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September 9, 2021
TO: LOCSD Board of Directors
FROM: Ron Munds, General Manager
SUBJECT: Agenda ltem 7B - 09/09/2021 Board Meeting
Los Osos Basin Plan Implementation Summary and Water

Supply Resiliency Report

DESCRIPTION

This report provides a summary of the history behind the development of
the Los Osos Groundwater Basin Plan, the implementation of the plan and
the monitoring program results. It also presents a high level overview of
the SLO County Flood Control & Water Conservation District's Regional
Water Infrastructure Resiliency Plan which indicates that the community
of Los Osos is vulnerable from a water supply perspective.

STAFF RECOMMENDATION

Staff recommends that the Board adopt the following:
Motion: | move that the Board:

1. Direct the General Manager to initiate the investigation into
alternative water supply resiliency projects to address the current and
future water demands of the District; and

2. Authorize the use of $10,000 from the Fund 500 Professional
and Consulting Services budget (GL 7320) to engage the District
Engineer for support services during the investigation.

DISCUSSION

Background

The Los Osos Groundwater Basin (Basin) is the sole source of water for
residential, commercial, institutional and agricultural properties overlying
the Basin. The community experienced rapid population growth in the
1970’s and 80’s which resulted in a significant increase in groundwater
pumping during that period peaking in about 1985. The increase in
pumping resulted in seawater intrusion into the lower aquifer. This coupled
with decades of septic discharges causing nitrate contamination in the
upper aquifer created concern for the sustainability of the community’s
water supply.

In 2004, the District initiated action by filing a Complaint for Declaratory
and Injunctive Relief and Adjudication of Water Rights against the two
other water purveyors, County and other associated parties. The purpose
of the action was for the protection of the valuable water resources of the
Basin, protecting the District’s own rights and interests with respect to the
Basin, and to facilitate efforts and to cooperatively manage the Basin.
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The result of this process was a court approved Interlocutory Stipulated Judgment (ISJ) between
the District, Golden State Water Company, S&T Mutual Water Company and the County. The ISJ
provided that the parties would form a working group to undertake technical studies of the Basin’s
water resources and adopt a Basin management plan to manage the Basin. In 2015, the parties
to the Stipulated Judgement finalized Basin Plan and the Basin Management Committee was
formed and began to meet.

Summary of the Basin Plan Implementation

The goals of the Basin plan are divided into two categories: Immediate and Continuing. Immediate
Goals were designed to balance supplies and demands in the Basin for the immediate future and
were to be pursued at the commencement of Basin Plan implementation. Continuing Goals were
to be implemented over time in order to promote and maintain the long-term balance and health
of the Basin. The goals are as follows.

Immediate Goals

1. Halt or, to the extent possible, reverse seawater intrusion into the Basin.

2. Provide sustainable water supplies for existing residential, commercial, community and
agricultural development overlying the Basin.

3. Set water conservation goals and establish mandatory standards and policies that promote
water use efficiency and innovation for residential, commercial and institutional water users
for both indoor and outdoor usage.

Continuing Goals

. Provide for a continuously updated hydrologic assessment of the Basin, its water resources

and sustainable yield.

Create a water resource accounting which is able to meet the information needs for planning,
monitoring, trading, environmental management, utility operations, land development and
agricultural operations.

Establish a strategy for maximizing the reasonable and beneficial use of Basin water
resources.

Provide sustainable water supplies for future development within Los Osos, consistent with
local land use planning policies.

Set water conservation goals and establish strategies to promote water use efficiency and
innovation for agricultural water users, including use of recycled water.

Clarify the assignment of risk arising from future changes in the availability of groundwater
for extraction.

Allocate costs equitably among all who benefit from the Basin’s water resources.

Protect water quality in the Basin.

Protect environmentally sensitive areas within the Basin or influenced by Basin hydrology.
Develop strategies to maximize grant and other funding and financing opportunities for
ongoing Basin Plan implementation.

Basin Plan Programs

The Basin Plan analyzes seven potential programs of action, each of which focuses on a different
aspect of the Basin Management. Programs, such as the Urban Water Use Efficiency Program,
are directed at reducing the demand for water from the Basin, while other programs, such as the
Basin Infrastructure Program (A through D), focus on increasing the sustainable yield of the Basin.
Several programs, including the Water Reinvestment Program and Supplemental Water Program,
are hybrids, with both demand- and supply-side impacts. Implementation of an identified
combination of programs is expected to achieve a sustainable Basin. To date, all Basin Plan
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actions that have been implemented have been undertaken by the parties to the Stipulated
Judgement. The following tables summarizes the Basin Infrastructure Program implementation

status (source: 2020 BMC Annual report).

Project Name Parties Involved Funding Capital Cost Status
Status
Program A
Water Systems LOCSD/ Fully LOCSD/GSWC | Completed
Interconnection GSWC Funded $103,550
Upper Aquifer Well (8t LOCSD Fully $320,000 Well was drilled and cased in
Street) Funded December 2016. Budget remaining
$320,000 to equip the well. Design
is 100% complete and project has
been included in an IRWM Grant
Application. Construction is
scheduled to move forward in
summer of 2021
South Bay Well Nitrate LOCSD Fully $636,000 Completed
Removal Funded
Palisades Well Modifications LOCSD Fully Completed
Funded
Blending Project (Skyline GSWC Fully $1.15 mil Completed
Well) Funded
Water Meters S&T Completed
Program B
LOCSD Wells LOCSD Not Funded BMP: Project not initiated
$2.7 mil
GSWC Wells GSWC Not Funded BMP: Project not initiated
$3.2 mil
Community Nitrate Removal LOCSD/GSWC/S&T GSWC GSWC: $1.23 | GSWC’s Program A Blending
Facility Portion mil Project can be considered a first
Funded phase of the Program B Community
Nitrate Removal Facility.
Program C
Expansion Well No. 1 (Los GSWC Fully $1.76 mil Completed
Olivos) Funded
Expansion Well No. 2 LOCSD is currently LOCSD is BMP: Site selection is complete; the
leading the project currently $2.0 mil environmental work and submittal of
with potential GSWC leading the the Minor Use Permit to the County
and S&T involvement, | project with will be completed in May 2021.
depending on final respect to Construction is anticipated to begin
location funding Q1 2022.
Expansion Well 3 and LOVR GSWC/LOCSD Cooperative BMP: This project has been deferred under
Water Main Upgrade Funding $1.6 mil Adaptive Management.
LOVR Water Main Upgrade GSWC May be BMP: Project may not be required,
deferred $1.53 mil depending on the pumping capacity
of the drilled Program C wells. It
may be deferred to Program D.
S&T/GSWC Interconnection S&T/ Pending BMP: $30,000 | In conceptual design
GSWC
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Project Name Parties Funding Capital Cost Status
Involved Status
Program M
New Zone D/E Lower All Parties Funded $115,000 Completed
Aquifer monitoring well in through
Cuesta by the Sea BMC
Budget
Program U
Creek Discharge Program All Parties $50k Anticipated The 2019 budget includes funding for Soil
included cost of Aquifer Treatment evaluation in the amount of
and $582,000 $50,000. BMC authorized completion of the
approved through Soil Aquifer Testing to support implementation
in the CY feasibility of the program. These activities are currently
2019 phase on hold pending outcome of the CY2020 BMC
BMC budget discussions.
Budget

Not included in the table is the Water Reinvestment Program which is recycled water from the
Los Osos Water Reclamation Facility operated by the County. The bulk of the water from this
project goes to the Broderson leach field for groundwater recharge. To date, a majority of the
Urban Water Use Efficiency Program was implemented as part of the Prohibition Zone retrofit
program associated with the wastewater project.

Basin Metrics — Groundwater Monitoring Results

To determine the effectiveness of the projects and programs implemented and their impacts on
managing the impacts of nitrates in the Upper Aquifer and seawater intrusion into the Lower
Aquifer, the Basin Plan has established four monitoring metrics. The metrics allow the Basin
Management Committee, regulatory agencies and the public to evaluate the status of nitrate
levels and seawater intrusion in the Basin through objective, numerical criteria that can be tracked
over time. The BMC is in the process of evaluating all the metrics as part of their 2021 work plan
as recommended in the Basin Plan. The following is a brief description of each metric.

Basin Yield Metric- The Basin Yield Metric compares the actual amount of groundwater
extracted in a given year with the estimated sustainable yield of the Basin under then-current
conditions with a goal of being of a numeric value of 80 or less.

Water Level Metric- The Water Level Metric is defined as the average Spring groundwater
elevation, measured in feet above mean sea level, in five Lower Aquifer wells with a goal to be 8
feet above the sea level mean.

Chloride Metric- The Chloride Metric is defined as the weighted average concentration of
chlorides in four key Lower Aquifer wells with a goal of being 100 mg/L or lower.

Nitrate Metric- The Nitrate Metric is defined as the average concentration of nitrate in five First
Water key wells located in areas of the Basin that have been impacted by elevated nitrate
concentrations with a goal of being 10 mg/L or lower.

The following table provides the results of monitoring data as it relates to the Basin Metrics since
2015.
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Metric Basin Plan Goal 2015 2016 2017 2018 2019 2020
Basin Yield | 80 orless 89 78 75 74 69 73
Water Level | 8 ft. above sea level mean 0.6 1.0 1.5 20 1.8 1.8
Chloride 100 mg/L or lower 188 225 132 145 162 205
Nitrate 10 mg/L or lower 254 26 32 24 22 20

Groundwater Basin Sustainability Concerns

With six years of monitoring data now available, the results of the implementation of the Basin
Plan are mixed. Based on the trends and monitoring results in the previous Annual Reports, it
may take several more years before it is possible to determine whether implementation of the
Basin Plan has been successful in reversing seawater intrusion and improving other unfavorable
water quality trends for existing residence let alone new development. The three water purveyors
are in agreement that prior to being asked to serve additional demand, the Basin Metrics must
indicate not only an end to deteriorating conditions but measurable and sustainable improvements
across the Basin. It is also agreed that it may be necessary to consider creative water supply
options, such as supplemental or imported water, in order to solve the long-term water issues
within the Basin.

SLO County Water Conservation and Flood Control District’s Regional Water
Infrastructure Resiliency Plan (RWIRP)

As an introduction to the RWIRP, back in 2012, the SLO County Flood Control & Water
Conservation District (Flood Control District) had completed Master Water Report included a
number of recommendations to improve regional water supply reliability and resilience in SLO
County. The highest priority identified for the Flood Control District was to optimize the use of all
water resources and water infrastructure available within the County including State Water,
Salinas Reservoir, Whale Rock Reservoir, Lopez Reservoir and the Nacimiento Water Project.

During the peak of the unprecedented drought that occurred from 2012 to 2017, it became clear
that coordination between staff of the municipal water purveyors that are connected to regional
water supply projects would be necessary for exploring resiliency strategies. Key water agency
staff, referred to as the Countywide Water Action Team (CWAT), began to meet to develop an
approach for moving forward on the recommendations in the Master Water Report and potential
new regional resiliency concepts in light of the unprecedented drought.

Building on the 2012 Master Water Report recommendations and potential new regional resiliency
concepts, the CWAT identified four priority areas to focus on concepts that related to use of
regional infrastructure that were not being led by another entity or group:

1. Infrastructure Interties and Agreements: Develop this Regional Water
Infrastructure Resiliency Plan (RWIRP) to identify opportunities to move water
through existing or new interconnected water systems to address critical water
supply vulnerabilities.

2. Countywide Water Emergency Planning: Document drought response actions and
opportunities in the recently completed Countywide Local Hazard Mitigation Plan
(LHMP), Integrated Regional Water Management (IRWM) Plan and other plans as
appropriate and as it relates to potential State requirements.

3. Salinas Dam: Evaluate the feasibility and potential benefits associated with
transferring the facilities to District ownership and installing gates to increase the
storage volume.
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4. Desalination: Begin discussing the conditions under which a regional project may
be feasible.

A major component of the RWIRP is the analysis of regional water supply vulnerabilities,
identification of projects and/or transfer/exchange/water sales opportunities to improve water
supply resiliency, and development of a framework to facilitate inter-agency collaboration
amongst San Luis Obispo County water purveyors. The steps the CWAT utilized to develop the
RWIRP are listed below and described in the figure.

Supply/Demand Assessment

Drought Risk Assessment

Supply Source Risk Assessment

Resiliency Score

Resiliency Risk Mitigation Opportunities Evaluation

« Climate Change
« Natural Disasters

» Maintenance/Failures « Prioritized List of
* Regulatc')ry/Environmental * Surplus/Deficit Agencies & « Identification of Ongoing Mitigation
* Water Rl.ghts' « Supply Portfolio Eféfr?;:zegeecj Initiatives
» Composite Risk Score by Diversity Supbly Resili « Potential Interconnections and/or
Source e upply Resiliency
« Prioritization for Transfer/Exchange Agreements
Health & Safety Uses « Potential Integration with Regional
« Composite Supply Initiatives
Portfolio Risk Score « Recommended Next Steps
by Agency

Regional Water Infrastructure Resiliency Plan Results

Applying the previously referenced steps to develop the RWIRP, a series of water supply
assessments were analyzed to create risk and vulnerability scores for water agencies throughout
the County. Of course, of most interest to the District is the analysis of Los Osos. Though Los
Osos ranked number 9 overall on the resiliency risk rankings (out of 41 agencies; pages 27-29 in
the report), the community as a whole were in the top 5 for the highest risk because our single
source of water with no planned mitigation opportunities in the works.

Report Summary

It is important for the Board and community to understand the complexities of water supply
planning in these uncertain times of climate change. Though the Basin Plan is an excellent
roadmap for project and program implementation that may stabilize the Basin, there are many
assumptions built into the Basin Plan that could take years to realize and there are no guarantees
that each element will achieve the expected result. It has been estimated that it could take another
five plus years to know if the Basin Plan is working as designed.

RWIRP provides a useful snapshot into what is needed by communities to become water supply
resilient. The areas that are least vulnerable have multiple sources (two or more) of water which
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is essential in water supply planning especially in California. Given the vulnerabilities identified in
the RWIRP for Los Osos and the reservations of the success related to the Basin Plan
implementation, staff is recommending that the Board provide direction to seek opportunities to
diversify the District's water portfolio, in particular, an intertie to the State Water Project and/or
Morro Bay’s water system.

As regional water projects are identified and built in the future, an inter-connection to the regional
water system is essential. As stated previously, with the uncertainties of climate change,
especially when projecting out 30 to 50 years, the water supply diversification decisions we make
today will impact the quality of life for both our current population and future generations to come.

FINANCIAL IMPACT

Staff is requesting that the Board approve $10,000 from the Fund 500 Professional and Consulting
Services budget (GL 7320) to engage the District Engineer for support services during the
investigation. If the Board approves the recommended actions, staff will return to the Board with
updates on project alternatives and estimated costs as they become available.

Attachments
SLO County Flood Control and Water Conservation District’s Regional Water Infrastructure
Resiliency Plan (Executive Summary Only; entire document at www.losososcsd.orq)

Basin Plan available online at https://www.slocounty.ca.gov/Departments/Public-
Works/Committees-Programs/Los-Osos-Basin-Management-Committee-(BMC).aspx
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BASIN PLAN FOR THE L0S 0S0S GROUNDWATER BASIN

Figure 21. Surface Water Resources of the Basin
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CHAPTER 5: DESCRIPTION OF THE BASIN

There is minimal surface water runoff into defined stream channels from other
lands overlying the Basin because the sandy soils allow high infiltration rates. Thus,
although those lands do not contribute to streams that recharge the Basin,
precipitation that falls on those lands recharges the Basin both directly and from
local drainage basins or natural depressions within the dune sands.

Flow in Los Osos Creek is highly variable by season, due to the steep topography of
hills surrounding the Basin and soils that do not hold significant quantities of water.
Rainfall tends to reach the stream channel quickly following precipitation events.
Peak flows can be as high as 1,000 cubic feet per second (cfs), subsiding to less than
40 cfs within a few days. Baseflow on Los Osos Creek typically flows on the surface
during most of the year upstream of the Basin boundary and downstream of the
Willow Creek confluence, but dries up seasonally in the summer and fall between
the mouth of Clark Valley and Eto Lake. There is one permanent streamflow gage in
Los Osos Creek, as shown on Figure 21.

There are two existing permitted surface water rights in the Plan Area, with their
points of diversion shown on Figure 21.

First, License 2961 (Application 10279, Permit 6125) allows the diversion of water
from Los Osos Creek just upstream of its intersection with Los Osos Valley Road.
Records of the California State Water Resources Control Board (SWRCB) indicate
that License 2961 was granted to Frank Machado in 1948 based on an application
dated September 2, 1941, recognizing a right to appropriate from the waters of Los
Osos Creek up to 140 gallons per minute (gpm) from April 1 to May 15 for irrigation
and domestic uses. The place of use on the license is described as 25 acres within a
40-acre parcel located east of Los Osos Creek and southwest of the intersection of
Los Osos Valley Road and Clark Valley Road. The place of use is shown as Field H on
the map in Figure 13.

In 1960, License 2961 was partially assigned to Rosa S. Machado. In 1967, the name
of the license holder was changed to the Estate of Frank Machado & Estate of Rosa S.
Machado. In 1971, the license was assigned to Masaji and Margaret Eto. Current
SWRCB records indicate that the license is held by Masaji Eto. From 2008 to 2010,
the license holder reported no diversions, with 50 AFY of groundwater production
in lieu of the use of surface water.

Second, License 12061 (Application 2565, Permit 17831) allows the diversion of
water from Willow Creek near its intersection with Nipomo Avenue. SWRCB
records show that License 12061 was issued to Thomas M. Corr, Freeman Estate,
Mrs. Del Bates, Bumpus Estate, Robert E. White, John Lindemans and Jean
Lindemans in 1987, based on an application dated May 13, 1977.

License 12061 confers the right to divert 3.2 AFY from the waters of an unnamed
stream (Willow Creek) tributary to Los Osos Creek from December 1 to April 1 of
the succeeding year for the purpose of recreational and fish and wildlife
enhancement uses. The license does not authorize collection of water to storage
outside of the specified season to offset evaporation and seepage losses or for any
other purpose. After the initial filling of the reservoir, the right extends only to
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5.4

water necessary to keep the storage reservoir full by replacing water lost by
evaporation and seepage and to refill the reservoir if emptied for necessary
maintenance and repair. The place of use is a reservoir located on open space
property south of Nipomo Avenue between South Bay Boulevard and Willow
Avenue. Current SWRCB records indicate that the license is held by Michael Tutt,
and approximately 3.2 AFY was diverted annually during 2010 and 2011.

Aquifer Zone Characterization

The Basin is made up of several sub-horizontal aquifer layers, each of which has
distinct characteristics. Those layers are described in the following sections. For
ease of reference, the aquifer layers are described as Zones A through E, and the
Alluvial Aquifer, as shown on the north-south cross-section in Figure 22 and the
west-east cross-section in Figure 23. For most purposes in this Basin Plan, Zones A
and B are also referred to as the perched aquifers, Zone C is referred to as the Upper
Aquifer, and Zones D and E are referred to collectively as the Lower Aquifer. As
discussed in Chapter 7, First Water refers to the shallowest groundwater zones and
includes the Alluvial Aquifer, the perched aquifer, and the top portion of the Upper
Aquifer (Zone C) where not overlain by the alluvial or perched aquifer.

The hydrogeology of the Basin has been subject to a number of technical studies,
leading to progressively better understanding over time. The vertical
differentiation of aquifer zones began in 1989, when The Morro Group prepared a
series of geologic cross-sections interpreting Basin structure, based on correlating
three discrete horizons—i.e., aquitards—separating four zones across the Basin in a
series of cross-sections. The three horizons correlated in the cross-sections were
selected for their significance in restricting movement of groundwater within the
Basin. The three horizons, designated AT2 through AT4, separated four aquifer
zones, designated AF1 through AF4. This terminology was used until further
investigations of the upper part of the Basin in 2001.

In 2001, Weber Hayes & Associates subdivided AF1 into three units, designated
Zomes A, B and C, as a part of a service station site investigation report in downtown
Los 0s0s.20 In 2003, CHG adapted this nomenclature for the Basin and expanded it
to include Zones D and E which were previously designated AF2 and AF3 in The
Morro Group terminology. A sixth aquifer zone, also identified by CHG, is the
Alluvial Aquifer, which lies along Los Osos Creek valley.2!  This characterization of
the aquifer zones was confirmed in a peer review conducted by Stetson Engineers,
Inc. (Stetson) in 2010, as further described in Section 5.6.6.

20 Weber, Hayes & Associates, Site Investigation Report, Bear Valley Chevron, 1099 Los Osos Valley Road, Los
Osos, California (2001).
21 CHG, Geologic Structure of the Los Osos Valley Ground Water Basin (November 2003).
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CHAPTER 5: DESCRIPTION OF THE BASIN

Figure 22. North-South Cross-Section of the Basin
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Figure 23. West-East Cross-Section of the Basin
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5.4.1

5.4.2

Zone A - Perched Aquifer

Zone A is a perched aquifer that overlies a clay layer at the base of the older dune
sands, beneath a large portion of the Central Area, including Bayridge Estates and
Bayview Heights (where it is truly perched), downtown Los Osos, and through
portions of Baywood Park. The lateral extent of the perched aquifer is shown on
Figure 20. Zone A is not generally used as a source of water supply for Los Osos.

The perched aquifer is unconfined and completely within dune sands, although
there are also many areas with saturated dune sands that are not specifically in
Zone A. The perching clay outcrops along the banks of Los Osos Creek above an
elevation of approximately 80 feet, although more than one perching clay may be
involved. Dune sands are wind-blown deposits. Also referred to as the Baywood
fine sand, these deposits typically comprise poorly graded fine- to medium-grained
clean sand and reach a maximum estimated thickness of close to 100 feet along the
dune ridges in Baywood Park.22

The average transmissivity of the older dune sand in Zone A is estimated to range
from 70 to 230 gallons per day per square foot (gpd/ft?), based on the first and third
quartile of 50 laboratory and field tests from various locations across the Basin.23

Zone A receives recharge from direct percolation of precipitation and return flows
from anthropogenic activities. Groundwater movement in Zone A is within dune
sand and flow directions are generally northwest and northeast, with relatively
steep hydraulic gradients of up to 0.06 ft/ft between Bayview Heights and
downtown Los Osos (parallel to the topographic slope). Flow in Zone A drains to
Willow Creek and issues from seeps in the Los Osos Oaks Preserve and along the
banks of Los Osos Creek. To the north and west, the perching clay pinches out and
groundwater spills into Zone A. A groundwater high between downtown Los Osos
and eastern Baywood Park separates water moving to the east toward Los Osos
Creek from water moving to the west toward the Estuary.

The perched aquifer results from groundwater resting on a relatively extensive
shallow clay layer, as shown in Figure 20. South of Los Osos Valley Road, an
unsaturated zone occurs between the bottom of the perching clay layer and the top
of the regional water table. North of Los Osos Valley Road, aquifer Zone A is semi-
perched, with a steep vertical head gradient that extends into Zone B. The perched
aquifer drains into Willow Creek.

Zone B - Transitional Aquifer
Zone B, the transitional aquifer, is composed of fine sands and silty sands with

occasional clayey and gravelly lenses. Zone B is separated from Zone A by a clay and
clayey sand aquitard up to 30 feet thick beneath downtown Los Osos. The

23 CHG, Sea Water Intrusion Assessment and Lower Aquifer Source Investigation of the Los Osos Valley Ground
Water Basin, San Luis Obispo County, California, Appendix C (2005).
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piezometric head in Zone B lies between the Zone A perched aquifer and the
uppermost community water supply aquifer, which is Zone C. Water levels in
Zone B have been measured up to 16 feet lower than Zone A, and close to 60 feet
higher than Zone C at multi-level monitoring wells.2¢ These water level differences,
along with differences in general mineral water quality, led to the identification of
saturated Zone B as a separate aquifer layer. Subsequent lithologic correlations
between downtown Los Osos and wells to the north and east placed Zone B within
the Paso Robles Formation.2> No pumping tests specific to Zone B are available.
Zone B is not generally used as a source of water supply for Los Osos.

5.4.3 Zone C - Upper Aquifer

Zone C, which is the shallowest aquifer used as a source of water supply for the Los
Osos community, overlies the regional aquitard and extends up to the water table,
except where overlain by Zones A or B. Zone C is predominantly within Paso Robles
Formation deposits, except at lower topographic elevations where dune sands are
saturated. The Paso Robles Formation is composed of unconsolidated sands, gravels
and clays. Gravel clasts are generally composed of Franciscan assemblage rocks,
including cherts, metavolcanics and hard sandstone.  Shales, quartz and
diabase/dacite are also commonly logged. The depositional environment has
included beach and near-shore marine conditions. As a result, sea shells are
occasionally present in the Paso Robles Formation. West of downtown Los Osos,
Zone C is generally composed of fine- to medium-grained sands, with relatively few
clays or gravels, except one notable basal gravel. In the downtown area, Zone C
sediments coarsen, with more fine gravels noted in logs, although interbedded clays
are also common.

Recharge to Zone C occurs via direct percolation of precipitation, return flow from
irrigation and septic system discharges, stream seepage from Los Osos Creek,
subsurface inflows across Basin boundaries, and through leakage from Zones A and
B. Movement of groundwater in Zone C is variable, but generally flows north and
west toward Morro Bay, with some easterly flow from Baywood toward Los Osos
Creek. There is a pumping depression in Zone C near downtown Los Osos that
draws water from surrounding areas.

5.4.4 Regional Aquitard

Individual clay beds in the Paso Robles Formation are generally discontinuous
across the Basin, with one important exception. A regional aquitard has been
recognized since the early 1980s, when B&C noted differences in water quality
above and below the clay.2¢ The regional aquitard ranges from approximately 20 to
80 feet thick, and averages 50 feet thick over 27 locations.?” The regional aquitard is

24 Weber, Hayes & Associates, Site Investigation Report, Bear Valley Chevron, 1099 Los Osos Valley Road, Los
Osos, California (2001).

25 CHG, Geologic Structure of the Los Osos Valley Ground Water Basin (November 2003).

26 B&C, Los Osos-Baywood Park Phase 1 Water Quality Management Study (1983).

27 CHG, Geologic Structure of the Los Osos Valley Ground Water Basin (November 2003).
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one of the most significant geologic features in the Basin and separates the Upper
and Lower Aquifers in Zones C and D, respectively. Hydraulic communication
between the Upper (Zone C) and Lower (Zones D and E) Aquifers is restricted by the
regional aquitard, although the large areal extent and vertical hydraulic gradient
across this layer, along with open wellbore flows, results in several hundred AF of
leakage through the aquitard each year.28

5.4.5 Zone D - Lower Aquifer

Below the regional aquitard is Lower Aquifer Zone D. This is currently the primary
source of community water supplies, as discussed in Section 4.7.

Zone D is a Paso Robles Formation aquifer zone composed predominantly of sands
and gravels. The lithologic description of Zone D, consisting of interbedded sand,
gravel and clay, does not appear to vary as much as Zone C or Zone E across the
Basin. Gravel clast composition is predominantly Franciscan Formation detritus
(sandstone, chert, metavolcanics) along with siliceous shales and claystones. Shell
fragments are noted in Zone D lithology at wells on the sand spit and in Baywood
Park. The structure of Zone D is generally conformable with the overlying aquitard,
except where displaced by Quaternary faulting in the Bayview Heights area. The
aquifer zone averages close to 100 feet thick over the central portions of the Basin,
thinning toward the east. Pumping tests indicate a confined aquifer condition in
Zone D. The hydraulic conductivity of Zone D is estimated at 129-140 gpd/ft2.

Groundwater is generally moving toward downtown Los Osos from surrounding
areas in Zone D. Water levels have declined over time in most areas, except in the
Eastern Area. Much of this decline took place during the 1970s and early 1980s, in
concert with growing population and groundwater withdrawal.

The principal sources of recharge to the Lower Aquifer (Zones D and E) are leakage
through the regional aquitard from the Upper Aquifer and Los Osos Creek stream
seepage. Subsurface inflow from bedrock sources is believed to be a minor source
of recharge. Seawater intrusion is a source of recharge that until recently has
increased on the western edge of the Basin.

5.4.6 ZoneE - Lower Aquifer

An aquitard separates Zone D from Zone E in the Lower Aquifer. This aquitard is
typically thinner than the regional aquitard and possibly discontinuous. The two
Lower Aquifer zones differ with respect to salinity near the coast and with respect
to permeability in inland areas, warranting the hydrogeologic aquifer distinction.
The contact between the Plio-Pleistocene Paso Robles Formation and the Pliocene
Careaga Formation occurs in the middle of Zone E. The Careaga Formation is the
lowermost Basin hydrostratigraphic unit and has been included for practical
purposes with Zone E. Zone E reaches depths up to 1,000 feet in the Western Area.

28 CHG, Sea Water Intrusion Assessment and Lower Aquifer Source Investigation of the Los Osos Valley Ground
Water Basin, San Luis Obispo County, California (2005).
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5.4.7

Zone E contains a mixture of sands and gravels that are associated with Paso Robles
Formation and Careaga Formation. The Careaga Formation has not been mapped
regionally in outcrop, however, there is considerable variation in what has been
tentatively identified as Careaga Formation, including coarser grained and finer
grained zones. The deep Basin sediments in the western portion of the Basin
include much coarser sands and gravel, compared to the finer sands and silty sands
in the eastern portion of the Basin. Coarsening of the deep Basin sediments to the
west could be associated with upper Careaga Formation conglomerate but could
also be part of the overlying Paso Robles Formation.

At wells along South Bay Boulevard east of downtown Los Osos, the fine-grained
silty sandstone attributable to the Careaga Formation is estimated to have a
hydraulic conductivity of approximately 7 gpd/ft2z. Adjusting for differences in
permeability and screened intervals between Zone D and Zone E aquifers, the
hydraulic conductivity of Zone E in the vicinity of the Los Osos Community Park is
estimated at 60-90 gpd/ft2.

Groundwater is generally moving toward downtown Los Osos from surrounding
areas in Zone E. As in Zone D, water levels have declined over time in most areas,
except the Eastern Area.

Alluvial Aquifer

There is a unique aquifer presented in the Eastern Area, formed from alluvial
deposits of Los Osos Creek. Recent alluvial deposits are interpreted to overlie Paso
Robles and Careaga Formation sediments in the Los Osos Creek valley. These
alluvial deposits are typically close to 70 feet thick. The base of the alluvial deposits
extends to approximately 40 feet below sea level where Los Osos Creek exits the
Basin through a narrows in the lower creek valley.

The Los Osos Creek valley alluvium typically consists of mostly clay with
interbedded sand and gravel lenses. A basal sand and gravel unit is also inferred
from inspection of well drilling logs, although the similarities in lithology with
underlying Paso Robles Formation deposits make alluvial sediment interpretation
difficult. Active irrigation or private domestic wells may tap the basal gravel in the
alluvium, but typically also extend into deeper aquifer zones.

Groundwater in the Alluvial Aquifer of the Los Osos Creek valley moves down the
valley toward the Estuary. Recharge occurs from a variety of sources: direct
percolation of precipitation; return flow from irrigation and septic system
discharges; stream seepage from Los Osos Creek; and subsurface inflows across
Basin boundaries.

During drought years, water levels decline in excess of 10 feet between spring and
fall, but typical seasonal fluctuations are closer to five feet. Many agricultural wells
in the creek valley tap the Lower Aquifer below the alluvium, where water level
fluctuations are greater due to seasonal production to meet irrigation demands.
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5.5 Recharge and Movement of Groundwater in the Basin

The majority of recharge to the Basin consists of the following elements:

= Direct percolation of precipitation, including localized runoff into
percolation basins and natural depressions;

= Stream seepage from Los Osos Creek;

= Return flow from irrigation and septic system discharges; and

= Subsurface inflow across Basin boundaries, including seawater intrusion.

Figure 25 presents the primary recharge areas in the Basin. Percolation of
precipitation is greatest within the dune sands, which cover the basin west of Los
Osos Creek. Deep percolation of precipitation to the Upper Aquifer is restricted
where overlain by the perching clay layer. The perching clay layer supports the
Perched Aquifer, results in base flow to Willow Creek (Figure 22), and allows both
subsurface leakage and lateral spilling to the Upper Aquifer. The majority of stream
flow percolation occurs in the upper Los Osos Creek valley, where recharge to the
Lower Aquifer is not restricted by the regional clay aquitard. Agricultural irrigation
return flows occur throughout Los Osos Creek valley. Septic and landscape
irrigation return flows are concentrated in the "Prohibition Zone". A portion of the
treated wastewater from the LOWWP will be returned to the basin at the Broderson
and Bayridge Estates disposal areas.

As discussed above, within the Basin, individual aquifer zones may receive recharge
directly from those sources, or indirectly through inflow (leakage) from an
overlying or underlying aquifer zone. Recharge to First Water and the Upper
Aquifer is primarily from direct precipitation (including localized runoff) and return
flows from irrigation and septic systems. Recharge to the Lower Aquifer is
primarily from leakage through the regional aquitard, stream seepage in Los Osos
Creek and subsurface inflow across Basin boundaries, particularly seawater
intrusion until recent years.

Recharge from Los Osos Creek creates a prominent groundwater mound, as does
recharge over the perching clay. There are pumping depressions in both the Upper
and Lower Aquifers in the downtown Los Osos area, with the Lower Aquifer
pumping depression extending throughout the Central and Western Areas.

Once percolating water reaches the saturated zones of the Basin, it moves through
the water-bearing formations in a variety of pathways. Groundwater flow in the
Upper Aquifer moves westerly toward the Pacific Ocean, easterly toward Los Osos
Creek, and also downward into the Lower Aquifer. First Water and Upper Aquifer
flows may emanate as springs and seeps in sand deposits along the southern margin
of Morro Bay, drain into Willow Creek and Los Osos Creek and discharge where the
aquifer subcrops beneath Morro Bay mud flats. Historically, groundwater in the
Lower Aquifer also moved generally westward, to where it interfaced with seawater
occupying the brackish portion of the aquifer underlying the Pacific Ocean.
Following Basin development, groundwater flow in the Lower Aquifer began
moving toward production wells and into the pumping depression present in the
Central and Western Areas.
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Source: CHG.
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5.6 Historical Water Resource Studies and Management

5.6.1 Introduction

Numerous studies of water resources have been performed for the Basin, leading
over time to progressively greater knowledge regarding the Basin aquifers, water
supplies and demands. Water management in the Basin has proceeded iteratively,
both following and leading technical studies. The following sections of the Basin
Plan review the major historical steps in the understanding and management of the
Basin. Table 15 summarizes those studies.

Table 15. Timeline of Basin Studies and Management Actions

Date

Party

Summary

1958

1972

1973

1974

1979

DWR

DWR

DWR

Brown &
Caldwell (B&C)

DWR

First study of Basin
Determined sustainable yield to be 800 AFY
(based on history of use)

Found groundwater levels in Basin to be steady
since 1950s, no evidence of seawater intrusion
except in dune sands adjacent to Morro Bay
First artesian well drilled into Zone E

Found a groundwater depression near commerecial
center of Los Osos

Compilation of historical water quality data
Identified seawater intrusion and domestic waste
discharges as potential threats

Found urgent need for management of the Basin,
including monitoring, treated wastewater reuse,
blending for water quality and optimum
placement of production wells

Created first computer model of Basin

Aquifer testing

Estimated sustainable yield to be 1,800 AFY
(consumptive use), annual recharge 3,100 AFY
Projected that Basin demands would exceed
supplies by mid-1980s at current growth rate

Upper and Lower Aquifers identified on sand spit
Installed monitoring wells on sand spit and found
aquifers to be impacted by seawater intrusion
Recommended seawater intrusion barrier, treated
wastewater reuse, water conservation and
importation of new supplies
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Table 15 (continued)

Date

Party Summary

1983

1986

1987

1988

1989

1989

1990

1993

1995
to
1997

B&C = Extend Upper and Lower Aquifers across Basin

* Found no seawater intrusion, but noted that
population growth could cause intrusion in future

= Recommended active management of water
quality, including seawater intrusion

= Nitrate monitoring well network established with
Upper Aquifer nitrate characterization

Engineering | ® Recognized potential for seawater intrusion into

Science (ES) Lower Aquifer

= Recommended percolation of treated wastewater
into Lower Aquifer through Los Osos Creek
discharge and into Upper Aquifer in vicinity of
Broderson site

Morro Group | ®= First hydrologic budget for Upper and Lower
Aquifers
= Refined Broderson disposal site
United States | = Installed several deep monitoring wells
Geological = First MODFLOW Basin model
Surveys = Simulated seven management alternatives
(USGS)

DWR =  Groundwater in storage calculations

= Found safe yield of 3,900 AFY

= Recommended wastewater collection and tertiary
treatment, Basin disposal sites, 600 AFY imported
water, maximize safe yield through positioning of
deep wells east of recharge sites and shallow wells
west of sites

Morro Group | = Detailed Basin structural interpretation including
e-log correlations and elevation contour on top of
regional aquitard

= New alignment of Los Osos Fault Zone Strand B

Morro Group | = Freshwater springs identification and analysis
= Stream flow analysis

Black & Veatch | = Nitrogen study

= Original report rewritten with revised conclusions
by County Technical Advisory Committee formed
by County in 1994

Metcalf & Eddy | = Various studies related to wastewater project

= New monitoring wells

= Depth-to-water contour map

= Broderson disposal site investigations including
pilot testing and neutron probe logging
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Table 15 (continued)
Date Party Summary
1997 Solution = Solution Group introduces alternative
Group management plan based on partial area
wastewater collection, septic tank effluent
pumps and treatments ponds
2000 Cleath-Harris | = Broderson site drilling program
Geologists = Groundwater mounding analysis
(CHG) = MODFLOW model
2000 URS Corp. = Used MODFLOW model for Basin
management
= Basin balanced at 4,000 AFY well production
with wastewater project and Broderson site
disposal
2001 Weber Hayes | = MTBE study for Bear Valley Chevron
& Associates | = Well logs
= Firstidentification of Zones A, B and C
2003 CHG = Current definition of Zones A through E and
Alluvial Aquifer
= Nine Basin cross-sections
= Strand B removed from Model
2003 Yates = Current MODFLOW model initial construction
= Groundwater in storage calculations
2005 CHG = Seawater intrusion investigation
=  Lower Aquifer recharge study
= Basin water quality characterization
2006 CHG = Upper Aquifer water quality characterization
= Sampled for Constituents of Emerging
Concern (CECs)
2006 Ripley Pacific | = Eight technical memoranda covering water
(RP) and wastewater management
* Promoted zero discharge and full beneficial
use of wastewater
2008 Michael = Prepared EIR for LOWWP
Brandman = Included analysis of hydrogeology, water
(MB) quality, surface water resources, hydrologic
budget, impact of LOWWP on Basin water
resources
2008 to CHG = Various studies in support of Basin Plan
present development, including Basin metrics and
analysis of potential programs and
combinations

5.6.2 Studies Through 1983

In 1958, DWR published a study on the County’s water resources, which found that
the sustainable yield of the Basin was approximately 800 AFY based on historical
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extractions that had not caused negative impacts up to that time.2 The County
subsequently estimated that the sustainable yield of the Basin was 1,000 AFY on the
same basis.30

The earliest evidence of seawater intrusion into the Basin and other coastal aquifers
in the Morro Bay area was found in the early 1950s.3! Recognizing the growing
threat of seawater intrusion to coastal water resources throughout the state, DWR
initiated a series of studies in 1970 to acquire knowledge of the extent of seawater
intrusion and potential impacts on the Basin.

In the first study, published in 1972, DWR found that documented seawater
intrusion had occurred in the Basin in only one well located in shallow dune sands
near the southern shoreline of Morro Bay. The remainder of the Basin aquifers
appeared unimpacted with deeper zones under artesian conditions. Groundwater
level elevations remained about the same as they had been since the 1950s. Despite
these positive findings, the report acknowledged that the hydrogeologic regime of
the Paso Robles Formation freshwater-bearing sediments was not known, and
warned that increased groundwater extractions from Zones C, D and E could induce
migration of seawater into those aquifers.

In 1973, the SWRCB contracted with DWR to conduct a study focusing on the Los
Osos area, in support of SWRCB efforts to create a water quality management plan
for the Basin. The SWRCB was particularly interested in potential impacts to the
Basin from collection and export of wastewater that was being discharged to
individual septic tanks.32

DWR found that groundwater production at the time was predominantly from the
“old dune sands”, which roughly correlated to Zone C as set forth in this Basin Plan.
Groundwater elevations recorded in May and June 1973 showed a groundwater
depression below sea level roughly in the vicinity of the commercial area to the
north of Los Osos Valley Road. The report concluded that the sustainable yield of
the Basin might be greater than the 800 to 1,000 AFY estimated by previous studies.
Primary threats to the Basin were described as seawater intrusion and degradation
of water quality from domestic waste discharges. In analyzing groundwater
production, the report concluded that:

If groundwater extraction continues and/or increases in the center of
[Los Osos], the threat of sea-water intrusion will continue, due to the
large pumping trough. [T]here will be a need to disperse the location
and amounts of extraction from wells to minimize the threat of sea-
water intrusion and the volume of underflow toward the ocean that is
lost to the Basin unless some way can be found to recover it. It will

29 DWR, San Luis Obispo County Investigation, Bulletin No. 18, at 61 (May 1958).

30 County, Master Water and Sewerage Plan (May 1972).

31 DWR, Sea Water Intrusion: Morro Bay Area, San Luis Obispo County, Bulletin 63-6, at 1 (1972).
32 DWR, Los Osos-Baywood Ground Water Protection Study, Southern District Report (1973).
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also be necessary to blend the pumped ground water from this area
with water of better quality extracted from other parts of the Basin.33

By 1973, use of septic systems for discharge of domestic waste had started to
degrade water quality in Zone C, especially with nitrates, although water quality
varied from year to year based on the amount of diluting precipitation. The report
estimated that approximately 300 AFY of domestic waste was discharged to the
Basin. Potential plans for disposing of domestic wastes included: (1) continuing the
existing method; (2) treating and disposing at a different area of the Basin; and (3)
exporting waste for treatment and disposal outside the Basin. DWR noted that
plans (2) and (3) would have the potential to exacerbate seawater intrusion,
especially in light of projected future increases in groundwater production from the
Basin.

The 1973 report concluded that there was an “urgent need for complete
management of the Los Osos Basin’s water resources: its water supply;
conservation; use and treatment and disposal of waste water.” Important elements
of the suggested management plan included: increased conservation and use of
water from Los Osos Creek; maintenance of watershed cover to enhance infiltration;
dispersion of extraction wells on a comprehensive, coordinated basis to control
groundwater levels; blending of poorer with better quality water; optimum disposal
of domestic wastewater effluent; and establishment of a groundwater monitoring
program. Many of these elements continue to be relevant and are included within
this Basin Plan.

In 1974, B&C was hired to evaluate the Basin on behalf of CSA 9.3¢ B&C developed
the first computer model of the Basin, although its accuracy was limited.35 Using the
model, B&C estimated the sustainable yield of the Basin to be approximately 1,800
AFY as consumptive use, estimating that average annual recharge was about 3,100
AFY, which it identified as an upper limit to consumptive use of Basin groundwater.
B&C noted that the RWQCB was then studying the feasibility of a centralized sewage
treatment facility for Los Osos and abandonment of septic tank disposal systems.

In light of projected significant increases in water demands for the Los Osos
community, B&C concluded that Basin water demands would exceed supplies by the
mid-1980s, and at buildout would exceed supplies by as much as 3,530 AFY. B&C
recommended that several management actions be taken, including: appointment of
a watermaster; spacing of new wells away from existing pumping centers; vertical
spacing of new wells to increase the use of lower aquifer layers; use of treated
wastewater for irrigation within the Basin (because export of wastewater would
significantly reduce the sustainable yield of the Basin); and development of an
imported water supply for the Basin, specifically water supplies from the
Nacimiento Water Project.

331d. at 43.

34 Brown & Caldwell, Preliminary Groundwater Basin Management Study (1974).

35 For example, the cells used in the B&C model were 2,000 feet square, and the model contained only one
aquifer layer.
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In 1979, DWR conducted a study on the Morro Bay sand spit, including well
construction, to determine whether new water supplies could be developed from
the offshore portion of the Basin.3¢ Instead, DWR found that both Upper and Lower
Aquifers underlying the sand spit had been impacted by seawater intrusion.
Although the landward rate of movement and position of the seawater wedge was
not known, the report recommended a groundwater management plan for the Basin
that would consider “altering the pumping pattern and amount, installation of a
seawater intrusion barrier, reuse of treated waste water for groundwater recharge
and for a barrier, water conservation, and importation of additional supplies,” as
well as potential seawater desalination.3?

No evidence of seawater intrusion was reported in a 1983 study by B&C, which
documented nitrate impacts in the Upper Aquifer. Hydrographs taken from several
wells in the Basin indicated that groundwater elevation had remained steady
through 1979. The report did note, however, that population growth in the Basin,
including increased pumping from the Lower Aquifer zones, could create seawater
intrusion in the future, and if seawater intrusion were allowed to occur, the usability
of the Basin would be impaired and wells located near the coast would need to be
moved inland or abandoned. The study recommended that the County and other
interested parties establish a strict program for managing water quality in the Basin,
including seawater intrusion.38

5.6.3 Studies from 1986 to 2000

From the late 1980s through the early 2000s, Basin studies largely focused on
investigation of nitrate impacts on the Basin and a potential wastewater project,
with less attention paid to seawater intrusion. The last seawater intrusion-specific
investigation prior to 2005 was completed in 1979 by DWR, as described above.

While seawater intrusion was not the focus of studies during this period, the
potential for inducement of seawater intrusion by groundwater production from the
Lower Aquifer was incorporated into a 1986 study by Engineering Science (ES)
related to the design of a community wastewater collection and treatment system.
This possibility of induced seawater intrusion was the basis for an ES
recommendation that the wastewater project dispose of a portion of the treated
effluent through percolation to the Lower Aquifer.39

Following that recommendation, Basin management options using strategic disposal
of treated effluent from a future wastewater project were introduced by the Morro
Group in the 1987 EIR for the CSA 9 wastewater treatment facilities. Through the
1983 B&C study, the Basin was generally treated as a single aquifer unit, rather than
a two- or three-aquifer system, as became clear in later investigations. The 1987

36 DWR, Morro Bay Sandspit Investigation, Southern District Report (1979).

37Id. at 3, 39.

38 B&C, Los Osos-Baywood Park Phase | Water Quality Management Study, at 2-4, 4-8 (1983).

39 ES, Phase One—Sewerage Planning Study, CSA No. 9 - Los Osos, Baywood Park, Cuesta-by-the-Sea, at 5-2, 5-6
(1986).
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EIR was the first study to prepare separate hydrologic budgets for the Upper and
Lower Aquifers. The Morro Group also produced a Supplemental EIR for the CSA 9
wastewater treatment facilities in 1989, which included detailed Basin cross-
sections based on e-log correlations. That report introduced a new alignment for
the Los Osos fault zone Strand B, which was interpreted to affect groundwater
movement in the Basin and was subsequently incorporated into flow models and
groundwater contour maps.

In 1988, USGS conducted a major study of the Basin, installing a network of deep
monitoring wells and publishing a report that summarized the geology of the Basin
and evaluated the hydrologic effects of several alternatives for reuse of treated
wastewater in the Basin Area.*0 The study found that groundwater elevations in
municipal production wells owned by the Purveyors were frequently below sea
level, and salinity had increased in some wells near the coast. The first MODFLOW
groundwater flow model was constructed for the Basin with three layers.4!

DWR, working concurrently with USGS during the late 1980s, produced a report on
Basin management in 1989 using the results of the USGS study. The DWR report
charted water importation, groundwater extraction and groundwater outflow to
identify the recommended management alternative that would provide for buildout
demand without seawater intrusion. The final recommendation was an alternative
that included Broderson site wastewater disposal, 600 AFY of imported water and
repositioning of well facilities to meet total Basin water demands at buildout of
4,500 AFY. This is the first report which specifically recommended moving deep
well production eastward and developing shallow wells in the Central and Western
Areas of the Basin.

Between 1993 and 1997, several reports were prepared for wastewater project
development which included nitrate fate and transport studies, wastewater project
alternatives studies and pilot studies for wastewater disposal at Broderson.
Different conclusions were sometimes reached, and in late 1997 the Solution Group
produced a wastewater project alternative that included partial community
wastewater collection, septic tank effluent pumps and a pond-based wastewater
treatment facility. This management plan helped lead to the formation of the LOCSD
in 1998. Although the Solution Group plan would be significantly altered to meet
regulatory requirements and ultimately abandoned, LOCSD remained the lead
agency for the wastewater project until 2006.

5.6.4 Studies After 2000

Basin hydrogeologic definition and management efforts continued to develop during
the 2000s. The Broderson site was re-evaluated for wastewater disposal in two
phases, first though a drilling program, followed by a site-specific flow model and

40 USGS, Hydrogeology and Water Resources of the Los Osos Valley Ground-Water Basin, San Luis Obispo County
California, Water-Resources Investigations Report 88-4081 (1988).
41]d. at 1.
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mounding analysis.#2 That same year, URS Corporation finished construction of a
Basin flow model to investigate the threat of seawater intrusion under community
buildout scenarios, with the wastewater project and Broderson site disposal in
place. URS reported that pumping patterns, assisted by purveyor system interties,
could be managed to meet buildout demand without seawater intrusion.

In 2001, Weber Hayes & Associates identified two distinct zones within the perched
aquifer while investigating methyl tertiary butyl ether (MTBE) contamination in
groundwater beneath downtown Los Osos. These perched zones were labeled
Zone A and Zone B, with a third zone labeled Zone C that correlated with the upper
water supply aquifer.

In 2003, the current geologic structural interpretation of the principal aquifers and
aquitards was completed through a series of nine cross-sections across the Basin
that built upon prior work by investigators, with revisions.#3 Strand B was removed
from the Basin interpretation and replaced by the western edge of the perching clay,
and an uplifted area relative to the main Basin was identified in Bayview Heights.
This revised structural interpretation provided the conceptual model for concurrent
development of a steady-state basin model by USGS.#* This MODFLOW/MT3D
model was initially used for evaluating nitrate loading and the effects of a
wastewater project, and subsequently converted by CHG to also evaluate seawater
intrusion using equivalent freshwater head (EFH) methods.

The first comprehensive seawater intrusion study in 25 years was conducted by
CHG in 2005, and included Basin hydrologic definition, Basin water quality
characterization, estimation of the historical rate of movement and current position
of the seawater intrusion front, and an investigation of the sources of recharge to
the Lower Aquifer.#s The study included field investigation and data interpretation
through water sampling, aquifer testing, borehole geophysics, tritium and carbon
age-dating, source water mixing calculations and groundwater modeling. Findings
of the 2005 study showed no evidence of seawater intrusion into the Upper Aquifer
(Zone C), but significant intrusion in the Lower Aquifer, which had moved inland 50
to 60 feet per year for at least 28 years, and was threatening supply wells as far
inland as Palisades Avenue. The primary source of recharge to the Lower Aquifer in
the urban service area was confirmed to be leakage through the regional aquitard,
followed by subsurface inflow from the Los Osos Creek valley and seawater
intrusion.

In 2006, as a preliminary task to redevelopment of the Upper Aquifer by the
Purveyors after years of relying primarily on the Lower Aquifer for supply, CHG
collected water samples at five locations across the Basin for comprehensive

42 CHG, Hydrogeologic Investigation of Broderson Phase I and Hydrogeologc Investigation of Broderson Phase II,
Impact Analysis (2000).

43 CHG, Geologic Structure of the Los Osos Valley Ground Water Basin (2003).

44 Yates and Williams, Simulated Effects of a Proposed Sewer Project on Nitrate Concentrations in the Los Osos
Valley Groundwater Basin (2003).

45 CHG, Sea Water Intrusion Assessment and Lower Aquifer Source Investigation of the Los Osos Valley Ground
Water Basin, San Luis Obispo County, California (2005).
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5.6.5

drinking water quality characterization, including organic wastewater compounds.
This study found that nitrates were the primary constituent of concern, and were
the only constituent detected in excess of primary drinking water standards.
Wastewater influence was confirmed through detections of organic wastewater
compounds and emerging contaminants, one of which (N-Nitrosodimethylamine,
called NDMA, a byproduct of water treatment) was detected at levels above the
consumer notification level.

During the 2000s, Basin management was being pursued along with the technical
studies discussed above. LOCSD commissioned an Urban Water Management Plan
in 2000, a Water Master Plan in 2002, a draft Water Management Plan in 2005 and
the Los Osos Wastewater Management Plan Update in 2006. The 2006 report by
Ripley Pacific was the last wastewater project study completed before project
authority was transferred to the County. A series of eight technical memoranda
presented background and detailed conceptual project components for wastewater
collection, treatment, storage and recycling. Two panels from the National Water
Research Institute were convened to review and discuss the Ripley Pacific report in
2006 and 2008.

Under direction of the County, Michael Brandman Associates completed the EIR for
the County wastewater project in 2008. Appendix D updates and includes analyses
of Basin hydrogeology, water quality, surface water resources, the hydrologic
budget and impacts analyses.

Development of the Model

Groundwater models have been used in the Basin since the early 1970s. The
original MODFLOW model of the Basin was developed as part of a USGS study in the
mid-1980s and calibrated to the 1970-1977 and 1986 periods. It was updated
during the 1990s by URS and calibrated to the 1986-1996 period. Since 2000, the
model has primarily been maintained and operated by CHG.

The current Basin model (Model) was first developed in 2003. The following list of
references contains information on the conceptual basis for the Model, aquifer
parameters, calibration, applications, modifications, sensitivity analyses and peer
review recommendations:

= CHG, Geologic Structure of the Los Osos Valley Groundwater Basin (2003);

* Yates and Williams, Simulated Effects of a Proposed Sewer Project on Nitrate
Concentrations in the Los Osos Valley Groundwater Basin (2003);

*  CHG, Report Addendum and Response to Comments (2004);

* CHG, Sea Water Intrusion Assessment and Lower Aquifer Source Investigation
of the Los Osos Valley Groundwater Basin (2005);

= CHG, Basin Hydrologic Budget with Simulated Groundwater Elevation Contour
Maps (2008);
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= CHG, Flow Model Conversion and Urban Area Yield Update (2009);
»  CHG, Los Osos Creek Valley Yield Evaluation (2009);

= Hydrofocus, Review of Cleath-Harris Geologists’ July 2009 Memorandum “Flow
Model Conversion and Urban Area Yield Update” (2010); and

= Stetson, Peer Review of the Los Osos Groundwater Model (2010).

The Model utilizes USGS’s SEAWAT program, which was developed to simulate
three-dimensional, variable-density, transient groundwater flow in porous media.
SEAWAT combines MODFLOW (modular flow) and MT3D (mass transport) code,
and adds variable fluid density capability for seawater intrusion simulations.*6
Model construction and development was performed using Groundwater Vistas, a
commercial software package that couples an advanced model design system with
comprehensive graphical analysis tools. The Model has been developed and is
owned by the Parties.

A conceptual model is a compilation and interpretation of available information on
the physical system being modeled. It includes a characterization of basin structure,
boundary conditions, aquifer geometry and physical parameters, and components of
inflow and outflow. Basin structure and aquifer geometry for the Model was
developed through a network of geologic cross-sections, with deep well control
points used to contour elevations on the base of four layers. The Model layers
correspond to the Upper Aquifer (Layer 1) the regional aquitard (Layer 2), and two
divisions of the Lower Aquifer (Layers 3 and 4). The physical parameters for Basin
sediments (hydraulic conductivity, porosity, specific yield and storativity) are based
on field tests or adjusted through calibration within a plausible range of values.

The basic components of inflow to the Model include percolation of precipitation,
leakage from the perched aquifer (through a recharge pre-processor), stream
seepage, septic return flows, irrigation return flows and subsurface inflow
(including seawater intrusion). The Model simulates seawater intrusion and mixing
with fresh groundwater by tracking total dissolved solids (TDS) concentrations
within the Basin. Components of outflow from the Model include
evapotranspiration (through the recharge pre-processor), well production, creek
outflow and subsurface outflow. Wastewater collection and distribution after
treatment are incorporated into wastewater project scenarios.

The Model has been used to evaluate seawater intrusion and sustainable yield.
Hydrologic budget information derived from the Model, along with TDS
isoconcentration maps, have been used to compare the effects of existing and
alternative groundwater pumping and wastewater disposal scenarios on seawater
intrusion and sustainable yield. Control of seawater intrusion is a prerequisite for

46 Gou and Langevin, User’s Guide to SEAWAT: A Computer Program for Simulation of Three-Dimensional
Variable-Density Ground-Water Flow, USGS Techniques of Water-Resources Investigations 6-A7 (2002).

78

JANUARY 2015



CHAPTER 5: DESCRIPTION OF THE BASIN

5.6.6

any long-term Basin management that provides a sustainable groundwater
resource.

The methodology developed for determining Basin sustainable yield and evaluating
seawater intrusion mitigation measures in support of Basin management involves
the application of the Model. The process of preparing, running and using the
results of a Model scenario is outlined as follows:

= Input parameters for individual Model scenarios include adjusting well
production, septic/wastewater return flow, and perched aquifer leakage.
Percolation of precipitation and sea level are also adjusted when defining
climate change scenarios. Starting heads and initial salt concentrations are
imported from the current condition scenario.

= Model scenarios are run to steady-state using the SEAWAT program. To
achieve steady-state (Basin equilibrium), the ending heads and final
concentrations of each Model run are imported into the Model as initial
heads and starting concentrations for the next Model run until there is no
significant difference between Model inflow and outflow (mass balance
error approaching zero), and there is no further movement of the seawater
intrusion front within the Basin.

* A scenario is considered sustainable if none of the active wells in the Basin
are producing water with chloride concentrations in excess of 250
milligrams per liter (mg/1), which is the recommended limit for drinking
water (one-half of the Maximum Contaminant Level (MCL) upper limit).

= Information extracted from the Model for comparison with other scenarios
includes the quantity of seawater intrusion, Los Osos Creek recharge, and
subsurface outflow. Other components of flow have also been extracted to
create Basin hydrologic budgets.

The flow portion of the Model was originally constructed and calibrated for steady-
state operation; there are no seasonal fluctuations or cycles of drought and wet
periods. The main aquifers are represented by three model layers, which precludes
modeling seawater intrusion through individual sand and gravel zones (preferential
pathways). In addition, there will be significant changes to the groundwater system
under wastewater project conditions, compared to the historical conditions under
which the Model was calibrated.

While there are limitations and associated uncertainty in all models, the current
Model provides a reasonable estimate for long-term yield and useable results for
developing the Basin Plan, provided there are ongoing monitoring and analysis.

Peer Review
In 2010, Stetson was retained to conduct a peer review of the Model and related

technical studies to determine the validity of the Model and its assumptions.
Stetson was tasked with providing an opinion on the sustainable yield estimates
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5.6.7

using the Model for the Upper Aquifer and the Lower Aquifer in the Eastern Area.
Stetson reviewed key reports produced by CHG and other consultants regarding the
Basin and the County’s LOWWP as part of the peer review process. Stetson also
discussed the development and assumptions of the Model with CHG.

Stetson concluded that the SEAWAT-based Model, and its results regarding
seawater intrusion and sustainable yield, provides usable results on which to base
near-term changes in pumping distribution to mitigate seawater intrusion. Stetson
further concluded that SEAWAT is an appropriate model code for the Basin for
evaluation of the average groundwater Basin budget (including the Basin and
subarea yields), the extent of seawater intrusion, and for use in evaluating the
relative effects of development and changes in Basin management.

Stetson also concluded that the Model scenario regarding redistribution of pumping
in the Basin with an increase in pumping in the Eastern Area is reasonable and could
be initiated without further modeling or analysis, provided the change is gradual,
with continued water level and water quality monitoring and analysis. The Model
could be updated as the effects of that strategy become more fully understood.
Stetson recommended phased redistribution of pumping with contingency plans in
place to make adjustments as needed and as ongoing monitoring data indicate.

Stetson also noted that the structure of the Model was sound and able to effectively
simulate hydrologic processes in the Basin, particularly as regards to the different
characteristics and extent of seawater intrusion in each of the main water-bearing
units (Zones C, D and E). The Eastern Area has a slightly different structure which
the Model also suitably represents. Stetson also determined that the Model grid is
reasonable for the Basin given the scale, density of data and resolution required of
Model results.

Stetson made several recommendations for improvements to the Model:
= (Creation of additional model documentation, including definition of the
Model’s limitations and uncertainty in the results and technical basis for

input data;

= Model refinement and additional scenarios, including evaluation of climactic
variability other than sea level rise; and

= Development of a monthly transient flow model.
The Parties will consider making those improvements to the Model as
implementation of actions under this Basin Plan are underway, particularly if grant
funding becomes available from the federal or state governments.
Technical Evaluations for the Basin Plan
The Model has been used extensively to assist with development of this Basin Plan.

Specific improvements to the Model have been made during the process, such as a
stream seepage study performed on Los Osos Creek, which validated the range of
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stream seepage being simulated by the Model. Water quality monitoring for
seawater intrusion was also conducted between November 2009 and January 2010.
The most recent technical evaluation of the Basin was the characterization of
seawater intrusion at the LOCSD Palisades well which identified Lower Aquifer
Zone E as the source of locally elevated chlorides.” This is consistent with Model
performance.

The Model scenarios used to develop the Basin Plan cover a wide range of
objectives. These have included:

= Evaluate current conditions (2013);

= Evaluate current well facilities yield;

= Evaluate several combinations of possible future well facilities yield;
= Evaluate effects of wastewater collection and recycling on yield;

= Evaluate effects of agricultural reuse on yield;

= Evaluate nitrate blending and nitrate removal facilities; and

= Evaluate salt loading from wastewater recycling.

Pertinent results of these scenarios are discussed in or have been incorporated into
the Basin Plan. These efforts have identified scenarios that meet the resource
development goals established in this plan.

5.7 Regulation of the Basin
5.7.1 Regulation of Wastewater Treatment by the RWQCB

Beginning as early as 1971, the RWQCB and other health agencies became
concerned with the safety of the Los Osos community sanitary system. Concern
arose from the high level of variance in depth to groundwater, which in certain
areas is shallow enough to flood leach fields during wet weather. Additionally,
many smaller lots do not contain sufficient land area to accommodate leach fields.
As a result, these areas depend solely on deeper seepage pits which may discharge
directly into groundwater. To compound matters, the Los Osos community draws
its potable water supply from the same groundwater. The RWQCB responded in
June 1971, by adopting an interim basin plan that contained a provision prohibiting
septic system discharges in the area after 1974.

In 1983, the RWQCB determined that nitrates in excess of state standards had
impacted First Water and the Upper Aquifer, with a substantial effect from the use
of septic systems throughout the community. The RWQCB issued Resolution No. 83-
13 and made the following findings:

=  Previous studies indicated that the quality of water derived from the shallow
aquifer underlying the community was deteriorating, particularly as it
related to increasing concentrations of nitrates in excess of state standards;

47 CHG, Technical Memorandum, Palisades Well chloride source testing and mitigation plan (January 16, 2013).
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5.7.2

= The current method of wastewater disposal by individual septic tank
systems located in areas of high groundwater was a major contributing
factor to this degradation of water quality; and

= Continuation of this method of waste disposal could result in health hazards
to the community and the continued degradation of groundwater quality in
violation of the Porter-Cologne Act.

Based on those findings, the RWQCB resolution established discharge prohibitions
for a portion of Los Osos that became known as the “Prohibition Zone.” The action
set a deadline of November 1, 1988, beyond which most new septic system
discharges from new construction or remodels were prohibited. These regulatory
actions created a de facto moratorium, effectively halting new construction or major
expansions of existing development until a community wastewater collection and
treatment was constructed.

Due to the predominately residential and agricultural character of overlying land
uses, the Basin has not been significantly affected by industrial or hazardous
wastes.#8 During the late 1990s and early 2000s, First Water was impacted by
MTBE from a gasoline service station, but that impact was largely contained and
mitigated following an enforcement action by the RWQCB.

The County Resource Management System

The County Board of Supervisors created the Resource Management System (RMS)
in 1990 with the purpose of establishing a process whereby development could be
sustained through planned resource management. The RMS focuses on collecting
data, identifying issues and recommending solutions with respect to a number of
resources, including water and sewage disposal. As part of the RMS, the County
Planning and Building Department produces Annual Resource Summary Reports
(ARSRs) and, under certain circumstances, Resource Capacity Studies (RCSs).
ARSRs contain updated resource data, data evaluation and level of severity (LOS)
recommendations. RCSs include a determination of the capacity of the resource
being studied, an identification of alternate measures for avoiding a predicted
resource deficiency and an estimated timetable for funding and completion of public
works projects to correct the resource deficiency.

The RMS classifies resource deficiencies using three alert levels known as levels of
severity (LOS). The criteria for each LOS in the context of water supply are as
follows:

=  LOS I is reached when water demand projected over nine years equals or
exceeds the estimated dependable supply.

48 ]d. at 2-3.

82

JANUARY 2015

















































































































































































































































































































































































































































































































































































































































































































































































	President
	Vice President
	Matthew D. Fourcroy
	Directors
	General Manager
	District Accountant
	Robert Stilts, CPA
	Unit Chief
	Battalion Chief
	www.losososcsd.org

