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1. INTRODUCTION

The Carmel River watershed is a wmgand remarkably beautifldndscapehat has supported diverse
peoples, plants and wildlife It is home to many species of land mammals, reptiles, birds and fish. Nearly
half the bird species of North America haveen spotted in this regioihe watershedalso provides
sanctuary to several federally protected species, nothblySouthCentral California coastteelhead
(SCCCS)and California redegged frogfCRLF).

During the |l ast two centuries, tdamedabdcadgnicgltiwad d6s r i
community,a thriving urban center, arsippored lumber, mining and recreational fisies Today, the
watershed has a resident population of approximately 15,000 peaysty clustered along the mainstem
of the Carmel Riveand its tributaries, and in the southern portidrnthe city of Carmeby-the-Sea
(Water Management Group 2007

Past and present human activities in the watershed have had significant cumulative impacts on water
guality, water quantity, habitats and sgcies, resulting in a need for comprehensive watershed
management. Among the activities that have affected the watershed are develaptinerftoodplain,

water extraction, roads, agriculture, recreation, mining, water impoundments and the creatige of lar
scale reservoirs and danf®ederal, state, and county agencies, as well as others, includikptiterey
Peninsula Water Management Distri@ddPWMD), Big Sur Land Trust(BSLT), and Carmel River
Watershed Conservan¢€RWC), have dedicated countless moto theprotecton and restoration of the
watershed

The CRTF was established in 2005 as an advisory committee to guide the implementation of the original
Watershed Assessment and Action Plan of the Carmel River Watershed TA@O4CRTF is a
collaboration of participants and stakeholders representing the community and local, state and federal
agencies (Table-1). TheCRTF met throughout the development of both plans to advise and inform the
process, contribute and review infortioa, and assist in evaluating the accuracy of existing conditions.

This revision and update of tiWatershed Assessment and Action Plan of the Carmel River Watershed
2004is supported by a Watershed Coordination Grant from the California DepartmentsdrCation
Integrated Watershed Restoration Program funding from the State Coastal Conseamdndy
contributions of time from members of the Carmel River Task Force (CRTF). The purpose of the revision
is to develop a comprehensive and technically soustérshed management plaased on technical and

local input to identify limiting factors in the watershed and prioritize restoration activities to restore
watershed function within current and foreseeable land use, water supply, and other constitants in
watershedThe update is a collation and reorganization of existing information into a more accessible
format for proponents of watershed management, restoration planningpateCentral California coast
steelhead§CCCS recovery in the Carmel Rivevatershed.

This updated watershed management plan builds upon existing research, management, and restoration
work in the watershed. The recommendations present multiple ways to address limiting factors and
conserve and improve physical processes antbgcal conditions in the watershed. The information
presented describes how environmental events and human activities affect ecological processes in the
watershed, identifies critical issues, and includes Action Plan component that provides
recommend@ons that address the critical issues identified in the watershed plan

The foundation of this plan is based primarily on three documents: Physical and Hydrologic Assessment
of the Carmel River Watershed (Sméhal.2004),Environmental and Biologicalssessment of Portions
of the Carmel River Watershedénterey Peninsula Water Management Disanct Carmel River
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Watershed Conservancy 2004nd the Watershed Assessment @&uation Plan Monterey Peninsula

Water Management Districind Carmel River Watshed Conservancy 20P4Additional sources of
information arelisted in Table 12. Becausemany organizations and agencies continue to gather
environmental data on the Carmel River Watershed, the information presented here should be considered
a baselinen understanding and assessing the watershed.

The Carmel River, once designated as one of America's top ten most endangered rivers, is now on the
road to recovery with over 50 projects underway in its watershed. The Carmel River Task Force,
comprised ofall the governmental and ngovernmental agencies with authority over or an interest in

the Carmel River watershed, developed the Action Plan that is appended to this document. Subsequently
that Task Force prioritized the Action Items can agreed orotleeving highest priority actions:

Increase offstream water storage for higherdtream flows.
Remove fish passage barriers in Carmel River and its tributaries.
Add large or small woody debris to the river channel.

Support the Lower Carmel River Floodpi Restoration Project.
Augment gravel in river channel.

Restore riparian vegetation.

Remove nomative vegetation in watershed.

Create and fund a volunteer coordinator role.

Evaluate the future of the Los Padres Dam

CoNor®WNE

1.1 Purpose of and need for a watershed management plan

The Carmel Riverwatershed(Figures 1-1A & 1-1B) has complex patterns of land use, physical
conditions, and natural resources that provide countless benefits to wildlife and people living within the
watashed as well as to its neighbors in the greater Monterey Peninsula region. The Carmel River is 36
miles long, and drains 255 square miles of National Forest, range, farm, and urbarfWarteis
Management Group007. It flows northwest from its headwatein the conjoined uplands of the Santa
Lucia Mountains and the Sierra de Salinas, and enters Carmel Bay near the town obgdhexSlea
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Despite its Ilimited size, the watershedbs signifi

sixtypercentof all the potable water used in the Monterey Peninsula region is extracted from the Carmel
River watershed by private wells and water pamies(Water Management Grolg007). In fact, water

from the Carmel River has been exported to the Monterey Peninsula since 1883 when the first dam on the
Carmel River was builtAs the demand for water increased, two more dams were subsequentlyHauilt. T
San Clemente Dam was constructed in 1921, with a capacity of 1,300 acre feet. Las Padres Dam, with
3,200 acre feet of storage capacity, was completed in 1949. As of 2013, the San Clemente Dam is
functionally noroperationaland is in the process of Ingi removedUpstream,te Los Padr es
future is also uncertain as itapacity has diminisheffom siltation. Qurrently, Los Padres Dam is
operated solely for habitat management

The impact of San Clemente and Los Padres deambined withgroundwagr withdrawals along the

lower Carmel River, changes in land use, modifications to the river, and other factors, have negatively
impacted the ecological and physical character of the river and the aquatic, avian, amphibian and
terrestrial wildlife that isupportsA combination ohatural and mamade events that included increased
groundwater extraction, extreme drought and flood events in the 1970s, 1980s and 1990s impacted
property threatened species and degraded riparian haiitae watershed Desite these impacts, the
Carmel River continues to show many signs of recovery and stabiliZfionterey Peninsula Water
Management District 2004

The watershed is home to many rare and endemic species, includifepgexallythreatened speciethe
Sauth-Central California GaststeelheadFCCCS, Oncorhynchus mykisandthe California redegged
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frog (CRLF), Aurora draytonii. The Carmel Riverwatershed is considerédc r i t i c al habitatod
Steelhead @ncorhynchus mykiss irideusound in the Carmel River watershed belong to the South
Central California coast Distinct Population Segment (SCCCS DPS), which includes most streams in
Monterey, San Benito, Santa Clara, Santa Cruz, and San Luis @bispties National Marine Fisherg
Service 2018 The Carmel Rivehas historically supported one of the largest populations of steelhead
populations in the region. Perennial flow in most years, suitable instream habitat conditions (riparian
cover and spawning substrate), and few phydiaaiers contribute to the success of this species in the
watershedNational Marine Fisheries Service 2Q18Vhile the population igelatively strong compared

to other streams, the numbers of adult fish returning to the Carmel River watershed hisnesl dscl

about 50%75% since the mid970s (Monterey Peninsula Water Management District 200%is

decline isbelievedto be related to several historical factors, but paramount was the effect of dam
construction, reservoir operations, -@fitwatershedexports, and extensive well pumping from the
alluvial portions of Carmel Valley

Federal involvement in water resource management within the watershed incretisedatenineties

after the listing of both CRTF &CCCSas threatened under protection of the Federal Endangered
Species Act\\Vater Management Groid07). In response to concerns about water quantity and existing
water quality and habitat conditions for steelhead and other species of concern in the wdésisrad
state and local advocacy groudentified limiting factors for these specieandbegan implementing
coordinated efforts fothabitat restoration projects and reseanchthe watershedNational Marine
Fisheries Service 2013

1.2 Goals & objectives

Development of a comprehensive watershed managemengapthaction plawill assistmanagement
efforts and support the following goals and ohjext. Thefollowing goals and objectives were identified
by stakeholders &armel River Tas Forcemeetirgsduring a thregrear period between 2011 and 2014:
i Identify and incorporate updated physical and biogical information about the watershed from
reports and studies.
Identify and update critical issues.
Identify and prioritize actions to address limitifactors for steelhead, California rbged
frogs, and other species of concern.
Recommend actions that will improve aquatic and wildlife habitat.
Provide opportunities to educate the community on watershed conditions and ecological
processes.
Build local support for and participation in watershed conservation and restoration.
Provide a document that will support and assist community groups, nongovernmental
organizations, and agencies when seeking funds for projects, such as the Department of Fish and
wild | i ([CEBFWS Fisheries Restoration Grant Program (FRGP).
Increase summer and fall instream flows
Continue restoration efforts thefloodplain, lagoon, and ripariaroidors.
Reduce Fine Sediment Delivery to the Carmel River and tributaries
Conserveand Protect Open Spaces and Existing Land.Uses
Remove Barriers to Fish Passage
Fill key data g@ps

T
T

= =

=A =

= = =8 =8 -8 =9

1.3 Watershed management planing history

In 2001, the Carmel River Watershed Conservaf@RWC) received a $198,200 grdnbm the State
Water Resources Control Bogi8WRCB)to carry out a watershed assessment of the Carmel River.
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resulting document is thé/atershed Assessment and Action Plan of the Carmel River Watershed 2004.
Developmat of theassessmerdand action plamwas a collaborative effort of public agencies, 1poafit

groups, and commercial entities that operated and lived in the Carmel River watershed. The role of
stakeholders in formulating the waterstestessmemas central to the successitsf development and
implementation. Stakeholders met periodically to contribute historic ament information, disseminate
information and updates to watershed desis and stakeholders, assistreviewing the aaaracy of
information, and provideomments. The Carmel River Task For@RTF) and others were actively
involved in the review, and provided input to the watersissgssment

The outcome of this effomesulted inthe completion othree docuements 2004 The Physical and
Hydrologic Assessment of the Carmel River Watershieed Environmental and Biological Assessment of
Portions of the Carmel River Watershead the Watershed Assessment akction Plan. In 2007, the
Planning and Conservation League Foundation created the Supplemental Action Plan that focused on the
removal of San Clemente DarBecause infromation was contained four separate documentie
watershednanagement and action pldial not readike othertraditional watershed assessmefts this

reason the Carmel River Task Fordeok the initiative to update and consoliddtee most relavent
informationabout the watersheahdre-model the structuref themanagemerand action plans

1.3.1 Stakeholder involvement in the watershed management plan

Although stakeholders have been actively involved in watershed activities for decades, interest and
restoration activity did not increase until thea t e  Whe8thetnambers of returning steeldeadults

hit a low, and the run was declared to be nearly extinct by the California Department of Fish and Wildlife
(CDFW) (McEwan and Jackson 199&hortly thereafterthe State of California declareé®iCCCSand

CRTF asthreatened species. After theiligf of steelhead as a threatened species, private citizen groups
and public agencies came together and identified the need for watershed assessments and planning to
provide comprehensive solutions and guidance for voluntary actions in the watershed.cdRagency
representatives responsible for recovering steelhead trout populations began to acknowledge the need to
consolidate and unify these various efforts and provide a strategic and scienifécadly plan for
improving steelhead habitat the Carnel River watershed

In January 1999, Congressman Sam Farr, Bffigtrict, called a meeting in response to federal agency
concerns about enforcing terms of the Endangered SpeciesCActn gr e s s man Farr 6s goa
together federal, state and &bcinterests to develop a meaningful, enforceable policy based on a
community response. Monterey County Fiffiistrict County Supervisor David Potter was charged to

help form a watershed council for the Carmel Ri@RWC 2004).Supervisor Potter then féitated a

series of public meetings where residents of the watershed participated in identifying stakeholders and
prioritizing issues. The most important issues identified by the public outreach process included water
quality and quantity, riparian habitébr native species, erosion, sediment transport, infiltration and
runoff, communication, flooding/drainage, education, cultural resources, and quality of life. An advisory
committee of twelve individuals was formed in December 1999, each representingtbeeollowing

interest groups: 1) hospitality, 2) ranching 3) agriculture, 4) resource management, 5) environment, 6)
recreation, 7) homeowners, 8) educational and cultural resources, 9) business,10) Cachagua residents and
businesses (includes Natiorfadrest Lands, a dam & reservoir, residences), 11) ranches and vineyards,
and 12) water suppliers

The SWRCB gran{2001) provided funding for the CRWC and the Planning and Conservation League
Foundation (PCLF) tdacilitate the coordination aftakeholdemeetings to solicit input on watershed

goals and objectives. Stakeholders appointed a Technical Advisoryni@tes (TAC) comprised of
representatives from #t@holdersjncludingthe Water Management Groupalifornia State University at
Monterey Bay (CSUMB), CRWC, Monterey Bay National Marine Sanctuary (MBNMS), City of Seaside,
Carmel River Steelhead Association (CRSA), the Planning and PCLF, and Pebble Beach Company. The
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TAC refined a set of goals and oljees that the stakeholder group considered prior to adoption of the
2004 assessment and actiotarp The following goals and objectivesvere included in the2004
assessment

1. Identify critical areas of the river and surrounding watershed areas needongti@s work.

2. Conduct assessment of physical characteristics of the river channel, including flow regimes and
sedimentation studies.

3. Conduct assessment of riparian functioning and conditions, of the Carmel River & the main
tributaries using Properly Fumehing Conditions (PFC) a process developed under collaboration
with Bureau of Land Management (BLM), U.S. Forest Service & Natural Resources
Conservation Service

4. Conduct biological assessment of fish and amphibian populations.

5. Conduct assessment of watgrality conditions in river and lagoon using existing data

6. Conduct benthic macroinvertebrate analysis of Carmel River. Collect benthic macroinvertebrate
samples from three sites along thainstemand selected tributaries

7. Produce GIS database and mapi.data layers will be supplied on GROM in electronic GIS
format. Maps in Poster form covering A) location of Carmel River; B) towns, roads & rivers; C)
Land Use; D) Geology, E) Soils; F) Points of Interest.

8. Conduct series of four workshops to educaskeholders, resource managers and community
members on the assessment process, development of the assessment and participation in the
Action Planning process.

9. Prepare a Watershed Action Plan as a cooperative effort among Council Stakeholders, agency
representatives and the general public

The ougrowth of this process includede development of thé/atershed Assessment and Action Plan of
the Carmel River Watershed 20@hd theSupplemental Watershed and Action PROO7, and the
formation of atechncal advisory committeeA technical advisory committee (Carmel River Task Force)
was formed in 2006 to support the completion of the Carmel River Watershed Action Plan. The group
meets quarterly to support the implementation of watershed improvementtriojeCarmel Valley,
including supporting the development of the watershed management and action plan

The 2004 assessment and action plan incladssessments conducted by the CRWC, MPWMDthad

PCLF. The report assesses the functionality and dtabflithe Carmel River and tributary creeks, and

the quality of steelhead spawning habitats that lie within the creeks. Water quality monitoring and
aquatic invertebrates assessments were conducted and analyzed to assess habitat, water quality, food for
steelhead (invertebrates), and the presence of steelhead. The 2004 assessment concluded that many of the
creeks in the Carmel River Watershed are not functioning properly. The majority of the creeks assessed
lack adequate vegetation and large woody d€biM¢D) to properly dissipate high water flow energies,

filter sediment, reduce erosion, and develop root masses to stabilize stream banks. The assessment
identifies concerns in the swbatersheds that have impacted biodiversity wedstability of creek énks.

Table 1-1. List of participants and stakeholders.

Name Organization

Kera Abraham Monterey County Weekly

Gabriela Alberola California State University, Monterey Bay

Joyce Ambrosius National Oceanic and Atmospheric Administration Fisheri
Shawn Atkins Monterey County Public Works

Steve Bachman California State Parks

Jennifer Bodensteiner Monterey County Water Resources Agency
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Barbara Buikema

Carmel Area Wastewater District

Trish Chapman

California Coastal Conservancy

Debie ChirceMacdonald

Coastal Watershed Council

Thomas Christensen

Monterey Peninsula Water Management District

John Dalessio

Carmel River Advisory Committee

Joanna Devers

Big Sur Land Trust

Martha Diehl Monterey County Planning Commission

Sam Davidson Trout Unlimited- Sportsmen's Conservation Project
Regina Doyle Monterey Peninsula Water Management District
Denise Duffy Denise Duffy & Associates, Inc.

Ken Ekeland Monterey County Water Resourcégency

Jack Ellwanger

Pelican Network

Lisa Emanuelson

Monterey Bay National Marine Sanctuary

Frank Emerson

Carmel River Advisory Committee

Laura Engeman

California Coastal Commission

Linda Ferrasci

Carmel Valley resident

Chris Fischer

Santa Lucia&Conservancy

John Ford Montery County Resource Management Agency
Tim Frahm Trout Unlimited- Sportsmen's Conservation Project
David Frisbey Monterey Bay Regional Air Pollution Control District
Mike Fuzie California State Parks

Tom Gandesbery

CaliforniaCoastal Conservancy

Elizabeth Geisler

Monterey Peninsula Regional Parks District

Seth Gentzler

URS Corp

Paula Gill US Army Corps of Engineer
Paul Greenway Monterey County Public Works Department
Norm Groot Monterey County farm Bureau

Larry Hampson

Monterey Peninsula Water Management District

Sarah Hardgrave

Big Sur Land Trust

Erin Harwayne

Denise Duffy & Associates, Inc.

Josh Harwayne

Denise Duffy & Associates, Inc.

Chris Hauser

Santa Lucia Conservancy

Carl Holm

Monterey County Resourddanagement Agency

Bridget Hoover

Monterey Bay National Marine Sanctuary

Thomas House

Carmel River Advisory Committee

Monica Hunter

Planning and Conservation League Foundation

Alison Imamura

Denise Duffy & Associates, Inc.

Marjorie Ingram

Carmel RiverAdvisory Committee

Tim Jensen

Monterey Peninsula Regional Parks District

Mark Johnsson

California Coastal Commission

Robert Johnson

Monterey County Water Resources Agency
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Dana Jones California State Parks
Pat KroneDavis California State University, Ehnterey Bay
Jeff Kwasny US Forest Service

Robert LaFleur

Natural Resource Conservation Service

Kathleen Lee

District 5 Board of Supervisors

Brian LeNeve

Carmel River Steelhead Association

Lorin Letendre

Carmel River Watershed Conservancy

Larry Levine

CSA-50

Marc LosHuertos

California State University, Monterey Bay

Dirk Madema

Monterey County Planning Dept

Jacob Martin

US Fish and Wildlife Service

Rachel Martinez

Monterey Peninsula Water Management District

Raul Martinez

Monterey County Dept dPublic Works

Mibs McCarthy

Carmel Valley Association

Donna Meyers

Big Sur Land Trust

Matthew Michie

California Department of Fish and Wildlife

Nina Miller

California American Water Company

Chad Mitcham

US Fish and Wildlife Service

Jayne Mohammadi

Congressman Farr's Office

Lance Monosoff

Carmel River Advisory Committee

Tom Moss

Monterey County Resource Management Agency

Edward Muniz

Monterey County Planning Dept

Jackie Nelson

Monterey Peninsula Regional Parks District

Nikki Nedeff

Biological consultant

Mike Novo

Monterey County Planning Dept

Seth Parker

Monterey FireSafe Council

Jacqueline Ociano

RMA - Planning Department

Margaret Paul

California Department of Fish and Game

Jacqueline Pearsdvieyers

National Oceanic and AtmospheAdministration Fisheries

Greg Pepping

Coastal Watershed Council

Peter Perrine

California Wildlife Conservation Board

Frank Pierce

Frank Pierce & Associates

Carol Reeb Stanford University

Dawn Reis Biological consultant

Margaret Robbins Carmel RiverAdvisory Committee

Paul Robins Resource Conservation District of Monterey County
Tanja Roos MEarth, Carmel Middle School

Richard Rosenthal Save Our Peninsula

Laura Ryley California Department of Fish and Wildlife

Enrique Saavedra

Monterey CountyPublic Works Department

Clive Sanders

Carmel River Watershed Conservancy
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Rachel Saunders

Big Sur Land Trust

Rami Shihadeh

Resource Conservation District of Monterey County

Nancy Siepel California Department of Transportation
Doug Smith CaliforniaState University, Monterey Bay
Mike Stake Ventana Wildlife Society

Catherine Stedman

California American Water Company

Richard Svindland

California American Water Company

Kevan Urquhart

Monterey Peninsula Water Management District

Vincent Voegeli

Hasings Preserve

Fred Watson

California State University, Monterey Bay

Mike Watson California Coastal Commission
Michael Waxer Carmel River Watershed Council
Noelle White Assemblyman Bill Monning's Office

Kristina Barry

US Forest Service

1.3.2 Related studies and management actions in the watershed

As referenced earlier, th€armel River Watershed Assessment and Action Plan of a8@4the

Supplemental Watshed Action Plan of 200aretwo sources utilized for the development of this plan.

The synthesis of existing watershed conditionthis watershed plan update utilizadditional data from
watershed management and restoration studies compiled and collecesgdrghers arstakelolders in
the Carmel River watershédable1-2). The 2004 and 2007 documents are described briefly befdiw.

are available as complete documerdas the Carmel
http://carmelriverwatershed.org/work/actiplans/

River Watershed Conservancy website:

Fisheries and aquatic habitaformation was taken frorthe Environmental and Biological Assessment

of Portions of the Carmel River Watershed (2004nYear Summary of the Monterey Peninsula Water
ManagementDistrictd s Bi oassessment P rRivay, rMomtereyo ReninsutaeWat€@ a r me |
ManagemenD i s t Mitigattord Brogram Report20062 0 1 3 ; a n doutltCeAtraldCalifornia
coastSteelhead Recovery Plaidditional mateials used in the completion of this section asferenced

in the following tabé and ircluded in the reference section.

Table 1-2. Related Studiedonterey Peninsula Water Management District 2004

SOURCE DATE
Environmental and Biological Assessment of Portions of the Carmel

Watershed Monterey County, California. Prepared by Monterey Peninsula \ 12/8/2004
Managemenbistrict, under Contract with Carmel River Watershed Conservang

Physical and Hydrologic Assessment of the Carmel River Watershed, Cali 11/1/2004
The Watershed Institut€alifornia State University Monterey Bay

Assessment and Action Plan of the Carmel River Watershed, California 2004 3/31/2005
Supplemental Carmel River Watershed Action Plan, 2007. PWA Associates 6/30/2007
Monterey Peninsula, Carmel Bay, aSduth Monterey Bay Integrated Regio 11/19/2007
Water Management Plan. The Water Management Group
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Supplemental Carmel River Watershed Action Pldre Planning and Conservati 3/1/2007
League Foundation In Partnership with The Carmel River Watershed Consery
TenYear Summary of the Monterey Peninsula Water Managerbents t

. . 11/1/2010
Bioassessment Program on the Carmel River
Santa Rosa Creek Watershed Management Plan, Central Coast

2/1/2012

Enhancement
SouthCentral California coasteelhead Recovery Plan. NOAA 12/1/2013
Mitigation Annual Reports. 206R013. MPWMD 20002013

1.3.3 Projects in the watershed

A number of watershed management and restoration projects have been and are being conducted in the
Carmel River watershed. description and magf past, preserdand future projects aia Appendix land
Appendix 2.

1.4 Overview of the watershed

The Carmel River watershed contains a diverse assemblage and mosaic of plant and animal species. The
wide range of topography, rainfall patterns, soils, geologic processes, episodic wild fires and landslides,
and proximity to marine air in the region has created ideal conditions for endemism and localized
genotypic variations in plant and animal spe¢Matthevs 2006) The watershed encompasses portions

of the Monterey Bay National Marine Sanctuary, the IRzgires National Forest and thentana
Wilderness, and includes Carmel Bay, an Area of Special Biological Significance (ASBS).

The watershed is a highly dgmic system, experiencing large seasonal variability in flow levels and
variation in sediment transport from the upper watershed to the estuary and ocean. The system is
composed of terrestrial, riparian, freshwater aquatic, and coastal estuarine hbhitatgpport many
important wildlife species, including migratory and resident birddsktspecies such as Pacific lamprey,
western pond turtle, California tiger salander (CTS)SCCCSand CRLF. ThesCCCS CTSand CRLF

are currently listed as threatehat both the federal and state levels. The decline of these key species is
indicative of the overall decline in ecosystem viability and the fragmentation of the environment in the
lower 27 miles of the river that requires intensive management effors: ®Réfigure 1-2 for a map of

River Miles
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Recent surveys of ripariametland areas in the upper watershed, along tmdéreach upstream of Los

Padres Reservoir, show these areas are the least impacted by human influences and remain sustainable.
Between Los Padres Dam and the Carmel Valley §#&ljaa distance of approximately 15 miles, flow
releases from the dams are required in summer to maintain aquatic habitat. Despite this, riparian areas are
in reasonably good condition, although channel degradation (incision into sediment depositsnis evide
immediately downstream of both dams. The lower 10 miles of the (fRMr1-10), where the impacts

from water extraction are concentrated, requires irrigation and maintenance of streamside vegetation,
reconstruction of streambanks after high winter 8pvannual CRLF and&CCCSrescues, habitat
enhancement activities, and extensive monitoring. Additionally, regulatory water extraction from the
watersheds in effect under orders from the California State Water Resources Board (Order-Nb. 95

and subsequnt related orders). A program to mitigate for the effects of water extraction omathstem

is carried out locally by MPWMD under its Mitigation Progré@PWMD 20062013.

Previous sudies (CRWC 2004, Smitbt al.2004; Monterey Peninsula Watdfanagement District 2004

have evaluated the functional condition of portions of the Carmel River Watershed. These studies suggest
that the majority of reaches upstreamRM} 10 (upstream of the Carmel Valley Village) are capable of
providing high quality productive habitat for many terrestrial and aquatic species, incl&@LCSand

CRLF. However, from the Village area downstream to the Carmel River Estuary, the aquatic habitat is
consi der ed -rilif siModterely Pemiasula \dater Management ist2004. The reduced
physical and ecological functioning of the lower Carmel River and estuary are the result of the cumulative
effects of several factors, including:
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1 Groundwater pumping from the riparian aquifer @g-Am and private wells and associdte
Carmel River water diversions

1 San Clemente Dam (RM 18.6) and Los Padres Dam (RM 27) influence downstream river

conditions and affect the connectivity of habitats

Seasonal breeching of the Carmel River Estuary sand bar

Erosion and polluted runoff froeveloped landscapes

Constraints on the natural river processes by levees, river control walls, bridges, roads, and other

human infrastructure that reduce the ability for river to geomaoafiicfunction (2007

Supplement).

1 Extensive urbanization exists twin the regulatory 10§ear floodplain and in the dafailure
inundation zone.

= =4 =9

In the lower mainstem of the river, the Carmel River State Beach, including its adjacent lagoon area and
wetlands, serves as an important refuge for sensitive aquatic spediésa dynamic interface between
marine and fresh water river systems. The floodplain area adjacent to the river supports some of the
highest densities of miatory songbirds in CalifornigDiGaudio2013. The Carmel River lagoon, which

forms aseasonally brackish lagoon environment above sea level at the mouth of the Carmel River, is
subject to frequent emergency actions in many winters in order to reduce the potential for flooding of
nearby lowlying structures. Essentially, tidal forces at theuth of the river frequently build the barrier
beach up across the mouth to a level that is higher than some of the surrounding homes and infrastructure.
When the lagoon rises from wave oweash or Carmel River inflow, the beach must be breached
mechantally in order to lower the water level. These actions result in a loss of aquatic habitat and
undesirable consequences to fish and wildlife, including impacts to the federally threatened steelhead
(SCCCS and California redegged frogs (CRLF). In additioto impacts from winter breaching, in
almost all years, Carmel River diversions in the dry season (June 1 to November 30) significantly reduce
the volume of flow to the lagoon and decrease the quality and quahtityuatic habitat at the lagoon
(MPWMD 2000-2013.

In general, the Carmel River environment is in better condition today than it was in 1990. This
improvement is evidenced by biological/hydrologic indicators such as consistent steelheapcadudir
counts of several hundred fish in recentrgeas compared to zero to five fish per yadren the
Mitigation Program began in 1991; improved densities of juvenile steelheguhimtities that reflect a
healthy seeded stream; consistently balanced bird diversity in MPWasibration project areas
conpared to control areas; fewer miles of dry river in summer andhiail in the past; and higher water
tables in the Carmel Valley alluvial aquifer at the end of eeatier year.

The comprehensive MPWMD Mitigation Program is an important factor respendgds this
improvement. Direct actions such as fish rescues and rearing, and riparian habitat resiteratign
enable species to survive and reproduce. Indirect action such as conservation pregtms,
augmentation, ordinances/regulations and cadpe development a€alAm operationstrategies result
in less environmental impact from human water needs than would otteenwise. TheMPWMDO s
comprehensive monitoring program provides a solid scientific daiseline, and enables better
understandig of the relationships between weather, hydroldgyman activities and the environment.
Better understanding of the MPWRS enables informedsionmaking that achieves thdPWMDO s
mission of benefiting the community and #m@vironment.

It is acknowledgd that there are other important factors responsible for this improved situ&oon.
example,betweenWater Yeas (WY) 1991 and 2012 the Carmel River has received normal or better
runoff in 16 out of 21 years. Actions by federal resource agencies thmelétndangered Speciést
(ESA) or the SWRCB under its Order WR-26 and followup orders have provided stromgentive for
CalAm and other local water producers to examine and amend water produetabices to the degree
feasible, and for the commity to reduce water use. Except for one y@al997, the community has
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complied with the production limits imposed @alAm by the SWRCB since Order 950 became
effective in July 1995.

Despite these improvements, challenges still remain due to hunhagnice on the river. Theteelhead
and redlegged frog remain listed as threatened species under the ESA. At least mdesraf the river

still dry up each year, harming habitat for fish and frogs. The presence widhexisting dams, flood
plain development and water diversions to meet community and lesal needs continue to alter the
natural dynamics of the river. Stream bank restoration projeais be significantly damaged in large
winter storm events, and some people continue to illeghligp refuse into the river or alter their
property without the proper permits. Thus, Miigation Program (or a comprehensive effort similar to
it) will be needed as long as significantantities of water are diverted from the Carmel River and people
live in close proximity to it.

2. SYNTHESIOF WATERSHED CONDITIONS

2.1 Historical watershed conditions

Prior to European settlement along the California coast, the Carmel River watershed was relatively
undisturbed, with minor impacts associated with the hunting, gathering, and land management practices
(burning of vegetation) of the local indigenous peoples. Conditions in the watershed were greatly altered

in the early 1800s when clearing of the landsupport of agricultural activities (cattle ranching, crop
cultivation, and logging) caused significant changes to rainfalbff relationships as trees, shrubs, and
deeprooted native perennial grasses were degraded by agriculture, development arahantbes in

l and use. Starting in the mid 18500s, a period o
region, resulting in the construction of the first dams. This sequence of events began the process of water
and habitat degradation thamntimues to affect the watershed today.

By the mid1900's suburban development, groundwater pumping and other natural events including fire
and drought, created conditions that resulted in extensive bank erosion, riparian habitat degradation,
incision inthe river channel, and a reduction of the rate at which groundwater infiltrates into the soil and
recharges the aquifer. These conditions directly impacted groundwater, and adversely impacted property
and wildlife habitat in the watershed. The originshi$ instability are complex, and have been traced to a
variety of causes in addition to those already mentioned that include the particular terrain and flow
regimen of the Carmel River, impoundment of water and sediment retention at San Clemente and Los
Padres Dams, fire suppression in the surrounding watershed, and periodic floods and droughts. In
summary, over a two hundred year period, the watershed has been disrupted by extensive damage to the
physical environment, adversely affecting private propéigi, and wildlife resources, visual quality and
recreational values.

These activities directly impacted steelhead and other aquatic and terrestrial species. To protect steelhead
in the Carmel River, in 1995, the State Water Resources Control Board (SMi#G&d an Order which

limited California American Water CompafgalAm) to 11,285 acrdeet of diversions from the Carmel

River Watershed As a result, direct diversions from surface storage in Carmel Valley are no longer used

to meet municipal supply. Instead, stored water is released from Los Padres Reservoir during dry periods
to meet instream flow requirements and partially offset renmiental damage from groundwater
extraction farther downstream. Thus, the region is mostly dependent on a system of wells in Carmel
Valley and in the Seaside Groundwat¥atershedo meet municipal demand for potable water. The
shallow Carmel River aquifehasbeenoverpumped by approximately 11,000 adeet per year since
1995(SWRCB1999.
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Stakeholders and government agencies are currently assessing the possibilities of a seawater desalination
plant in the region. The desalination plant would impraexger supply reliability in the service area,
particularly in dry years, by augmenting the Carmel River groundwater aquifer that is currently relied
upon and overdrawn.

2.1.1Cultural history

The Ohlone Tribe controlled the area stretching from San Franadeoint Sur and inland to the Coast
RangesBreschiniand Haversa04) . The Spanish referred to the Ohl
Peopled. Though estimates vary widely, the Ohlone
(Henson & Uger 1993 Levy 1978. The Ohlone tribe often resided in coastal areas with deep harbors.
Consequently, the Ohlone were some of the first tribes in Califormdei@ct with the Europeans. When

the Mission system was established, large numbebhlafinewere converted to Christianity and began to

work for the missionaries. The local Ohlone band in the Monterey Peninsula was knowiRamten

The Rumsen ranged from areas currently known as the cities of Monterey and Carmel, inland along the
Carmel Rivertoward the Carmel ValleYillage (Breschini and Haversaoo).

The tribes throughout this region commonly set fires in the landscape. It is theorized thairduned
fires encouraged the growth of oak trees and grasslaNdsive Americans frequemntlutilized fire to
manage thie landscapeindenvironmentKeeley 2002 Anderson 2005Syphardet al. 2007). Thdigh-
frequency, lowintensity fires likely resulted in little mortality of mature trees, low but continuous tree
recruitment (Mensing 1991and an open understory.

Native people burned the oak woodlands throughout California for many reasons. Often their fires were
purposeful and directed to manage particular species. Certainly lightning fires in the coastal oak
woodlands and those along tBé&rra Nevada were common, and could burn for hundreds of miles if
conditions were right. With the arrival of Europeans, fires were suppressed. After 200 years of fire
suppression, and with warmer summer temperatures and drier years, fires have begpoenée &nddrge

in Californiabés wildlands.

For a @ironobgical history of the watershed from 162300, please see AppendiXGRWOC).

2.2 Land use

The Carmel River watershed is located almost entirely within the unicorporated area of Monterey County,
whee | and use decisions and planning are governed
255square mile watershed is rural, with primary land use activities consisting of cattle ranching, limited
agriculture yviticulture, recreation (golf coues and park areas), andtional forest and open space.Urban
development is concentrated along the riparian corridor and floodplain of the GaverelTable 21

summarizes the physical and land useattarieistics of the watershed
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Table 2-1. Physical and Land Use Characteristif the Carmel River Watersh@dational Marine
Fisheries Service 20).3

PHYSICAL CHARACTERISTICS

Watershed Area(acres) Area(sqg.mi.) Stream Length | Ave. Ann. Rainfall
(miles) (inches)
Carmel River 162,286 254 248 19.8

LAND USE CHARACTERISTICS

Total Human Public Ownership Urban Area AgricultureBarren Open Space
Population

17,020 31% 4% 0.6% 95%

Human population density is moderate to high and concentrated in the lower and middle portions of the
Carmel Valley,including the tavns of Carmel and Carmel Valleyropulation density averages 70
persons per square mile. Although less than peucentof the watershed is classified as urban, well over

50 % of the watershed is privatebywned The lower Carmel Valley through which the mainstem flows,

is surrounded bypublic parks,extensive ranches and areafsrural land use. Less than% of the
watershed is under cultivatighational Marine Fisheries Servie@13.

Many key properties are in public ownership andilable for the local community to utilize these
resources for recreation and exploration. A number of adjacent private property owners have been
receptive to parkway planning and have expressed interest in collaborating toward a goal for public
benefit. An ambitious wetland and floodplain restoration project is in progress at the mouth of the
CarmelRiver. The restoration efforts are already showing benefits to wildlifécatiee health of the
wetlands.

Benefits that may result from public lands incluble protection and restoration of endangered habitats
and species, improved water quality of the Carmel River aquifer, alternative transportation routes,
improved flood management, and the implementation of outdoor environmental education
programsFigures 2-1and 22 illustrate land use functionsind floodplain functionsn the watershed
(Please note that these images are frafisan Plan that wasprepared foBig Sur Land Trust in 2005 as

an analysis of opportunities and constraiats] thathas not ben adopted by any agency and does not
have an binding effegtFigure 23 delineatedederal and noffiederal land ownership in the watershed.
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Figure 2-1. Landuse functions map in the lower carmel River, and surrounding @keseyand
Petersor2005.
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2.2.1Growth trends

The economic base in the watershed is made up of tourism, recreation and agriculture. According to a
2001 report prepared by the Association of Monterey Bay Area Governments (AMBAG), over the next
20 years, pogation and housing in Monterey County is projected to increase by more than 30%.
Monterey County is projected to see a slightly highencenage increase in population and housing than

in jobs. However, growth in both the unincorporated areas and citigbenconstrained by limited water
supplies and levels of service on local roads invthtershed and surrounding a®@dater Management
Group2014.

According to the Comprehensive Fiscal Analysis of the Proposed Incorporation of Carmel Valley (June 9,
2006), approximately 11,700 people reside in the valley portion of the Carmel River watershed.
According to the Monterey County General Plan Update completed in 2004, estimates for the Cachagua
area indicate that the population is slightly less than Z,@8idents. Development constraints may limit
future population growth in thigrea to about 4,000 residents (Watemdgement Group014. Figure 2

3A illustrates population density in the regioRopulation growth in this area over the n2g years is

difficult to estimate. However, population growth in this area may be similar to incorporated portions of
Monterey County (i.e. declining slightly), as development constraints are similar between the two areas.

Salinas / ‘ /\

Seaside

M onte ¢

Population Density C\Z{[?[’;;l

per square mile

0-100
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1,000-5,000 -
5,000-10,000 - Big Sur
10,000-20,000 - .
County Scale
20,000-34,168 - -+ o 5 & & o Camm-mﬁf?ﬁ?,ﬂ‘ii.‘:??i‘fﬁﬁ’éi%‘gﬂ‘ﬁ

Figure 2-3A. Population density per squarsile (Kasey and Peters@905.
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2.2.2Land Use Analysis Summary
Lack of water resources has limited lagrale growth throughout past decades. Roadway capacity is
currently strained by existing traffic patterns. Land use policy is contentious in the reghas heen
demonstrated by the delayed adoption of a new County General Plan. Local residents have successfully
fought proposals for new de, freeways, and developme(itasey and Peters@905)

The State of California has mandated the local wateryutitimpany to find alternative sources of water

in order to save the Carmel River from further decline. This coastal region is not immune to the growth
pressures facing the rest of the state. Sound land use strategies should be employed to keep new sources
of water fromspawning unsustainable grow{fkasey and Peters@005.

2.3 Climate

Ther e g i watedlsed climate is considered Mediterranean, exemplified by dry summers and wet
winters, with considerable variation in levels of precipitation and surfacdfrinom year to year.
Average annual precipitatigirigure 24) falls mainly as rain, and varies between 14 inches at the mouth
and 41 inches in the Santa Lucia MountalRegenber@007).
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Figljre 24, A\./erag']e rainfall contours in the watershed (Rosenberg, Z1aith 2003

About 70% to 80% of the surface runoff in the Carmel River watershed is generated from rainfall within
the Los Padres National Forest and Ventana WilderfWaser Management Grou®@7). The average

annual runoff on the Carmel River at the USG8ggaNear Carmel (3.5BM upstream of the Pacific

Ocean) was 78,190 aefeet (AF) for the period of record 19@€006 (UJSGS2006).Three subwatersheds

(Pine, Garzas, and Black Rock/San Cletaeecreeks) produce 27% of the annual Carmel flow, but
compose only 15% of the Carmel watershed area. The Santa Lucia region of the Carmel watershed is the
major source of water reaching the lower valley, presently making it the major water source for the
greater Monterey PeninsulAn index of historic rainfall variability in thevatersheds the longterm

record maintained at San Clemente Dam sirf822 (Figure 25).
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Precipitation atSan Clemente Dam (1922-2003)
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Figure 2-5. Rainfall at San Clemente Dam since 1922. Dotted line is average (21t&8)inBold line
approxi mates the | evel of rainfall gi vi 280§9). ri se t
Rainfall values below that | ine approxi mafmely cor
data from Jame=009) (Smith2004)

Analysis of this and other records indicate that the Carmel Valley has emsgwerdiroughts since 1902,

where drought is defined as two or more successive years of dry or crtipalbonditions (James,

2009). Analysis of this and other recordslicate that the Carmel Valley has endured six droughts since

1902, where drought is defined as two or more successive years of dry or ciiligatinditiongJames

2009). The State Water Resources Control Bdaad includedhe Carmel River to itsdt of seasonally
fuly-appropriated streams, noting that, Al n nor mal a
subject toclimatic variability and the impact of muljiear droughts. Since 1976, the Peninsula has

endured two extended periodsméndatory rationing; 18 months in 1976 to 1977 and 28 months in 1989

to 1991(Smith et. al. 2004

2.3.1Climate change

The CarmeRiver is considered a seasonal, fully appropriated stream, which is currently being pumped in
excess of its mandated limit, andshlittle room to withstand added strains of drought cyclélsmate

change has the potential to profoundly affect both terrestrial and freshwater ecosysteenS€anmel

River watershedMaureret al. 2010; Bakke 2008; Barbour and Kueppers 2@¢hindleret al. 2008).
Regional climate projections for the So@entral California watersheds suggest a future of longer, hotter
summers, with a potentially higher incidence of fog along the immediate coast. These projections also
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suggest more exinge feat waves and droughts, and more sepeeeipitation events (Kart al. 2009,

2008; Cayanet al 2008a;Snyder and Ban 2005;Snyderet al. 2002) to which SoutCentral Coast
populations of steelhead appear to have evolved a flexible, opportunisti@kstiategy An important

factor for coastal steelhead populations is the continuing role of the ocean in moderating coastal climates
due to its high heat capacifihese predictions suggest tltatistal steelhead populations at the southern
extent of tke rangewill have a more predictable future gige changing climate conditiofNational

Marine Fisheries Service 2013

The potential negative effectsf climate changen steelhead and their freshesatind estuarine habitats

are of particular significare. In central and southern California the change in precipitation timing is
expected to lead to increased winter runoff, decreased summer stream flow, and changes in the frequency
and/or intensity of severe storms, droughts, wildfires, and flooding.diti@d global climate change is
expected to result in séavel rise along the Califaia coast from B35 feetby the year 2100. In the

Carmel River watershed, such a rise in-lee&l would put new areas at risk of flooding, increase the
likelihood and itensity of floods in areas that are already at risk, and accelerate sharedission due to

erosion Heberger et al. 2009Many of these effects could be exacerbated by the human response to
climate change, particularly as a result of the increase etitiop for limited freshwater supplies

The impact of sea level rise on wetlands and lagoons is significant for the Carmel River watershed
because if the rate of sea level rise exceeds the rate of wetland accretion, or if wetlands cannot transgress
(migrate up and inland), large tracts of critically important habitat, such as the Carmel River lagoon, will
become permanently submerged (Heberger et al. 2009; Largier et al. ROL®. upper watersheds,

natural creeks and managed conveyance will sgleeh flow rates leading to increased erosion and
flooding. Regional river levees will provide less protection during higher storm flow events, and coastal
levees and control structures will be undersized to manage the combined influences of higHewsver f

and sea level rise. According to the California Water Plan Update 2009 (Volume 3), failure to take into
account the impacts of climate change may lead to the underestimatiazasfimundated by 10@ar

flood (National Marine Fisheries Servie@13.

2.4 Geology and soils

The Carmel watershed is the northernmost of a series of nortbawgsieast trending valleys desting

the rugged Santa Lucia ddntains of the California Coast Ranges. The Sierra de Salinas forms the
northeastern divide of the watbesl and the northern terminus of the Santa Lucia Mountains forms the
southwestern dividel'he general physical attributes of the Carmel Watershed drainage area are described
in Table2-2 (Smith et al 2004).

Table 2-2. Physical attributes of the Carm(@&@mith 2009.

Watershed Drainage area |56 kny (256 mi2)

Axial trend 315°

Length 43 km (25.8 mi)

Highest peak (South Cone) | 1514 m (4965 ft.)

General divide elevation 1200 m (4000 ft.)

Mouth elevation Sea level at mouth of Carmel submarine canyon
Relief 1200 m (4000 ft.)
Average slope 3%
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Landuse Wilderness, grazing, viticulture, gedburses, sparse resident
suburban, urban, and light industrial.

Vegetative Ecosystems Dominated by chaparral, grasslands, and oak woodland. Local @
and redwood forests present.

Soil Series Wide range

The Carmel Watershed is divided into @fbwatersheds (Fig-&. Subwatersheds are separated by the
major hydrologic divides (ridges) within theatershedand named for the principal tributaries or river

that drains the region. Each of these Subwatersheds contributes water, sediment, large wood, and organic
matter tothe Carmel River, lagoon, and Monterey Bay National Marine SandiBaryhet al.2004).
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Figure 2-6. Subwatersheds mai®mith 2003.

West of the San Andreas Fault is the Salinian Block, from wthiehCarmel River Watershed was
shaped. The SaliniaBlock is a granitic core, or piece of crust, extending from the southern extremity of
the Coast Ranges to the north of the Farallon IslaFfds.area encompasses the Santa Lucia Range and
Sierra de Salinas. The soeth divide of the Carmel River watershes the Santa Lucia Mountains,

which range from around 4,000 feet up to 5,862 feet. The Sierra de Salinas forms the divide along the
northeastern portion of the watershed. These two prominent mountain ranges surrounding the Carmel
River Watershed are cddsred young landscapes. Both ranges have experienced substantial uplift rates

for the past two million years.
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The physical strength of the rocks and soils determines the flow of rivers and streams, aquifer recharge
potential, and landslide probabilitherefore affecting land use decisions. Early settlement was deterred
by the steep topography, which prevented rapid growth during the 1900s, leaving the Carmel region a
rural coastal area when much of coastal California was experiencingstaigesettleent

Geology plays a first order role gtetermining the physical condition of the watershiuke geology of

the watershed is composed of a complex quilt of igneous, metamorphic and sedimentary rocks in part
stitched together by faults of varying ages aftfter kinds of contacts. The Carmel Watershed is carved
into the Salinian Block, a piece of crust that began its existence near the Mojave Desert and moved
northward, dragged by the Pacific plate for the past 20 million years (Smith et al. 2004).

The phical strength of the rocks and soils determine the erodibility, landslide potential, and ecosystem
and landuse potential. The rocks hold a significant water resource in upland aquifers. The combination of

a large range of annual precipitation in the wsited and complex geology gives rise to a complex
distribution of soil types, erosion rates, landslide potential, aquifers, recharge escesgstems and

human land uséSmith et al. 2004)A major source of bedload in the Carmel Watershed iréotured

granitic rocks in the steep headwaters above Los Padres and San Clemente dams. These sediment sources
have reduced the capties of San Clemente and LBadres dams by 90% and 50%, respectivehtr{x

2000)

The Carmel watershed lies withiretlanta Lucia Mountains ditet apex of several fautbnes(Figure 2

7). It is underlain by poorly consolidated marine sediments as well as metamanphigranitic
formations with a drainage area of 255uap miles (Smith et al. 2013Yhe watershed ramrg in
elevation from slightly greater than 4,000 feet to sea leVek central California coast has a
Mediterranean climate with moderate yeawnnd temperatures. Virtually all precipitatifalls between
November and April, with 60% falling between Dedmmand February (Kondolf and Curry 1986). The
Carmel River watershed developed into a highly dynamic system, experiencing large seasonal variability
in flow levels with subsequent variation in sediment transport from the upper watershed to the lagoon and
ocean (PWA 2007)
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2.5 Geomorphology

Human settlements have altered the Carmel River systemgapyof floodplain developmentjams,

levees, roads arnoridges,all of whi ch confine the riverds course. T
created by yearly runoff have also been the lands most easily cultivated and built upon throughout the
vall eyds history. Whil e the Car melsaRialugataqufexs once
storage space, it has now becongeaply incised channel, which intensifies the velocity of water flows
along the riverdés course requiring bank stabiliz

floods. Figures 2.8Aand2.8B show theCa r me | Ri ver 6s -yearfloodplaimdnd ripariani f er
vegetation.
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2.5.1 Mainstem and tributaries

The CarmeRiver flows through the alluviurdilled Carmel Valley, where sediment depths range from 50

to 75 feet before emptying into the Carmel Lagoon (Kondolf and Curry 1986). The river channel has
stretches of meandering flow, steep constrained reaches of bedmtlg few short braided reaches
(Kondolf 1996). River valley width and slope are two contributing factors to river behavior that are of
particular interest in theainstem of th&€armel River(Smithet al.2004.

Dams on the Carmelifer have contributedo the incision of themainstemby trapping sediment,
resulting in isolated channsland increased baniustability. In many placeshé seasonal sediment

regime of sand and gravel has been replaced by coarse cobbles and boulders and a hardening of the
downstream river channel. The loss of natural sediment supplies from the headwater areas reduces the
availability of spawning gravels below the dams. Hardening of the channel that results from the
diminished sediment supply creates lower flushing hydrauli@itions that are less able to maintain
spawning gravels. Both effects reduce the actual amount of spawning habitat available for fish
reproduction below the dams. Over time, the coarsened and hardened channel bed becomes less mobile
during large flows, amh the more static and incised river bed loses much of its hédnitaing capacity

(PWA 2007).
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Vegetation is another key element determining river pattern and profile through processes of bank
stabilization and sediment capture (Urquhart pers. comm.)loiWer Carmel reaches are characterized

by more stable meanders versus braidedna& reaches, largely due to sustained erosion control by a
combination of structural protection and vegetation (Hampson pers. comm.)

2.5.2 Lagoon and estuary

The lagoon ancaestuary(figure 2-9) are seasonally closed to the ocean by a sandbar which results in
extensive inundation of the surrounding Hying coastal plain at the mouth of the Carmel River.
Upstream base flows of the Carmel River, in combination with periodiit ithundation of the estuary,

create seasonal brackish water conditions. The sandbar is naturally eroded on the seaward side by long
shore currents and winter wave action and -veopped and breached by storm related Carmel River flow
(National Marine Fiberies Servic2013.

astewater
‘freatment §
Facili

tyA b . ;

Carmel
Bay

A

¢ 5 " 3
Figure 2-9: Lagoon Aerial Phot¢MPWM

D 2009.

Following this initial, artificial breaching, the beach berm generally remains open and the river flows to
the ocean through the winter and early spring. During this period, the lagoon closes and opens (either
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naturally or by artificial breaching) multipltimes depending on variable ocean and river conditions
(Watson 2008) As inflows recede in spring or summer, the river mouth eventually closes for the
remainder of the season until the next significairtyr period repeats the procé3ames 2005

2.5.3 Carmel River State Beach

The Carmel River State Beach, governed by the California Department of Parks and Recreation, is one
mile long and extends between two granodiorite outcrops from Abalone (Carmel) Point to Granite Point.

The beach receives the majgrif its sediment from the Carmel River during winter storm events. The

beach has historically experienced sediment loss through anthropogenic processes along the Carmel
River . Bet ween the 192006s and 19700s thtedwrcandand gr
the beach. Construction of tif&an Clemente Dam in 1921 and the Los Padres Dam in fL@d@r

interrupted sediment supply, which is evident through the mound of impounded sediment behind the dam.
Floodplan development in the watersheshd bank stabilization projects has also reduced sediment
supplied to the beach by theer (Smithet al.2012)

2.6 Erosion andsediment

The Carmel River region has naturally high erosion and sedimentation rates due to the principal rock
types previously idcussed. During storm events, large sediment loads are carried in rivers and streams.
Naturally occurring fires can also contribute to the high sedimentation rates. Historically, this erosive
landscape deposited rich alluvial sediments with each suceefssdd. This naturally occurring cycle

created prime farmlands withinh e Car me | Ri vver 6s alluvial valley

Human activities and development have hindered the natural sedimentation processes. Today levees
interrupt flood cycles, epriving the historical 8odplain of sedment. At the same time, disturbed
riverbanks and abandoned dirt roads contribute to excessive sedimentation rates. Two upriver dams have
also interrupted deposition patterns and stream ecology throughout the lower reaches of thegikas. Thi
caused significant impacts on native vegetation and wildlife. Changes in gravel composition, in particular,
can severely damage Carmel River steelhead trout and other amphibian habitats.

In the future, levees may be adjusted or removed to bettematodate the natural flow cycles. Removal
of the San Clemente Dam will provide a unique opportunity to restore more natural stream conditions and
sediment cycles.

Some of the major erosion and sediment problems in the watershed are suthrbalme, in no

particular orde(Smithet al.2004)

A Demand for water far exceeds water supply, | ead
A Extensive ur bani zati on -year flosdplain and i hhie rdafailute e regu
inundation zone

A E x cdimerd is geeerated from a very large number of dirt roads, some of which are abandoned,
some of which out of compliance with grading ordinances, but most of which are clearly within
regulations

A Ne ar l-rgad drdinage sulvérts are undersized,ilggtb downstream erosion, whether related to

dirt roads, paved roads, or highways

A Excess sedi mmamtbare read guts miet roads, paved bogdsd highways

A  Excess sedi ment i s gener at ed unstabletstrdarh banks,ragyd dr a i
roads. Many of those issues are related to cattle impacts
A Excess sediment is generated in a great number

A - Los Padres Dam is rapidly oattivéfdutsi ng wi th sedi me

page34 January 17, 2017



A WwWatershed i mpairment is the result of i ncr emen

impact on the watershed

2.6.1 Erosion

The chief erosive processes in the Carmel Valley are bedrock landslides, shallow soil slips, rock fall,
stream incision and widening, and slope gullying. Regions undergoing rapid tectonic uplift, like the
Carmel Watershed, maintain steep, rugged landscabese slopes are perennially at the threshold of
failure. Grading for roads aralildings locally oveisteepens these slopes, greatly accelerating the rate of
slope failure and erosion. For this reason, nearly the entire Carmel Watershed is ratedyas highl
susceptible to erosion (FigurelD).

T .
* '.b‘-., ~r ~

g X P IIEN
& N N " -0
3 "\ H .
Figure 2-10.Erosion susceptibility in the Carmel Watershed (Rosenberg, 28@ith 2004.

Physical processes and ecological conditions in the Carmel River watershed have been affected by
historical land uses, gundwater pumping, dam construction, urban development, bank revetment, land
management practices, and road dinij. These activities increaseosion and the delivery of a fine
sediment supply to tributaries and the mainstem, exacelbat@ows in the summer and fall, degrade
riparian and aquatic habitat cotidns, createbarriers to fish migration, decreaseater andsediment
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quality, and introducenonnative invasive specie@Monterey Peninsula Water Management District
2009.

During and after largetorm events, storm water related erosion, drainage problems, and flooding occurs
throughout the waterste especially in the lower matem and estuary. The combination of steep
topography, lack of adequate drainage facilities, and location of macgigar the 10§ear flood zone

results in localized poor drainage and flooding of residences, buildings, and roadwisgs siorm

events. Storm waterelated flooding andresion in the lower watershed apeimarily the result of a
combination of factorgncluding estuary management, high river flows, and oceaditons (high tide,

storm3. The lower Carmel reaches are characterized by more stable meanders versus brained mid
reaches, largely due to sustained erosion control by a combinationcifisdt protection and vegetation
(Hampson pers. comm.). Channel erosion have degraded riparian habitat, impacting aquatic and
terrestrial biotgdMonterey Peninsula Water Management District 2004

Despite concerns about erosion caused by infrastruatdechannel modifications, strehanks in the

Carmel River maistem presently appear to be relatively stable during average water years (MPWMD
20002013). A noticeable change to the channel bottom is the obvious continued degradation (i.e., the
river chanel is incising into floodplain deposits). Downcutting into channel deposits has both positive
and negative aspects. On the plus side, it is clear that sand and fine material has been winnowed out in the
past few years, exposing gravel and cobble layetsptiaaide improved spawning habitat for steelhead

and suitable substrate for the food web that steelhead depend on. However, a lack of a natural supply of
sediment from the upper wateesh(due to the presence of mgtgm dams) means that the river must
remove material from the channel bottom and streambanks to make up for this deficit. The river system
downstream of Los Padr&amr e mai ns fisedi ment starved. 0

Because approximately 35% of the streambanks downstream of Carmel Valley Village have been altered
or hardened over the past 40 years, most of the current sediment supply comes from scouring of the
channel bottom, which results in exposing the base of streambanks, bridge piers and abutments. Without
corrective measures to balance the sediment lodd tvé flow of water, streambanks will begin to
collapse and the integrity of bridges will be threatened. A comprehensivetelongolution to overall
environmental degradation requires a significant increase isedrgon water flows in the lower river,

reversal of the incision process, and reestablishment of a natural meander pattern. Reversal, or at least
halting, of channel incision may be possible if the supply of sediment is brought into balance with the
transport capacity of the river. Althoughdgment flows are projected &owly increaseafter the dam is
removed it may not be enough to halt the incision process. Over the long term, an increase in sediment
supply downstream dfos Padredam could help reduce streambank instability and erdsiggats to

public and private infrastructu(€DWR 2012)

2.6.2 Sediment

The sediment transportharacteristics of the Carmel River and its tributaries have been studied
extensively.Figure 210A depicts thestability of soils in the watershe@he combinatia of the most

severe drought on record in 1978 and an extremely wet period between 1978 and 1983 caused
unusually high amounts of sediment to be discharged into the riverbed. Sediment measurements
conducted during the wet period most likely reflect arskto medium term condition in which a large
amount of sediment was moved. Many of the homes in Carmel Valley are built on a broad terrace
deposited by large floods in 1911 and 1914 (Kondolf 1983). The terrace is a reminder that floods,
sedimentation, ancelated channel stability are of serious concern seasonally in the wat6CiaR

2012)
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Figure 2-10A. Soil stability map Kasey and Peters@905.

Rivers & Streams

Sediment derived from the watershed can be divided into bedload, which is too large to be higimced

off the stream bottom, and suspended load, which is fine material suspended by water turbulence
(Leopold et al., 1964). Bedload of the proper amount and grain size is required to maintain channel
stability and spawning habitat, but too much or tattelican change both the habitat quality (Dettman,
1989) and the stability of a river channel. Such changes are typical downstream from dams, which impede
the natural flow of watehed sediment (Kondolf and Curry 1986; Kondd#97; Kondolf and Metr

1999 Watson et al2003)

Large volumes of both bedload and suspended load sporadically leave the Carmel wédenghed al.

2004) Krebs (1983) estimated that the Carmel River passed 1.9 million tons of sediment in the wet winter
of 19821983, far in exess of the normal load of the Carmel River. Bedload was about 22% of that mass.
Over half of the bedload was passed in just 1.5% of the time, while water discharge was above 3000 cfs.
On the other hand, less than 1% of sediment load was passed whenagvidowing less than 200 cfs,

which occurred 66% of the time of the study. This strong dependence upon high flows suggests that the
watershed generates and stores sediment during normal-iolewears, leaving it poised for extremely

high transport rateduring wet years. This behavior is also observed in Arroyo Seco (Watson et al, 2003),
and may be typical of the Mediterranean climater(#olf and Smetzet999)

Both bedload and suspended load sediment are being generated from all theesifregdng the Carmel
Valley. Bedload estimatdsom some tributaries in the watershed are includelthivie 2-3 (See Figure 2

4 for tributary locations)As is almost universally the case in North American watersheds, it is unclear
how much of this bedload matatis from natural background erosion, and how much might be reduced
if human impacts were reduced

Table 2-3. Estimated tributary bedload sediment yield from select Carmel River tributaets
modified from MEI (2002). Note that unit yield was incorrectly reported in MEI (2002). Average ar]
sediment yield (tons) (Smitst al.2004).

Location Drainage area ¢s mi.) Bed material load Unit yield (tons/sqg. mi.)

Tularcitos, Chupines,
andRana Creek 52 915 18
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Hitchcock Creek 4.5 542 120
Garzas Creek 13.2 392 30
Robinson Creek 54 521 96
Potrero Creek 5.2 99 19
Sedi ment Aunit yieldod is the rate of sedi ment er

one index of disturbancérable 23). Hitchcock Creek stands out as a watershed that has a high
proportion of bare soil to vegetated soil, perhagsociated with housing or road construction

The estimated high sediment unit yield showiTable 23 for Robinson Canyomay have three chronic
sources. First, Robinson Canyon Road is very typical of canyon roads leaving the Carmel Valley; there
are numerous sites with eroding road cutsat are mostlydevoid of vegetation that would typically
control erosion in this area. Second, road cuts high in the canyon, not far from the divide, have over
steepened very weathered sandstone of the Chamisal Farmatading to large gully formation and
shallow landslides. Thirdhousingand road construction in the canyon, which typically results in
increased slope erosig8mith et al. 2004).

The Tularcitos watershestands out among the lowest in terms of edeehainit yield,despitelocally

high erosion rates. fie relatively low sediment yield here reflects the relatively drier conditions, and
consequently lower water yield in this part of twatershed(Fig. 211). Of note is that estimated
sedimentrating grgphs show that Tularcitos Creek moves a disproportionigly sediment load with
relatively little flow, and then, as watBow increases, the sediment rate is comparable to otheraridsit

Fig. 2-12 (Smith et al. 2004).

Carmel River Tributaries--Annual Yield
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Figure 2-11. Annual water yield of gauged utaries in acréeet/year/miZSmith 2004.

Theinflection in the Tularcitos grapindicateshat there is an overabundance of sediment, but that it is
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mostly very fine grained bedload material that is easily flushedchsiveam with relatively low flows.
Once the fines are removed, thalarcitos sediment rating is comparable to other channels, up to a
discharge value of approximately 200 d¢fEigure 2-12) (Smith et al. 2004)Although Figure2-12
suggestssignificant sednent measurement daxist, including measurements at over 1000 cfs, it is
clearly based upon synthesis of data from very few sfu@ied at much lower flows (MEI002). As
sediment yield is one obvious barometer of watershed condition and deframui@timum conditions,
frequent bedload and suspended load monitostmould be implemented to improYeture watershed
managementapabilities(Smith et al. 2004
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Figure 2-12. Estimated sediment rating relations for select tributaries to thmeC&iver (MEI 2002).
Bottom axis is water discharge (ft3/s); Vertical axis is bed mateadl {tons/dayjSmith et al. 2004

2.7 Contributors of erosion and sediment

2.7.1 Fire

Wildfire is a significant part of the Central Coast landscape and the Carmel Riversiiéa natural
history, with an estimated p#900 fire frequency of 21 yearstime Santa Lucia Range (Matthe®839).

Large fires are known to have occurred in the watershe®27 (Miller CanyonFire), 1977 (Marble

Cone Fire) 1999 (Kirk Complex Firgand most recently, in 200@asin Complex Fire) According to

recent research, there is evidertbat periodic fire hasccured in the regioffor the past several thousand
years, andhat ecosystems ithe regiondeveloped under the influence of thesgural and mamade

fires. For thepast 100 years, however, fire frequency has decreased, and most fires have been suppressed.
Fire suppressio hasled to increases in surface and crown fuels, invasion of woody vegetation in the
understory, and increaséee density (Purcell and Stephens 2005). A combination of fire suppression and
development inhe urbarwildland interfacealtered both the spatial and temporal pattern of the fire
regime.
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In central California, fire is an important episodic naturalulisince, necessary for the germination of
many chaparral species found in this regiBeveral native plant species in the area (e.g. manzanita)
reproduce most abundantly following fildowever, fire poses direct threats to public health and safety
including airborne ash and infrastructure damage. In addition, the sediment response following fire can
dramatically change the morphology of a watershed and lead to damages associated with(Heatiing

1977. In the Carmel River Watershed, an important arell-documented effect of wildfires is the
increased sediment loads that enter the river as a result of all the debris and erosion from fire impacted
areas, and from fire suppression activities, particularly if a wildfire is followed by a strong rainy seaso
(Smith et al. 2004).

Other impacts includmcreass inflood risk, reduction ofreservoir capacityandincreasesn the erosion,
transportationand deposition of massive amounts of fine sediments into watercourses containing coarser
grained spawningravels destruction ofiparian vegetation, and facilitation tfie spread of nenative

plant and animal speciéNational Marine Fisheries Servie@13.

Part of the Carmel River Watershed is located within the Los Padres National Forest, wirnezeaga

25,000 acres are burned annually by seasonally occurring wildfire (Smitt2@04). Following the large
Marble Cone Fire of 1977, high sediment yields entered the Carmel River stream in the Los Padres
watershed, and this single event contributed large part of the capacity loss at the Los Padres reservoir
(Smith et al. 2004)In 2008, two large firegook place in the Los Padres NatioRakest: the Indians Fire

and theBasin Complex Fire. TheBasin Complex Fire was caused by lightning, amdrged with the

Al ndi ans Firedo which had been burning for a mont |
making it one of the largest fires in the history ofifdahia (De Santis et al. 2010%ediment erosion

rates are typically elevated foling fires. Debris flows are the greatest potential source of reservoir
filling sediment in the steep erodible swhtersheds above Los Padres Reservoir. The elevated risk of
slope failure and debrfow generation diminishes in the first few years faling a fire

2.7.2 Landslides

The seismically active Santa Lucia Range is prone to landslides. Relativelygempidjic uplift of the

range createdeep, Vishaped canyons with sharp dividing ridges (Smith et al. 20Rdsenberg (2001)
assessed the Monter@punty region for landslide susceptibility, including the Carmel River watershed.
The study area includes landslide susceptibility ranging from moderate to high, particularly in the steep
abutments of the upper watershed and downstream slopes. Landsédalso currently a significant
source of sediment in the watershed (Smith et al. 2004). The largest active landslide in the Carmel
subwatershed is located upstream of the Skeménte Dam (Smith et al. 2004)illis et al. (2001)

mapped over 1500 landdés along Highway 1 between San Capoforo Creek and Point Lobos, just near
the mouth of the Carmel Valleguggesting that slogailure processes are a common occurrence in the
region. Rosenberg (2001) assessed Monterey County region for landslide bilsgeptiuding Carmel
Watershed (Fi@-13) (Smithet al. 2004). Fig. 213 indicatesthat approximately 57% of the landslides in

the watershed are restricted to three specific rock types: Monterey Shale, Tertiary Sandstone and a
granitic rock type called Porphyritic Granodiorite of Monter&wver 85% of all past mapped landslides
occurral on slopes less than 30% grade (Smith et al, 2004). Of note is that County ordinances and the
CarmelValley Master Plan prohibit grading on slopes greater than 30% gw@RNA 2013).
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Figure 2-13.Landslide susceptibility in the Carmel Watershed (Rbsegy 2001Smith 2004

Reconnaissance wor&onducted by Smith in 2004 indicatggnerally good agreement between the
susceptibilitymap(Fig. 2-13) andthe present distribution of large landslides. Howeiteshould benoted

that there is a high risk of creating landslides on any steep slopes of the watershedaifidostdsctures

are poorly constructed. Landslides presently are a signifisource of both natural aadthropogenic
sediment in the watershed digital geobgic map otthe watershed (Rosenbez§01)was usedo further

assess the conditions for landslide potential in the watershed. By cutting the geologic layer using the
mapped Quaternary landslides as the cutting sliaweas determine thatboth the rockkormations(Fig.

2-14) and slope anglabwat are most conducive to produciagdelandslidegSmithet al.2004).

page4l January 17, 2017



Landslide Frequency by Slope Angle
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Figure 2-14. Relationship between mapped Quaternary landslides and hill slope gradient in the Carmel
Valley.(Smith 2004)

2.7.3 Flooding

Levees have been constructed duringuHganization and development along the rigerridor. While
the objective of the levees hbhsen to protect developed land from damdgeng moderate flows, the
result has been false sense of protectidrom major floodhazards. Consequently, the desire to build
directly within the floodplain has been compoundaeer time. Upstream levees have withhétmvs
increasing downstream overflows aamage from flooding (Smith et al, 2004).

The 100year flooglain has a probability dbeing inundated by flood events ten timesha next 1,000
years while the 509ear floodevent is expected twice in the next 1,§@ars. However, an interval is not
implied by these probabilities. For example, two 419€ar floods could occur within the same year
(Smith et al, 2004). The mapped areas useguide development decisions in the CarRisler Valley
are only estimations and drkely to change with specific storm evemiisd changes in river morphology.
Evidenceof the uncertainty of the floodway boundarieas witnessed in recent history. Thoughftbed

of 1998 was a 39ear flood and the 199%00d was a 65/ear flood, the 1998 floodsaused significantly
more property damagban the previous floogEmith et al 2004)

Recent flood events and resident concern Hanaeight about studies and restoration effatsthe
floodplain. The Carmel River LagodRestoration Project, currently underway, vaitld significant flood
protection to residentiaheighborhoodsnorth of the lagoon. It als@rovides a habitat restoration
opportunity toan area that was once a significant wetldénrad was drained and filled for agriculturethe
late 1800s. Wetland arms that reflémt original form have been excavatedhia Camel River Lagoon
area. Levees haveeen notched east and st®f Highwayl to relieve floodplain constriction, ampdans
are underway to expand floodplapotential east of the highwayigure 215A illustrates floodplain
functions and delineates the 198ar floodplain
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Figure 2-15A. Floodplain functions mafKasey and Peters@905.

Major flood events have occurred in Monterey County during 1911, 1914, 1922, 1926, 1931, 1937, 1938,
1941, 1943, 1945, 1952, 1955, 1956, 1958, 1962, 1966, 1969, 1973, 19WB 1995, and 1998
(Monterey County Water Resources Agency [MCWRA] 2003). Flooding has occurred along the Carmel
River on multiple occasions. Private levees have been constructed along the lower Carmas River
result although they are not adequate hold the 106/ear flood (FEMA 1991). Monterey County
enforces flood control standards within 3@¢ar flood hazard areas in accord with National Flood
Insurance Program (NFIP) requiremens$.the USGS gage near Carmel, the J@ar flow hasbeen
estimated to be 29,100 cffigures 215B and 215C delineate the 1G§ear floodplain and show
examples of development in the floodplain
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Figure 2-15B. Approximate boundaries of the 1§8ar floodway (FEMA 1996).

o
ghd

Figure 2-15C. Example of urban elvelopment in the lower Carmel River that would be affected by the
estimated 10§ear flood. Approximate &cted area shown in blue (FEMFO96). Levees exist along
both sides of the Carmel Rivapstream (right) of Highway OneBackground photo from ME(2002)
(Smith 2004.

In more recent history, two flooding events occurred along the Carmel River in 1995, one in January and
one in March. During the March event, flooding in the Carmel Valley damaged 400 resideth@&& an
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businesses, the Highway Yifge over the Carmel River was closed, and untreated sewage was released
into the Carmel River (MCWRA 2003)

The last major flood control channel clearing project using bulldozers occurred in the fall of 1977 in
response to a massive diff of streamside vegjation. This dieoff was associated primarily with severe
drought and increased groundwater pumping. Many property owners and the Monterey County Flood
Control District (since renamed the Monterey County Water Resources Agency) were concerned that the
large number dead trees would wash out of the banks and cause debris dams along the river. A flood in
1969 had damaged or washed away several bridges along the river. Photographs from the period depict
debris buildups in several areas, so it is possible duame of the actions in 1977 to clear the river were
based on the 1969 experienBeoperty owners who recalled the clearing said multiple bulldozers were
used to remove the dead vegetation in the Schulte reach and near Carmel Valley Ranch. Removal of the
vegetation and disturbance of the banks had the disastrous effect of exposing unconsolidated streambank
material to high flows between 1978 and 1983. The result was predictabkevere episode of bank
erosion

Approximately 1,600 parcels have beenniified as having residential use and being affected either
wholly or in part by the FEMAdefined floodplaifMPWMD 2005). A majority of these are located in

the lower six miles, between the lagoon and Schulte Road Bridge. Approximately 420 individetd par

lie adjacent to thenainstemin the lower 18.6 miles of river. In a few reaches, structures virtually
overlook the river, or floodplain development has marched to the top of the riverbank, leaving little or no
riparian buffer. Building practices and land use changes within the/eegdOfloodplain were formally
regulated by the County of Monterey with the Carmel Valley floodplain ordinance in 1984. About 2.5
miles of this portion of the river is publicly owned. Much of Carmel Valley, including areas adjacent to
the river, has developedto premium value real estate, second in cost only to PelddehBon the
Monterey PeninsulaMonterey Peninsula Water Management District 2004

Since 1990, MPWMD has conducted vegetation management using hand tools (chainsaw and loppers) as
the prefered methodf clearing the river channel of vegetatidost of the large gravel bars deposited in

the 19781983 episode of erosion have been reconfigured as functional floodplains and revegetated, rather
than pushed to the outside of the active chafiehterey Peninsula Water Management District 2004

2.7.4 Infrastructure and channel modifications

Infrastructure development and channel modifications in the tributaries and mainstem of the Carmel River
include mammade constructs such as dams, roads, addédsj and facilities related to water extraction.
Channel modifications include straightening channels, construction of levees for flood control purposes,
and bed and/or bank revetments as protection against bank erosion. These activities increasam@rosion
the delivery of fine sediment to creek channels, exacerbate low flows in the summer and fall, degrade
riparian and aquatic habitat conditions, create barriers to fish migration, decrease water and sediment
quality, and introduce nenative invasive spes CDWR 2012).

Since theSan Clemente Damemonal in 2015 there will be some additional natural background sediment

returning to the system. It will be important to monitor this condition and document how infrastructure
and channel geometry react tisthhange

2.7.5 Dams
There are three significant dams in the Carmel River watershed: Old Carmel River Dam, San Clemente

Dam, and Los Padres Dam. The Old Carmel River, San Clemente and Los Padres Dams were constructed
on the mainstem Carmel River in 188921 and 1949, respectively, for municipal and agricultural water
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supply (NMFS 2012). The Old Carmel River Dam was constructed in 1880 to deliver water through a

25 mile pipeline to the Del Monte Hotel Monterey. The dam is sometimes refereedtb&ise A Chi nes e
Damo because 700 Chinese workers constructed the
Reservoir, built in 1921 at RM 18.6 (measured from the ocean) is a 106 foot concrete arch dam. It is
currently being removed because it has been deensafe by the Department of Saftey of Dams and is

nearly full of sediment (2.5 million cubic yards) and no longer has usable storage. The target date for
complete removal is fall of 2015. The original storage capacity of San Clemente Reservoir wias 1, 42
acrefeet and was reduced to less than 90 % of its original storage capacity by the late 1990s

The Los Padres Dam and Reservoir at RM 24.8 is d@dd@®mbankment dam that was completed in
1949 by California Water and Telephone (CaliforfianericanWater Company predecessor) to supply
water needs of the Monterey Peninsula. Original reservoir capacity was 3,038edcceirrent capacity

has been reduced tol,775 afret due to siltation; 100% siltation is estimated to occur by year 2100
(Carmel Rver Advisory Committee 2012)The reservoir normally fills and spills in fall/winter after
approximately six inches of rainfall (the only recorded exceptions to this since 1949 were during the
197677 drought and one year during the 1@87drought); aftethe reservoir fills, the watershed is

considered to be i n a ne., fhas resereair tprovadesl n® dloodc contral ifot i o n o
downstream properties (MPWMD 2@D14)

Releases from storage are made to the Carmel River mainstem once the level drops below the spillway;
rediversion of flow occurs a&alFAm owned municipal production wells downstream of San Clemente
Dam, primarily between River Mile 3 and 8; releases axeig@d under a quarterly budget process set

up by a Memorandum of Agreement between CDFYaFAmM, and MPWMD. NOAA Fisheries also
participates in water budget decisions (MPWMD -201.4)

Releases from storage during the dry season generally range fromw55cfs, depending on inflow
conditions and water year type; the effect of the reservoir on water temperature in the river can be
variable and result in raising or lowering the water temperature in the river by several degrees; releases
during periods of ery low storage can be both warmer than incoming river flow and anoxic (low or no
dissolved oxygen)MPWMD 201-:2014)

There are three fish ladders below the dam (one fully functional, one partially functional, one abandoned);
CalAm operates a trap anduttk operation to move steelhead upstream of the dam in winter. Juvenile
and adult steel head migrate downs t-2004a rBotho Banr t he
Clemente and Los Padres dams have retained over 2.5 million cubic yards of criticahtezbbtaes

and large woody debris (LWD) from tlupper half of the watershed, depriving the lower river of bedload

and LWD for almost 100 years (MEI 2008a). The dams on the mainstem of the Carmel River have
imposed a number of significant impacts, inchgda disconnected floodplain, reduced flows, disruption

of ecological integrity, and a disruption of physical processes and geomorphology

2.7.4.1 Disconnected floodplain and reduced flows

The cumulative effects of channel incision and reduced flow levelseirCarmel River downstream of

Los Padres and San Clemente Dams have resulted in a physical separation between the river channel and
the seasonal ponds and wetlands in the historic floodplain along the river corridor, and a draining of the
connected wetlads into the Carmel River. The loss of connectivity and water exchange between the
river, floodplain and wetlands reduces the amount of available habitat for fish, aquatic
macroinvertebrates, amphibians, insects, and avifaBWdA( 2007), and affects wateruglity and
infiltration.
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2.7.4.2 Disruption of ecological integrity

The two dams on the mainstem disrupt processes that are important to the sustenance of many ecosystem
functions throughout the watershed. Darduced changes in Carmel River hydrology have ttgmhthe

transfer and cycling of natural minerals and nutrients downstream. The result has been modification of the
bio-chemical cycling and biological uptake of nutrients by the aquatic and terrestrial ecosystem
components. Fragmentation of the river hesulted in loss of seasonally important habitats for many
aquatic, terrestrial and vegetation species, primarily due to changes in the river and floodplain condition.
Such habitat losses impact the ability for many species of fish, amphibians, birtlseanfdod base

(insects, plants) to complete their full life cycl®NA, 2007).

The dams significantly block the movement of the population of steelhead@ocrhyncus mykiy$o

historic spawning and rearing areas in the upper portions of theshwder_Los Padres Dam constrains
upstream steelhead migration, downstream juvenile movement, restricts the natural movement of water
and sediment in the Carmel River, modifies the water quality of the Carmel River, and alters the natural
geomorphic processef the watershed

Hand netting of adults below the dam and transport upstream is the only viable means to move spawning
adults above the dam, and downstream migrants must slide down a concrete spillway before dropping into
the river. At San Clemente Darthe fish ladder is outdated and flow across the reservoir sedimsents
often shallow. Fish mortality occurs as downstream migrants plunge 70 feet over the dam spillway to the
pool below. The fish ladder at San Clemente Dam is scheduled to be removed with the dam in 2015. No
effort is made to capture and transport downstreagrating young smolts or kelts (pespawning

adults), and no facilities exist to guide the downstream movement of juvenile steelhead to the estuary or
rearing habitats located below the dam. Los Padres Dam also constitutes a physical barrier that impairs
the migration of steelhead (Smith al. 2004). Currently, fish passage is facilitated by one functional and
one semfunctional fish ladder (Carmel River Advisory Committee 2012), and aatndjpruck operation

that transports the fish that are migratimgstream Klonterey Peninsula Water Management District
2009. The Los Padres Dam, however, also provides benefits for the management of the steelhead,
because it allows the maintenance of flows during dry periods. A memorandum of agreement between the
CDFW, CalAm, and the MPWMD governs the releases from storage, and it is estimated that without
them, the Carmel River could dry up in the Cachagua area (MPWMDZIK). Water Management

Group 2007).

2.7.4.3 Disruption of Physical Processes and Geomorphology

The retention of sediment behind the dams also has detrimental effects on important physical and
biological attributes of the river. The reduction of sediment flows downstream contributes to channel
narrowing, bed degradation, and increased sinuosity (Kbi®82). Additionally, the entrapment of
gravel, cobble, and boulders diminishes essential habitat for the threatened steelheddotrimurey
Peninsula Water Management District 200dal Am, the owner and operator of the Los Padres Dam is
currently stidying the feasibility of dredging sediment out of the reservoir, although other options, such
as removing the dam, have been proposed (Carmel River Advisory Committee 2012). In addition, the
coastal marshes and wetlands at the Carmel River Estuary hewerdmhiced in size and ecological
viability as the flow of sediment has been modifiB&MA, 2007).

The two dams have decreased the amount of spawning gravel reaching the low&tealbead trout
depend on coarse gravels for spawning. These graystally are supplied from headwater solsse

and have been trapped behind the dam. The depletion of gravels from the lower river has reduced the
available spawning sites for key fish spe¢ie¥/A, 2007). In addtion, the dams have increased armoring

of the Carmel River bedn any waterway, channel substrate tends to be moved downstream. Without
replenishment of sediment from upstream, all smaller substrate materials become mobilized and
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transported until the only substrate materials remaining are thasare not capable of movement under
nor mal river flow conditions. The result is an fne
and results imower overall fish productio(PWA, 2007).

The loss of natural sediment supply has resultedowncutting and localized narrowing of the channel,

and a reduced distribution and ratio of pool and riffle areas The result is a more uniform stream channel
and important loss of habitat compity and diversity(PWA, 2007). Dams can also narrow thetiae

stream vegetation corridohe loss of sedimentation bedforms like bars and flood deposits reduces
available substrate for pioneer species such as cottonwoods, willows and other riparian species. When
combined with channel incision, the result isarawing of the riparian corridor and reduction in the
terrestrial riparian habitat complexity and diversity. The result is impaired habitat for many terrestrial and
semiaquatic species and life history stages, a shift from native vegetation speciekdgotar invasive

plant species, and an overall reduction in the integrity (stability) of the watershed ecofygtém

2007).

The loss of natural sediment supplies from the headwater areas reduces the availability of spawning
gravels below the dams&lardening of the channel that results from the diminished sediment supply
creates lower flushing hydraulic conditions that are less able to maintain spawning gravels. Both effects
reduce the actual amount of spawning habitat available for fish reprodbetmm the dams. Over time,

the coarsened and hardened channel bed becomes less mobile during large flows, and the more static and
incised river bed loses much of its habftaming capacity

2.7.4.4 River bank erosion

The existing dams on the Carmel Riverreutly trap all of the bedload and a portion of the suspended
load produced in the upper watershed. The current trap efficiency of Los Padres Dam (LPD) is estimated
to be 72 %; the trap efficiency for the smaller San Clemente Dam (SCD) is currently exstionbée over

85 %. After completion of the SCD in 1921, the portion of the Carmel River downstream adjusted to the
loss of bedload material by deepening its channel. As the river incised between 1921 and the early 1960s,
an extensive riparian forest deopéd, protecting the banks from erosion, except at bends. By about 1940,
the river channel had adjusted to the presence of SCD. A considerable amount of riparian vegetation was
lost during the 19767 drought, as groundwater pumping during this time lodvélhe water table in

parts of the valley. With the banks unprotected by riparian vegetation, the river adjusted to subsequent
flood flows by eroding both the channel bed and banks. As a result of this process, the middle reach of the
river between the Garhd Ranch Regiond&ark and Schulte Roathanged drastically from a narrow,

deep, meandering channel with wadlveloped riffles and pools to a wide, shallow channel with eroded
banks and an unstable bed. Since 1980, the MPWMD has monitored the heathtarmd the Carmel

River riparian corridor closely. A teyear program was implemented in 1983 to restore stability to
portions of the river that had suffered significant erosion and had become seriously degraded in terms of
wildlife habitat. Approximatel $1.3 million was spent over the tgaar (19831993) period for river
restoration CDWR 2012).

2.7.6 Floodplain d evelopment

Floodplain development increases runoff associated with impervious areas and increases channel
confinement associated with bank hamag and structures built along channel banks, both of which have

the potential to cause channel incision and/or widening due to increased flow velocities during high flow
events

Approximately 1,600 parcels have been identified as having residenti@ndseeing affected either
wholly or in part by the FEMAlefined floodplain MPWMD 1995).A majority of these are located in
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the lower six miles, between the lagoon and Schulte Road Bridge. Approximately 420 individual parcels
lie adjacent to the mainstem the lower 18.6 miles of river. In a few reaches, structures virtually
overlook the river, or floodplain development has marched to the top of the riverbank, leaving little or no
riparian buffer. Building practices and land use changes within thezebfd(floodplain were formally
regulated by the County of Monterey with the Carmel Valley floodplain ordinance in 1984. About 2.5
miles of this portion of the river is publicly owned. Much of Carmel Valley, including areas adjacent to
the river, has devel@gl into premium value real estate

2.7.7 Roads

Unpaved roads in the Carmel Watershed are a cause of erosion that can lead to impaired streams. In
general, unpaved roads generate incremental excess sediment, and many are severe, chronic sediment
sources. Besib general erosion from the bare road surface and surface rills, dirt road networks typically
produce erosion at stream crossings (especially where an undersized culvert is poorly installed), roadside
runoff ditches, cuslope landslides, filslope landstles, and landslides and gullies generated by
concentrated runoff (e.g., Weaver and Hagans 1994). A widely successful protocol for reducing the
impacts of dirt roads in a watershed is to estimate the volume of sediment that will be eroded from each
impaired site in the road system, and then prioritize the sites so that the worst are repaired first. This
strategy will result in the most efficient use of resources for the greatest initial erosion reduction. It is
typical to find that stream crossings are lis&ding cause of erosion in a network of roads (Setital.

2003)

2.7.8 Bridges and creek crossings

There are numerous river crossings (i.e., bridges, fords and culverts) on the Carmel River and it
tributaries that may locally influence the dynamics ofireedt deposition and erosion and prevent or
impede fish migration and movement. Bridges and other crossings frequently cause hydraulic
constrictions during high flow, which promote local geomorphic changes including sediment deposition
upstream of the stature and erosion of the bed and banks of the creek downstream of the structure as
flow accelerates. Likewise, when crossing structures such as fords or driveways are not built to grade with
the channel bed, similar impacts are likely. Both causes may tesui n a si gni fi cant AfAs
bed thereby disrupting geomorphic processes locally and impeding upstream fish passage. Stream
crossings and channel conditions in the Carmel River watershed have not been fully assessed to determine
the extent tavhich they may limit fish migration and movement.The concentration of road drainage and
crossing related impacts occurs in the upper, rural subwatersheds. The status of these creek crossings in
impeding fish passageas recently detailed in thessessmeérof Steelhead Passage Barriers in Portions

of Four Tributaries to the Carmel RiveVIPWMD 2014).

Nineteen bridges currently span the Carmel Ri\@gure 215D andTable 24). Seven are publicly
maintained (one by CALTRANS, five by Monterey County Public Works, one by the Monterey
Peninsula Regional Parkistrict). The remainder are privately owned and maintained. All the bridges
have supports within the 18@ar floodway. Ten bridges have center piers in the active channel.
Evidence of several abandoned (washed out) bridges can be seen along streambanks in the alluvial
section. Replacement costs are estimated to be between $500,000 for a private golf cart bridge to
$5,000,0@0 for a highwayclass bridge (MPWMD 2003).
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Figure 2-15D. Bridges on Carmel River (Beck, et al. 2013)

At bridges with supports in the active channel, the minimum open length between abutments and center
piers ranges from a low of about 15 feet atdbeth abutment of Boronda Bridge to as large as 80 feet at

the Rancho San Carlos Road Bridge. Cranes or other equipment capable of picking up trees and logs are
frequently stationed at five of the 19 bridges during high flows. Equipment operators gepiekallip

debris caught on the upstream side of piers and abutments and transfer it downstream. Because of the
difficulty associated with this (forceful flows, difficult access), and the type of equipment used (small
cranes or backhoes), the largest psetbat can be moved are in the 20 tef@% range (24 tons). Larger

pieces require specialized equipment, such as a boom crane and hook assembly. The remaining 14
bridges either don't have center piers and are usually dedgisor are not accessibte cranes
(MPWMD 2003).

The river is subject to wide variations in annual peak flows resulting in significant variations in the flow
and size of woody debris, the amount of vegetation encroachment, transport of sediment, and stability of
river banks. Istantaneous peak annual flows at Highway 1 have ranged from 0 (multiple years) to an
estimated 16,000 cubic feet per second (cfs) in March 10, 1995. The bankfull flow ranges from about
1,500 cfs at San Clemente Dam to 2,200 cfs at Highway 1 (MPWMD 2003).
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Table 24. List of Bridges on the Carmel River (MPWMD)

Bridge Owner River Mile Year Comment
Four-lanebridge washedout and rebuitt in 1995. Rebuitt bridge hasseveralpiersin

Highway 1 CALTRANS 1.09 1995 .
active channel.
RC NoO. 5 Rarjcho 213 1995 Goff cart brpge vyashedout and.rebunt in 1995. New bridge designedfor 50-yr.
Cafiada flood elevation with no center pier.
RC No. 4 Rarjcho 237 1995 Ceqtemlerln narrowportionof river. Abutmentdamage 1995.No accesgor heavy
Cafiada equipment.
RC No. 3 Rarjcho 255 1995 Cen.terpler in narrowportionof river. Debris buid-up, 1995. No accesdor heavy
Cafada equipment.
RC No. 2 Rarjcho 266 1995 Ceqterper in narrow portion of river. Debris build-up 1995. No accesdor heavy
Cafiada equipment.
RC No. 1 Rarjcho 28 1995 Ceqter pier, but river is wide. Debris buid-up in 1995. No accessfor heavy
Cafiada equipment.
Via Malorca Hacienda 3.24 ” Two-‘ lanebridge. Equipmentrequiredto be stagedon bridgeat highflows to remove
Carmel debris.
Rancho Sar Center supports and left abutmentundermined and repaired. Additional work
San Carlos Carlos 3.86 1995 requiredafter the 1998 flood to shoreup left centersupportpreviouslyrepairedin
1995 work. Debris removal equipment usually staged at high flows.
Valley Greens MCPWD 4.82 ? Clear span w/ abutments at edge of active channel.
Quail Lodge Quail Lodge 5.2 1969 Bridge for goff carts washed out and rebuit with clear span. No equipment ac
Schulte Rd. MCPWD 6.7 2013 Five feet of river incision since
unnamed Unknown 7.8 1983 Bridge washed out in 1983. Left abutment remained until 1995, when it washe
Robinson MCPWD 8.46 1969 Center pier in narrow portion of river washed out Robinson Cyn. Rd.
Randazzo private 1013 1983 GerryPaddocKpanner)reponedjropplnng-tonslabsof concreten the river (and
watched them disappear) to protect the bridge. 85-ft. clear span.
Don Juan MPRPD 10.78 1969 Southerrapproacmto GarlandParkwashedoutin 1969andwasrebuit. Large(4
ft.) center pier.
unnamed MPRPD 115 o A centerpier, or perhapsa southernabutment,remainsin the active channelat
Garland Park.
unnamed private 12 1983 Washed out, not rebuit, north abutment remains in active channel.

MontereyCounty Public Works closeddown the bridge in 1995 duringhigh flows to
Boronda Rd. MCPWD 12.69 1983 completeemergencyepairsto the abutments. Residentstrandedon the southside
of the river were helicoptered over the river. Two center piers in active channe

The southabutmentearlyfailed during highflows in March 1995. Bridge closedfor

Rosie's or Esquiline MCPWD 14.45 1995 . S .
a few days to complete repairs. Two center piers in the active channel.
Northernapproachwashedout in 1995 and rebuitt. North abutmentdamagedn

Ward Ward 14.7 1995 1998. This bridge doesnot supportheavyequipmentaccess.North abutmentin
active channel.

Stonepine Stonepine 15.78 1995 Washed out and rebuitt in 1995. New bridge has wider center span.

oid Carmel Dam CakAm 18.27 ” cI?figdh; le)llaisutmentalppearecﬂo bethreatenedby highflows. Collectsa significantamoun

2.7.9 Bank revetment

After completion of the San Clemente Dam in 1921, the portion of the Carmel River downstream of the
Dam adjusted to the loss of bedload material by deepening its channed isethincised between 1921

and the early 1960s, periods of erosion occurred as the river channel tried to adjust to then new lack of
bedload. A considerable amount of riparian vegetation was lost during th& 7@f6ught; groundwater
pumping during tre time lowered the water table in parts of the valley. With the banks unprotected by
riparian vegetation, the river adjusted to subsequent flood flows by eroding both the channel bed and
banks. This lead to a restoration program implemented in 1983 toerashbility to portions of the river

that had suffered significant erosion and had become seriously degraded in terms of wildlife habitat.
Approximately $1.3nillion was spent over the tgrear period for river restoratiomhis lead to armoring

along the river(Figure 216) and still is, used to combat the sedimstatrved reaches of the river from
eroding banks&ind widening the river valley. Mussetter Engineering, Inc. (2002) foundiphiat 40% of

t he r i v&oméhse brmaonuktsh t o R old.45enhéve beénraitifitiglly hardeRed to protect
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Cumulative Hardening (feet)

infrastructure from erosion (MPWMD 20&D12).

Hardened banks have prevented sufficient

compensational erosion from taking place in the lower floodplain, causing the ridewiocutand

narrow.
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Figure 2-16. Graph of feet of bank hardening as a function of miles from mouth of the Carmel River

(MEI, 2002).

2.8 Water Supply

Residents of the Monterey Peninsula rely upon the Carmel River Watershed for their potable water needs
sinceMonterey County does not import any water from the California State Water Project. The rain that

falls within the Carmel River watershed recharges the Carmel River alluvial aquifer (Smit2Ga4!
The water from the aquifer serves 75% of the watexdsef over 100,000 residents of the Monterey

Peninsula \(Vater ManagemenGroup 2007). The other 30% comes from the Seaside Aquifer and a few

surrounding wellsNIPWMD 2004).

While water resources have limited largmale growth for many years and locadidents have become
very conservative in their water consumption rates, the Carmel River alluvial aquifer ipuoveed

annually without alternative sources to draw upon (California Public Utilities Commission, 2004).
rdveailr@gnifflicanhacvdhaoges i n

Changes in the

sedimentation processes

2.8.1Water resources monitoring

Streamflow and precipitation data continue to provide a scientific basis for management of the water
resources within the watershbdundaries of the MPWMD. These data continue to be useful in Carmel

t he

r

River Watershed planning studies, reservoir management operations, water supply forecast and
budgeting, and defining the baselimgdrologic conditions of the Carmel River Watershed
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There is limited storage of surface water by dams on the Carmel River. Los Padres Reservoir, completed
in 1948, holds 1,626 AF of usable storage, based on 2008 survey data. Usable storage in San Clemente
Reservoir, completed in 1921, was eliminated with thmorel of the San Clemente Dam in 2015 by

order of the Department of Water Resources (DWR) due to seismic safety concerns

Groundwater levels, and consequently groundwater storage conditions, in the Carmel Valley Alluvial
Aquifer have maintained a relatlyenormal pattern in recent years, in contrast to the dramatic storage
declines that were observed during the prolonged-1981 drought periodlhe relatively stable storage

in the Carmel Valley Alluvial Aquifer in recent years is attributable to a coatioin of a period of more
favorable hydrologic conditions since 1991 and the adoption of improved water management practices
that have tended to preserve higher storage conditions in the aquifer.

In contrast, storage conditions in the coastal portiothefSeaside Groundwater Basin have not been

stable in recent years, in particular with respect to the deeper Santa Margarita aquifer, from which over 80
percent of the Cahm production in the Seaside Watershed is derived. This downward trend in water

leves reflects the changed production operations in the Seaside Watershed stemming primarily from
changed practices after SWRCB Orderl@b The increased annual reliance on production from Cal

Ambés maj or production wel |l s cieases frenaaiAdheuse, haleong wi
dramatically lowered water levels in this aquifer, and seasonal recoveries have not been sufficient to
reverse this trend.o address this storage depletion trend, the MPWMD initiated efforts in the220Q0

timeframe to pepare a Seaside Watershed Groundwater Management Plan in compliance with protocols

set by the State of California (AB 3030, as amended by SB 1938)

The Car mel River and the Seaside Groundwater Bas
Storage and Rmvery Program (ASR). ASR entails diverting excess water flows (typically in
Winter/Spring) from the Carmel Valley Alluvial Aquifer through existing -Bah facilities and injecting

the water into the Seaside Groundwater Basin for later recovery in dogdgefihe primary goal of the
MPWMD Phase 1 and 2 ASR Projects is better management of existing water resources to help reduce
current impacts to the Carmel River, especially during the dry season. The projects are viewed as being
complementary to other Iger, longterm water augmentation projects that are currently being explored

by various entities. These projects, now also known as Water Projects 1 and 2, entail a maximum
diversion of 2,426 AFY, and 2,900 AFY respectively from the Carmel River for iojecthe combined
average yield for both projects is estimated at 2,000 AFY. The operation of the Phase 1 and 2 ASR
Projects result in reduced unauthorized pumping of the Carmel River in Summer/Fall and coincidentally
increased storage in the Seaside V\éhted, which are both considered to be environmentally beneficial.
Groundwater quality conditions in both the Carmel Valley Alluvial Aquifer and Seaside Groundwater
Basin have remained acceptable in terms of potential indicators of contamination frorw stmalfoes

such as septic systems. There have been no identifiable trends indicative of seawater intrusion into the
principal supply sources the coastal areas of these two aquifer systems to date.

2.8.2 Water Supply Management

Groundwater extraction hampaced thehedth of the Carmel Rivefor decades. Aftetwo years of
severe drought in 1976nd1977, MPWMD was formed and charged with the tasknahaging existing
water resources artbkveloping additionauppliesIn April 1990, MPWMD prepared a Water Altation
Program Final Environmental Impact Report (EIRyhe Final EIR analyzed the effects of California
American Water Company (GAIm) production, ranging from 16,744 adeet per year (AFY) to 20,500
AFY. On November 5, 1990, the MPWMD Board ceéetif the Final Environmental Impact Report,
adopted findings, and passed a resolution that set an annual limit of 16,744sAfH¢é new water
allocation limit for CalAm production, and 3,137 AFY for neDalAm production, with a total
allocation of 19,88 AFY (Option V)for the Monterey Peninsula Water Resource Systanniel Valley
Alluvial Aquifer and Seaside Groundwater Bgsin
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Even though Option V was the least damaging alternative of the five options analyzed in the Water
Allocation Program EIR, prodtion at this level still resulted in significant, adverse environmental
impacts that must be mitigated. Thus, the findings adopted ByRNVEMD Board included ditigation
Program for Option Vand associated mitigation measurBsen in June 1993 with ¢hcompletion of a

new water supply well (Paralta), Ordinance No. 70 was passed, which amended the anAwmal Cal
production limit from 16,744 AF to 17,619 AF, and the +@al-Am limit from 3,137 AF to 3,054 AF for

the Monterey Peninsula Water Resource 3gst@ 1995, the State Water Resources Control Board
determined that the California American Water Company-f®a), the private water utility company,

was unlawfully pumping 10,738F of water from the Carmel River Aquifer. In the same mandate, Cal
Am was ordered to mitigate the impacts on the riparian corridor along the river, including wildlife and
aquatic habitats if the MPWMD ceased their Mitigation Progrd@ased on the 2002 Mterey County
Floodplain Management Plan, which has since been updalda direct reference is to CAImMo s
contingent liability in Order 95L0 to carry out the activities of the MPWMD Mitigation Program if
MPWMD did not. At the time SWRCB wrote Order -38, they were concerned aborgcently
introduced statéegislation to dissolve the District and they wanted the Mitigation Program to continue if
MPWMD were to be dissolvedhe legislation failed to move out of commiftee

Regional water supply managment

The management of the water resources forNtumterey Peninsula, Carmel Bay, and South Monterey
Bay (Monterey PeninsulaRegion are addressed by thdegrated Regional Water Managemé&tan
(IRWMP or IRWM Plan. This IRWMP addresses the major chaltgesand opportunities related to
managing water resources within the Monterey Peninsula IRWM reffienMonterey Peninsula IRWM
Plan region is approximately 350 square miles and includes the cotissabf Carmeby-the-Sea, Del
Rey Oaks, Monterey, ldic Grove, Sand City, and Seaside. Also included the unincorporated
portions of Monterey County in Carmel Valley, Pebble Beach, the Catflighlands, the Laguna Seca
area, and a portion of the Ord CommunBkjg(re 217A). The regiorincludes numeraustate and federal
marine and coastal protected areas, the Monterey Bay Nabtarale Sanctuary, and portions of the
Ventana Wilderness and Fort Ord National Monument, alvioich are extremely valuable for their
ecological and socieconomic charactistics

The IRWM Plan follows the criteria established by tGalifornia Department of Water Resources
(CDWR) 2012 Proposition 84 and 1E IRWM Guidelines, amended through December 20tt&t
establishthe general process and criteria that DWR usé@spement each IRWM Grant Program. DWR
designed the IRWM planning process to be consistent with the California Water Plan: the overarching
document that integrates all regional planning efforts and provides a collaborative planning framework
for elected dicials, agencies, tribes, water and resource managers, businesses, academia, stakeholders,
and the public to develop findings and recommendations and make informed decisions for California's
water future

The Monterey Peninsula Regional Water Managen@aup (RWMG), the body responsible for the
development and implementation of the IRWM Plan, includes seven local agencies and organizations.
Members of the RWMG are required to enter into a memorandum of understanding (MOU) that
acknowledges their coopenat efforts to form an institutional structure to develop and implement the
IRWM Plan. A clearly defined governance structure and process creates a transparent working
relationship with all stakeholders that participate in the creation of the IRWM Plan.

page54 January 17, 2017



QNJ AOPKRD VIAITNIE LIe Reiuge Ao0D)

Monterey

: o1
Paafic Grove 2/ 5

Carmel Bay ASBS

CAWD Outfa

Point Lobos ASBS

Projection: UTM Zone 10N
Datum: NAD 1927
April 19, 2005

. T~
# s - ,:\/jv ,/
y 5 A \
TR s

— Watershed Boundaries

[ seaside Groundwater Basin

EC.MVMM\M&‘ Aquifer
armel River Watershed Volunteer Monktoring Program Cal-Am Pipel - o S
Carmel River Watershed Volunteer Pr CRWC D of Sp

Water Conservation Retrofit Program 9 9
|Sanitary Sewer System Repair and Replacemer

+'“‘_'-m"s
L — e i
Figure 2-17A. Map of Monterey Peninsula Integrated Regional Water Management Planning Region
(MPWMD)

2.9 Water extraction

The Carmel River watershed provides the majority of the drinking water for residents of the watershed
and surrounding commuigs. About 75% of water within the MPWMD boundaries is collected, stored,
and distributed byhe California American Wate€Company CalAm), which serves 95% of the residents

and businesses in the greater Monterey PeninSaleAm owns and operates a &= of production wells

along the Carmel River and in the Seaside GroundwBasin (SGB), and a network of pipelines
extending from the San Clemente Reservoir to the Monterey Peninsula and Seaside communities. The
majority of wells capable of dewateringaches of the Carmel River during the low flow seasoiCate

Am production wells in lower Carmel Valley producing ~ 7,515 AF in Water Year 2012, but Carmel
Valley has approximately 651 private wells, including wells in the alluvial aquifer and uplarsq thaa
produce another ~2,700 AFY, and the cumulative impact of these wells significantly reduces the amount
of water available for Carmel River flows. As groundwater levels decline in the dry season it is common
for the Carmel River to be dry from Highw@®ne Bridge (RM 1) to Schulte Road (R&47). In dry to
critically dry years the river may dry all the way up to Midlley Safeway (RM 8). If adequate winter

pageb5 January 17, 2017



rains follow, complete recharege of the aquifer generally occurs quite rapidly after the Gararel
reaches the lagoon

In Water Year 2012, the Carmel Rivéfatersheds uppl i ed al most 65% of t he
supply. The water supply reservoirs on the mainstem of the Carmel River are owned by California
American Water CaltAm). During therainy season, river flow is often unregulated by mainstem
reservoirs, which have a maximum combined storage capacity of less than 2% of the average annual flow
in the watershed. Flow releases in the dry season from the Los Padres Reservoir in Carmeré/alley
used conjunctively to meet flow requirements in the Carmel River for steelhead and to augment natural
flows along the riparian corridor. To reduce impacts to streamside areas from water extraction, flow
diversions for municipal supply generally ocairthe farthest downstream production wells and progress
upstream in response to demand or maintenace idSigese 217B illustrates legally available water

supply compared to consumer demand in MPWMD territory.

9,696 AF Customer Water Use in 2014-15

10,000

8,310 AF 8,310 AF 8,310 AF 8,310 AF 8,310 AF 8,310 AF
8,000

New Carmel River Production Limits Set by the State in July 2016

6,000

3,376 AF

Acre Feet per Year

4,000

2000 —SORSONE 2,299 AF

Venr| EsoRE| [0RE e
Limits on Production from Wells in Seaside Basin ¢ 1474 AF
2016 2017 2018 2019 2020 2021 2022

Year
Figure 2-17B. lllustrates legally availde water supply compared to consumer demand in MPWMD
territory.

2.9.1 State Water Resources Control Board (SWRCB) Order 95-10, Order WR 2009-0060
and Order WR 2016 -0016

In response to complaints about the impact of-&Latés pumpi ng on Cartahel Ri v
resources, including Carmel River steelhead, streamside vegetation, and wildlife, the State Water
Resources Control Board (SWRCB) imposed Ordet@%equiring CalAm to reduce pumping from the

Carmel River Watershed by 75%. In addition, the SWRCBrawted that the legal status of the
underground water had changed, leaving-Aal without a permit to use the water. Believing that an
immediate 75% cut would affect public health and safety, the SWRCB imposed an interim 20% cut to

11,285AF of water thailCalFAm could draw from the Carmel River. Galmé s f ut ur e | i mi t i s
for 3,376 AF. This is about 25% of C&d m6 s hi st or i ¢ aAF) ip then®80s (MPWMD4 , 1 0 6
2013).

On January 15, 2008, the SWRCB issued a draft Cease and Desist Orderg@zd@®) CalAm. The

Draft CDO refers to the 1995 SWRCB OrderB5 and notes that compliance with Or@8810 had not

been achieved after 12 years. The CDO institutes a series of cutbacksAm @abduction from the
Carmel River and prohibits new ortémsified connections in the GAm main system. MPWMD and
several other parties participated in formal hearings before the SWRCB in the summer of 2008. After
several draft versions, the final SWRCB determination on the CDO (Order02®09 was issued on
October 20, 2009. The CDO reduced the-@al annual upper limit of diversion from the Carmel River
previously set by Order 9850 at 11,285 AF t010,429 AF in Water Year (WY) 20Qtith a limit of 3,376

AF in 2017
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Then on July 19, 2016, the SWRCB iss@aler WR 2018016 amending part of the requirements of
Order 20090060 to accommodate the anticipated schedule of new water supply projects. This new order
set an effective diversion limit from the Carmel River to 8,310 AFY until December 31, 2021AnCal
meets project milestones associated with new water supply projects-AnCHdlils to meet specified
milestones in the order, the diversion limit can be reduced in 1,000 AF increments. After December 31,
2021, the diversion limit on the Carmel Rivetlwie 3,376 AFY.

2.10Surface and groundwater hydrology

2.10.1Surface water hydrology

Surfacewater in the Carmel Rivdras four main sources, direct raff from rainfall, releases from dams,

seeps and springs of groundwater, and reflom from urban use#ncluding irrigation, septic systems,

and wastevater treatment plants. Once water has reached the river channel, it has several potential sinks
including groundwater withdrawals in the Carmel Valley, flow to the sea during winter months,
evaporation fronthe stream surface, and transpiration and growth of streamside vegetation. All private or
public water diversion, retention, or withdrawals from the watershed tributaries and upland aquifers that
include consumptive use have a cumulative impact on themeolaf water in the lower valley
river/aquifer systen{Smith et al. 2004. Although most individual claims to water are an insignificant
proportion of the watershed hydrologic budget, the collective effect of water use throughout the
watershed has resultgdthe stream being fully appropriated in summer months (SWRCB, 1995b)

Although the first significant rains of the season typically begin in November, significant changes in
streamflow resulting from these rains normally do not occur until Decembemuoarya Fall rains
replenish soils that have dried out during the summer, and consequently little runoff occurs during this
period. During the fall of each year, most of the Carmel River tributaries are dry at their confluence with
the river. In additionthe lower reaches of the Carmel River are typically dry at this time. By December
or January, winter rains begin to run off saturated soilsnatdrshedstreamflow significantly increases.
Monthly streamflow is typically the highest during the Janudmpugh March period, as soils are
moisture laden and rainstorms pass through the region on a consistentHsis.2 18 relates rainfall

to streamflow and illustrates fall rains (Octobddecember), having a minimal effect on streamflow as
rains sok into dry soil. Later in the season (Februariay), saturated soil conditions (antecedent
moisture) reverse this pattern, as a higiexcenage of rain runs off into the river, enlttémy streamflow.

Water stored in the soil from winter raialsoseeps back into the 8y, contributing to streamflowlémes

2009).

A critical role of vegetated, necompacted soils is the storage, transport, and release of rainfall to
channels long after the rains have stopped. That is the only natural mechani&rhideimg perennial

flow, which the Carmel River may have enjoyed prior tmstruction of the SCD & LPOWilliams

1984). Wellmanaged landscapes can augment those natural soil functions even in the face of urban
development if the functions are well unstelod, preserved, and enhanced. The Carmel Valley Master
Plan contains numerous references to proper watershed management that includes preserving aquifer
recharge areas, native soils, and native vegetation, and further suggests deliberately plantsing to re
urban storrrwater runoff for aquifer rechargeMCRMA, 2013 (Smith, 2004)
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Figure 2-18. San Clemente Reservoir site averagmthly rainfall and streamflow

The MPWMD operates and maintains 14 streamflow gaging stations within the CarmeMratashed
(4 on the mainstem and 10 on the tributaries). In addition, continuouslexskedata were collected at
both Los Padres and San Clemente Reservoirs, and at the Carmel River. MigdévD co-funds two
USGS gauging stations on the Carmel Riviedre MPWMD and USGScontinuous recording gaging
stations are listed in Tab®5 and Figure 219 (MPWMD 2000- 2013.

Streamflow gaging station O&M at each of the above sites involves obtaining monthly discharge
measurements, maintaining recording equipnartgining staff gage readings and occasional surveying.
Subsequently, river/creek stage and discharge data are processed to produce mean daily streamflow
records for the sitesTable 26 summarizes the computed annual flows for the MPWMD sites for the WY
19922013 periods.
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Table 2-5. Gaging stations in the Carmel River Watershed (MPWMD)

Gaging Stations in the Carmel River Watershed

Location Station Name Abbrev. Frequency Operator
Carmel River Highway 1 H1 Daily MPWMD
Carmel River Near Carmel NC Daily U.S.G.S.
Carmel River Don Juan Bridge DJ Daily MPWMD
Carmel River Sleepy Hollow Weir SH Daily MPWMD
Carmel River Robles del Rio RR Daily U.S.G.S.
Carmel River Below Los Padres BL Daily MPWMD
Carmel River Abowve Los Padres LP Monthly MPWMD
Tributary Potrero PO Daily MPWMD
Tributary Robinson Canyon Creek RC Daily MPWMD
Tributary Garzas Creek GA Daily MPWMD
Tributary Garzas Canyon GC Daily MPWMD
Tributary Hitchcock Creek HI Daily MPWMD
Tributary Tularcitos Creek TU Daily MPWMD
Tributary San Clemente Creek CL Daily MPWMD
Tributary Pine Creek Pl Daily MPWMD
Tributary Cachaua Creek CA Daily MPWMD
Tributary Finch Creek FC Daily MPWMD

»
,Y
«

-~

%
5"_.
4.
EXPLANATION
Carmel River )
Mainstem Stations Nen-Mainstem Stations
Above Los Padres Reservoir LP  Cachagua Creek CA
Below Los Padres Reservoir BL  Pine Creek Pl
Sleepy Hollow Wer sH SanClemente Creek CL
Robles del Rio (USGS) RR Tularcitos Creek TU
Don Juan Bridge DJ  Hitchoock Creek HI
Near Carmel (USGS) NC Garzas Creek (Canyon) GC
Highway 1 Bridge Ht1 Garzas Creek at Garzas Rd GA
Carmel River Lagoon LA Rcbinson Canyon Creek RC
Potrero Creek PO
San Jose Creek sJ
Arroyo del Rey AD
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Figure 2-19. Map of Carmel River Watershed gaging stations (MPWMD)
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CARMEL RIVER BASIN - ANNUAL STREAMFLOW SUMMARY

WATER YEARS 1992 - 2013
(Values in Acre-Feet)

CR AT HIGHWAY 1 BRIDGE

Drainag¢
Area
TRIBUTARY SITES (Sg.Mi.)| 1992| 1993 | 1994| 1995| 1996| 1997| 1998 | 1999| 2000| 2001| 2002 | 2003 | 2004 | 2005 2006 | 2007| 2008 | 2009 2010 | 2011 | 2012 | 2013
46.3 | 1780 | 7340 | 560 | 16,320 3,840 | 4,990 | 23,800 | 2,590 | 1,730 | 1,500 | 245 | 1,270 | 1,250 | 4,340 | 5210 | 261 | 2,200 | 1,020 | 5,030 5,320 695 237
CACHAGUA CREEK
PINE CREEK 7.8 3,750 | 9,800 | 1,230 | 11,110| 6,550 | 8300 | 15,610 | 4,540 | 5300 | 3270 | 2,300 | 4,250 | 2,350 | 8910 | 8020 | 849 | 3840 | 2,830 | 6,130 6,960 | 1,310 | 1,870
15.6 | 5450 | 17,070 | 1,820 | 20,580 | 9,310 | 14,200| 33,380 | 7,230 | 9,830 | 5,340 | 3,270 | 5850 | 3,720 | 16,330| 13,720 1,360 | 5520 | 4270 | 9,950 | 12,950 | 1,960 | 2570
SAN CLEMENTE CREEK
56.3 635 3220 | 444 | 5100 | 1,650 | 2,450 | 22,610 | 3,810 | 2,450 | 1,490 | 630 552 503 | 1,000 | 2480 | 503 917 405 1,140 1,430 452 327
TULARCITOS CREEK
4.6 * * 52 1,820 451 716 2,970 169 482 214 18 274 234 863 691 2 383 151 549 629 6 57
HITCHCOCK CREEK
13.2 3,700 11,170 746 12,140 4,890 8,570 24,610 5,050 4,980 3,070 1,200 2,760 1,810 8,590 7,420 381 3,010 2,500 5,720 7,620 641 1,320
GARZAS CREEK
5.4 619 2,360 89 2,230 619 1,430 6,890 545 823 433 82 448 354 1,710 1,010 25 455 451 1,120 1,150 40 153
ROBINSON CANYON CR.
5.2 * * 30 1,790 | s06 | 1210| 5970 | 855 | 1,020 | 310 43 210 164 | 1470 | 1,050 | 13 308 354 983 1,170 14 50
POTRERO CREEK
* * * * * * * 6,400 | 6,260 | 2,800 | 1,100 | 1,880 | 1480 | 7640 | 6870 | 862 | 1,740 | 2,330 [ 5,220 5760 | 1,200 | 1540
SAN JOSE CREEK 14.2
MAINSTEM SITES
193 | 38,240| 109,000| 11,800 155,000| 75210| 99,340| 250,300| 54,640| 76,750| 47,180| 31,850 | 60,560 | 38,060 | 114,400 110,100 12,220| 49,080| 45930| 104,540 | 110,300| 20,750 | 31,970
CR AT ROBLES DEL RIO
216 * 122,000 12,760| 173,600 83,090 | 111,800| 252,200| 53,570| 73,960| 49,360| 31,330| 60,420| 38,330 121,800 118,300 12,150 52,510| 47,410 | 106,300 | 116,500 | 20,820 | 28,340
CR AT DON JUAN BRIDGE
CR NEAR CARMEL 246 | 35570| 123,400 8,200 | 177,400| 74,500 | 104,100| 261,100| 55,000| 76,190| 47,790| 28,340| 55,400| 35,220 | 119,200 119,200] 7,440 | 43,960 43,960 105,840 115800 17,120 | 24,390
252 * 123,000 7,410 | 179,500| 83,430 | 112,000| 280,900| 50,810| 72,660| 42,860| 24,860 | 52,000| 30,300 | 115,200] 115,000 6,470 | 42,520 39,170 | 102,700 | 111,200 | 16,410 | 24,520

Notes: 1. Carmel River (CR) at Robles del Rio and near Carmel sites are maintained by the USGS.

o hwDn

(*) No continuous stage data collected.

Streamflow sites listed in downstream order.

San Jose Creek is outside the Carmel River Basin, but is shown for comparison.
WY 1992-2008 values are FINAL. WY 2009-2013 DRAFT values shown in italic.

Table 2-6. Carmel River Watershed Annual Streamflow Summary Water Years28® (MPWMD

2013)
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In general, total annual Carmel River streamflow generally gains in a downstream direction in above
normal years through extremely wet years due to tributary inflommormal through critically dry years,
losses in streamflow occur primarily dieeLower Carmel Valley groundwater extractidRefer toTable

2-7 for the runoff classifications for these years (MPWMD working file Greg daniteis interesting to

note that the average annual runoff on the Carmel River at U.S.G.S gage Near GaiénRiver Miles
upstream of the Pacific Ocean) was 78,190 -faxe (AF) for the period of record 19&€D06 (USGS

2006) (WateManagement Group 2007).

Table 2-7. Classification of Unimpaired Carmel River Flow at San Clemente Dam Site (MPWMD)

CLASSIFICATION OF UNIMPAIRED CARMEL RIVER FLOWS AT SAN CLEMENTE DAM SITE
(RUNOFF IN AC RE-FEET)

Water Year Runoff Classification Water Year Runoff Classification
1902 58,872 Normal 1958 154,843 Extremely Wet
1903 63,516 Normal 1959 29,702 Below Normal
1904 36,704 Below Normal 1960 20,780 Dry
1905 73,489 Above Normal 1961 9,278 Critically Dry
1906 111,242 Wet 1962 50,942 Normal
1907 166,057 Extremely Wet 1963 86,582 Above Normal
1908 46,177 Normal 1964 26,977 Dry
1909 127,394 Wet 1965 49,941 Normal
1910 53,977 Normal 1966 27,892 Dry
1911 143,892 Extremely Wet 1967 114,304 Wet
1912 24,611 Dry 1968 13,177 Critically Dry
1913 12,933 Critically Dry 1969 174,213 Extremely Wet
1914 120,075 Wet 1970 53,112 Normal
1915 110,11C Wet 1971 32,707 Below Normal
1916 136,932 Extremely Wet 1972 14,680 Critically Dry
1917 71,580 Above Normal 1973 113,269 Wet
1918 37,917 Below Normal 1974 86,102 Above Normal
1919 42,107 Normal 1975 87,211 Above Normal
1920 35,198 Below Normal 1976 6,358 Critically Dry
1921 49,583 Normal 1977 2,855 Critically Dry
1922 104,977 Wet 1978 151,421 Extremely Wet
1923 71,493 Normal 1979 50,087 Normal
1924 13,304 Critically Dry 1980 143,395 Extremely Wet
1925 34,626 Below Normal 1981 41,445 Below Normal
1926 80,608 Above Normal 1982 130,522 Extremely Wet
1927 92,274  Above Normal 1983 318,987 Extremely Wet
1928 45,261 Normal 1984 69,179 Normal
1929 33,188 Below Normal 1985 26,611 Dry
1930 30,988 Below Normal 1986 125,911 Wet
1931 9,988 Critically Dry 1987 15,551 Dry
1932 79,097 Above Normal 1988 10,083 Critically Dry
1933 14,383 Critically Dry 1989 10,248 Critically Dry
1934 49,058 Normal 1990 8,606 Critically Dry
1935 58,486 Normal 1991 25,965 Dry
1936 70,684 Normal 1992 41,777 Normal
1937 85,456 Above Normal 1993 109,50& Wet
1938 161,366 Extremely Wet 1994 13,313 Critically Dry
1939 18,297 Dry 1995 153,118 Extremely Wet
1940 102,907 Wet 1996 75,412 Above Normal
1941 229,468 Extremely Wet 1997 98,561 Above Normal
1942 126,930 Wet 1998 226,901 Extremely Wet
1943 71,489 Normal 1999 51,222 Normal
1944 48,730 Normal 2000 73,499  Above Normal
1945 51,264 Normal 2001 44,981 Normal
1946 44,886 Normal 2002 30,888 Below Normal
1947 14,743 Dry 2003 59,434 Normal

| 1948 14,703 Dry | 2004 36,910 Below Normal
1949 31,955 Below Normal 2005 112,153 Wet
1950 25,543 Dry 2006 107,217 Wet
1951 47,061 Normal 2007 12,542 Critically Dry
1952 128,995 Wet 2008 49,017 Normal
1953 54,446 Normal 2009 47,506 Normal
1954 29,467 Dry 2010 98,419 Above Normal
| 1955 26,496 Dry | 2011 101769 Above Normal
1956 128,805 Wet 2012 20,025 Dry
1957 31,002 Below Normal | 2013 27,303 Dry
Notes:
1. Year type classifications are based on the Carmel River Basin Runoff Index.
2. Outlined years indicate two or more consecutive dry or critically dry years and are defigedésyic droughts
3. Runoff values for Water Years 192005 were reconstructed by the Monterey Peninsula Water Management District bpsed d
records provided by the United States Geological Survey (USGS) and California American Waten)Ca@he runoff values fpr
WY 2006 through WY 2013 were computed by the Monterey Peninsula Water Management District based on records grovidg
CalAm.
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2.10.1.1Tributary contribution

Relative tributary contribution varies from year to year, and it is postulated that the primary influences are
spatial variations in sulvatershedrainfall and differences in drainage areas betweennaibrshed.

Other important factors fafcting tributary runoff include: water extraction, urbanization, local terrain
and soil type, and vegeige cover. In addition, antecedent moisture conditions (i.e., rainfall received in
previous years) affect subatershedunoff andbase flowin a given year Jame<009).

San Clemente and Pine Creeks drain portions of the southernmost perimeter of the watershed. These
areas receive relatively high annual rainfall, averaging more than 40 inches per year. Accordingly, these
tributaries are high contriitors of flow to the Carmel River. Asdicated inTable2-8, San Clemente

Creek consistently contributed the highest volume of tributary inflow to the Carmel River over the period.
Pine Creek, despite its small drainage area, ranked second or thipd dxang the extremely wet years

of 1995 and 1998. Garzas Creek headwaters also drain an area of high rainfall, and its flow contribution
consistently ranks second or third. However, it is notable that during thei 20028 reporting period

Pine and @rzas Creeks ranked second and third respectively, in all five water years. Cachagua and
Tularcitos Creeks, the two largest subtershed, located in the northeastern portion of the watershed, lie

in a-shadbwo. Accor di ngl yontributore ip dnato average vears. alh e f | ¢
extremely wet years such as 1995 and 1998, theseaigeshed become saturated and their relative
contributions increase significantly. The relatively small tributary drainages including Hitchcock,
Robinson ad Potrero Creeks, each drain approximately five square miles and are not located in a high
rainfall region. Therefore, these tributaries are the lowest flow contributors of the eight gaged major
tributaries(Table 28) (Jame<009.

Table2-8 expresses tributary contribution apexcenage of the total annual flow measured at the Carmel
River at Highway 1 Bridge (HWY 1) site. The HWY 1 site essentially represents the total catchment of
the Carmel RiveWatershedwith a drainage area of 258uare miles, as compared to 255 square miles
at the lagoon.Table 28 shows how the various tributaries ranked in flow contribution over the past 16
years. In addition, the table shows that tributary runoff accounts for approximatédyofithe flow at
HWY 1. It is important to note thatable 28 does not accourfor gains or losses that occur along the
river, particularly groundwater extraction from the Lower Carmel Valldyich averaged approximately
9,300 AF annually QatAm groundwater productionpver the 1992008 periods Consequently,
percenages of tributary flow contributioeshown in the tablare more exaggerated in dry years such as
WY 1994 and2007. In both of these yearswler Carmel Valley groundwater diversions @ FAm)
totaled appoximately 10,000 AF, significantly more than the total gaged flow at HWY 1 (7,410 AF and
6,470 AF) in both of these yeaf3ame2009).
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Table 2-8. Percenhge of Carmel River Tributary Flow Contribution Relative to Total Flow at the Carmel
River atHighway 1 Bridge Site (James )0
PERCENTAGE OF CARMEL RIVER TRIBUTARY FLOW CONTRIBUTION
RELATIVE TO TOTAL FLOW AT THE CARMEL RIVER AT HIGHWAY 1 BRIDGE SITE

TRIBUTARY SITES Drainage Are of CRH % of Total Tributary Flow Contribution by WY

(Square Miles) Area | 1993| 1994| 1995| 1996| 1997[ 1998[ 1999[ 2000[ 2001 2002| 2003| 2004 2005 2006 2007| 2008) 2009| 2010| 2011 1993-11
SAN CLEMENTE CREEK 15.6 6 14| 25| 11|11 ) 13|12 | 14| 14|12 | 13| 11| 12|14 [ 1221 [ 13| 11| 10| 12 12
GARZAS CREEK 132 5 9 [10] 7 6 8 9 [10] 7 7 5 5 6 7 6 6 7 7
PINE CREEK 7.8 3 8 [17 [ 6 8 7 6 9 7 8 9 8 8 8 7 1139 7 6 6 7
CACHAGUA CREEK 46.3 18 6 8 9 5 4 8 5 2 3 1 2 4 4 5 4 5 3 5 5 6
TULARCITOS CREEK 56.3 22 3 6 3 2 2 8 7 3 3 3 1 2 1 2 8 2 4
ROBINSON CANYON CR. 54 2 2 1 1 1 1 2 1 1 1 0 1 1 1 1 0 1 1
POTRERO CREEK 5.2 2 0 1 1 1 2 2 1 1 0 0 1 1 1 0 1 1
HITCHCOCK CREEK 4.6 2 - 1 1 1 1 1 0 1 0 0 1 1 1 1 0 1 1
Total 154.4 60 67| 40 [ 33 [ 37 [ 48[ 49 [ 37 [ 36|31 30| 34| 38| 34| 52| 39
NOTES:

1. Percent of Carmel River Basin (CRB) figures are based on a total basin area of 252 square miles (Sg. Mi.).
2. Percent of total flow contribution figures are based on the total annual flow at Carmel River at HWY 1 Bridge site.
3. The above table does not account for gains or losses that occur along the river including but not limited to ground and surface water
production, interflow, un-gaged drainage, local runoff, evapotranspiration etc.
4. Percentage values for the 1993-2003 period do not incorporate Water Year 1993 at the Hitchcock and Potrero Creel sites.
5. Total percentage values are calculated from actual values and are not derived from addition of individual, rounded percentage values.
6. Percentages of tributary flow contribution in "Critically Dry" years (1994 & 2007) are poorly represented as LCV groundwater production exceeds gaged HWY 1 flows in these yezrs.

The Car mel Val | ey c¢ anshadped bedroak bathtlile witk al thiak tayerboé saral infi U 0
the bottom. The sand at the bottom is the major unconfined aquifer for regional water supplies (e.g.,
Kapple et al, 1984). The sand and water rest above the low permeability bedrock of the valley. When
water flows through the Carmel Valley, it occupies both the surface river channel and a subterranean river
flowing within the sand beneath the channel (Kondolf and Cd882; Maloney, 1984). This geometry

makes groundwater and surface water the same resource (SWRCB, 1995a); managing one requires
managing the other. Currently the surface water resource is impaired because the shadieasub
aquifer is ovepumped by pproximately 11,000 actieethyr (SWRCB 1995aSmithet al.2004)

Many of the Carmel watershed streams go dry annually, leaving fish populations at risk. Most of the
small headwater streams located high in the watershed do not have enough shallow groundwater to
sustain them through the summer. The lower reach of theeC&iver goes dry annually because the
surface water percolates downward through the gravel in its bed, replacing the water removed by
municipal and private wells that tap the sands and gravels underlying the riverbed. The resulting drop in
the water tablegesulted in impaired riparian vegetation and consequent enormous loss of land to bank
erosionintheear 'y 19800s (108 EAreséntly, tlreniparia@ zoner oy the lower Carmel
Valley owes its existence to miles of seasond#ployed irrigathn systems that counteract the overdraft

of the unconfined aquifdGmithet al.2004)

Of critical importance to sustainable fisheries is the maintenance efoigadt surface water at various
reaches in the Carmel River with the appropriate seasorgd mirdischarge, temperature, and chemistry.

The success of anadromous fisheries does not hinge upon the Carmel River being perennial, but there are
minimum conditions that must be met to sustain the population. There must be sufficiently large winter
flows to present significant opportunities for fish migration to and from theysethe Carmel River did

not necessarily flow to the sea during the migratory seaseweiny year. Likewise summer flows must be

of sufficient local volume to provide cool, viielxygenated, protected habitat for fish that will remain in

the river during the dry season. These low summer flows must also be able to dilute septic return flow to a
level that is not toxic to the fish population. Other benefits of summer surface fod wnclude a

healthy riparian forest (Kondolf and Curry, 1986), reduced streank erosion (Kondolf and Curry
1986), and the a¢hetic appeal of flowing watésmithet al.2004).
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2.10.1.2 Storm water

Stormwater is water that origines during precipitation evendsd enters the stormateror stormdrain
system. Stormwater that does not soak into the ground becomes surface runoff, which either flows
directly into surface waterways or is channeled into storm drains, which eventisgharde to the
Carmel River and Carmel Bay. Stomater is of oncern for two main issued)d volume and timing of
runoff wate can lead to flooding, antieé potential contaminants that the water is carrying

Storm water originates frommoads and thenflows into drainage ditchesind road culvertshat colect

runoff and sediment fronoad surfaes and adjacent slopeBitchesand culvertsconcentrate flow, and

carry a high edimentload tocreeks and the riveNearly every culvert visited durireg2004studyof the

Carmel Watershedbserved thatiniversallyused corrugated culverts concentrate high flows from above

into a narrow, highvelocity flow that literally hoses the downstream part of the creek bed, akin to a
hydraulic mining operatiarit would be difficult to estimate the enormous volume of excess sediment that

has been liberated into the Carmel River and National Marine Sanctuary because of the erosion caused by
underszed, poorly installed, culverts (Smig al. 2004)

2.10.2Ground water hydrology

The principal watebearing geologic formation in the Carmel Valley is the younger alluvium, consisting

of poorly consolidated boulders, gravel, sand, and silt deposited by the Carmel River in the last 10,000
years. The thickness of the alluvium ince=agn a downstream direction from zero above the Carmel
Valley Filter Plant to more than 200 feet wesHijhway 1 near the river mouth, with a typical thickness

of 50 to 100 feet. The Carmel Valley alluvial aquifer (Fig@&0) is unconfinedand is highly
permeable, recharging rapidly after extended dry periods. The aquifer is underlain by much less
permeable bedrock formations consisting of-peetiary Period igneous and metamorphic rocks, and
Tertiary Period sedimentary rocks. Only a fewlls on the valley floor have been drilled through the
alluvial sediments into underlying bedrock. Because the permeability of these rocks is considerably less
than that of the alluvial sediments, groundwater exchange within the alluvium is thoughlirtitex

and, therefore, has not been studied extehsor definitively quantifiedCDWR 2012.

It is estimated that about 85% of the water entering the aquifer percolates through the bed of the Carmel
River (Kapple et al. 1984). Additional rechargemas from the tributary drainages, direct infiltration of
precipitation, inflow from subsurface bedrock formations, and return flow from irrigation and septic
systems. Water in the aquifer is primarily lost by groundwater pumping; minor sources of lode inc
discharge into the river, seepage into the ocean, evapotranspiration by riparian vegetation, and deep
percolation inb underlying bedrock formatiorfdones & Stokes Associates 1998

Although riparian vegetation was much more abundant before theyvalhs developed and,
consequently, evapotranspiration was greater, the water level in the aquifer in summer and fall was
generally high enough to provide base flow to the river and sustaimowgad flow. Upstream diversion

of water and largscale grondwater pumping now dry up the river in the Lower Carmel Valley during

the summer monthslgnes & Stokes Associates 199Buring water year 2012 (October 1, 2011
September 30, 2012FalAm wells withdrew 7,514 AF from the alluvial aquifer, and hGalAm wells
withdrew 2,732 AF from the watershed within thMPWMD boundary, for a total of 10,248F
(MPWMD well records for reporting year 2012). A portion of the @atAm pumpage is assumed to
return to the aquifer as recharge from irrigation and seygtes return flow.
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Carmel Valley Alluvial Aquifer Boundary

Legend
Carmel River and Tributaries MONTEREY APENINSUI.A
D Carmel River Watershed Boundary W ~ TER

MANAGEMENT DisTriCT
Carmel Valley Alluvial Aquifer

Figure 2-20. Carmel Valley Alluvial Aquifer (MPWMD)

The volume of groundwater storage in the Carmel Valley aquifer is a function of the geometry of the
watershedand the porosity of the alluvial sediments. Based on available information from logs of
existing wells in thewatershedthe total groundwater storage capacity of the aquifer is estimated by
MPWMD to be approximately 48,008F. Not all of the total stoge volume is considered usable;
however, as this would result in complete dewatering of the aquifer. This would not be desirable or even
possible, given the present configuration of production wells. In addition subsurface outflow to the lagoon
and ocearis required to prevent seawater intrusion and minimize impacts on the lagoon and wetland
environment. The volume of usable groundwater storage in the aquifer is estimated atAE8,50i0e
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total and usable storage capacities in each of the aquifer subomisummarizesh Table2-9 (Jones &
Stokes Associatek998)
Table 29. Usable Storage Capacities for the Carmel River Valley Aquifer (MPWMD)

Total and Usable Storage Capacities for the Carmel Valley Aquifer Subunits
(values in acre-feet)

Subunit Location Total Non-Usable Usable
AQl SC Dam to Esquiline Rd Bridge 2029 0 2029
AQ2 Esquiline Rd Bridge to Narrows 6099 1597 4502
AQ3 Narrows to Via Mallorca Bridge 19615 2688 16927
AQ4 Via Mallorca Bridge to lagoon 20475 15475 5000
Total 48218 19760 28458

2.10.3.agoon dynamics

The lagoon area and associated wetlands, which are located immediately south of the city eby=armel
theSea in Monterey County, cover an area of approximatelyabd@s(Figures 2-21 and 222). The

lagoon is a valuable aesthetic and recreational restaresidents and tourists, and provides rich habitat

for juvenile steelhead, birds and other wildlife. Most of the lagoon and wetlands area are within the
Carmel River Lagoon and Wetlands Natural Preserve which is part of the Carmel River State Beach

(James 200h

Figure 2-21. Carmel lagoon aerial photograf@asagrande 2006
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Figure 2-22. Carmel lagoon aerial photograffbasagrande 2006)

Lagoon morphology (i.e., areal extent, level and form) is strongly influenced by the Carmel River and the
Pacific Ocean.In years when fall or winter rains produce sufficient runoff, the Carmel River will
advance toward the lagoon and begin to fill Rrior to 2014, the Monterey County Public Works
Department (MCPWD), under contract with the Monterey Coiger Resources Agency (MCWRA),
typically used bulldozers to artificially breach the sand bar at the lagoon mouth to avoid flooding
residences that are located immediately north of the wetldrallowing this initial, artificial breaching,

the beach ben generally remains open and the river flows to the ocean through the winter and early
spring. During this period, the lagoon closes and opens (either naturally or by artificial breaching)
multiple times depending on variable ocean and river conditidesnflows recede in spring or summer,

the river mouth eventually closes for the remainder of the season until the next significant niaithy pe
repeats the process (Jan2€95).

Two major lagoon excavation projects that increased lagoon volume werestesniol 1997 and 2004.

The 1997 excavation was a &aians mitigation bank project that included levee removal along portions
of the southern bank of the Carmel River near Highway 1, grading downstream of Highway 1, and
excavation of the South Arm of th&agoon. Preliminary earthwork estimates proposed that
approximately 25 acrieet (AF) would be excavated and removed from the South Acmity (Cal-
Trans1996). As-built drawings that quantify the actual excavation volume are unavailable; therefere, i
uncertain how much additional lagoon volume was credte@004, California State Parks implemented

the Carmel River Lagoon Enhancement Project that involved excavation of new lagoon, marsh and
riparian habitats.This project extended the existi@uth Arm approximately 3,000 feet eastward to
Highway 1. As-built drawings indicate that at the fifeot level (National Geodetic Vertical Datum of
1929 or NGVD), lagoon volume was doubled from 30 AF (based on 1994 volume estimate), to 62 AF,
with a totl volume gain of 89 K at the 1€foot level (Dettmar2005) and (Jame2005).
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2.10.3.1 Lagoon phases
The lagoon is characterized by four phases that are described below:

Seawater Inflow Phase

The summer and fall seasons are relatively static periods at tien|agith the exception of occasional

filling by ocean waves. As river inflow to the lagoon ceases in late spring or summer, the lagoon mouth
closes and the water level gradually recedes until its level has equilibrated with the local water table.
Although southerly swells during the summer can occasionally overtop the beach berm and flow into the
lagoon, it is the fall and winter seasons when significant west and northwest swells generated by storms
over the North Pacific Ocean reach the California cofikese swells, when accompanied by spring tides
which occur at full and new moon cycles, will begin to fill the lagoon with seawater. The effects of
seawater inflow (also referred to as waveniaish) to the lagoon are most pronounced in the fall because
the initial lagoon level is low and the mouth is closed, resulting in a dramatic increase in lagoon level with
no outlet for the seawater to escape. Following the event, the increased lagoon level which has been
raised above the local water table, slovdgedes as it recharges local alluvium, seeps thrihegheach,

or evapotranspirggdames 2005).

Once the initial seasonal lagoon breach has occurred, usually in December or January, periodic high long
period swells continue. However, their effect on lagoon levels are much different than in the fall, as the

river maintains an outflow channel. In gena | depending on river flow, t
the arrival of high swell and the higher high tigmdt hen r ecede. This Aspikeo
hydrographs on February 26, 2004, and on March 9, 2005 results from a combination of Sefiavater

and a backwater effect on the river and lagoon at the ocean/outflow channel ir{irfaes 2005)

Rainfall and Initial Lagoon Opening Phase

At the lagoon, the late fall/fearly winter period is characterized by occasional large ocean swells
overtgping the beach berm and, in years with normal rainfall and runoff, it is the time of year when
Carmel River streamflow reaches the lagoon. In general, a river inflow of 10 cfs or greater will begin to
fill the lagoon when it is closed to the ocean. Bseathe lagoon at the -f@ot level holds only about

300 AF, even a moderate inflow of 150 cfs is sufficient to fill the lagoon in one day. In some years such
as December 1995, the river reaches the lagoon as a relatively low flow (25 cfs or leseyigdillsl

the | agoon. This fAslow fillingodo scenario provide
flood risk. In other years such as January 1995, the river reaches the lagoon as a flood flow, and officials
must act much more quicklyAn example of this would be the January 10, 1995 event, when the lagoon
inflow of 25 cfs increased to MO0 cfs in 12 hours. In anticipation of this flood wave, county officials
breachd the lagoon the previous day (James 2005).

Once flow in theCarmel River reaches the lagoon, the level begins to rise and artificial breaching of the
lagoon becomes necessary to prevent flooding of local roads, privatrtgrapd homesPrior to 2014,

lagoon breachings wergéypically performed by the Monterey Goty Public Works Bpartment, who
mobilized for river mouth breachirgwhen the water level ithe Carmel River Lagoon reachedh

elevation of 7.5 feet NGVQInterim Plan and Criteria for Emergency Breaching of the Carmel River
Mouth, dated September 1,98 by Monterey County Public Works)Actual excavation of the sand

berm begins when the water level in the lagoon reaches an elevation of 8.78 feet. With high initial lagoon
inflows (>500 cfs) similar to what occurred in January 2000, breaching norot&ilys the same day the

flow arrives. With low initial inflows (< 50 cfs), the lagoon is allowed to fill, sometimes for days, before

it is breached (e.g., December 1995). Over the past 14 yeamme#mand median initial breach levels

have been 9.93nd 9.82 feet, respectively. It is interesting to note that the maximum lagoon level on the
initial opening date was less than 10 feet for all years during thei199298 peri od (9. 0606 a
greater than 10 feet for the 19992 0 05 p e r iverdge).( Ihis.appérentachange in artificial
breaching practice is likely related to the Federal listing of the Carmel River Steelhead as a threatened
species in 1997, and the associated, increased involvement of environmental resource agencies (i.e.,
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NOAA Fisheries, CDFG). Inherent to the complexity of lagoon breaching tactics is the fact that each
year is different requiring public officials to adapt to variable rainfall, river and ocean conditions, while
considemg species protection mandates (Jam@&@sR0

Open Lagoon Phase

Once the initial opening of the lagoon occurs, the river mouth remains ogémmBhe time (13 years of

data). In some years like the extremely wet WY 1995, the lagoon mouth was open nedflpflh@

time, while during the ctically dry year of WY 1994, the lagoon was open only half of the time. Ocean
energy and river inflow are the two major factors that determine whether the lagoon will stay open or
closed. In general, low wintertime river flows favor frequent periodisurks and subsequent breaches
(e.g., November 1998) as wave and tidal action are the dominant forces. Inflows greater than 100 cfs
maintain an open lagoon nearly all the time as river flows are sufficient to scour out beach sand. If the
lagoon does closet will fill in aday or twq until it is either breached b@ountycrews, or naturallyas

the lagoon level eventually spills over the low point of the beach berm. Recorded data and field
observations indicate that lagoon inflow rates greater than 100 cfs will maintain an open lagoon mouth 95
to 100% of the time. Inflows of 20 cfs maintaian open lagoon about 80 of the time, and the lagoon
mouth normally will close at 10 cfs or less, even under the mosgribsurf and tidal conditionglames

2005).

Closed Lagoon Phase

With the exception of seawater inflow, the period of time duriingckvthe lagoon mouth is closed is

relatively uneventful. As river inflow recedes to 10 cfs in the spring or summer, the mouth will close for
the remainder of the dry season until the foll owi
has @curred at the lagoon, there is a final filling by dwindling surface inflows, followed by a gradual

water level decline that reaches a minimum in August or September. The seasonal low during this period
averages about 3.0 feet, with 2.5 feet as the Idwit: This minimum level cannot be easily explained

by the presence of river flow (as it is with an open lagoon), as the river is dry at this time. It is
hypothesized that local water table elevation and associated subsurface inflow are the pcioary fa

limiting further decline (James 2005).

2.11Water quality

Water quality of the Carmel River is acceptable. It is not listed among the impaired CalRomia by

the Environment al P rWatereActt (308) nistinggy &umbiiyy Gssgen&riyl owa n
except after large winter storms or following wet winters when effects of landslides continue after the
rainy season (Smith et al, 2004)

In addition, groundwater quality conditions in the Carmel Valley Alluvial Aquifer have remained
acceptable inerms of potential indicators of contamination from shallow sources such as septic systems,
and there have been no identifiable trends indicative of seawater intrusion into the principal supply
source. Rather, it is the lack of water caused by envirominfattors such as drought and large scale
groundwater pumping that causes waiemtity issues

Since 1991, surfaewater quality data have been collected by MPWMD at three sampling stations along
the Carmel River on a semonthly basis. The locationsf the sampling stations are as follows: (1)
below Los Padres Reservoir (BLP) at River Mile (RM) 25.4, (2) below San Clemente Reservoir at the
Sleepy Hollow Weir (SHW) at RM 17.1, and (3) at the Carmel River Lagoon (CRL) at RM 0.1. River
miles are measurefitom the mouth of the Carmel River. Monitoring at these specific stations gives
MPWMD staff information orthe quality of water released from each reservoir and in the surface layer
of the lagoon (MPWMD 200Q013).
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Data were collected for the followinghemical and physical parametetemperature (°F), dissolved
oxygen (mg/L), carbon dioxide (mg/L), pH, specific conductance (uS/cm), salinity (ppt), and turbidity
(NTU). The emphasis for this suite of parameters is on the suitability for rearing juverdlaesd
(MPWMD 20002013).

MPWMD staff also monitors river temperatures continuously at six locations within the Carmel River
WatershedFigure 223). The objective is to document the temperature regime in different stream reaches
and to determine whether waftguality criteria for maximum stream temperatures are exceeded. In
addition, these data alloMPWMD staff to monitor changes in the thermal regiof the river over time
(MPWMD 20002013).

Carmel River Basin
Temperature and Semi-Monthly Water Quality Monitoring Locations
for RY 2012
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Figure 223. Temperature and Seivionthly Water Quality Monitoring Locations in the Carmel River
Basin During RY 2012 (MPWMD).
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2.11.1 Surface water quality condition in the mainstem and lagoon

The followingpar agr aphs descri be t he -moreghyywhtda sollection andh e MP
continuous temperature recorders at specific sampling stations in the watershed (MPWNID Z3)00

Carmel River Lagoorn- The watertemperature monitoring station for the Carnéver Lagoon is
located in the south arm of the lagoon on the Carmel Area Wastewater District (CAW) effluent discharge
pipe. This station had operational difficulties associated with it during Reporting Year (RY) 2012. Staff
continues to apply adaptivérategies to correct these difficulties. During RY 2012, all data collected at
this watertemperature station were unreliable, and therefore have not been reportedqabitedata
collected at the CRL station, which is located on the south side ohdive body of the lagoon, were
reliable and are listeth Table 210. Maximum water temperature during watgrality sampling was
67.6°F, occurring on September 9, 2011. The minimum dissaixggen measurement recorded was 6.2
mg/L, which is within the st&ble criteria recommended by the Environmental Protection Agency (EPA)
for steelhead (Chapman 1986). The pH measurements ranged from 7.5 to 8.0, which is also within
suitable range. Carbon dioxide measurements ranged from 10 to 20 Hmdlever, it isimportant to

note that when sampling lower into the water column at the lagoon, one can find certain parameters
(D.O., Temperature, and Conductivity) unfavorable to steelhead during certain times of the year.

Variability in carbon dioxide is usually caubdy an increase of marine organic debris entering the
lagoon during high surf events. Carbon dioxide is a byproduct of decomposition of this material. Fish
located in waters with free carbon dioxide concentrations above 20 mg/L can show signs of distress
(Wedemeyer 1996).

The conductivity measurements ranged from 135 to 35,000 uS/cm. The surface salinity ranged from 0.2
to 28.5 ppt. The conductivity and salinity are highly variable at the lagoon due to tidal influences and
river inflows. The turbidity masurements ranged from 0.1 to 6.0 NTU. Overall, the biggest threat to
steelhead rearing continues to be the high salinity readings that occur in in the lagoon, severely reducing
the amount of rearing habitat that is adequate for juvenile steelhead aigtsitnmer and fall months,
coupled with the constant swptimal water temperatureasnd dissolved oxygeiuring this period
(MPWMD 20002013).
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Table 2-10. Water quality data collected by MPWMD during RY 2012aCar me | Ri ver
Water Qually Station
Date Time Temperature Dissolved Oxygen Carbon Dioxide pH Conductivity  Nacl Turbidity WSE
24 Hr (3] (mg/L) (mg/L) (uS/ecm) (ppt) (NTU) (ft)
7/7/11 1400 58.5 7.8 15 8.0 35000 28.5 0.1 2
8/2/11 r 0920 63.3 8.6 10 8.0 549 0.3 0.7 6.76
8/24/11 M 1000 65.8 8.2 10 8.0 558 0.3 0.1 6.06
9/9/11 i 0945 67.6 8.2 10 8.0 135 0.8 0.6 5.94
9/22/11 i 0930 62.1 6.2 15 8.0 23860 20.8 6.0 6.98
10/6/11 i 0930 64.8 111 15 7.5 1050 0.6 3.0 7.66
102011 © 1000 64.8 8.4 15 7.5 1280 0.8 0.3 8.76
11/10/11 f 0950 52.0 7.5 15 7.5 785 0.5 0.2 9.19
11/17/11 i 1000 55.0 11.0 10 8.0 738 0.5 0.1 9.8
12/7/11 M 1020 49.5 9.0 15 7.5 397 0.4 0.3 8.76
12/15/11 i 1000 47.5 8.4 15 8.0 540 0.4 0.4 9.6
1/4/12 l 1015 48.7 8.5 15 7.5 789 0.6 0.2 9.9
1/18/12 i 0930 43.8 8.1 15 7.5 749 0.6 2.6 8.2
2/7/12 r 1010 51.8 8.1 10 7.5 1268 0.9 0.1 6.68
2/22/12 i 0951 52.8 8.5 15 8.0 3188 2.3 0.5 5.93
3/6/12 i 0974 54.0 13.6 20 8.0 4570 3.3 0.8 6.01
3/19/12 M 0950 49.3 9.2 20 7.5 1964 15 4.2 3.4
4/3/12 i 0950 52.5 9.0 20 8.0 573 0.4 1.8 2.6
4/16/12 M 1015 54.0 8.9 20 8.0 470 0.3 2.8 2.5
5/9/12 i 0900 57.2 13.4 20 7.5 1571 0.4 1.0 5.02
5/23/12 r 0930 66.2 7.6 20 8.0 470 0.3 0.5 6.55
6/5/12 M 0930 64.4 7.1 20 7.5 433 0.2 0.6 8.16
6/22/12 i 1048 66.0 8.9 15 7.5 637 0.4 0.6 7.34
Minimum 43.8 6.2 10.0 7.5 135 0.2 0.1
Maximum 67.6 13.6 20.0 8.0 35000 28.5 6.0
Average 57.0 8.9 15.4 7.8 3547 2.8 1.2

Garland Park-- Water temperature for the Garland Park (GAR) station is shwW®igure 224. Data for

Lagoo

this site during the period of August 11, 2011 to October 26, 2011 were air temperatures and are not
included in the summary statistics pigied below. The sampling period that is included is July 1, 2011 to
August 10, 2011 and October 27, 2011 to June 30, 2012. The maximum annual water temperature was

69.7°F, occurring on July 30, 2011. The overall average water temperature during thagemeeant at

this station was 54.9°F. Maximum daily average water temperature was 65.1°F, occurring on July 3,
2011. Daily average water temperatures were within adequate range for steelhead rearing during the

entire sampling period (MPWMD 20&2D13).
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Figure 2-24. Daily temperatures recorded from a continuous temperature data logger at the Garland Park
(GAR) station during RY 2012 (MPWMD).

Sleepy Hollow Weir- The maximum annual water temperature for the Sleepy Hollow {&&iV)

station was 68.9°F, occurring on July 7, 2011. The overall average water temperature during the
reporting year at this station was 55.3°F. The maximum daily average water temperature was 67.3°F,
occurring on July 7, 2011. Constant water tempegatover 68 are considered stressful for steelhead
(Brungs and Jones, 1977). Daily average water temperatures were within adequate range for steelhead
rearing during the entire sampling period. This Wqtgality data collected at this station are listed

Table 211. Theminimum dissolveebxygen measurement recorded was 8.4 mg/L, which is within the
suitable criteria recommended by the EPA for steelhead (Chapman, 1986). -Qarboa
measurements ranged from 5 to 15 mg/L. The pH measurements ramged.5 to 8.5. The turbidity
measurements recorded were between 0.1 to 3.2 NTU. bty parameters measured were within

the adequate range for steelhead rearing during the sampling period, with the exception of the July water
temperatures mentiodeabove (MPWMD 200@013).
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Table 211.Water quality data collected by MPWMD duriRy 2012 at Sleepy Hollow Westation.

Date Time Temperature Dissolved Oxygen Carbon Dioxide pH Conductivity Turbidity
24 hr (F) (mgl/L) (mg/L) (uS/cm) (NTU)
7/7/2011 1100 66.9 8.6 10 8.0 230 0.05
8/2/2011 1050 63.5 8.6 10 8.5 231 0.75
8/24/2011 1110 63.3 8.7 5 8.5 233 3
9/9/2011 1050 65.1 8.7 5 8.0 236 2.6
9/22/2011 1030 68.0 8.4 10 8.0 240 2.7
10/6/2011 1020 59.5 9.0 10 8.0 251 1.7
10/20/2011 1100 62.1 9.3 15 8.0 239 1.4
11/10/2011 1115 50.5 10.2 5 8.0 214 1.75
11/17/2011 1130 52.5 10.4 10 8.0 222 2.06
12/7/2011 1200 45.9 11.6 10 8.0 204 1.92
12/15/2011 1130 45.3 10.4 10 8.0 211 1.98
1/4/2012 1130 44.4 114 10 8.5 209 2.77
1/18/2012 1100 39.7 12.8 10 7.5 195 3.2
2/7/2012 1200 48.7 10.0 15 8.0 180 0.36
2/22/2012 1110 49.1 14.6 5 8.0 178 0.12
3/6/2012 1050 50.0 154 5 8.0 N/A 0.25
3/19/2012 1120 48.4 9.4 15 8.0 163 0.88
4/3/2012 1130 51.0 10.6 10 8.0 138 0.15
4/16/2012 1130 52.0 9.5 15 8.0 143 0.71
5/9/2012 1010 58.1 9.0 15 8.0 172 0.45
5/23/2012 1145 60.8 9.6 10 8.0 218 0.43
6/5/2012 1050 64.2 8.8 15 8.0 180 0.35
6/22/2012 1256 64.8 9.6 10 8.0 205 0.6
Minimum 39.7 8.4 5.0 7.5 138 0.1
Maximum 68.0 154 15.0 8.5 251 3.2
Average 55.4 10.2 10.2 8.0 204 1.3

Above San Clemente Reservoir Water temperature for the Above San Clemente (ASC) station is
shownin Figure 225. The samplingperiod for this station was July 11, 2011 to June 30, 2012. The
maximum annual water temperature was 67.4°F, occurring on June 17, 2012. The overall average water
temperature during the reporting period at this station was 54.7°F. Maximum daily average wa
temperature at this station was 64.8°F, occurring on September 11, 2011. Daily average water
temperatures were within adequate range for steelhead rearing during the entire sampling period
(MPWMD 20002013).
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Figure 2-25. Daily temperatures recorded from a continuous temperature data logger at the above San
Clemente (ASC) station during RY 2012

Below Los Padres Reservoir The sampling period for this station was July 1, 2011 to June 30, 2012.
The maximumannualinstantaneuswater temperature observed was 68.4°F, occurring on July 6, 2011.
The overall average water temperature observed at this station during the sampling period was 55.5°F.
The maximum daily average water temperature at this station was 67.2°F on Segt&rabéd

Daily average water temperatures were within adequate range for steelhead rearing during the entire
sampling period. Water quality data collected at this station are irsfeable 212. Water quality at this

station is highly influenced by resvoir water quality and release location. The minimdissolved

oxygen measurement recorded was 6.7 mg/L, which is within the suitable criteria recommetited by
EPA for steelhead (Chapmd®86). Carbon dioxide measurements ranged from 5 to 20 mg/LpHhe

and conductivity measurements ranged between 7.5 to 8.0 and 122 to 245 uS/cm, respectively. Turbidity
measured at this station ranged from 0.2 to 4.8 NTU. Whatality parameters measured were within the
adequate range for steelhead rearing duringgperting year (MPWMD 200Q013).
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Table 212.Water quality data collected by MPWMD dugi RY 2012 at Below Los Padrsttion.

Date Time Temperature Dissolved Oxygen Carbon Dioxide pH Conductivity Turbidity
24 hr (5] (mg/L) (mg/L) (uS/cm) (NTU)
7/7/2011 0930 68.2 8.4 5 7.5 211 0.15
8/2/2011 1400 65.8 7.7 10 8.0 201 1.2
8/24/2011 1300 66.0 7.6 10 7.5 206 0.96
9/9/2011 1300 61.9 7.3 10 7.5 232 2.9
9/22/2011 1250 62.2 6.8 10 8.0 242 1.1
10/6/2011 1210 59.9 7.9 15 7.5 239 1.7
10/20/2011 1330 59.0 6.7 20 7.5 245 1.6
11/10/2011 1300 56.8 8.4 15 7.5 225 3.18
11/17/2011 1315 50.5 9.0 15 7.5 220 3.1
12/7/2011 1310 43.9 9.3 20 8.0 N/A 2.2
12/15/2011 1330 47.7 9.5 15 7.5 192 1.85
1/4/2012 1350 45.7 9.7 15 7.5 186 1.17
1/18/2012 1230 44.6 10.4 15 7.5 173 1.65
2/7/2012 1330 47.8 9.7 15 7.5 155 1.2
2/22/2012 1330 48.3 9.7 10 7.5 N/A 1.25
3/6/2012 1300 48.4 10.3 20 7.5 N/A 1.25
3/19/2012 1300 51.8 9.5 10 7.5 147 N/A
4/3/2012 1300 52.0 11.4 10 7.5 122 0.22
4/16/2012 1300 52.0 9.2 15 7.5 125 0.4
5/9/2012 1230 59.2 9.2 15 7.5 147 0.35
5/23/2012 1045 58.1 9.3 15 8.0 149 0.95
6/5/2012 1300 59.5 9.1 20 7.5 159 1.65
6/22/2012 1430 59.2 8.9 10 7.5 170 4.8
Minimum 43.9 6.7 5.0 7.5 122 0.2
Maximum 68.2 11.4 20.0 8.0 245 438
Average 55.2 8.9 13.7 7.6 187 1.6

Above Los PadresReservoir-- Water temperature for the Above Los Padres (ALP) station is shown in
Figure 226. The maximumannual water temperature was 65°F, occurring on June 17, 2012. Average
water temperature during the reporting period was 52°F. Maximum daily average water temperature at
this station was 64°F, occurring on July 7, 2011. Daily average water teoipsratere within the
adequate range for steelhead rearing during the entire reporting year (MPWMR®E3EDO
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Figure 2-26. Daily temperatures recorded from a continuous temperature data logger at the Above Los
Padresstation duing RY 2012

Waterquality conditions at all stations in the mainstem Carmel River for RY 2012 were within adequate
ranges for steelhead rearing. Even though Water
water temperatures were relativelyoler, and no sample sites observed average daily water temperatures
above 68oF. Wateguality conditions in the Carmel River Lagoon during the late summer and fall
months (July through October) are commonly within stressful ranges and likely decreate aynd
survival rates of rearing steelhead. This is mainly caused by a lack of river inflow and variability in tidal
influences. These factors can dramatically change the \gagdity dynamics in the lagoon depending on
their outcomes. During the RY 2012alinity readings for this period are commonly stratified and

increase with depth. The deepest parts of the lagoon ranged up to 20 parts per thousand and above,

reducing rearing habitat that is available to juvenile steelhead. Lagoon water tempeeatueatly was
observed within subptimal ranges during the course of this period. For more information and figures for
multiple years see MPWMD Mitigation Reports at:
http://www.mpwmd.dst.ca.us/programs/mitigation_program/annual_report/annual_reportrevl.htm
(MPWMD 200062013). In addition, summaries of surface water quality parameters have been made in
the 2004 Watershed AssessmenisThport can be viewed at:
http://www.mpwmd.dst.ca.us/programs/river/watershed _assessment/5 6/5 6 1/5 6 1 text.pdf

2.11.2 Groundwater quality condition in the  watershed and aquifer
The quality of groundwater in the Carmel Valley aquifer generally reflects that of the river in terms of the

relative concentrations of the major inorganic constituents, but groundwater in the aquifer is somewhat
more mineralized. Ae dissolved mineral content of the groundwater generally increases from upstream
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to downstream locations in the aquifer. As shown in Takl®Ghe average total dissolved solids (TDS)
concentration increases from less than 300 milligrams per litef) (mghquifer Subunit 1 to more than

600 mg/l in Aquifer Subunit 4. This is because of the longer groundwater residence time, which allows
for greater chemical dissolution of the aquifer sediments in contact with the groundwater, and the variable
compositon of the aquifer sediments. In general, groundwater from the Carmel Valley aquifer varies
from calciumbicarbonate to calciuraulfate in chemical type in the downgradient flow direction.
Groundwater pumped from the aquifer above the Narrows (with xbepton of the Russell wells)
requires no special treatment prior to municipal use. Groundwater pumped from the aquifer
downgradient from the Narrows requires treatment to comply with national secondary drinking water
standards, specifidgithose for ibn and manganeg¢€alifornia Department of Water Resour@gd. 2)

There has been some concern about the potential for degradation of the groundwater in the Carmel Valley
aquifer (particularly from nitrates) from overlying septic systems that exist omalley floor. This

concern prompted MPWMD to establish a groundwater quality monitoring program in 1981. This
program was designed to track water quality trends in the shallow zones of the alluvial aquifer to serve as
an early warning of possible contaration that could affect the deeper water supply wells in the valley
(California Department of Water Resour@ed 2)

The results from this ongoing monitoring program indicate that, typically, there is a seasonal fluctuation
of water quality in theshallow zones of the aquifer, presumably related to flushing of the overlying
unsaturated soils subsequent to winter storm periods. However, all analyses from the alluvial aquifer
through 1997 indicate that water quality is well within established watdity| standards with no clearly
discernible longerm trend of deteriorating water quality. This conclusion was confirmed when
MPWMD commissioned a groundwater quality evaluation in 1991 to address concerns about the threat of
increased nitrate levels the upper valley (i.e., above the Narrows) during the 18891 drought period

(K? Environmental Planning and Engineering Consultants 1992). A groundwater pollution study in the
Carmel Valley Village area conducted for the Monterey County Health Deparimd986 (EMCON
Associates 1986) also indicated daniresultgCalifornia Department of Water Resour@d 2)

In early 1989, MPWMD installed a series of monitoring wells near the coast as part of a hydrogeologic
investigation of the coastal portiori the Carmel Valley aquifer (Staal, Gardner & Durine. 1989).

These monitoring wells have been integrated into
collect baseline water quality data from the coastal area of the aquifer. Water qualityfresuthese

wells indicate that a mixing zone of fresh water and seawater exists at the mouth of the valley near the
Carmel River State Beach, but no seawater intrusion into the freshwater aquifer system is indicated. The
potential for seawater intrusi into inland areas may be limited by the presence of granitic rocks at the
mouth of the valley, which appear to constrict the opening of the alluvial aquifer at the seashore to a
narrow gap, approximately 500 feet wide by 100 feet deep. Because tlieceagup s abi | i ty t
seawater back out, once it has intruded it is uncertain, sustained pumping instaéarea would not be
prudent(California Department of Water Resour@8d 2)

2.11.3 Benthic macroinvertebrates (BMI)

Benthic macroinvertebrates (BMére the community of insects living in the river bottom, and are an

i mportant food source for fish, reptiles and bird
vital for steelhead survival. THRAPWMD initiated a teryear monitoring prograrin the fall of 2000 to

evaluate the water quality and physical habitat conditions of the Carmel River and to establish baseline
information that would be used in conjunction with other water quality programs to assess potential
effects of future land andater use activities

Carmel River BMI monitoring conducted over a-\iéar program period (20€8010) by the MPWMD
indicated strong and consistent effects of the dam/reservoir systems on downstream BMI assemblage
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quality. Biotic integrity values improvedith increasing distance downstream of the reservoirs. The ten

year study yielded a total of 133 samples from which 46,378 BMIs were processed. After site
compositing and standardization of subsample size, 66 composite samples were generated comprising 111
total taxa, 42 EPT taxa, 13 mayfly taxa, six stonefly taxa, 23 caddisfly taxa, and 14dbesd{lable 2-

13) (MPWMD 2010).

Table 2-13. BMI monitoring study results (MPWMP

Metric* Totals Median | Minimum | Maximum
Taxa Richness 111 21 13 41

EPT Taxa 42 7 4 22
Ephemeroptera (mayfly) Taxa 13 2 1 9
Plecoptera (stonefly) Taxa 6 0 0 6
Trichoptera (caddisfly) Taxa 23 5 2 12
Coleoptera (beetle) Taxa 14 1 0 5
Tolerance Value 51 5.4 2 6.3
Shannon Diversity 2.7 2 11 2.9

Project Statisticn=66samples)

Results of the study indicated that urbanization effects on Carmel River BMI assemblage quality were of
less magnitude than expected. While periodic accumulations of both natural and anthropogenic organic
material have been documented at theslsivelevation Carmel River monitoring site, the level of organic
material did not preclude the presence of sensitive BMI taxa, nor did it compromise abundance.
Conversely, the lowest elevation monitoring site had the highest BMI abundance and biovoklme of

sites probably because of seasonal accumulations of organic matter. Reservoir systems ceggudster
matter, which may be one factor compromising BMI assemblage quality at sites immediately downstream
of the reservoirs. But reservoir systems can alsgment downstream BMI food supplies with plankton

as appeared to be the case downstream of Los Padres Reservoir where BMI abundance and biovolume
were higher than the upstream reference site.

There were downward trends in BMI assemblage quality owerltlyear monitoring period at two
successive sites downstream of San Clemente Reservoir, possibly in response to annual drawdowns of the
reservoir. There were no upward or downward trends in BMI assemblage quality at the other sites
throughout the monitarg period. However, there was a large magnitude decline in BMI assemblage
quality at the reference site in 2007 during a critically dry water year. Full recovery occurred the
following years despite thBasin Complex Fire in the Los Padres Wilderness, ahhoccurred in the

summer of 2008. While there were seasonal influences on BMI taxonomic composition, index of biotic
integrity values were minimally affected by season

Instream and riparian habitat quality at the monitoring sites were generally godeteasiined by
gualitative assessments outlined in the monitoring procedure. Instantaneous water quality constituents
(temperature, pH, dissolved oxygen and specific conductance) measured during the monitoring period fell
within ranges typical for the remn. A literature review of historical information regarding BMI
assemblages in the Carmel River and tributaries were conducted (MPWMD 2010).
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2.11.3.1 Limiting factors for Benthic Macroinvertibrates

Published literature sources list multiple effects of dam/regesystems on downstream benthic fauna,
which include altering fluvial processes, allochthonous material transport, flow, water temperature and
food supplies. While inconclusive, several factors assessed during the Carmel River Bioassessment
Program likey contributed to lowered macroinvertebrate assemblage quality downstream of the
reservoirs. These factors included elevated water temperature downstream of the reservoirs when
compared to the upstream reference site and slightly higher average sulmtratessies immediately
downstream of the reservoirs. Annual hydrographic data indicated a mostly seasonal pattern of flow
through the sites, indicating that the dams do not appreciably alter seasonal flow.patterns

Factors contributing to streams with gustive and diverse benthic fauna include mixtures of loosely
consolidated substrate, a natural hydrograph, allochthonous (organic material of terrestrial origin) inputs
with retention and good water quality (Allan and Castillo 2007). These conditionméeddtered in

urban areas where upstream impervious landscape surfaces alter natural percolation and interfere with the
production, transport and retention of allochthonous material (Williams and Feltmate 1992, Schueler
1995, and Karr and Chu 1999). Whidank sloughing is a natural phenomenon of stream systems, urban
streams are characterized as having higher peak discharges, which contribute to increases in bank
instability, increasing channel cressctional area and sediment discharge (Trimble 199@edsive
sediment input occludes interstitial space and thereby decreases the variation of area within the substrate
for colonization of benthic fauna (Allan and Castillo 2007). Benthic fauna of urban streams may also be
affected by constituents from stomrater runoff such as petroleum hydrocarbons, fine sediment, organic
enrichment, pesticides, fertilizers and detergents (Schueler 1987).

In addition to urbanization of watersheds, reservoir characteristics (operations management, depth of
release pointlevel of primary production and effects on fluvial processes) influence BMI assemblages
downstream by affecting flow and temperature regimes, food resources and substratéioaniftian

and Castillo 2007; Camargo and Voelz 1998; Mount 1995; Petts Y984 and Stanford 1979). BMI
assemblages often recover with distance downstream of reservoir systems with sufficient inputs from
unregulated tributaries @Rn et al. 2007; Stanford and Ward 2001; Camargo and Voelz AB98age

1989)

MPWMD implementedgravel augmentation downstream of the dams between 1992046dwhere
approximately 4,00 tons of 1.54 inch gravel was placed below the two dams for salmonid spawning
habitat enhancement (B. ChaneyiPWMD staff, personal communication). Without the grav
enhancement, substrate index values would have been higher at sites downstream of the dams, which
would likely have contributed to even lower IBI values if gravel augmentation had not occurred.

Urbanization effects on Carmel River macroinvertebraterablage quality were of less magnitude when
compared to reservoir effects. While periodic accumulations of both natural and anthropogenic organic
material have been documented at the lowest elevation Carmel River monitoring site, the level of organic
matefal did not preclude the presence of sensitive macroinvertebrate taxa, nor did it compromise
abundance. Conversely, the lowest elevation monitoring site had the highest macroinvertebrate abundance
and biovolume of all sites probably because of seasonalmadations of organic matter. Reservoir
systems sequester allochthonous organic matter, which may be one factor compromising
macroinvertebrate assemblage quality at sites immediately downstream of the reservoirs. But reservoir
systems can also augment detveam macroinvertebrate food supplies with plankton as appeared to be
the case downstream of Los Padres Reservoir where macroinvertebrate abundance and biovolume were
higher than the upstream reference site (MPWMD 2010).

2.12Vegetation
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The flora of MonterefCounty i s one of the | argest and most d
size, location, climate, topography, and complex geology (Mathews, 2006). Likewise, the Carmel River
watershed supports a diverse assemblage and mosaic of plant speGeslaAtl Ranch, a 3,464 acre

regional Park in Carmel Valley, over 350 species of flowering plants have been identified (Mitchell and
Yeager, 2011). The wide range of topography, rainfall patterns, soils, geologic processes, episodic wild
fires and landslidg and proximity to marine air have created ideal conditions for endemism and localized
genotypic variations in plant and animal species

The watershedobés dominant v esgrebistaubdoraimatedt halptagsand i ncl ud
mixed @k woodland(Figure 227). Coastal plant communities include live oak woodlands, grasslands,

coastal scrub, freshwater and saline wetlands, Monterey pine forest, and marshes. Interior plant
communities include redwoods, chaparral, oak savannah woodlands, andasghp@iennial grasslands.

The riparian zone is composed of a mixed riparian forest composed of various trees like willows, alders,
cottonwoods and sycamores, as well as diverse shrubs and herbaceous species like cattails, sedges, and
grasses. Riparian hahis sustain a rich diversity and abundance of plant and animal life, as they provide
critical shelter, foraging, nesting and rearing habitat
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The Carmel River Watershed Council and Comservancy (CRWC) °I ccowslmi 5
Ll

Figure 2-27. Vegetationcover magor the Carmel River Watersh¢8mith2004).
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2.12.1Special-status plant species

Protecting and improving the habitat of threatened and spstatals plant species in the watershed is an
important aspect of watershed planning. The Carmel River watershed includes a diverse assemblage and
mosaic of planspeciegFigure 228). Changes in land use and the introduction of-native animals and

plants are the largest threats to native plant species and vegetation types

Figure 2-28. Spedes (vegetation) of concern mégasey and Petersd905.

Information on speciadtatus pant species was compiled through a review of the California Natural
Diversity Datalase (DNDDB)(California Department of Fish and Wildlif2014) for the Carmel River

water shed, t he California Native Plant &olai et yods
Pl ants of California (Skinner and Pavlik 1994), t
State and Federally Listed Endangered and Threatlasis andAnimals of California CDFW 2014,

and the USFWS list of speciastatus animal@USFWS D14).Vegetation types and distribution.
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