levels that were virtually unchanged and the plume continued to migrate. Robertson realized that
the phosphate behavior was dominated by sorption, which is rapid and reversible.

The study showed that 85% of the effluent concentration remained in the vadose zone.
The remainder made its way to the groundwater zone. Here he noticed that 13% was adsorbed
onto aquifer soils and the remaining 2% was present in solution. The partition coefficient, kg
values developed averaged 7.3 L/kg. Average phosphate concentration in septic tank effluent is
about 9 mg/L. About 1 to 2 mg/L was found in the groundwater. Studying the rate of plume
migration, a retardation factor of 20-100 was found, averaging 60. Although the migration was
slow, Robertson found that the plume could eventually migrate over along period of time with
little or no reduction in concentration. The Province of Ontario has adopted a conservative
approach when calculating phosphorus mass loaded to septic systems that is ultimately capable
of migrating downgradient.

Using the assumption that the mass of phosphorus that moves into the groundwater table
eventually will reach a receptor, mass of phosphate was calculated. A porosity of 0.4 and bulk
density of 1.337 g/cnT were used in the calculation. If using the 7.3 kq value from the Ontario
study, the retardation factor is 25. |If the average retardation factor of 60 is used, the kq value
caculatedis17. A kqof 7.3 - 17 and aretardation factor of 25 — 60 likely represents the range of
kq and retardation factor for phosphate in groundwater. A plume length for a household septic
tank ranged from 0.3 meters to 25 meters (Robertson 1998b), averaging 7 meters. The width and
depth of the plume were assumed to average 10 meters and 2 meters, respectively. The dissolved
phosphate concentration found below septic tanks averaged 1.5 mg/L. Using these parameters, a
phosphorus mass of 2.13 kg/tank to 4.86 kg/tank is estimated. Considering the use of septic
tanks until the late 1960's, it was assumed that all households had a septic system. An estimate
of 18,850 tanks in the Lake Tahoe Basin was determined from Census data. Using this estimate,
the total phosphorus loading from septic tanks could range from 40 to 91.6 metric tons.

Considering the tanks have been abandoned for about 30 years, many have assumed that
septic tank loading may have already reached the lake. However, based on the estimated
retardation factor of 25 to 60 for phosphorus, this may not be the case. Using an average
hydraulic conductivity of 15 m/day, a gradient of 0.02 and porosity of 0.4 it could take from 45
to 110 years for a plume to travel 500 metersto the lake. This assumes a steeper gradient than
what will be found in many parts of the basin, South Lake Tahoe in particular. The nitrogen
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compounds are more conservative, typically advancing as quickly as groundwater. Thisimplies
that the nitrogen associated with septic systems may have already reached the lake. Using the
same values as above, the nitrogen may have reached the lake as little as 1.8 years after the
decommissioning.

10.3 Urban Infiltration

Urban infiltration results from the surface water runoff caused by snowmelt and rainfall
flowing over impervious urban areas. These areas consist of such engineered structures as roads,
parking lots, buildings, and sidewalks. Because water cannot infiltrate through these surfaces,
the volume of runoff increases as it flows and then either collects in a storm water drainage
system, or flows onto an adjacent permeable surface. The water can then be absorbed into the
soil and flow into the groundwater (LRWQCB 1995).

Typically in surface runoff situations, soils and vegetation remove or absorb many
pollutants before they reach the groundwater or surface water of the watershed. In the case of
urban runoff, however, water flowing over the impervious areas collects, carries, and deposits
the pollutants when a permeable surface is encountered. Soil that is adjacent to these urban areas
cannot alleviate this heavy concentration of pollutants, thus a higher concentration of
contaminants is available to flow into the groundwater or lake. This higher concentration varies
from season to season, but is particularly problematic during the first large storm of the
fall/winter season after along dry summer. During the summer, the contaminants have an
extended opportunity to collect and become concentrated on the impenetrable surfaces. Asthe
first large rainfall occurs, most of these collected contaminants flow with the runoff, and are
deposited on the soil at onetime. These particular rainfall events create important problems that
should be considered when studying a watershed with a high percentage of urban infiltration
(LRWQCB 1995).

The contaminants associated with urban infiltration depend upon land use (e.g.,
residential, industrial, construction, commercial), but typically include fertilizers, petroleum
products, solvents, sewage or hazardous waste spills, animal wastes, and sediment. Many of the
nutrient pollutants that cause concern within the Tahoe Basin are directly and indirectly
associated with the deicing compounds used on the roads and walkways during the winter.
Another cause of nutrient pollution in this high atitude watershed is snowmelt. Runoff
generated by the snowmelt carries atmospheric acids and nutrients, particularly nitrogen, that
collect on the mountains during the snowfalls throughout the winter. The exact amount of
nutrient pollutants that are contributed through urban runoff isimpossible to quantify; it istruly a
non-point source contributor, meaning the exact location of the pollution origin cannot be
determined (LRWQCB 1995).

104 Engineered Infiltration Basins

Engineered infiltration in the Lake Tahoe Basin consists of all collected surface water
runoff that is channeled to and collected in a man-made basin or wetland for the purpose of
infiltration into the soil. Commonly used methods of infiltration in communities surrounding the
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lake are infiltration basins, infiltration trenches, dry wells, constructed wetlands and stream
environment zones (SEZ). These engineered infiltration methods are becoming a popular means
of preventing surface water runoff from freely flowing into the lake, thereby reducing the
amount of suspended sediments and contaminants that are contributed to the lake by surface
runoff. Despite the increased usage of engineered infiltration methods, it is still recommended
that whenever possible, naturally vegetated areas be protected and used for infiltration of runoff
from impervious surfaces. Plant-soil relationships are the most effective means for removing
fine sediments, bioavailable nutrients, and other pollutants from urban storm water (LRWQCB
2001).

Infiltration practices recharge local groundwater supplies and help maintain vegetation.
Ongite infiltration is particularly effective for phosphorus removal from surface waters
(LRWQCB 2001), but little is known about the effect that these practices have on groundwater.
It is possible that the phosphorus removal measured in the surface water is smply being
transferred to the lake through the groundwater.

Infiltration systems convey surface water to groundwater regardless of quality. If not
treated, storm water flows may negatively affect groundwater. Currently, the water quality
standards that are applied to pollutant concentrations in storm water runoff do not take into
consideration protection of groundwater that lies beneath. Revision of this standard may be
considered in the future (Whitney 2003). Soils can also become saturated with pollutants,
reducing treatment capacity and creating a point source of contamination to groundwater.
Infiltration systems may also alter natural groundwater flows by dewatering some areas and
saturating others.

The following is a description of several engineered infiltration methods used in the
Tahoe Basin:

10.4.1 Infiltration Basins

Infiltration basins are landscape depressions designed to capture runoff and infiltrate it
directly into the soil, effectively removing fine sediments and some nutrients while providing
groundwater recharge. Pollutant removal is achieved by sedimentation, physical filtration
through soil surface horizons, and vegetative uptake. Infiltration basins also serve to attenuate
peak flows to prevent downstream erosion (LRWQCB 2001).

Infiltration basins have been the principal method for storm water treatment in the Tahoe
Basin for many years. Basins are generally applicable for storm water treatment in any area
where land availability and site conditions permit. Constraints on basin location include
anticipated sediment loading, soil type, percolation rates, depth to groundwater, and available
maintenance access (LRWQCB 2001).

If properly designed and maintained, treatment basins can effectively trap sediment and,
in some cases, remove bioavailable nutrients (primarily dissolved phosphorus) from surface
waters. Infiltration systems convey surface water to groundwater regardless of quality, which
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may negatively affect groundwater. The water quality standard currently applied to storm water
infiltration basins may not stringent enough to protect the quality of groundwater (Whitney
2003). Infiltration may effectively remove nutrient and pollutant concentrations from surface
waters, but in doing so conveys those same contaminants to groundwater which are also moving
toward the lake. Suspended sediments accumulate over time in basins producing a concentrated
source of nutrients and pollutants that can leach to groundwater. Other disadvantages of
infiltration basins are that standing water can provide habitat for insect pests and may also
present a potential safety hazard, especially for young children (LRWQCB 2001).

10.4.2 Infiltration Trenches

Aninfiltration trench is a shallow trench back-filled with gravel to allow for enhanced
runoff of infiltration. Runoff is diverted into the trenches, from which it percolates into the
subsoil. Vegetated conveyance swales may also serve asinfiltration trenches. Infiltration
trenches are most common along the drip line of elevated impervious surfaces, such as rooftops.
Trenches used to drain large, heavily used paved areas, such as parking lots or other impervious
surfaces should include pretreatment to remove heavy sediments and hydrocarbons (LRWQCB
2001).

Infiltration trenches have been shown to be very effective at infiltrating runoff and
associated pollutants contained in storm water. Studies have suggested that expected pollutant
removal effectiveness of infiltration trenches is 75% for sediment, 55% for phosphorus, and
greater than 70% for trace metals, bacteria, and petroleum (LRWQCB 2001).

Again, infiltration trenches are pathways for nutrients and pollutants to make their way to
groundwater in high concentrations, and become potential sources of nutrient loading to the
groundwater. Infiltration trenches along roadways are particularly susceptible to pollutant runoff
and infiltration. Pretrestment structures or source control methods should be used to prevent soil
and groundwater contamination where pollutant concentrations are expected to be high (i.e., near
roadways or parking lots) (LRWQCB 2001). Infiltration trenches are not favored by local
residents or business owners because they tend to collect trash and require land constraints for
acquiring property. Land acquisition is limited in the Tahoe Basin, making it difficult to install
infiltration trenches (Whitney 2003).

10.4.3 Dry Wdlls

Dry wells are stone or gravel filled pits used to infiltrate runoff from impervious surfaces.
Dry wells are well suited for treating small impervious areas as an alternative to infiltration
trenches and may be appropriate on steeper slopes where trenches or other facilities cannot be
installed. Dry wells are particularly appropriate to treat runoff from residential driveways or
rooftop downspouts. As with other infiltration practices, dry wells should not be used in areas
with high groundwater. Dry wells are not suited for treating runoff from large impervious
surfaces such as parking lots. Pretreatment of runoff waters is recommended to prevent clogging
by sediment and debris and to protect groundwater quality (LRWQCB 2001).
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The City of South Lake Tahoe uses dry wells in areas with low discharge volumes. They
are easy to install and inexpensive to maintain. El Dorado and Placer Counties often install rock
infiltration basins with sand cans for pretreatment (LRWQCB 2001). However, dry wells may
also provide a pathway for nutrients and other pollutants to more easily reach groundwater,
negatively affecting groundwater quality and increasing nutrient concentrations.
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11.0 NUTRIENT REDUCTION ALTERNATIVES

This section discusses five different nutrient reduction aternatives that could be applied
in the basin to aid in reduction of nutrient loading to the lake. Most aternatives are aimed at
preventing or reducing nitrogen and phosphorous in groundwater, and ultimately into lake
waters. The reduction alternatives discussed in this section include phytoremediation, permeable
reactive treatment walls, pretreatment of storm water runoff/infiltration, implementation of best
management practices, and implementation of awareness programs. The first two alternatives
address nutrients that have already been released into groundwater. The following three
alternatives address prevention of the release of nutrients into groundwater. Nutrient reduction
aternatives are evaluated based on effectiveness, implementability, and cost.

11.1 Phytoremediation

11.1.1 Description

Phytoremediation is the use of plants to remove, contain, or render harmless
environmental contaminants in soil and groundwater. It is a promising technology that addresses
cleanup of a number of contaminants, including nutrients. The key physiological processesin
phytoremediation include: stimulation of microorganism-based transformation by plant exudates
and leachates, and by fluctuating oxygen regimes, slowing of contaminant transport from the
vegetated zone due to adsorption and increased evapotranspiration, and plant uptake, followed by
metabolism or accumulation (Best and Lee 2003). Phytoremediation takes advantage of the
unique and selective uptake capabilities of plant root systems, together with the translocation,
bioaccumulation, and contaminant storage/degradation abilities of the entire plant body
(Hinchman 1998).

Plant-based soil remediation systems can be viewed as biological, solar-driven systems
with an extensive, self- extending uptake network (the root system) that enhances the below-
ground ecosystem for subsequent productive use. Examples of simpler phytoremediation
systems that have been used for years are constructed or engineered wetlands, often using cattails
to treat acid mine drainage or municipa sewage (Hinchman 1998). Physically, plants slowthe
movement of contaminants in soil, by reducing runoff and increasing evapotranspiration and by
adsorbing compounds to their roots. Once a wetland or upland phytoremediation systemisin
place, its biological components are naturally self-sustaining, powered by plant photosynthesis
(Best and Lee 2003).

There are a number of different types of phytoremediation mechanisms. These include
the following (CPEO 2002):

Rhizosphere biodegradation In this process, the plant releases natural substances through
its roots, supplying nutrients to microorganisms in the soil. The microorganisms enhance
biological degradation.

Phyto-stabilization In this process, chemical compounds produced by the plant
immobilize contaminants, rather than degrade them.
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Phyto-accumulation (also called phyto-extraction). In this process, plant roots sorb the
contaminants along with other nutrients and water. The contaminant mass is not
destroyed but ends up in the plant shoots and leaves. This method is used primarily for
wastes containing metals. At one demonstration site, water-soluble metals are taken up by
plant species selected for their ability to take up large quantities of lead (Pb). The metals
are stored in the plant’s aerial shoots, which are harvested and either smelted for potential
metal recycling or recovery or are disposed of as hazardous waste. As ageneral rule,
readily bioavailable metals for plant uptake include cadmium, nickel, zinc, arsenic,
selenium, and copper. Moderately bioavailable metals are cobalt, manganese, and iron.
Lead, chromium, and uranium are not very bioavailable. Lead can be made much more
bioavailable by the addition of chelating agents to soils. Similarly, the availability of
uranium and radio-cesium 137 can be enhanced using citric acid and ammonium nitrate,
respectively.

Hydroponic Systems for Treating Water Streams (Rhizofiltration). Rhizofiltration is
similar to phyto-accumulation, but the plants used for cleanup are raised in greenhouses
with their roots in water. This system can be used for ex-situ groundwater treatment, that
IS, groundwater is pumped to the surface to irrigate these plants. Typicaly hydroponic
systems utilize an artificial soil medium, such as sand mixed with perlite or vermiculite.
As the roots become saturated with contaminants, they are harvested and disposed of.
Phyto-volatilization In this process, plants take up water containing organic
contaminants and release the contaminants into the air through their leaves.
Phyto-degradation In this process, plants actually metabolize and destroy contaminants
within plant tissues.

Hydraulic Control. In this process, trees indirectly remediate contamination by
controlling groundwater movement. Trees act as natural pumps when their roots reach
down towards the water table and establish a dense root mass that takes up large
quantities of water. A poplar tree, for example, pulls out of the ground 30 gallons of
water per day, and a cottonwood can absorb up to 350 gallons per day (CPEO 2002.

The plants most used and studied in phytoremediation are poplar trees. In lowa, the EPA
demonstrated that poplar trees acted as natural pumps to keep toxic herbicides, pesticides, and
fertilizers out of the streams and groundwater (CPEO 2002).

11.1.2 Effectiveness

Phytoremediation can be applied in terrestrial and aguatic environments. It can be used
as a preparatory or finishing step for other cleanup technologies. Plants are aesthetically
pleasing, and these systems are relatively self- sustaining leading to long-term effectiveness (Best
and Lee 2003).

The following study is a good example of the benefits of phytoremediation in the
reduction of nutrients in groundwater. A USEPA study conducted in lowa demonstrated the
usage of phytoremediation by planting poplar trees along a stream bank between a cornfield and
the stream. These trees acted as natural pumps to keep toxic herbicides, pesticides, and
fertilizers out of the streams and groundwater. After three years, while the nitrate concentration
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in groundwater at the edge of the cornfield was measured at 150 mg/L, the groundwater among
the poplar trees along the stream bank had nitrate concentration of only 3 mg/L (AEC 2002a).

11.1.3 Implementability

The implementability, risks, and limitation of phytoremediation technology are described
below. Before implementing phytoremediation technology, detailed information is needed to
determine the kinds of soil used for phytoremediation projects. Water movement, reductive
oxygen concentrations, root growth, and root structure all affect the growth of plants and should
be considered when implementing phytoremediation. They plant type should be carefully
evaluated to determine the most productive for the circumstances. There are a number of
[imitations to phytoremediation as follows:

The depth of the contaminants limits treatment. The treatment zone is determined by plant
root depth. In most cases, it is limited to shallow soils, streams, and groundwater. Pumping
the water out of the ground and using it to irrigate plantations of trees may treat contaminated
groundwater that is too deep to be reached by plant roots (CPEO 2002).

Generdly, the use of phytoremediation is limited to sites with lower contaminant
concentrations and contamination in shallow soils, streams, and groundwater. However,
researchers are finding that the use of trees (rather than smaller plants) allows them to treat
deeper contamination because tree roots penetrate more deeply into the ground (CPEO
2002).

Climatic or seasona conditions may interfere or inhibit plant growth, slow remediation
efforts, or increase the length of the treatment period (AEC 20023).

Phytoremediation will likely require a large surface area of land for remediation (AEC
2002a).

If contaminant concentrations are too high, plants may die (CPEO 2002).

The success of remediation depends on establishing a selected plant community. Introducing
new plant species can have widespread ecological ramifications. The plant community
should be studied beforehand and monitored. Additionally, the establishment of the plants
may require several seasons of irrigation. It isimportant to consider extra mobilization of
contaminants in the soil and groundwater during this start-up period (CPEO 2002).

11.1.4 Cost

Phytoremediation is an innovative cleanup technology that is low-tech. Construction
estimates for phytoremediation are approximately $200,000/acre and $20,000/acre for operations
and maintenance (AEC 20023).

Because conditions vary between each contaminated site, phytoremediation is not
feasble in every case. Before aremediation project can begin, all of the site specific factors
must be taken into account, and a decision must be made based upon the most suitable available
technology. With time and increasing numbers of successful implementations, bioremediation
and phytoremediation will be considered proven technologies, rather than innovative
technologies (Frazar 2000). Additional information can be obtained from a number of
companies who specialize in implementing phytoremediation technology.
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11.2 Permeable Reactive Treatment Walls

11.2.1 Description

A permeable reactive treatment wall is atype of barrier wall that allows the passage of
groundwater while causing the degradation or removal of nutrients and other pollutants. A
permeable reaction wall is installed across the flow path of a contaminant plume, allowing the
groundwater portion of the plume to move through the wall while prohibiting the movement of
or remediating the contaminants by employing such materials as sorbents and microbes (Figure
5-1). Sorbentsthet can be used in permeable reactive walls to remove pollutants include such
diverse materials such as straw, newspaper, raw cotton, jute pellets, vegetable oil, compost,
wood mulch, and sawdust. Permeable reactive treatment walls are generally intended for long-
term operation to control migration of contaminants in groundwater (AEC 2002b).

Waste Material

Porous Media —.": -

Lower Confining Bed

Figure 11-1. Typical Permeable Treatment Wall (Cross-Section) (AEC 2002b).

Field trials conducted by the University of Waterloo, Ontario, Canada demonstrated the
use of nitrate-reactive permeable subsurface barriers to passively attenuate nitrate from septic
systems. These barriers were installed as layers below an otherwise conventional septic system
infiltration beds and as a vertical wall intercepting a horizontally flowing septic system plume.
The barriers contained waste cellulose solids (wood mulch, sawdust and leaf compost), which
provided a carbon source for heterotrophic denitrification. A field trial was aso conducted on
agricultural runoff where a nitrate barrier in the form of a containerized reactor was used to treat
farm field drainage water. Field trials were conducted over a5 to 10 year period (Robertson et
al. 2000).
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11.2.2 Effectiveness

Field trials conducted by the University of Waterloo have demonstrated that reactive
barriers using waste cellulose solids, which act as carbon sources for heterotrophic
denitrification, can be used to achieve long-term, passive, in Situ attenuation of nitrate originating
from avariety of sources (fertilizer, septic/sewage, agricultural/pasture drainage). Nitrate
removal rates ranged from 0.7 to 32 mg/L per day, were temperature dependent, and did not
significantly diminish over the monitoring period. Mass-balance calculations and visual
inspection indicated that a substantial portion of the initial carbon remained in the barriers after
Six to seven years of operation, suggesting that such barriers can be readily designed to provide a
decade or more of nitrate treatment without carbon replenishment. (Robertson et al. 2000)

11.2.3 Implementability

Permeabl e reactive barriers have the potential to provide virtually complete single-pass
nitrate removal using materials that are low cost and, in most cases, locally available. They
require little maintenance and should be ideally suited for use on both alarge and small scale.
Reactive barriers have been more recently installed to treat nitrate contamination from a fertilizer
facility and have also been incorporated into a commercially available wastewater treatment
system (Robertson et al. 2000).

There are anumber of factors that may limit the applicability and effectiveness of
permeable reactive treatment walls. Though projected to last at least 10 years without having to
be replaced, permeable treatment walls may lose their reactive capacity, requiring replacement of
the reactive medium earlier than anticipated. The depth and width of the barrier may be a
limiting factor depending upon the areain need of treatment. The subsurface lithology must
have a continuous aquitard at a depth that is within the vertical limits of trenching egquipment.
The volume cost of the treatment medium may be a limiting factor depending upon the
availability of the materials used. Biological activity or chemical precipitation may limit the
permeability of the treatment wall (AEC 2002b). Selection of a carbon source for this project in
a permeable reactive treatment wall is expected to be governed by site-specific factors, such as
the hydraulic retention time in the barrier, permeability requirements, acceptable frequency of
maintenance, and local availability of materials (Robertson et a. 2000).

11.2.4 Cost

Complete cost data are still not available because most sites have been demonstration
scale and may have been over designed to provide a safety margin (AEC 2002b). However,
costs to install and maintain permeabl e reactive treatment walls should be low due to minimal
required maintenance, the use of locally available materias, and long-term operation (Robertson
et a. 2000). A cost-limiting factor could include availability of locally available materials and
reactive media
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11.3 Pretreatment of Storm water Runoff

Collection and infiltration of storm water runoff has become a popular means of reducing
surface water runoff into Lake Tahoe, by preventing most suspended sediments and pollutants
from reaching lake waters. Though considered highly effective and beneficial in preventing
direct flow of suspended sediments and pollutants into the lake, infiltration of untreated runoff
could potentially affect the quality of groundwater, and indirectly, the quality of 1ake water
which is being fed by groundwater. Accumulation of nutrient and pollutant rich sedimentsin
infiltration systems (basins, trenches, dry wells, and wetlands) creates a potential point source for
groundwater (Whitney 2003).

Infiltration systems convey surface water to groundwater regardless of quality, and if left
untreated, storm water flows may negatively affect groundwater. Currently, water quality
standards that are applied to pollutant concentrations in storm water runoff does not take into
consideration protection of groundwater that lies beneath. Revision of this standard may be
considered in the future (Whitney 2003).

A study is currently being conducted by the South Tahoe Public Utility District (STPUD)
to study the impact of storm water infiltration on the quality of groundwater (Whitney 2003).
The results of this study may change the way infiltration basins are used in the future, including
possible changes in design, addition or storm water pretreatment, monitoring of groundwater, or
reduction in number (Whitney 2003).

New technology in the area of storm water management has led to the development of
severa products that may prove useful in both controlling and treating storm water runoff and
infiltration, protecting the quality of groundwater and surface water at the sametime. Below isa
description of several new technologies that can be used for the pretreatment of storm water
runoff before it enters an infiltration system.

11.3.1 Description

StormFiltere

StormFilterg is a passive, flow-through storm water filtration system appropriate for
treating runoff from parking lots, industrial sites, and roadways. It consists of rechargeable
media cartridges housed in an underground concrete vault. The vault is composed of three bays:
a pretreatment bay, afilter bay, and an outlet bay. Heavy solids are removed at the pretreatment
bay. Flow then passes through the mediafilled cartridges that trap particul ates and adsorb
dissolved materials such as orthophosphate, metals, and hydrocarbons. Treated water empties
into an under-drain manifold that discharges to an outlet bay. The StormFiltere design is well
suited for areas where space is limited and treatment requirements are high (LRWQCB 2001).

StormTreat System™

The StormTreat System™ (STS) consists of a series of sedimentation chambers and
constructed wetlands that effectively remove suspended sediments and total phosphorous. The

E:\Groundwater\DocumentsReport \SectionaGW Study Report - Draft Final Sections 10-11.doc June 2003



Draft Final, Groundwater Evaluation, 11-7
Lake Tahoe Basin, CA and NV

wetlands are contained within a modular 2.9- meter-diameter recycled polyethylene tank.
Influent is piped into sedimentation chambers where pollutants are removed through
sedimentation and filtration. Storm water is then conveyed from the chambers to the
surrounding wetland. The STS conveys flows directly to the subsurface of the wetland and
through the root zone for improved filtration, adsorption, and biological uptake and conversion
(LRWQCB 2001).

The STSis adaptable to a wide range of site conditions and watershed sites. Designers of
the system claim that it can be used to treat runoff from highways, parking lots, and commercial,
industrial, and residential areas. The system is designed as an offline system to treat first-flush
flows; the manufacturer recommends 1-2 units for each acre of impervious surface (LRWQCB
2001).

11.3.2 Effectiveness

StormFiltere

StormFilterg has a high pollutant removal capacity that appears to be effective for
removing dissolved pollutants and fine sediments. Seven different types of media are available
for the filter cartridges. Of particular interest is an iron infused media capable of removing
dissolved phosphorus. Independent studies suggest that high dissolved phosphorus removal rates
are associated with the use of iron infused media. Pleated fabric and perlite are reportedly
effective for removing fine sediments. Other media are well suited for removing hydrocarbons
and soluble metals (LRWQCB 2001).

StormTreat System™

The STSis reported to be very effective for removing high percentages of total
phosphorus, suspended sediment and other pollutants such as hydrocarbons and metals. The
STS has ardatively large holding volume of 1,390 gallons. Flow rates and holding times can be
controlled by manipulating an outlet control valve. The STSis also very adaptable to different
soil types and groundwater conditions (LRWQCB 2001).

11.3.3 Implementability

StormFiltere

StormFilterg is made or sold in flexible configurations for easy instalation. They are
available as pre-cast vaults, cast-in-place units, and pre-cast filters designed to be installed in
storm drain drop inlets. Cast-in-place units can be quite large, involving over 100 individual
filter cartridges. Drop inlet units are designed to handle small flows at individual locations with
one cartridge per unit (LRWQCB 2001).

There are a number of potential limitations to the StormFiltere technology including the
possibility that additional pretreatment of storm water may be required to remove coarse
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sediment to prevent clogging of the StormFiltere cartridges. Y early maintenance may be time
consuming and expensive as each cartridge weighs roughly 150 pounds and must be replaced at
least once per year. Smaller StormFiltersy (such as the drop inlet units) may not be capable of
filtering high flows. Further, Caltrans has reported unfavorable performance of the StormFiltere
on some of their projects in Southern California (LRWQCB 2001).

StormTreat System™

A benefit to the STS technology is that it requires very low maintenance with only annual
or more frequent inspections and replacement of influent line sediment control sacks. Sediment
must be removed from the main chamber every three to five years, and plants and gravel must be
replaced every 10-15 years (LRWQCB 2001).

Potential limitations to the STS technology are that it is relatively new, and has had
limited testing in cold, snowy climates. Also, wetland efficiency may be limited during the
winter season when vegetation is dormant (LRWQCB 2001).

11.3.4 Cost

StormFilterg

Though initial purchase and installation costs may be reasonable, yearly operation and
mai ntenance costs may be expensive due to the cartridge replacement requirements. Additional
information can be obtained on StormFiltere by contacting the manufacturer, Stormwater
Management Inc., or going to their web site at www.stormwatermgt.com (LRWQCB 2001).

StormTreat System™

Costs for the STS system are mainly upfront costs for purchase and installation. Since
the system requires little maintenance, operation and maintenance costs are expected to be
minimal. Additional information can be obtained on STS by contacting the manufacturer,
StormTreat Systems, Inc., or going to their web site at www.stormtreat.com (LRWQCB 2001).

114 Groundwater Pumping

The use of groundwater as a drinking water source is different from the other remedies
presented which are meant to reduce the nutrient concentrations. This alternative would not
reduce nutrient concentrations, but rather divert nutrients that would otherwise reach the lake.
Groundwater as a drinking water source is used only on alimited basis in the Tahoe Basin.
STPUD obtains 100 percent of their drinking water from groundwater. The remaining regions
obtain their drinking water from a combination of surface water intakes and groundwater. The
nutrient concentrations found in groundwater in the Tahoe Basin are, for the most part, well
below the drinking water standards. However, the nutrient concentrations could pose a threat to
thelake. For this reason, using groundwater as a drinking water source should be considered as
an aternative where feasible.
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11.4.1 Effectiveness

South Lake Tahoe uses groundwater as a drinking water source. The groundwater
modeling performed as part of this evaluation showed that groundwater in at least one area
(subregion 3) was being diverted from the lake into a drinking water well (Section 4.5.4). This
region did have elevated concentrations of nutrients in groundwater, but showed little nutrient
loading to Lake Tahoe because the groundwater discharge rate was negligible. Thisillustrates
that the use of groundwater as a drinking water source can divert nutrients that would otherwise
reach the lake.

11.4.2 Implementability

If the groundwater is of good quality, the treatment standards for groundwater are not as
stringent as those for the use of surface water. This alternative would provide a beneficia use to
the community for drinking water and would be of benefit to the lake because fewer nutrients
would migrate to the lake. The nutrient concentrations found in groundwater in the Tahoe Basin
are below drinking water standards, however, if the wells are constructed to intercept the highest
nutrient concentrations, then the well will likely draw other contaminants. If this alternative is to
be used as aremedy, careful planning is necessary to meet both the needs of diverting nutrients
from the lake and providing clean drinking water to the public. The wells would have to be
placed in an aguifer which allows for enough pumping to supply drinking water to the
population. For large municipal wells, pumping rate requirements range from about 500 to 4,000
galons per minute (gpm). Small- and medium-sized community water systems may depend on
water wells that produce from 100 to 500 gpm. Because the wells would have to be constructed
in key locations for pumping, there is no guarantee that the wells will be able to be constructed in
the best location to intercept nutrients.

11.4.3 Costs

Costs can vary widely depending on the amount of investigation that is required prior to
placing the wells. A hydrogeological assessment to determine whether and where to locate a
well should always be conducted. Well depth is another factor in the cost of the well. The
amount of infrastructure that would have to be built to supply wells to the public should also be a
consideration.

115 |Implementation of Best Management Practices

Achieving wider implementation of existing best management practices (BMP) in the
Lake Tahoe Basin is an important step toward improving lake clarity. Scientists have
determined that implementing BMPs on existing development is one of the most critical steps
toward improving water quality (TRPA 2003b). The development of new BMPs may not be
necessary as there are a number of existing BMPs in place already, developed mainly for the
protection of surface water quality. However, surface water BMPs do not always take into
account the effects on groundwater, which could be negatively affected if not considered. In
addition, some existing BMPs may need reevauation to determine if they are effective or not.
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Recent research indicates urbanized areas and roadways contribute a significant anount
of sediment and nutrients responsible for water quality impairment at Lake Tahoe. To minimize
the environmental impacts to water quality associated with urban runoff, several agenciesin the
Tahoe Basin are working to effectively control nonpoint source pollution by implementing
BMPs. Lahontan Regional Water Quality Control Board (LRWQCB) and the Tahoe Regionad
Planning Agency, in cooperation with other agencies, have developed BMPs and a number of
other guidelines and management plans specifically designed to protect water quality. Through
greater implementation of these BMPs, taking into account the impacts on groundwater,
pollution sources can be controlled and will have less of an impact on water quality and
therefore, lake clarity.

11.5.1 Existing Best Management Practices

Lahontan BM Ps and Management Plans

Lahontan RWQCB has developed storm water BMPs (LRWQCB 2001) for management
of urban runoff and storm water treatment and has also developed a Water Quality Control Plan
(LRWQCB 1995) to protect both surface water and groundwater. Implementation of these
practices is important in reducing nutrient loading to the lake.

Unfortunately, no single BMP can address al storm water problems. Every BMP has
limitations based on cost and pollutant removal efficiency as well as site-specific restrictions
including available land, slope, soil type, and depth to groundwater. These limitations must be
considered when selecting the appropriate BMP or group of BMPs to treat storm water at a
particular location (LRWQCB 2001).

While erosion control and sediment reduction remain important goal's, new and retrofitted
BMPs must focus on the removal of bioavailable nutrients and fine particulates (silts and clays)
if these efforts are to improve the clarity of Lake Tahoe (LRWQCB 2001). Reduction of nutrient
loads to groundwater will also improve lake clarity.

Careful BMP selection, design, and implementation is essential for achieving the highest
possible pollutant reduction. Monitoring of BMP projects will provide better information for use
in improving storm water treatment in the Lake Tahoe Basin (LRWQCB 2001).

TRPA BMPs and Management Plans

TRPA has developed BMPs for management of soil erosion and urban runoff. In
addition, TRPA has developed a Water Quality Management Plan, an Improved Fertilizer
Management Program and a number of resource guides for the public. The goals of each areto
protect water quality and to reduce the release of nutrients, sediments, and other pollutants into
the lake. These programs are required to be implemented within the basin (TRPA 2003a).

TRPAs BMPs serve to compensate for land devel opment within the Tahoe Basin and
mainly address soil erosion control and management of surface runoff. All property ownersin

E:\Groundwater\DocumentsReport \SectionaGW Study Report - Draft Final Sections 10-11.doc June 2003



Draft Final, Groundwater Evaluation, 11-11
Lake Tahoe Basin, CA and NV

the Tahoe Basin are required to implement BMPs, whether they own residential or commercial
properties. BMPs for residential properties commonly include roof dripline infiltration trenches,
vegetation and mulch on bare areas, responsible irrigation and fertilization techniques, and gravel
under decks. Depending on the size of the related parking area or amount of use and impervious
area on site, BMPs for commercial or public service properties may include a storm water pre-
treatment system with a sand/oil separator, detention basins, infiltration devices, roadside rock
lined ditches or dlope stabilization techniques (TRPA 2003a).

TRPA is currently developing an Improved Fertilizer Management Program to reduce the
release of nutrients to groundwater and surface water through modified application, watering,
and drainage control of landscaping and revegetated areas. This program applies to existing
users for facilities that require regular fertilizer maintenance (i.e., parks, cemeteries, plant
nurseries, recreationa ball fields, golf courses, and residential yards) (TRPA 2003c).

Under this program, users will be required to submit a fertilizer management program for
review and approva by TRPA. Criteriafor the program shall include consideration of the
following: type of fertilizer used to avoid release of excess nutrients, rate of application to avoid
excessive application, frequency of application to minimize the use of fertilizer, appropriate
watering schedules to avoid excessive leaching and runoff of nutrients, preferred plant materias
to minimize the need for fertilizer, landscape design that minimizes the use and impacts of
fertilizer application, critical areas where the use of fertilizer shall be avoided, design and
maintenance of drainage control systems, surface and groundwater monitoring programs, and
public outreach. Public outreach appliesin particular to residential users, owners associations,
and condominiums. Public outreach shall be required in conjunction with fertilizer salesin the
Tahoe Basin (TRPA 2003c).

Wetland and Stream Environment Zone I nfiltration

Like other treatment basins, wetlands and stream environment zones (SEZ) are
engineered or natural landscape depressions designed to retain and treat storm water flows.
Wetlands/SEZs, in contrast to detertion basins, maintain a permanent pool of water. They are
designed to capture runoff from the design storm and retain it until it is displaced by the next
runoff event. Although many wetlands and SEZs offer nutrient removal by biological uptake
and conversion, the primary mechanism for treatment is sedimentation. The permanent pool of
water limits resuspension of accumulated sediment during high flow events (LRWQCB 2001).

Vegetative wetland storm water treatment can be used in any area where there is
sufficient space and hydrologic conditions that support thick hydrophytic vegetation. Any
location in need of treatment with access to a densely vegetated area should consider this option.
In addition to providing treatment, wetland systems help aso control runoff volumes. Wetland
construction or development of existing wetlands or SEZ resources may require multiple local,
state, and federal permits including, but not limited to, 401 water quality certification, 404
wetland permits, waterway disturbance permits, Basin Plan prohibition exemptions, and TRPA
land use approvals (LRWQCB 2001).
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Properly designed wetland and SEZ storm water treatment systems have proven highly
effective for removing bioavailable nutrients and fine sediment from urban runoff. Wetland
treatment offers pollutant removal by infiltration, sedimentation, physical filtering, and
biological uptake and conversion. SEZs can permanently remove bioavailable nitrogen and
phosphorous from surface waters. Wetland and vegetated treatment systems can also be visually
attractive and provide valuable habitat for migratory waterfowl (LRWQCB 2001).

Improper development or excessive pollutant loads can damage natural wetland systems
and affect groundwater quality. Upsetting the natural nutrient and hydrologic balance of wetland
areas by the introduction of storm water may threaten their integrity, reduce water quality
benefits, and potentially impair beneficial uses. Some storm water experts have also raised
concerns about potential effects on wildlife attracted to storm water wetlands. Limited nutrient
removal capacities during the winter season when vegetation is dormant may be another possible
disadvantage. Furthermore, decomposing wetland vegetation may release stored nutrients and
other chemicals (such as heavy metals) to surface and groundwater. Pretreatment of runoff
waters is highly recommended before release into a wetland or SEZ (LRWQCB 2001).

Wetland treatment efficiency is afunction of pollutant load, and thus can be highly
variable. In general, nutrient removal efficiency drops with decreased nutrient concentrations.
Another factor influencing nutrient removal is the seasonal nature of nutrient-laden runoff.
Unlike areas on the east coast of the United States where runoff occurs primarily during the
growing season, much of the urban runoff in the Tahoe Basin occurs during the winter and early
spring when vegetation is dormant (LRWQCB 2001).

A final drawback to the use of SEZsis that many of the SEZs in the Basin have been
adversely affected through filling, excavation, and channelization of associated waterways.
Furthermore, a large portion of the urbanized areas of the Basin (including most of the west and
north shores) do not drain to an SEZ. Those SEZs that do receive urbanrunoff (such asthosein
the south shore area) are often incapable of treating the high pollutant loads found in urban
runoff. Consequently, infiltration currently remains the primary method for removing fine
sediment and bioavailable phosphorus from urban storm water (LRWQCB 2001).

11.6 Awareness Programs

Awareness programs to educate the public on how they can reduce nutrient loadings to
soil and groundwater in their own backyards are another important step in the protection of
groundwater and surface water quality. Public education about lawn fertilizer application in
residential yards and pet dropping pickup in designated pet walking areas can reduce an
overlooked yet contributing source of nutrients to groundwater. A number of public awareness
programs are aready in place for programs such as water conservation, storm water BMPs, and
fertilizer management. A successful awareness program for water conservation is making an
impact, as many residents currently conserve water. A public information officer with the South
Lake Tahoe Chamber of Commerce is responsible for educating the public on water conservation
(Wallace 2003).
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TRPA has a designated Erosion Control Team (ECT) whose mission is to manage storm
water runoff and reduce erosion from developed properties utilizing Best Management Practices
(BMPs). By providing the public with quality technical assistance to facilitate the
implementation of BMPs, the ECT aims to preserve water quality and the clarity of Lake Tahoe.
Through education and assistarce, the ECT is committed to heightening public awareness of the
unique problems facing Lake Tahoe and to helping residents implement BMPs on their
properties. By implementing BMPs, al property owners can help slow or reverse the loss of lake
clarity. Through grant funding, the ECT is able to offer free BMP site evaluations, limited field
crew implementation assistance and some discounted materials (TRPA 2003Db).

TRPA aso provides a Home Landscaping Guide for Lake Tahoe and Vicinity. This
book, written by the University of Nevada Cooperative Extension, explains how homeowners
can have a beautiful landscape while protecting Lake Tahoe. TRPA aso is developing a more
comprehensive Improved Fertilizer Management Program that outlines requirements for
fertilizer application rates, watering frequency, site drainage, and plant choices and
recommendations. The goals of these programs are to reduce nutrient loading to the
groundwater, thereby protecting lake clarity (TRPA 2003b).
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12.0 SUMMARY, FINDINGS, CONCLUSIONS & RECOMMENDATIONS

121  Summary

This Groundwater Evaluation was designed to enhance understanding of the role
groundwater plays in the eutrophication processes reducing lake clarity. This Groundwater
Evauation is a portion of the Lake Tahoe Framework Implementation Report that Congress
directed the Corps to complete. The State of Nevada, the State of California, TRPA, and a
coalition of non-government organizations identified the effort presented in this Groundwater
Evaluation as a critical missing element needed to present aternativesfor improvement of
environmental quality. The primary concerns affecting lake clarity identified by Basin
stakeholders are nutrient and sediment loading to the lake. This study provides an evaluation of
the nutrient loading only, specifically phosphorous and nitrogen, as contributed by groundwater
flowing into Lake Tahoe. Within that context, the major objectives of this study were to:

1. Determine an estimate of nutrient loading to the lake through groundwater on a
regional basis,
| dentify known and potential sources of nutrients to groundwater, and
Identify nutrient reduction alternatives that could be used in the basin.

This Groundwater Evaluation is a portion of the Lake Tahoe Framework Implementation
Report being completed by the U.S. Army Corps of Engineers (Corps) at the direction of
Congress. The Framework Report will present aternatives for improvement of environmental
quality at Lake Tahoe by enhanced implementation of projects. Basin stakeholders identified the
effort presented in this groundwater evaluation as a critical missing element to presenting any
alternatives for improvement of environmental quality. A summary of recommendations from
this study will be included in the report to Congress.

This study was based on the evaluation of information from other reports, previous
investigations, data collected by various agencies and personal communication with many
stakeholders in the basin. This report represents the results of an in-depth review of existing
reports and did not include any field work. However, based on the findings of this report, it is
recommended that additional fieldwork be conducted in the future.

The nutrient loading estimate provides information as to whether groundwater is a
significant source of nutrients to Lake Tahoe. It was important to local stakeholdersto
understand the regional loading estimates, rather than awhole lake loading estimate. For this
reason, the estimates were separated into five regions. The five regions included South Lake
Tahoe/Stateline, East Shore, Incline Village, Tahoe Vista/lKings Beach and Tahoe City/West
Shore.

E:\L ake Tahoe\Groundwater\Document3Report \SectiondGW Study Report— Draft Final Section 12.doc June 2003



Draft Fina Groundwater Evaluation
Lake Tahoe Basin, CA and NV

12-2

Known and potential sources of nutrients to groundwater were also evaluated as part of
this study. This portion of the study isintegral in determining any alternatives that could be used
to reduce the loading from groundwater. The key sources evaluated are fertilized areas, sewage,

infiltration basins and urban infiltration.

The initial evaluation of potential nutrient reduction alternatives is presented. This
evaluation is afirst step in identifying various technologies that may be applied across the basin
and the prioritization of this application relative to the remediation of other sources. These
technologies provide stakeholders a start in determining the appropriate aternatives for areas of

concern.

Identifying the data gaps was a fundamental part of this study. They provide the basis for
the recommendations provided in this evaluation. The data gaps identified while performing the
groundwater evaluationare summarized in Table 12-1. Each is prioritized to highlight the
relative importance of each to the nutrient loading estimates and the evaluation of the most
significant sources. Each data gap is identified with apriority 1, 2 or 3. Priority 1 represents the
most important data gaps. Additional information on how to resolve each of these data gaps are
included in the summary and conclusions for each region (Sections 4 — 8).

Table 12-1. Prioritization of Data Gaps

Priority Data Gap

Resolution

1 Tahoe City/West Shore and Tahoe Vista/lKings

Beach: Inadequate hydraulic conductivity data

and geologic definition.

1 Tahoe City/West Shore, Tahoe VistalKings

Beach and East Shore: Data is sparse defining
the geometry of the sedimentary fill below the

length of shoreline.

1 Tahoe City/West Shore: Groundwater
monitoring wells are not screened to represent
different depths or placed to monitor

upgradient land uses.

1 Tahoe VistalKings Beach: Datais unavailable

to determine if the former treated wastewater
ponds in the North Tahoe Regional Park are a

significant source.

Geologic investigations will
provide a more complete definition
of the subsurface composition and
better estimates of hydraulic
conductivity which is critical to the
groundwater discharge estimate.
Investigations of the depth and
shape of the fill deposits will
provide better data to estimate
groundwater discharge.
Groundwater monitoring wells
which are screened at different
depths and placed near the lake to
represent upgradient land uses will
provide more accurate nutrient
concentrations for use in the
loading estimates.

Investigation of the former treated
wastewater pondsin the North
Tahoe Regional Park will determine
if thisisamajor source of nutrients
in the region.
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Priority

Data Gap

Resolution

1

East Shore: Little datais available to define

the geology of the region.

Tahoe City/West Shore: An evaluation of the
groundwater/stream interaction is lacking.

This is most important in the North Tahoe City,
Ward Valley, and Meeks Bay subregions.

Incline Village: Datais unavailable to
determine if the Village Green infiltration
basin is a significant source of nutrients to the

lake.

Incline Village: Datais unavailable to
determine if the former treated wastewater
pond and infiltration trenches located along
Mill Creek are a significant source of nutrients

to the lake.
South Lake Tahoe/Stateline, Tahoe

Vista/lKings Beach, Tahoe City/West Shore,

Incline Village & East Shore: Littleis
understood regarding how different land use
types affect groundwater nutrient loading.

South Lake Tahoe/Stateline: Littleis
understood regarding how dry wells affect

groundwater nutrient loading.

Incline Village: Groundwater monitoring wells
are not screered to represent different depths or
placed to monitor upgradient land uses

Define the hydrologic significance
of the weathered zone, how
groundwater interacts and flows
through this zone, and to wheat
extent do fractures play in
groundwater flow to supply better
information for groundwater
discharge estimates.
Groundwater/stream interaction
studies will help define where wells
should be placed to monitor
groundwater discharge to streams
vs. the lake.

Investigate the effects of the Village
Green infiltration basin to
groundwater to determineif itisa
major source.

Study the residual effects of the
former treated wastewater pond and
infiltration trenches located along
Mill Creek to concludeif itisa
major source of nutrients.

Specific land use types should be
targeted for additional monitoring
to better understand each as a
contributor. Examples include
residential areas that are fertilized
vs. those that prefer natural
vegetation and ball fields and urban
parks.

Investigate the effects of dry wells
to groundwater to concludeif itisa
major source of nutrients.
Groundwater monitoring wells
which are screened at different
depths and placed near the lake to
represent upgradient land uses will
provide more accurate nutrient
concentrations for use in the
loading estimates.
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Priority  Data Gap Resolution

2 Incline Village. Inadequate hydraulic Geologic investigations will

conductivity data and geologic definition. provide a more complete definition
of the subsurface composition and
better estimates of hydraulic
conductivity which is critica to the
groundwater discharge estimate.

2 Incline Village: Datais sparse defining the Investigations of the depth and
geometry of the sedimentary fill below the shape of the fill deposits will
length of shoreline. provide better data to estimate

groundwater discharge.

3 South L ake Tahoe/Stateline (Emerald Bay to This region should be targeted for
Taylor Creek Subregion): Groundwater additional groundwater level
elevation data is lacking in the region. measurements to better define the

gradient for the region which will
improve the groundwater discharge
estimate.

3 South Lake Tahoe/Stateline (Emerald Bay to Geologic investigations will
Taylor Creek Subregion): Inadequate provide a more complete definition
hydraulic conductivity data and geologic of the subsurface composition and
definition. better estimates of hydraulic

conductivity which is critical to the
groundwater discharge estimate.

3 Incline Village & Tahoe Vista/lKings Beach: Groundwater/stream interaction
An evaluation of the groundwater/stream studies will help define where wells
interaction is lacking. should be placed to monitor

groundwater discharge to streams
vs. the lake.

3 Incline Village: The effects of faultson Define the extent fractures play in
groundwater movement is not understood. groundwater flow to supply better

information for groundwater
discharge estimates.

3 South Lake Tahoe/Stateline: The groundwater  Groundwater monitoring wells

wells are not currently placed to properly
evauate all the potential sources or nutrient
concentration with depth.

which are screened at different
depths and placed near the lake to
represent upgradient land uses will
provide more accurate nutrient
concentrations for use in the
loading estimates.
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12.2  FEindings

The major findings of this study are statements of fact or of the best available information

at the time of this study.

A comprehensive management strategy for groundwater monitoring and reporting
isnot currently in place. No consistent means of collecting dataisin place for the
multitude of organizations performing groundwater investigation in the Lake
Tahoe Basin.

Groundwater as a source of nutrients to the lake has not been an area of concern
until recently. There have been minimal studies done to monitor groundweter
quality and determineif it is a potential source of nutrients to Lake Tahoe.

Little investigation of the subsurface geology has been conducted in the basin.
Most of the geologic investigation has occurred in the South Lake Tahoe area.
The remainder of the basin geology is little understood.

A mgority of the groundwater wells and stream gage stations have not been
surveyed.

The nutrients analyzed by agencies throughout the basin are not consistent.
The groundwater wells used to monitor nutrients have been selected from wells

aready in place and not constructed to efficiently evaluate sources or loading
estimates.

12.3 Conclusions

This evaluation provides conclusions that are based on the professional judgment of the
project team.

Groundwater is an important contributor of nutrients to Lake Tahoe.

The estimated nutrient loading from groundwater to the lake is 50,800 kg
(111,995 Ibs) for total dissolved nitrogen and 6,800 kg (14,991 Ibs) for total
dissolved phosphorus. The overal nitrogen and phosphorus loading from
groundwater estimated as part of this study is 12% and 15% of the total annual
budget for the lake, respectively. Thisis similar to the estimates devel oped by
Thodal (1997). The nitrogen loading from groundwater is a significant in-basin
contributor as the streams and direct runoff were estimated to constitute 20% and
10% of the nutrient loading to Lake Tahoe annually (Murphy et a. 2000). The
phosphorus contribution to Lake Tahoe from groundwater estimated in this
evaluation, 15% is lower than other sources. The phosphorus |oading estimates
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presented in Murphy et a. (2000) are 27% atmospheric deposition, 29% stream
loading and 34% direct runoff. However, when comparing the dissolved
phosphorus groundwater contribution only against other sources, groundwater is a
significant contributor of dissolved phosphorus annually. Using the values
established in this evaluation, groundwater constitutes 40% of the soluble
phosphorus to Lake Tahoe annually. Table 12-2 summarizes the regional and
basin-wide groundwater nutrient loading estimates to Lake Tahoe.

Table 12-2. Regional and L ake Tahoe Basin-Wide Nutrient L oading Estimates Via
Groundwater
Total GW Nitrogen Tota GW Phosphorus
Region Loading (kg/year) Loading (kg/year)
South Lake Tahoe/Stateline 2,459 416
East Shore 6,151 140
Incline Village 4,189 768
Tahoe VistalKings Beach 9,667 1,099
Tahoe City/West Shore 28,327 4,395
Lake Tahoe Basin-Wide 50,800 6,800

The estimated ambient annual groundwater nutrient loading from is 11,700 kg
(25,794 Ibs) of total dissolved nitrogen and 4,400 kg (9,700 Ibs) of total dissolved
phosphorus. This leaves the remaining 39,100 kg of total dissolved nitrogen and
2,400 kg of total dissolved phosphorus coming from other sources.

The areas potentially contributing the largest annual nutrient loading through
groundwater are Tahoe City/West Shore and Tahoe VistalKings Beach. The
estimates illustrate that the areas deserving additional investigation,
characterization and potentially remediation are Tahoe VistalKings Beach and
Tahoe City/West Shore. Thisis mostly due to the higher gradients and
concentrated development along the lake shore.

Wells and stream gaging stations within the basin are, for the most part, not
surveyed to define an accurate horizontal and vertical position. This introduces
errors in determining the hydraulic gradient for each area.

Subsurface geology is not well defined in the basin. Extensive investigation of
the subsurface geology is heeded to better understand the aquifer shape, hydraulic
conductivity of the aquifer, and depth to bedrock.

Fracture flow in the basin is not understood. Most studies, including this one,
have assumed that fracture flow isinsignificant. There have been no studies on
the actual flow that could be associated with bedrock fractures.
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There are minimal samples that could be used to characterize background. The
natural levels of nitrogen and phosphorus groundwater concentrations are not well
understood.

The monitoring network is not structured to evaluate the difference between
shallow and deep nutrient concentrations. This type of evaluation can be done
only in localized areas.

The monitoring network is not structured to evaluate the contributing land uses in
the basin. Wells that have been used for monitoring are typically public or private
drinking water wells and not specifically designed to evaluate specific land use
contributions.

Phosphorus plumes generated from many sources in the basin may be a
continuing problem for yearsto come. As basin soils become saturated with
phosphorus, the nutrient travels more easily to groundwater. Once in the
groundwater, the high retardation factor combined with the persistence prove to
be a significant problem.

A rigorous monitoring program would be required to provide significantly better
data on regional and basin-wide nutrient loading.

The evaluation of fertilizer application estimated the total annual nitrogen and
phosphorus loading applied in the basin. Tota nitrogen estimates ranged from
142,882 kg (157.5 tons) applied annually (Section 10.1). Total phosphorus
estimates ranged from 44,996 kg (49.6 tons) applied annually. This shows that
the fertilizer used in the basin could be a significant source to the annual nutrient
budget to the lake. There are many different factors determining if the nutrients
are utilized by the plants for which they’re intended or are transported to the
groundwater unused. Continuous application of fertilizer over long periods of
time could saturate the soil with phosphorus. If this occurred, much of the
phosphorus would not be used by the plants, but rather transported to the
groundwater zone.

Sewage is another potential source of nutrients in the groundwater. A study
conducted by Camp Dresser and McKee (CDM) for the Corps (USACE 2003)
concluded that exfiltration was not a significant source of nutrients to the lake.
Using the exfiltration rate and average nutrient concentration of sewage, the
annual nitrogen loading rate was estimated to be 1,746 kg (3,850 Ibs) per year
and the annual phosphorus loading rate was estimated to be 467 kg (1,030 Ibs)
per year, respectively. Compared to the nutrient loading estimated as part of this
study, this constitutes 3.4% and 13.7% of the annual nitrogen and phosphorus
loading from groundwater to the lake each year. The effects of decommissioned
septic tanks were also evaluated. Based on previous studies, it was estimated that
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each septic tank could have contributed between 2.13 to 4.86 kg of phosphorusto
the groundwater zone. It's estimated that the phosphorus could take as many as
110 hundred years to travel 500 meters to the lake. This implies that much of the
phosphorus in the groundwater as a result of septic tank use could still be arisk
to the lake in the future. Conversely, much of the nitrogen has probably already
reached the lake as it typically travels at the same rate as groundwater. Septic
tank phosphorus plumes may be a continuing problem associated with loading
estimates. The high retardation factor associated with phosphorus suggests that
much of this nutrient associated with septic tanks has not yet reached the lake and
may be a continuing source for along period of time. Although little information
is available for former treated water irrigation areas, these are also potential
contributors to nutrients.

Other potential contributors are engineered infiltration basins. Little datais
available to determine the loading estimates to groundwater. There have been no
studies linking the surface loading versus groundwater loading estimates. The
basins have the potential of concentrating the nutrients and subsequently forming
a point source for groundwater contamination.

12.4 Recommendations
Based on the findings and conclusions of this study, the following is recommended:

A comprehensive approach to groundwater monitoring and reporting is
recommended to provide consistent and high quality data. Specific areas and
sources have been identified as having higher potential for contributing nutrients
to the lake through groundwater and should be evaluated for potential remedy.
Developing a comprehensive monitoring Work Plan to be used on al nutrient
groundwater monitoring activities in the basin is an important first step. This will
provide aframework for data quality and consistency. Through this, basin
managers will be able to utilize all data gathered in the basin to continue to
monitor trends in groundwater quality. This would aso include reporting
requirements so all data collected in the basin can be easily included in the Tahoe
Integrated Information Management System (TIIMS).

All wells and stream gage stations that are used in the basin as part of the
monitoring network in the basin should be surveyed. Thisis an inexpensive first
step in developing more accurate gradients to be used in groundwater flux
estimates. All of the surveys should be based on a similar horizontal and vertical
coordinate system, relative to mean sea level so all datais directly comparable.

Investigation of select infiltration basins should be conducted in the short and
long term to determine their effects on groundwater.
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Investigation of select septic tanks and former treated wastewater infiltration areas
should be conducted to verify the existence of persistent phosphorus plumes and
to determine mitigation measures.

A more detailed groundwater hydrology and nutrient investigation in the Tahoe
Vista/lKings Beach and Tahoe City/West Shore areas is warranted, as they appear
to be areas of highest nutrient loading to Lake Tahoe through groundwater. With
the collection of additional information, groundwater flow models could be
developed for the regions to better understand the groundwater/lake interactions
and to determine if these initial estimates are close.

Surface geophysical investigations should be run along key transects both parallel
and transverse to the shoreline. These data can be used to better define lateral
continuity of major reflecting surfaces. Select, continuously cored test pilot holes
should then be drilled to validate materia types to ground truth the surface
geophysics. Such geophysical surveys should include seismic reflection surveys
to define general stratigraphic patterns and the basement geometry. Where
shallow stratigraphic information is required, ground-penetrating radar surveys
should be conducted to acquire high-resolution information for the upper 60 to
100 ft.

A follow-up study on the interaction of groundwater with streams should be
conducted in the basin. The determination of loading to the streams from
groundwater may be an important contributor of nutrients to the lake through
surface water.

It istoo early to identify specific areas that could immediately use the nutrient
reduction alternatives that could be applied in the basin to aid in reduction of
nutrient loading to the lake. There needs to be focused investigations of sources
to identify areas that could use these technologies.

Implementing BM Ps should continue, but include groundwater as a component of
the decision process for recommending and implementing BMPs.

Awareness programs to educate the public on how they can reduce nutrient
loadings to soil and groundwater in their own backyards should also be continued
for the protection of groundwater and surface water quality. Public education
about lawn fertilizer application in residential yards and pet dropping pickup in
designated pet walking areas can reduce an overlooked yet contributing source of
nutrients to groundwater.
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APPENDIX A

SITE ID AND ASSOCIATED SOURCE AGENCY CODE
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TableA-1. Grid ID and Associated Well ID for Lake Tahoe Basin Groundwater Wells
Separated by Region

Source Agency Code SiteID  Groundwater Study Region

390604119564201 154 East Shore

DO-0817C-1 157 East Shore

DO-0817C-2 158 East Shore
390541119562501 160 East Shore
390539119561001 162 East Shore
390542119562101 163 East Shore
390643119563201 167 East Shore
390743119563101 168 East Shore
391158119555001 171 East Shore

56928 172 East Shore
390745119563401 173 East Shore
390148119564101 179 East Shore

DO-2050C-1 181 East Shore

DO-2050C-2 182 East Shore

DO-2050C-3 183 East Shore
390347119562501 185 East Shore
390037119565001 187 East Shore
390025119564601 189 East Shore
390022119565201 190 East Shore
390027119565001 191 East Shore
390030119564701 192 East Shore

DO-2059P-1 194 East Shore

DO-2059P-2 195 East Shore

DO-2059P-3 196 East Shore
385857119555001 203 East Shore
390057119565101 207 East Shore
390057119565102 208 East Shore
391456119563001 146 Incline Village
391525119563101 147 Incline Village
391533119563001 148 Incline Village
391406119595601 153 Incline Village
391322119555001 161 Incline Village
385808119564201 001 South Lake Tahoe/Stateline
385808119564202 002 South Lake Tahoe/Stateline
385756119565001 003 South Lake Tahoe/Stateline
385742119565701 004 South Lake Tahoe/Stateline
090517001 005 South Lake Tahoe/Stateline
WELL-40 006 South Lake Tahoe/Stateline
EmbassyS-1G 007 South Lake Tahoe/Stateline
WELL-38 008 South Lake Tahoe/Stateline
WELL-41 009 South Lake Tahoe/Stateline
WELL-42 010 South Lake Tahoe/Stateline
385729119565101 011 South Lake Tahoe/Stateline
EmbassyS-2G 012 South Lake Tahoe/Stateline
385721119564601 013 South Lake Tahoe/Stateline

E:\Groundwater\DocumentsReport \SectionaGW Study Report - Draft Final Section 13-App A.doc June 2003



Draft Fina Groundwater Evaluation A-2
Lake Tahoe Basin, CA and NV

Source Agency Code SiteID  Groundwater Study Region

385721119564602 014 South Lake Tahoe/Stateline
090548001 015 South Lake Tahoe/Stateline
385725119565001 016 South Lake Tahoe/Stateline
0900533001 017 South Lake Tahoe/Stateline
WELL-43 018 South Lake Tahoe/Stateline
385708119564901 019 South Lake Tahoe/Stateline
0900554001 020 South Lake Tahoe/Stateline
WELL-46A 021 South Lake Tahoe/Stateline
WELL-47 022 South Lake Tahoe/Stateline
0900535001 023 South Lake Tahoe/Stateline
EVDNMST 024 South Lake Tahoe/Stateline
EVUP 025 South Lake Tahoe/Stateline
385658119572501 026 South Lake Tahoe/Stateline
0900523001 027 South Lake Tahoe/Stateline
0900623001 028 South Lake Tahoe/Stateline
385646119571901 029 South Lake Tahoe/Stateline
0900586001 030 South Lake Tahoe/Stateline
385644119574601 031 South Lake Tahoe/Stateline
Bijou-MW3 032 South Lake Tahoe/Stateline
0900653001 033 South Lake Tahoe/Stateline
385636119583701 034 South Lake Tahoe/Stateline
0900592001 035 South Lake Tahoe/Stateline
0900564001 036 South Lake Tahoe/Stateline
0900562001 037 South Lake Tahoe/Stateline
0900624001 038 South Lake Tahoe/Stateline
385625119585302 039 South Lake Tahoe/Stateline
Bijou-MW4 040 South Lake Tahoe/Stateline
385627120034401 041 South Lake Tahoe/Stateline
385625119585301 042 South Lake Tahoe/Stateline
385623120030201 043 South Lake Tahoe/Stateline
0900629001 044 South Lake Tahoe/Stateline
385651119581701 045 South Lake Tahoe/Stateline
Bijou-MW?2 046 South Lake Tahoe/Stateline
385613120014801 047 South Lake Tahoe/Stateline
385613120014802 048 South Lake Tahoe/Stateline
385608119590301 049 South Lake Tahoe/Stateline
385559120001301 050 South Lake Tahoe/Stateline
385558120015001 051 South Lake Tahoe/Stateline
385558120015002 052 South Lake Tahoe/Stateline
385558120015101 053 South Lake Tahoe/Stateline
385558120015102 054 South Lake Tahoe/Stateline
13N17E36A01M 055 South Lake Tahoe/Stateline
385557120015102 056 South Lake Tahoe/Stateline
385557120015103 057 South Lake Tahoe/Stateline
WELL-86 058 South Lake Tahoe/Stateline
0900505001 059 South Lake Tahoe/Stateline
385553119574501 060 South Lake Tahoe/Stateline
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Source Agency Code SiteID  Groundwater Study Region

385553119574504 061 South Lake Tahoe/Stateline
385553119574503 062 South Lake Tahoe/Stateline
385553119574502 063 South Lake Tahoe/Stateline
Bijou-MW1 064 South Lake Tahoe/Stateline
WELL-67 065 South Lake Tahoe/Stateline
0900631001 066 South Lake Tahoe/Stateline
385538119585001 067 South Lake Tahoe/Stateline
0900526001 068 South Lake Tahoe/Stateline
385528119580401 069 South Lake Tahoe/Stateline
385531119592801 070 South Lake Tahoe/Stateline
12N18E04A06M 071 South Lake Tahoe/Stateline
385522119580201 072 South Lake Tahoe/Stateline
385522119580204 073 South Lake Tahoe/Stateline
385518119593801 074 South Lake Tahoe/Stateline
12N18E03B01M 075 South Lake Tahoe/Stateline
WELL-78 076 South Lake Tahoe/Stateline
385510119584001 077 South Lake Tahoe/Stateline
0900565001 078 South Lake Tahoe/Stateline
385507119593002 079 South Lake Tahoe/Stateline
385507119593001 080 South Lake Tahoe/Stateline
WELL-79 081 South Lake Tahoe/Stateline
385504119595201 082 South Lake Tahoe/Stateline
WELL-81 083 South Lake Tahoe/Stateline
12N18EO5P01M 084 South Lake Tahoe/Stateline
385440120001601 085 South Lake Tahoe/Stateline
385440120002201 086 South Lake Tahoe/Stateline
385436120003401 087 South Lake Tahoe/Stateline
385433119574303 088 South Lake Tahoe/Stateline
385434119574401 089 South Lake Tahoe/Stateline
385433119574203 090 South Lake Tahoe/Stateline
385433119574301 091 South Lake Tahoe/Stateline
385433119574302 092 South Lake Tahoe/Stateline
385433119574401 093 South Lake Tahoe/Stateline
385433119574402 094 South Lake Tahoe/Stateline
385433119574403 095 South Lake Tahoe/Stateline
385433119574201 096 South Lake Tahoe/Stateline
385433119574701 097 South Lake Tahoe/Stateline
385433119574702 098 South Lake Tahoe/Stateline
385432119574303 099 South Lake Tahoe/Stateline
385432119574304 100 South Lake Tahoe/Stateline
385432119574401 101 South Lake Tahoe/Stateline
385432119574501 102 South Lake Tahoe/Stateline
385432119574601 103 South Lake Tahoe/Stateline
385432119574701 104 South Lake Tahoe/Stateline
385432119574305 105 South Lake Tahoe/Stateline
385432119574301 106 South Lake Tahoe/Stateline
385432119574302 107 South Lake Tahoe/Stateline
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Draft Fina Groundwater Evaluation A-4
Lake Tahoe Basin, CA and NV

Source Agency Code SiteID  Groundwater Study Region

0900566001 108 South Lake Tahoe/Stateline
12N18EO8A02M 109 South Lake Tahoe/Stateline
12N18E08A04M 110 South Lake Tahoe/Stateline
12N18E08AO3M 111 South Lake Tahoe/Stateline
0900621002 112 South Lake Tahoe/Stateline
0900578001 113 South Lake Tahoe/Stateline
385423119593601 114 South Lake Tahoe/Stateline
12N18EO9F01M 115 South Lake Tahoe/Stateline
385408120002701 116 South Lake Tahoe/Stateline
385407120004101 117 South Lake Tahoe/Stateline
0900511001 118 South Lake Tahoe/Stateline
385255120011701 119 South Lake Tahoe/Stateline
385238120015101 120 South Lake Tahoe/Stateline
385232119595701 121 South Lake Tahoe/Stateline
385231119590301 122 South Lake Tahoe/Stateline
LT3 123 South Lake Tahoe/Stateline
LT2 124 South Lake Tahoe/Stateline
12N18E20P01M 125 South Lake Tahoe/Stateline
LT1 126 South Lake Tahoe/Stateline
0900515001 127 South Lake Tahoe/Stateline
0910002050 128 South Lake Tahoe/Stateline
385131120021601 129 South Lake Tahoe/Stateline
TP2 130 South Lake Tahoe/Stateline
385118120010601 131 South Lake Tahoe/Stateline
385118120010602 132 South Lake Tahoe/Stateline
0910002054 133 South Lake Tahoe/Stateline
TP3 134 South Lake Tahoe/Stateline
TP1 135 South Lake Tahoe/Stateline
385103119593201 136 South Lake Tahoe/Stateline
0900514001 137 South Lake Tahoe/Stateline
0900656001 138 South Lake Tahoe/Stateline
384920120011102 139 South Lake Tahoe/Stateline
384920120011101 140 South Lake Tahoe/Stateline
0900651001 141 South Lake Tahoe/Stateline
DO-0004C 180 South Lake Tahoe/Stateline
385909119532801 184 South Lake Tahoe/Stateline
385819119560001 186 South Lake Tahoe/Stateline
385857119564201 188 South Lake Tahoe/Stateline
385816119563001 193 South Lake Tahoe/Stateline
385902119571301 197 South Lake Tahoe/Stateline
385813119560401 198 South Lake Tahoe/Stateline
385834119565801 199 South Lake Tahoe/Stateline
385836119570001 200 South Lake Tahoe/Stateline
385839119565601 201 South Lake Tahoe/Stateline
385842119564601 202 South Lake Tahoe/Stateline
385858119554601 204 South Lake Tahoe/Stateline
385859119554001 205 South Lake Tahoe/Stateline
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Draft Fina Groundwater Evaluation A-5
Lake Tahoe Basin, CA and NV

Source Agency Code SiteID  Groundwater Study Region

385925119553001 206 South Lake Tahoe/Stateline
385812119545101 209 South Lake Tahoe/Stateline
390935120084001 155 Tahoe City/West Shore
3105895002 159 Tahoe City/West Shore
3103664001 164 Tahoe City/West Shore
391031120075901 165 Tahoe City/West Shore
390902120090301 166 Tahoe City/West Shore
390748120100701 169 Tahoe City/West Shore
390906120125401 170 Tahoe City/West Shore
391033120084301 174 Tahoe City/West Shore
391038120090001 175 Tahoe City/West Shore
TC-MW1 176 Tahoe City/West Shore
TC-MW2 177 Tahoe City/West Shore
TC-MW3 178 Tahoe City/West Shore
390354120080701 212 Tahoe City/West Shore
390510120094101 213 Tahoe City/West Shore
3100033001 217 Tahoe City/West Shore
390352120090201 218 Tahoe City/West Shore
3107315001 142 Tahoe Vista/Kings Beach
3107315002 143 Tahoe Vista/Kings Beach
391425120035301 144 Tahoe Vista/Kings Beach
3110001005 145 Tahoe Vista/Kings Beach
OoB-MW1 149 Tahoe Vista/Kings Beach
OB-MW?2 150 Tahoe Vista/Kings Beach
OB-MW3 151 Tahoe Vista/Kings Beach
OB-MW5 152 Tahoe Vista/Kings Beach
391552120045101 156 Tahoe Vista/Kings Beach
0910012006 210 Tahoe Vista/Kings Beach
390159120072801 211 Tahoe Vista/Kings Beach
390132120072001 214 Tahoe Vista/Kings Beach
390157120070501 215 Tahoe Vista/Kings Beach
390203120072701 216 Tahoe Vista/Kings Beach
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APPENDIX B

SOUTH LAKE TAHOE GROUNDWATER FLOW M ODEL
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1. INTRODUCTION

The Lake Tahoe Basin lies near the crest of the Sierra Nevada Mountains along the
California-Nevada border about 150 miles northeast of San Francisco. Lake Tahoe has a
surface area of approximately 191 square miles. The total land area of the Tahoe Basin's
watershed is approx. 300 square miles, 70% of which is publicly owned. The volume of
inflow and outflow from the lake is very small relative to lake volume. Thisresultsin a
fragile ecosystem in which the actions of man and nature are tightly linked.

Over the past 40 years, a sharp increase in development has occurred around the lake,
especially in the southern basin. During this period, lake water quality decreased
dramatically. Increased nutrients and sediment discharge caused increased algae growth
in lake water. In Lake Tahoe, agae productivity has been found to accelerate with the
addition of phosphorous and nitrogen. Numerous studies have been conducted and
remediation measures have been implemented to reduce the discharge of nutrients to the
lake. Studiesindicate that groundwater may play a significant role in this discharge.
Water exchange between the lake and the adjacent groundwater at South Lake Tahoeis
not well understood. Groundwater flow provides a mechanism for the transport of
nutrients to the lake. The delineation of potential subsurface transport pathways will help
aid future remediation efforts.

In July 2002, the U.S. Army Corps of Engineers Hydrologic Engineering Center (HEC)
was contacted by the Sacramento District of the U.S. Army Corps of Engineers to
provide technical assistance with an on-going environmental study at the southern Lake
Tahoe Basin in California. Specifically, the HEC was asked to develop a groundwater
flow modéel to better understand lake-groundwater interaction.

A numerical model was developed to estimate the volume, rate, and distribution of
groundwater flux to the lake along its southern shore. Model results will be used to guide
future nutrient remediation efforts. The model consisted of 6 layers with cells 200 ft
square. Model layers generally varied from 10 to 50 ft thick. The model was calibrated to
water levels and stream flows measured in fall 1996 and spring 2002.

2. SITE DESCRIPTION

2.1 Overview

The study area encompasses about 6 miles by 6 miles (Figure 1). General site boundaries
include: Lake Tahoe to the north, the South Lake Tahoe airport to the south, and the
mountain front recharge zones to the east and west. The easternend of the study area
extends to the California-Nevada border. The study areaincludes the city of South Lake
Tahoe, the most populous city (pop. 23,609; 2000 census) in the Tahoe Basin.



2.2 Geology

Lake Tahoe is a prime example of a graben lake due to the dominant influence of crustal
sinking in its formation. The lake occupies the depression between two up faulted
mountain systems:. the Carson Range to the east, and the Sierra Nevada to the west. The
floor of this depression is 4700 ft MSL, the same as the Carson Valley to the east. There
are four main groups of rocks in the Tahoe Basin: Pre-Cretaceous metamorphic rocks,
Cretaceous granitic intrusions, Cenozoic volcanic rocks, and Quaternary glacio-fluvial
deposits. Glaciation was prevalent along the western, southern, and northern sides of the
basin. Huge valley glaciers as much as 1000 ft thick crept down canyons scouring away
loose rock and building up great piles of morainal debris. Glaciers extending into the
lower Truckee River, the lake' s only outlet, formed an ice dam that raised the lake 600 ft
above its present level. Asthe glaciers receded, the melted runoff water washed silt and
sand into the lake and built thick deltas, the largest of which underlies the city of South
Lake Tahoe.

The geology of the study area can be characterized by glacial, lacustrine, and alluvia
deposits at the lower dtitudes, flatlands, and low lying hills; and by granitic rocks that
make up the steep mountain slopes. The major landforms attributed to glaciation in the
study area are deep basin-fill deposits, steep mountain slopes adjacent to the upper
reaches of Trout Creek, and large lateral moraines that divide the Upper Truckee River
from Trout Creek and the Upper Truckee River watershed from Fallen Leaf Lake (TRPA
and USFS, 1971). The unconsolidated deposits are heterogeneous at the project scale and
generally consist of sand deposits with layers of clay and silt. The deposition of fine-
grained lacustrine strata between coarser grained depositional events resulted in
anisotropic conditions that restrict flow in the vertical direction.

2.3 Hydrology

The Tahoe Basin is located in a humid continental climatic zone. The major
characteristics of thistype of climate are a cold winter with moderate to heavy
precipitation, and a warm, dry summer. Most of the precipitation in winter monthsis
snow, though heavy winter rains can occur and often cause flooding. Intense summer
thunderstorms have also caused localized flooding. The mean monthly temperature at
South Lake Tahoe ranges from 28 degrees in January to 59 degreesin July. Average
annual precipitation at the South Lake Tahoe airport is 34 inches.

Elevation has a mgor impact on precipitation. Annual snowfall in the Tahoe Basin can
range from 100 in. at lake level to over 500 in. at higher elevations. The snow pack in the
Tahoe Basin is usually developed in November and continues to increase through winter
and early spring to such a depth that it often persistsinto June. The maximum water
equivalent of snow pack depletion will occur at arate of about 0.75 inches of water per
day as measured in late April (Miller, 1955).



The Upper Truckee River and Trout Creek are the two largest surface inflows into Lake
Tahoe. The 1996-2002 average flow of the Upper Truckee River at the I-50 crossing was
90 ft*/sec. The 1996-2002 average flow of Trout Creek at Martin Avenue was 36 ft*/sec.

3. PREVIOUS GROUNDWATER MODELING STUDIES

3.1 Woodling (1987) M od€l

Woodling (1987) developed atwo-dimensional, steady-state groundwater flow model of
the South Lake Tahoe area. The U.S. Geological Survey (USGS) groundwater flow
model MODFLOW (McDonald and Harbaugh, 1988) was used to simulate the net water
exchange between groundwater and Lake Tahoe. The model grid consisted of 25 rows
(north-south) and 17 columns (east-west). Row spacing varied from 2,000 ft at the
southern boundary to 1,000 ft at the lakeshore. Column spacing was a constant 2,000 ft.
The model consisted of one layer with atotal of 193 active cells.

Transmissivity values were derived from analysis of pumping tests. The distribution of
transmissivity values correlated with sediment thickness, increasing gradually from the
mountain fronts to the Tahoe Keys. The depth of the sediments ranged from zero at the
mountain fronts to greater than 800 ft near the Tahoe Keys area. Hydraulic conductivity
of the sediments was assumed to equal 10-15 ft/day. The specification of transmissivity
in the model assumed that drawdown at wells was insignificant compared to aquifer
thickness, which is a reasonable assumption.

Lake Tahoe was ssimulated using a constant head boundary specified as 6226 ft MSL.
The southern model boundary near the airport was simulated using a constant head
boundary. Outcrops on the east and west sides of the site were simulated using a
specified flux boundary.

Simulated results indicated a net discharge to the lake of 1.9 ft®/sec (164,000 ft*/day).
Over hdf of this discharge occurred in the Tahoe Keys area. The model did smulate
total flux to the lake, rather net flux (outflows —inflows). Significant smulated inflows
from the lake likely occurred from pumping at the Al Tahoe and Paloma wells. The
model did not simulate streams. Additionally, the new Vahalla pumping well near the
western shoreline of the study area was not in operation at the time of model
development.

3.2 AGRA (1999) Model

AGRA (1999) developed a three-dimensional groundwater flow (MODFLOW) mode! of
the study area. The focus of the sudy was groundwater resource evaluation of the Al
Tahoe and Paloma well fields. The model grid consisted of 46 rows (north-south) and 39
columns (east-west). Row and column spacing varied from 1,000 ft at the mountain
fronts to 500 ft at the well fields. The model consisted of four layers with atotal of 4,073



active cells. Layer bottom elevations (MSL) were specified as. 6200 ft, 6100 ft, 5900 ft,
and bedrock (5850 ft-5400 ft).

Hydraulic conductivity values were specified as a function of grain size distribution
ranging from 2 ft/day for fine-grain sediments to 45 ft/day for coarse-grain sediments.
The hydraulic conductivity of weathered granitic rocks was specified as 0.2 ft/day.
Specified leakance values allowed for ssimulation of vertical flow in the model domain.
Values of effective vertical hydraulic conductivity incorporated into the leakance term
were less than 0.1 times the value of horizontal hydraulic conductivity.

Lake Tahoe was simulated using a constant head boundary specified as 6226 ft MSL.
The lake boundary was specified to be avertical plane. Conductance of the interaction of
lakebed sediments with groundwater was not addressed. Streams were represented using
the MODFLOW River Package. This algorithm requires the specification of stream
stage, and allows for specification of riverbed sediment conductance. The algorithm does
not simulate stream flow. The Tahoe Keys were also represented using the MODFLOW
River Package. The southern model boundary south of the airport was simulated using a
constant head boundary. Outcrops on the east and west sides of the site were simulated
using specified flux boundaries. Recharge to groundwater from precipitation and
snowmelt was simulated using the assumption that 25% of surface recharge will infiltrate
to the water table. The model was calibrated under steady-state and transient conditions.
Model results were used to estimate the effects of increased South Tahoe Public Utilities
District pumping in the alluvial aquifer near Lake Tahoe.

4. DATA ANALYSIS

4.1 Surfaceof Lakebed Sediments

Previous models (Woodling,1987; AGRA,1999) represented the lake as a vertical
boundary. However, analysis of the bathymetric surface indicates that the lakebed slopes
gently away from the shoreline, especialy at shallow depths. The depth of aquifer
sediments at the shoreline ranges from 400 to 1,000 ft. The elevation of the lakebed
surface decreases as little as 25 ft over adistance of 2,000 ft away from the shoreline. In
deeper sediments, the location of the lake- groundwater interface is as great as 8,000 ft
beyond the shoreline.

4.2 Fluctuationsin L ake and Groundwater Elevations

Lake and groundwater elevations do not appear to vary greatly on a seasona basis.
Rather, lake and groundwater elevations show arising trend during multi- year periods of
above average precipitation; and a declining trend during drought periods. Loeb et al.
(1987) noted that lake and groundwater elevation differences were fairly consistent
throughout most years. This “rough correlation between groundwater level and lake level
changes made a steady-state model for this basin more credible.” (Loeb et al., 1987)



Between 1957 and 2002, lake elevation varied from a high of 6228.1 ft MSL and alow of
6219.1 ft MSL. The average lake elevation during this period was 6225.0 ft MSL.

4.3 Stream Flow Data

The U.S. Geological Survey (USGS) maintains six continuous gage stations on the Upper
Truckee River and Trout Creek. Three of these stations are in the study area. Stream
flows vary greatly seasonally, with high stream flows generaly during March and April,
and low stream flows generally during September and October. The 1996 to 2002
average flow of the Upper Truckee River at the 1-50 crossing was 90 ft*/sec. The 1996 to
2002 average flow of Trout Creek at Martin Avenue was 36 ft*/sec. The MSL elevation
of these stations is estimated and has not been surveyed precisely. Thus, information on
stream flows is more accurate than stream stage information at this time.

From 1996 to 2000, the USGS conducted annual stream:flow measurements on the
Upper Truckee River and Trout Creek under low conditions in the fall of each year.
These studies provided information on the location and rate of water exchange between
the streams and the adjacent aquifer. Rowe and Allandar (1996) provide September 1996
stream flow measurement data and seepage estimates at 63 locations. Results of this
study indicate the Upper Truckee River is generally steady or gaining slightly throughout
the model domain. Trout Creek islosing dlightly during low flow periods, except in the
area between the Cold Creek and Heavenly Creek confluences, where it gains dightly.

4.4 Pumping Wdl Data

Pumping wells have a direct effect on the groundwater flow gradients near Lake Tahoe.
A significant amount of pumped water has the lake or adjacent streams as its source.
There are nine mgor pumping wells in the model domain. Total pumping from these
wells averaged 844,000 ft*/day (4,380 gpm) between 1996 and 2002. The two most
prominent pumping wells in the model domain, the Al Tahoe and Paloma wells, provide
the municipa water supply for the city of South Lake Tahoe (Figure 1). The average
(1996-2002) groundwater extraction rates by the Al Tahoe and Palomawells are 360,000
ft3/day (1,870 gpm) and 145,000 ft3/day (750 gpm) respectively. The Al Tahoe well is
located about 1,400 ft from the lake shoreline. However, the deep aquifer the well is
screened in interfaces with the lakebed a distance of about 5,000 ft from the well. The
Palomawell is located about 3,200 ft from the lake shoreline, and about 600 ft from
Trout Creek and 1,200 ft from the Upper Truckee River. Another pumping well which
affects lake- groundwater interaction is the Vahalla well located at the western end of the
model domain, about 1,200 ft from the lake shoreline. The Valhallawell pumps at an
average (1996-2002) rate of 49,000 ft*/day (260 gpm).

45 Selection of Calibration Dates

Model calibration requires data on groundwater levels, stream flows, lake elevation,
recharge from precipitation and snowmelt, and groundwater pumping. As aresult of data



analysis, it was determined that the time periods of fall 1996 and spring 2002 provide the
most compl ete representation of site conditions.

5. DEVELOPMENT OF GROUNDWATER FLOW MODEL

5.1 Sdection of Computer Code

In saturated groundwater, a combination of continuity (mass conservation) and Darcy’s
Law leads to the following mathematical description of steady-state groundwater flow:

T tho, 1% tho, Tz tho_, o
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In equation (1), the dependent variable is the hydraulic head, h, which is defined in the
traditional (X, y, z) Cartesian coordinate system. The horizontal and vertical hydraulic
conductivities (Ky, Ky, and K;) are known functions. Boundary conditions must also be
specified to solve equation 1. The boundary conditions may be specified head, specified
flux, or head-dependent flux. It is assumed that groundwater flow is unchanging in time
(steady state).

The United States Geological Survey (USGS) groundwater flow modeling software
MODFLOW (McDonad and Harbaugh, 1988) was selected for this study. MODFLOW
provides a means to solve equation 1 for h in a chosen domain, with specified values for
hydraulic conductivity and specified boundary conditions. MODFLOW uses the finite-
difference method to approximate the groundwater flow equation as a set of algebraic
equations in a discretized three-dimensional grid of rectangular cells.

MODFLOW includes several modules or “Packages’ which can be integrated into a
model study only when needed. For this study, the MODFLOW General Head Boundary
(GHB), Stream (STR), Recharge (RCH), and Well (WEL) Packages were selected.

5.2 Modd Grid

The model grid consists of 150 rows and 150 columns, encompassing an area of 30,000 ft
by 30,000 ft. The model was oriented to the north, parallél to the predominant direction
of regional groundwater flow. The horizontal discretization was selected to be: 1) fine
enough to represent various hydrogeol ogic zones with an accuracy commensurate with
the ability of the data to represent the system, 2) fine enough to accurately represent lake,
stream, and well boundary conditions, and 3) coarse enough to allow for maximum
computational efficiency without compromising the above considerations. A cell size of
200 ft sguare was selected to best meet the grid criteria.

Model layers were defined in accordance with the conceptualization of site hydrogeol ogy
developed by the U.S. Army Corps of Engineers, Sacramento District (written



communication, Hunter and Crummett, December 2002). The model consists of 6 layers
covering a vertical dimension of about 1,000 ft. Layer bottom elevations of the upper five
layers are specified as constant throughout the model domain. Layer thickness varies
from 25 ft in the upper four layers (less in the uppermost layer, depending on water table
elevation); to 50 ft in layer 5; to a bottom layer thickness of up to 918 ft (dependent on
bedrock elevation). The finer discretization in the upper layers alows for more accurate
simulation of interaction between groundwater, and the streams and lake. Specific layer
bottom elevations (MSL) are specified as 6243 ft, 6218 ft, 6193 ft, 6168 ft, 6118 ft, and
bedrock (6000 ft-5200 ft). The elevation of the bottom layer at the |ake-groundwater
interface varies from 5800 to 6000 ft. The elevation of the bedrock basement of the
model is based upon an isopach map produced by Bergsohn (2002).

Because the bottom of layer 1 is specified to be 6243 ft MSL, large portions of the
bottom of layer 1 are located above the water table. In MODFLOW, these areas
completely above the water table are flagged as dry and become inactive. Consequently,
large portions of the top layer are inactive. The exact location of the water table in the
model is determined by MODFL OW, which can automatically dry and re-wet cells as
necessary. However, some portions of layer 1 were pre-specified as inactive (dry) to
speed the flow solution process.

5.3 Boundary Conditions

5.3.1 Subsurface Inflow from Mountain Fronts

Along the mountain fronts, groundwater percolates to the unconsolidated sediments at a
fairly constant rate throughout the year. Prudic (persona communication, March 2003)
indicated that water levels in wells along the mountain fronts in the Cold Creek area did
not vary appreciably with change in season. Seasonal fluctuations in wells near the
mountain front are generally less than 2 ft. In the numerical model, this was
conceptualized as a constant head boundary condition along the edge of the model grid in
the upper modd layers.

5.3.2 Bedrock Basement

The bedrock configuration was extrapolated from interpretations of a gravity survey of
the study area (Bergsohn, 2002). The model assumed flow through the bedrock basement
was negligible. Bedrock was simulated using a specified flux boundary, with the
specified flux set equal to zero.

5.3.3 Recharge

The average precipitation at the site is approximately 34 inches per year, most of which is
snow. Recharge to the aquifer occurs predominantly in spring during snowmelt periods.
AGRA (1999) estimated the proportion of snowmelt that infiltrates to the agquifer to be
0.25. Recharge is represented in the model as a specified flux boundary applied to the



uppermost active layer. Inthe model, recharge to groundwater was varied between 0.06
ft/day and 0.015 ft/day to represent climatic extremes.

5.34 Pumping Wells

The source of the city of South Lake Tahoe's municipa water supply is groundwater.
Measured groundwater levels in the vicinity of the Al Tahoe and Paloma wells were 5 to
10 ft below lake level. Thus, a significant portion of well water appears to have the lake
asits source. The Vahallawell, located at the west end of the study area about 1,200 ft
from the lake, may aso have a significant influence on lake-groundwater interaction.
There are nine major wells in the study area, all of which were integrated into the
groundwater flow model. Pumping well data included location, screened depth, and rate
of withdrawal. Pumping wells were assigned to model layers, as specified flux
boundaries, in proportion with the percent screened interval.

5.35 Streams

Two major streams occur in the study area: the Upper Truckee River, and Trout Creek.
The Upper Truckee has awidth of approximately 10 ft and a slope of 0.001 throughout
the study area. Trout Creek has awidth of approximately 10 ft, and a slope that
decreases from 0.002 in its upper reaches to 0.001 as it approaches the lake. A Manning
coefficient for both streams was estimated to be 0.045. Streambed sediments were
estimated to be 5 ft thick and have a hydraulic conductivity of about 4 ft/day.

According to stream flow measurement data and seepage estimates made by Rowe and
Allandar (1996), flow in the Upper Truckee River is generally steady or increases dlightly
through the study area. Flow in Trout Creek decreases slightly during low flow periods,
except in the area between the Cold Creek and Heavenly Creek confluences, whereiit is
gaining.

The MODFLOW Stream flow-Routing Package (STR Package) was selected to simulate
stage and flow in the Upper Truckee River and Trout Creek. Input requirements for the
STR Package include: flow into the upper stream reach, initial stage, streambed
conductance, streambed elevation, streambed thickness, channel width, bed slope, and
Manning's roughness coefficient. Streambed conductance between the stream and an
aquifer is computed by:

CON Dagrmped = KIw/m )

where:
CON Dgyrmeq iS Streambed conductance (ft%/day);
K is hydraulic conductivity of streambed (ft/day);
| is reach length (ft);
w is reach width (ft);
m is thickness of streambed sediments (ft).



The STR Package uses a head-dependent flux boundary condition where flow between
the stream and the aquifer (Qs) is calculated by:

Qstr = CONDstrmbed (hstr - hgw) (3)

where:
hstr is stream stage (ft);
hgw is head in the adjacent aquifer (ft).

The model reach length is equal to the length of the stream across one model cell. In this
study, reach length was set equal to 200 ft. The estimated value of streambed
conductance for the Upper Truckee River and Trout Creek was 1600 ft?/day.

5.3.6 Lake-Groundwater |Interaction

Loeb et a. (1987) performed field measurements of seepage rates from groundwater to
the lake. Measured seepage rates were very low in the Upper Truckee River, Trout Creek
and Pope Beach discharge areas at the center and western end of the site and dlightly
higher at the eastern end of the site where the measured groundwater gradient is steeper.
Seepage measurements also indicated higher seepage rates near shore than away from the
shore.

Measured seepage at the east end of the study area was approximately 0.004 ft*/day per
ft2. Measured seepagein the central/west end of the site was approximately 0.002 ft3/day
per ft2. It was assumed that most of the flux occurs across the upper 50 ft of the aguifer.
The total area of seepage was estimated to be 2 x 107 ft? for the east area, and 5 x 10” ft?
for the central/west area. This resulted in an estimate of total seepage of 80,000 ft3/day
(0.9 ft3/sec) for the east area and 100,000 ft/day (1.1 ft3/sec) for the central/west area.
Thus, a very rough estimate of the total seepage rate from groundwater to the lake in the
study areais 2 ft3/sec.

The lake-groundwater interface is characterized by a gently sloping lakebed surface.

In upper model layers, the elevation of the lakebed surface decreases as little as 25 ft over
adistance of 2,000 ft away from the shoreline. In lower model layers, the location of the
lake-groundwater interface is as great as 8,000 ft beyond the shoreline. The gentle Slope
of the lakebed results in the largest proportion of flow to the lake being discharged
vertically. The bathymetric surface and accompanying boundary condition representation
are depicted as Figure 2.

Lake-groundwater interaction was simulated using the MODFLOW General Head
Boundary (GHB) Package. Horizontal and vertical discharge to the lake was ssimulated
using a 2-cell width boundary condition configuration asillustrated in Figure 3. For each
layer, the “horizontal flow GHB cell” was located where the layer center intersects the
bathymetric surface. A second “vertical flow GHB cell” was located in the cell directly
behind (relative to the shoreline) the horizontal flow cell. Due to the much larger flow
area, the specified conductance term in the vertical flow cell was much greater than in the
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horizontal flow cell. This configuration allowed for a more redlistic representation of the
flow regime, and a more precise delineation of groundwater discharge with depth.

The GHB Package requires the specification of head (lake elevation), and lakebed
conductance.

COND\aebed = KA/ (4)

where:
CON D) xeved is |akebed conductance (ft?/day),
K is hydraulic conductivity of the lakebed sediments (ft/day),
A is the product of aquifer thickness and cell width (ft?),
d is the thickness of the lakebed sediments (ft).

The GHB Package uses a head-dependent flux boundary condition where flow between
the lake and the aquifer (Qiake) IS calculated by the formula:

Qizke = COND akeped (Nake - eall) )

where;
hake IS lake elevation;
heai IS head at the corresponding model cell.

The hydraulic conductivity (K) of lakebed sediments was estimated as 10 ft/day. The
thickness (d) of lakebed sediments was estimated as 1 ft. The area (A) of flow in the
horizontal direction is equa to the product of layer thickness times the 200 ft cell width.
The area (A) of flow in the vertical direction is equal to the product of the 200 ft cell
width times the 200 ft cell length. Vaues of COND)aepeq fOr “horizonta flow GHB
cells’ ranged from 1,600 ft?/day to 23,000 ft*/day, depending upon layer thickness at the
lake groundwater interface. The value of COND,)aeped fOr “vertical flow GHB cells’ was
specified as 40,000 ft?/day.

An important consideration of vertical discharge to the lake is that it only occursin the
cell containing a GHB boundary condition. The rate of groundwater flow that occurs
vertically from an underlying layer is governed by vertical hydraulic conductivity. As
will be presented in Table 1, the specified values of vertical hydraulic conductivity were
much lower than horizontal hydraulic conductivity values.

5.4 Hydraulic Conductivity Distribution

The USACE, Sacramento District was charged with providing a refined interpretation of
site hydrogeology: “The goal was to provide relatively high resolution in the upper 100
ft and then lump deeper units to behave as areservoir in the computations. The rational
behind thisis that Scott et a. (1978) and Einarson (2003) have demonstrated that thick,
continuous fine-grained units exist at depth. These units should impose considerable
impedance to vertical flow and therefore restrict flow contaminated by surface processes
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and anthropogenic inputs to the upper water bearing zones’ (Lew Hunter, written
communication, March 2003). Layer bottom elevations (MSL) of the conceptual model
were specified as: 6243 ft, 6218 ft, 6193 ft, 6168 ft, 6118 ft, and bedrock (6000 ft to 5200
ft). Thiswill allow for a more accurate discretization of hydrogeologic units in the upper
aquifer, and a more detailed distribution of interaction between the lake and groundwater
in the vertical dimension.

According to the USACE, Sacramento District interpretation, variations in hydraulic
conductivity were based on relative distribution of grain size. The stratigraphic
information used to calculate the variations for South Lake Tahoe was extracted from the
geologic cross sections in Scott et a. (1978). The hydraulic conductivity units were
placed in seven groups as defined in Table 1 and presented in Figures 4-9.

Table 1. Hydraulic conductivity units
Hydraulic Conductivity (ft/day)

Unit Description Horizonta  Vertica
1 Clean sand and gravel 130 20

2 Sand and gravel with less than 25% fines 50 0.5

3 Silty sand 50 0.5

4 25-50% fines 5 0.2

5 50 to 75% fines 5 0.02

6 Greater than 75% fines 0.1 0.01

5.5 Representation of Tahoe Keys

The Tahoe Keys are a series of shallow, narrow channels located adjacent to the lake in
the center of the study area (Figures 1 and 5). The series of channels have one outflow to
the lake. Groundwater discharging to the Tahoe Keys is not necessarily assumed to be
discharged to the lake. In the numerical model (Figure 5), the Tahoe Keys are simulated
as a zone of very high hydraulic conductivity (10,000 ft/day). This allows for the
transmission of water towards the lake across a very flat gradient.

6. MODEL CALIBRATION
6.1 General

Asdiscussed in Section 4.2, Loeb et a. (1987) noted that there were no pronounced
seasonal fluctuations in the flow gradient between groundwater and the lake; this “made a
steady-state model more credible’. Additionally, the availability of transient

groundwater elevation data was deemed inadequate for atransient calibration study.
Therefore, the groundwater model was calibrated as steady-state. Under steady-state
conditions, stresses, flow rates, and water levels are assumed to be constant in time.
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The conceptual distribution of hydraulic conductivity zones were provided by USACE
Sacramento District, and were not subject to major adjustment during the calibration
process. Model calibration focused on adjustment of boundary conditions presented in
Section 5. Model calibration requires data on groundwater levels, stream flows, lake
level, recharge, and pumping. From data analysis, it was determined that the
measurementstaken in fall 1996 and spring 2002 provided the most complete
representation of site conditions.

6.2 Numerical Solution

The MODFLOW Strongly Implicit Procedure (SIP) (McDonad and Harbaugh, 1988),
and the Preconditioned Conjugate Gradient (PCG2) (Hill, 1990) numerical solution
algorithms were used in concert to attain starting head conditions and solution
convergence. The MODFLOW PCG2 algorithm was used for the final numerical
simulations. The head closure criterion was set to 0.001 ft. The fina numerical
simulation attained a mass balance error of 0.13 % or lessfor al calibration runs.

6.3 Calibration to Fall 1996 Conditions

Specified boundary conditions for the fall 1996 calibration included lake elevation,
pumping rates, and recharge to aquifer. The measured lake elevation was specified as
6226.5 ft MSL, the pumping rates at all wells were specified equal to the average
pumping rates for 3 months prior to the calibration date. Recharge to the aquifer was
assumed to be negligible. Calibration targets included 26 groundwater elevation
measurements taken in fall 1996 (Rowe and Allandar, 1996), and stream flow data from
fall 1996 seepage measurements along Trout Creek and the Upper Truckee River (Rowe
and Allandar, 1996).

Calibration consisted primarily of adjusting the constant head boundaries along the
mountain front to match measured groundwater levels at adjacent wells. Constant head
boundaries were further adjusted to simulate measured seepage along Trout Creek and
the Upper Truckee River. A good match between measured and simulated water levels
was attained. The mean difference between measured and simulated water levels was
less than 1 ft. The measured flow of Trout Creek at Highway 50 was 1,990,000 ft3/day.
The simulated flow was 2,000,000 ft*/day. The measured flow of the Upper Truckee
River at Highway 50 was 968,000 ft*/day. The simulated flow was 972,000 ft*/day.
Total simulated discharge to the lake was 159,000 ft3/day.

6.4 Calibration to Spring 2002 Conditions

Specified boundary conditions for the spring 1996 calibration included lake elevation,
pumping rates, and recharge to aquifer. The measured lake elevation was specified as
6223.1 ft MSL, the pumping rates at all wells were specified equal to the average
pumping rates for 3 months before the calibration date. Recharge to the aquifer was set
equal to 0.004 ft/day, the equivalent of 17.5 infyr.
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Calibration targets included 14 groundwater el evation measurements taken in March
2002 by the South Tahoe Public Utilities District, and stream flow data from two gages
along Trout Creek and one gage along the Upper Truckee River.

Aswith the fall 1996 calibration study, the spring 2002 calibration consisted primarily of
adjusting the constant head boundaries along the mountain front to match measured
groundwater levels at adjacent wells. Constant head boundaries were further adjusted to
simulate measured flows in Trout Creek and the Upper Truckee River. Through model
calibration, a good match between measured and simulated water levels was attained.
The mean difference between measured and simulated water levels was less than 1 ft.
The measured flow of Trout Creek at Martin Avenue was 1,395,000 ft3/day. The
simulated flow was 1,400,000 ft3/day. The measured flow of the Upper Truckee River at
Highway 50 was 5,065,000 ft*/day. The simulated flow was 5,050,000 ft*/day. Total
simulated discharge to the lake was 318,000 ft*/day.

7. MODEL APPLICATION
7.1 General

Asillustrated by Figure 10, the lakeshore was discretized into four regions. Region 1
(the west), Region 2 (Tahoe Keys), Region 3 (South Lake Tahoe), and Region 4
(Stateline). The model consists of five layers at the shoreline. This allowed for the plan
and side-view discretization of water exchange between the lake and groundwater. The
model was applied under varying hydrologic conditions.

7.2 Simulation of L ake-Groundwater Interaction

As discussed in Section 6, the model was calibrated to fall 1996 and spring 2002
conditions. The lake leve in fal 1996 was 6226.5 ft MSL. The lake level in spring 2002
was 6223.1. Thus, it can be inferred that the increased discharge to the lake during spring
2002 was largely the result of the lower lake level, which is not a function of seasonal
fluctuations, but more a function of longer-term trends in lake elevation. Lake elevations
varied from a high of 6228.1 ft MSL and alow of 6219.1 ft MSL between 1957 and
2002. The average lake elevation during this period was 6225.0 ft MSL. The fall 1996
and spring 2002 models, extrapolated to represent conditions for afull year, could be
considered to represent high and low discharge values. Therefore, a reasonable, though
not absolute, range of total flux rates to the lake would be between 145,000 ft3/day and
318,000 ft3/day.

The fall 1996 and spring 2002 models were rerun using 1996 to 2002 averaged pumping
rates. Thisincluded the new Vahalawell at the western end of the site. Applying
current average pumping rates to both models allows for an analysis of current flow
conditions. Using this new pumping scenario, total simulated discharges from
groundwater to the lake were 165,000 ft3/day and 306,000 ft3/day for “low discharge
conditions’ and “high discharge conditions’, respectively. Normal annual discharge was
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estimated to be 226,000 ft*/day (2.6 ft*/sec), the average of these low and high discharge
conditions. Figure 10 presents the distribution of water exchange between groundwater
and the lake in plan view. Figures 11 and 12 present the vertical delineation of simulated
“high discharge conditions’ and “low discharge conditions’ representations of water
exchange between groundwater and the lake.

7.3 Analysis of Hydrologic Effects of Groundwater Pumping

A precursory analysis was performed to quantify the effects of pumping on lake-
groundwater interaction and stream flows. The “low discharge conditions” model was
used for thisanalysis. Pumping rates were adjusted to the average withdrawal rates for
the period 1996 to 2002.

An initia simulation was run in which al pumping wells were removed from the mode,
and a comparison was made between the model results with pumping and without
pumping. Total discharge from groundwater to the lake increased from 145,000 ft3/day
(with pumping) to 403,000 ft3/day (without pumping). Discharge from groundwater to
streams increased from 359,000 ft3/day (with pumping) to 529,000 ft3/day (without
pumping). Discharge from streams to groundwater decreased from 64,000 ft3/day to 600
ft3/day. Outflow from Trout Creek increased from 2,000,000 ft*/day to 2,113,000 ft*/day.
Outflow from the Upper Truckee River increased from 1,020,000 ft3/day to 1,141,000
ft*/day. Thetotal discharge increase to the lake via surface water (234,000 ft*/day) or
groundwater (258,000 ft3/day) was 492,000 ft*/day (5.7 cfs). Thetotal simulated
pumping in the study area was 844,000 ft*/day (9.8 cfs). Thus, approximately 60% of
groundwater withdrawn from wells directly impacts surface waters by reducing stream
flow or reducing lake volume.

The smulated effect of pumping from the Al Tahoe and Paloma wells was also
investigated. Average 1996-2002 pumping rates at these two wells were

362,000 ft3/day and 145,000 ft3/day respectively. In the simulation, these two wells were
removed from the model, while al other pumping wells remained. A comparison of
model results with and without the Al Tahoe and Paloma wells was made. Simulated
flows from groundwater to the lake increased from 145,000 ft3/day to 314,000 ft3/day, an
increase of 169,000 ft3/day. Simulated flows from the lake to groundwater decreased
from 195,000 ft3/day to 8,000 ft*/day, a decrease of 187,000 ft3/day. Thus, simulated
results indicate about 37% of pumped water from the Al Tahoe and Paloma wells has the
lake asits source. The simulated effect of the Al Tahoe and Paloma pumping wells on
stream flows was less pronounced. With the Al Tahoe and Paloma wells turned off,
simulated outflows at the lake from Trout Creek increased by 60,000 ft3/day to 2,060,000
ft*/day; simulated outflows at the lake from the Upper Truckee River increased by 40,000
ft3/day to 1,060,000 ft3/day.
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8. SENSITIVITY ANALYSIS
8.1 General

An “average conditions” model was developed by employing averaged boundary
condition values to the current calibrated model. Pumping rates at all wells were
averaged for the period of 1996-2002 and input into the model. The average lake
elevation for the period of 1957-2002 (6225 ft MSL) was input into the model. Averaged
1996-2002 stream flows (Section 2.3) were ssmulated by the model. Constant head values
used in the spring 2002 calibration study were used. Recharge was set to an estimated
average annual value of 0.003 ft/day (13.1 in/yr). Simulated discharge to the lake was
240,000 ft*/day. The “average conditions’ model was used for the analysis of the
influence of model parameters and conceptualizations on simulated resullts.

Sensitivity analysis is used to measure the uncertainty in the calibrated model caused by
uncertainty in estimates of agquifer parameters and boundary conditions. During
sensitivity analysis, parameters are systematically changed, one at atime, within a
predefined plausible range factor. The accompanying change in model resultsis then
analyzed as a measure of the sensitivity of the model to that particular parameter. Factors
of 0.5 and 2.0 were selected as a plausible range of aquifer parameters and boundary
conditions.

8.2 Analysisof Hydrologic Parameters

The “average conditions” model (Section 8.1) was used to estimate the influence of
various model parameters on groundwater discharge to the lake. Hydrologic parameters
were varied by factors of 2.0 and 0.5. These parameters include horizontal hydraulic
conductivity (Kh), vertical hydraulic conductivity (Kv), recharge to the water table, and
lakebed conductance (COND). Results of this study are presented as Table 2.

Table 2. Sensitivity of ssimulated groundwater dischargeto hydrologic parameters

Parameter Initial Discharge (ft’/day) | (x2) (ft)/day) | (x 0.5) (ft’/day)
Kh 240,000 542,000 99,000
Kv 240,000 251,000 230,000
Recharge 240,000 274,000 224,000
Lakebed COND 240,000 242,000 182,000

8.3 Analysisof Variationsin L ake Elevation

An analysis was performed to estimate the effects of lake elevation on groundwater
discharge to the lake. Lake elevation simulated by the “average conditions’ model
(Section 8.1) was varied over the range of measured values between 1957 and 2002.
Results of this analysis are presented as Table 3.
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Table 3. Sensitivity of smulated groundwater dischargeto lake elevation

Lake Elevation (ft MSL) | Discharge (ft°/day)
6219 451,000
6222 353,000
6225 240,000
6228 139,000

8.4 Analysisof Effect of L akebed Boundary Condition

Previous modeling efforts (Section 3) employed a vertical constant head boundary to
represent the shoreline of the site. The current model used a GHB boundary condition
that addressed the bathymetric surface, the vertical discharge component, and the
conductance of the lakebed sediments. A study was performed to assess the effect of this
new boundary condition on model results.

An “old boundary condition” model was constructed using the same hydrologic
parameters as the “average conditions’ model (Section 8.1), except the boundary
condition representing the shoreline was specified as a vertical plane with a constant head
of 6225 ft. This resulted in an increase in discharge to the lake from 240,000 ft*/day to
503,000 ft3/day. Figure 13 presents a graphical depiction on the effect of the new
|akebed boundary representation.

9. CONCLUSIONSAND RECOMMENDATIONS

A numerical model was constructed to estimate the volume and distribution of water
exchange between groundwater and Lake Tahoe at South Lake Tahoe. The model
utilized a 2-cell width boundary condition configuration to simulate lake-groundwater
interaction over the gently sloping lakebed surface. An array of hydraulic conductivity
distributions was provided by the U.S. Army Corps of Engineers, Sacramento District.
The mode was calibrated to groundwater levels and stream flows measured in fall 1996
and spring 2002. From the model study, an average groundwater discharge to the lake
was estimated as 226,000 ft3/day (2.6 ft3/sec). A likely range of total discharge ratesto
the lake in the study areawould be 100,000 ft*/day to 350,000 ft}/day. A study was
performed to estimate groundwater discharge to the lake using seepage measurements
taken by Loeb et al. (1987). Study results produced arough estimate of 2 ft3/sec, which
correlates well with model results.

Sengitivity analysis indicates that changes in hydraulic conductivity and lake elevation
parameters have the greatest influence on ssmulated groundwater discharge to the lake.
Future studies should focus on creating an accurate conceptualization of the distribution
of hydraulic conductivity values. Additionally, aregularly scheduled groundwater-level
measurement program would help provide a clearer understanding of the effect of
seasonal fluctuations on surface water-groundwater interaction in the study area. A key
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calibration target was stream flows. The model was not calibrated to stream stage
because gage stations have not been surveyed precisely. An accurate survey elevation of

stream flow gages would also aid in the understanding of surface-groundwater interaction
in the study area.
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Figure1l Study area
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Figure 2 (a) Lakebed elevation at south Lake Tahoe and (b) |akebed elevation smulated
by modd.
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Figure 3 Representative profile of General Head Boundary (GHB) configuration used to
simulate lake-groundwater interface.
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TOTAL (INFLOW) FLUX TO LAKE BY REGION

REGIONS
1 2 3 4 Total
High Discharge 64,146 | 151,986 | 7,260 82,860 306,252
L ow Discharge 22,697 | 68,947 124 53,314 145,082
Average Discharge 43,422 | 110,466 | 3,692 68,087 225,667

* VVaues in ft*/day (cfd)

NET (INFLOW-OUTFLOW) FLUX TO LAKE BY REGION

REGIONS
1 2 3 4 Total
High Discharge 60,253 | 114,310 | -92,014 | 82,860 165,409
L ow Discharge 14,279 | 12,703 | -108,825 | 53,059 -28,784
Aver age Discharge 37,266 | 63,507 | -100,420 | 67,959 68,312

* Values in ft¥/day (cfd): (-) flow out of lake, (+) flow into lake

Figure 10 Delineation of south Lake Tahoe shoreline and tables of total and
net fluxes per region for various scenarios.
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Figure 11 Side-view representation of “high discharge conditions’ water exchange
between groundwater and south Lake Tahoe.
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