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List of Acronyms and Abbreviations

This report contains numerous acronyms and abbreviations. In general, staff wrote an acronym
or abbreviation in parentheses following the first time a title or term was used. Staff wrote the
acronym/abbreviation in place of that term from that point throughout this report. The following
alphabetical list of acronyms/abbreviations used in this report is provided for the convenience of

the reader:

Basin Plan Water Quality Control Plan for the Central Coast Region
BMP Best Management Practice

CCAMP Central Coast Ambient Monitoring Program

CEQA California Environmental Quality Act

CFR Code of Federal Regulations

CMP Cooperative Monitoring Program

CSUMB Calif. State University-Monterey Bay

CWA Clean Water Act

DFG (or CDFG)

Calif. Dept. of Fish and Game

DHS

California Department of Health Services

DO Dissolved oxygen

DWR California Department of Water Resources

ESNERR Elkhorn Slough National Estuarine Research Reserve
FMMP Farmland Mapping and Monitoring Program

GWAVA Ground-Water Vulnerability Assessment (USGS)
HSG Hydrologic Soil Group

HUC Hydrologic Unit Code

LA Load allocation

LOBO Land/Ocean Biogeochemical Observatory

MBARI Monterey Bay Agquarium Research Institute

MMs Management measures

MS4 Municipal Separate Storm Sewer System

NASS National Agricultural Statistics Service

NCDC National Climatic Data Center

NHD National Hydrography Dataset

NMFS National Marine Fisheries Service (NOAA)

NOAA National Oceanic and Atmospheric Administration
NO3 Nitrate

NO3-N or NO3 as N Nitrate as Nitrogen

NPDES National Pollutant Discharge Elimination System

NPS Nonpoint Source

NRCS Natural Resources Conservation Service

0OSDS Onsite Waste Disposal System

PO4 Phosphate

PRISM Parameter-elevation Regressions on Independent Slopes Model
RCD Resources Conservation District

SCCC-ESU South-central California Coast Evolutionary Significant Unit
SSURGO Soil Survey Geographic Database

STEPL Spreadsheet Tool for Estimating Pollutant Loads
SWRCB State Water Resources Control Board (State Board)
TMDL Total Maximum Daily Load

TN Total nitrogen

TP Total phosphorus

USDA United States Department of Agriculture

USEPA United States Environmental Protection Agency
USGS United States Geological Survey

Water Board California Central Coast Regional Water Quality Control Board
WLA Waste load allocation
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1 INTRODUCTION

1.1 Clean Water Act Section 303(d) List

Section 303(d) of the federal Clean Water Act requires every state to evaluate its waterbodies,
and maintain a list of waters that are considered “impaired” either because the water exceeds
water quality standards or does not achieve its designated use. For each water on the Central
Coast’'s “303(d) Impaired Waters List”, the California Central Coast Water Board must develop
and implement a plan to reduce pollutants so that the waterbody is no longer impaired and can
be de-listed. Section 303(d) of the Clean Water Act states:

Each State shall establish for the waters identified in paragraph (1)(A) of this subsection, and in
accordance with the priority ranking, the total maximum daily load, for those pollutants which the
Administrator identifies under section 1314(a)(2) of this title as suitable for such calculation.
Such load shall be established at a level necessary to implement the applicable water quality
standards with seasonal variations and a margin of safety which takes into account any lack of
knowledge concerning the relationship between effluent limitations and water quality.

The State complies with this requirement by periodically assessing the conditions of the rivers,
lakes and bays and identifying them as “impaired” if they do not meet water quality standards.
These waters, and the pollutant or condition causing the impairment, are placed on the 303(d)
List of Impaired Waters. In addition to creating this list of waterbodies not meeting water quality
standards, the Clean Water Act mandates each state to develop TMDLs for each waterbody
listed. The Central Coast Regional Water Quality Control Board is the agency responsible for
protecting water quality consistent with the Basin Plan, including developing TMDLs and
programs of implementation for waterbodies identified as not meeting water quality objectives
pursuant to Clean Water Act Section 303(d) and the Porter-Cologne Water Quality Control Act
§13242.

1.2 Project Area

The proposed geographic scope of this TMDL encompasses approximately 405 square miles of
the Lower Salinas Valley in northern Monterey County, including the Lower Salinas River, the
Salinas Reclamation Canal, Tembladero Slough and their tributaries (see Figure 1-1).

The project area is comprised of two major drainages, identified here as the Reclamation Canal
watershed® (following the watershed-naming convention of Casagrande and Watson, 2006),
and the Lower Salinas River watershed. The Reclamation Canal watershed drains to the Old
Salinas River and contains Tembladero Slough, the Reclamation Canal, and their upstream
tributaries Merrit Ditch, Espinosa Slough, Santa Rita Creek, Gabilan Creek, Natividad Creek,
and Alisal Creek. The Moro Cojo Slough subwatershed is also included in the project area.
Moro Cojo slough is not directly hydrologically connected to the Lower Salinas River watershed
or the Reclamation Canal watershed, but does ultimately drain to the same receiving water body
— Moss Landing Harbor. As a management and TMDL implementation strategy it is prudent to
include this subwatershed in the TMDL project area.

! The Salinas Reclamation Canal (i.e., Reclamation Canal) as listed in the Basin Plan, is the same
waterbody that is sometimes identified locally as the Reclamation Ditch.
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The lower Salinas River watershed drains to the Salinas River Lagoon?, and contains the lower
Salinas River and its tributaries: Blanco Drain, Toro Creek, Quail Creek, Esperanza Creek, and
Chualar Creek. The Reclamation Canal watershed contains Tembladero Slough, the
Reclamation Canal, and their tributaries. Waters from both the Reclamation Canal watershed
and the Lower Salinas River watershed ultimately drain into Moss Landing Harbor, which is the
receiving water located at the center of Monterey Bay.

There is a limited hydrologic connection between the Reclamation Canal watershed and the
Lower Salinas River watershed where the Salinas River Lagoon (North) periodically drains into
the Old Salinas River through a slide gate at the northwest end of the Salinas River Lagoon
(North). In the winter, the slide gate is often closed to prevent flooding in low-lying agricultural
lands surrounding the Old Salinas River, and the inflows into the Salinas Lagoon are typically
discharged directly into Monterey Bay through a breached sand bar at the mouth of the lagoon.
Table 1-1 shows the downgradient receiving water bodies and the tributaries to these receiving
water bodies. Figure 1-2 illustrates the project area waterbodies and their connectivity?®.

? Salinas River Lagoon is the same waterbody as Salinas River Lagoon (North), as listed in the Basin
Plan. The two names are used interchangeably throughout this report.

% In this TMDL project report, the lower Salinas River drainage, the Reclamation Canal-Tembladero Slough drainage,
Morro Cojo Slough, and all tributaries thereof are often collectively referred to as the “TMDL project area”.
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Table 1-1. Receiving waterbodies and tributaries of the Project area.

Coastal Confluence Receiving Water Bodies:

Salinas River Lagoon

Old Salinas River

| Moss Landing Harbor

Upstream Tributaries Discharging to the Above Receiving Water Bodies:

Lower Salinas River

Tembladero Slough

El Toro Creek

Salinas Reclamation Canal

Blanco Drain

Santa Rita Creek

Quail Creek

Gabilan Creek

Moro Cojo Slough

Chualar Creek
Esperanza Creek

Alisal Creek
Espinosa Slough

Figure 1-2. Major drainage basins in the TMDL Project area. _
T Hollister

>
. Elkhorn Slough
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D Lower Salinas River Drainage
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A

Monterey. 2
Bay,

Gabilan Range
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1.3 Pollutants Addressed and Their Environmental Impacts

The pollutants addressed in this TMDL are nitrate, un-ionized ammonia, low dissolved oxygen,
and chlorophyll a. In addition, to protect waters from biostimulatory substances, orthophosphate
is included as a pollutant. Nitrate and un-ionized ammonia pollution of both surface waters and
groundwater has long been recognized as a problem in the lower Salinas valley. Elevated
levels of nitrate or un-ionized ammonia can degrade municipal and domestic water supply,
groundwater, and also can impair freshwater aquatic habitat. Many surface waterbodies in the
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lower Salinas Valley routinely exceed the water quality objective for nitrate in drinking water and
may therefore degrade drinking water supplies (MUN) and impair designated groundwater
recharge (GWR) beneficial uses®. The Water Quality Control Plan for the Central Coast Region
(Basin Plan) explicitly requires that the GWR beneficial use of surface waters be maintained to
protect the water quality of the underlying groundwater resources®. It is noteworthy that CEC
and Moss Landing Marine Laboratories (1994) report that sections of the nitrate-polluted lower
Natividad Creek and Gabilan Creek may be one of the best aquifer recharge areas in the lower
Salinas Valley. Private wells are often more vulnerable to higher levels of nitrate because they
draw water from shallower groundwater aquifers. While the actual number of polluted wells and
people affected are unknown; protecting public health and ensuring safe drinking water are
among the highest priorities for the Water Board.

Regarding nitrate-related health concerns, it has been well-established that infants below six
months who are fed formula made with water containing nitrate in excess of the U.S.
Environmental Protection Agency’s safe drinking water standard (i.e., 10 milligrams of nitrate-N
per liter) are at risk of becoming seriously ill and, if untreated, may die. Symptoms include
shortness of breath and blue baby syndrome, also known as methemoglobinemia.® The well-
established linkage between nitrate and methemoglobinemia alone should be sufficient to
warrant TMDL development. High nitrate levels may also affect the oxygen-carrying ability of
the blood of pregnant women’. There is some evidence to suggest that exposure to nitrate in
drinking water is associated with adverse reproductive outcomes such as intrauterine growth
retardations and various birth defects such as anencephaly; however, the evidence is
inconsistent (Manassaram et al., 2006). Additionally, some public health concerns have been
raised about the linkage between nitrate and cancer. Some peer-reviewed epidemiological
studies have suggested elevated nitrate in drinking water may be associated with elevated
cancer risk (for example, Ward et al. 2010); however currently there is no strong evidence
linking higher risk of cancer in humans to elevated nitrate in drinking water. Further research is
recommended by scientists to confirm or refute the linkage between nitrates in drinking water
supply and cancer.

Another water quality impairment addressed in this TMDL which is associated with nutrients is
biostimulation. Biostimulation can result in eutrophication of the waterbody. While nutrients -
specifically nitrogen and phosphorus — are essential for plant growth, and are ubiquitous in the
environment, they are considered pollutants when they occur at levels which have adverse
impacts on water quality; for example when they cause toxicity or eutrophication. Eutrophication
is the excessive and undesirable growth of algae and aquatic plants that may be caused by
excessive levels of nutrients. Eutrophication effects typically occur at somewhat lower nutrient
concentrations than toxic effects. Either of these modes of water quality impairment can affect
the entire aquatic food web, from algae and other microscopic organisms, through benthic
macroinvertebrates (principally aquatic insect larvae), through fish, to the mammals and birds at
the top of the food web. Additionally, several stream reaches in the project area are impaired by
elevated levels of unionized ammonia in the water column. Unionized ammonia (a nitrogen
compound) is highly toxic to aquatic species. Reducing the amount of nutrients that enters a
water body will help to preserve and maintain the aquatic beneficial uses.

* “Beneficial uses” is a regulatory term which refers to the legally-protected current, potential, or future designated

uses of the waterbody. The Water Board is required by law to protect all designated beneficial uses.

> See Basin Plan, Chapter 2 Beneficial Use Definitions, page 11-19

® U.S. Environmental Protection Agency: http://water.epa.gov/drink/contaminants/basicinformation/nitrate.cfm
" california Department of Public Health www.cdph.ca.gov/certlic/drinkingwater/Pages/Nitrate.aspx
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In addition to detrimental impacts to aquatic habitat, algal blooms resulting from biostimulation
may also constitute a potential health risk and public nuisance to humans, their pets, and to
livestock. The majority of freshwater harmful algal blooms (HABSs) reported in the United States
and worldwide is due to one group of algae, cyanobacteria (CyanoHABSs, or blue-green algae),
although other groups of algae can be harmful (Worcester and Taberski, 2012). Possible health
effects of exposure to blue-green algae blooms and their toxins can include rashes, skin and
eye irritation, allergic reactions, gastrointestinal upset, and other effects®. At high levels,
exposure can result serious illness or death. These effects are not theoretical; worldwide
animal poisonings and adverse human health effects have been reported by the World Health
Organization (WHO, 1999). The California Department of Public Health and various County
Health Departments have documented cases of dog die-offs throughout the state and the nation
due to blue-green algae. Dogs can die when their owners allow them to swim or wade in
waterbodies with algal blooms; dogs are also attracted to fermenting mats of cyanobacteria near
shorelines of waterbodies (Carmichael, 2011). Dogs reportedly die due to ingestion associated
with licking algae and associated toxins from their coats. Additionally, algal toxins have been
implicated in the deaths of central California southern sea otters according to recent findings
(Miller et al., 2010). Currently, there reportedly have been no confirmations of human deaths in
the U.S. from exposure to algal toxins, however many people have become ill from exposure,
and acute human poisoning is a distinct risk (source: Dr. Wayne Carmichael of the Wright State
University-Department of Biological Sciences, as reported in NBC News, 2009). Section 3.7.3
of this report presents available information and data on algal toxins in the TMDL project area.

Also noteworthy is that TMDL development intended to address nitrate pollution risks to human
health and address degradation of aquatic habitat is consistent with the Water Board’s highest
identified priorities. The Water Board’s two highest priority missions® (listed in priority order) are
presented below:

Water Board Top Two Priorities (July 2012)

1) “Preventing and Correcting Threats to Human Health”
v" Nitrate contamination is by far the most widespread threat to human health in the
central coast region
2) “Preventing and Correcting Degradation of Aquatic Habitat”
v" “Including requirements for aquatic habitat protection in Total Maximum Daily
Load Orders”

The U.S. Environmental Protection Agency (USEPA) recently reported that nitrogen and
phosphorus pollution, and the associated degradation of drinking and environmental water
quality, has the potential to become one of the costliest and most challenging environmental
problems the nation faces'®. Over half of the nation’s streams, including most steams in the
lower Salinas Valley, have medium to high levels of nitrogen and phosphorus. According to
USEPA, nitrate drinking water standard violations have doubled nationwide in eight years, and it
has been widely demonstrated that drinking water supplies in the Salinas Valley have been
substantially impacted by nitrate.  Algal blooms, resulting from the biostimulatory effects of
nutrients, are steadily on the rise nationwide; related toxins have potentially serious health and
ecological effects. Biostimulation of surface waters in the lower Salinas Valley are documented
in this report; these water quality impairments are also having significant adverse downstream

8 california Department of Public Health website

% See Staff Report for the July 11, 2012 Water Board meeting.

1% u.S. Environmental Protection Agency: Memorandum from Acting Assisstant Administrator Nancy K. Stoner.
March 16, 2011. Subject: “Working in Partnership with States to Address Phosphorus and Nitrogen Pollution through
Use of a Framework for State Nutrient Reductions”.
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impacts to the ecologically sensitive Elkhorn Slough estuary as demonstrated by estuarine
researchers and the peer-reviewed scientific literature (refer to Section 3.11.2).

2 PHYSICAL SETTING & WATERSHED DESCRIPTION

2.1 Introduction

It is important to recognize that documenting high nitrogen and phosphorus concentrations is
not sufficient in and of itself to demonstrate a risk of eutrophication. Research has
demonstrated the shortcomings of using ambient nutrient concentrations within a waterbody
alone to predict eutrophication, particularly in streams (TetraTech, 2006). TetraTech (2006)
notes that except in extreme cases, nutrients alone do not impair beneficial uses. Rather, they
cause indirect impacts through algal growth, low dissolved oxygen, etc., that impair uses. These
impacts are associated with nutrients, but result from a combination of nutrients interacting with
other physical and biological factors. Other factors that can combine with nutrient enrichment to
contribute to biostimulatory effects include light availability (shading and tree canopy), stream
hydraulics, geomorphology, geology, and other physical and biological attributes (see Figure
2-1).

Figure 2-1. Contributing factors and effects of biostimulation.
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As such, nutrient criteria need to be developed to account for natural variation existing at the
regional and/or watershed-scale. Nutrient water column concentration data by itself is generally
not sufficient to evaluate biostimulatory conditions and develop numeric nutrient criteria.
Waterbodies in the TMDL project area have substantial variation in stream hydraulics, stream
morphology, tree canopy and other factors. Accordingly, in this section of the Project Report
presents information on relevant physical and biological watershed characteristics for the TMDL
project area that can potentially be important to consider with regard to development of nutrient
criteria.
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Additionally, agricultural stakeholders have requested that staff review whether the nutrient
impairments in surface waters of the lower Salinas Valley could possibly be due simply to
natural inputs:

“Included in your assessment, we encourage review of whether the impairment is caused
by environmental sources, such as the natural background and atmospheric deposition
which isn't listed under the regulation. Is it possible that those inputs alone exceed the
TMDL goals?”

Abby Taylor-Silva, Vice President, Grower-Shipper Assoc. of Central California
Norm Groot, Executive Director, Monterey County Farm Bureau
Benny Jefferson, Chairman, Salinas River Channel Coalition

In a letter to Water Board Staff dated Nov. 3, 2011

For all the aforementioned reasons, staff endeavored to characterize the watershed as fully as
possible both to assist in development of defensible nutrient water quality criteria (where
needed) and to assess natural inputs of nutrients in the watershed. The information and data
on watershed conditions are presented in this section of the project report.

> A Note on Spatial Datasets Used in this TMDL Project

Staff endeavored to use the best available spatial datasets from reputable scientific and public
agency sources to render and assess physical, hydrologic, and biologic conditions in the TMDL
project area. Spatial data of these types are routinely used in TMDL development and
watershed studies nationwide. Where appropriate, staff endeavored to clearly label spatial data
and literature-derived values as estimates in this Project Report, and identify source data and
any assumptions. It is important to recognize that the nature of public agency data and digital
spatial data provide snapshots of conditions at the time the data was compiled, or are
regionally-scaled and are not intended to always faithfully and accurately render all local, real-
time, or site-specific conditions. When reviewing TMDLSs, the U.S. Environmental Protection
Agency will recognize these types of datasets as estimates, approximations, and scoping
assessments. As appropriate, closer assessments of site specific conditions and higher
resolution information about localized pollution problems are proposed to be conducted during
TMDL implementation.

2.2 Project Area Description

The project area is located in a 405 square mile, southeast-northwest trending watershed in
northern Monterey County which drains an alluvial valley and surrounding uplands and
mountains (see Figure 2-2). The watershed is comprised of an alluvial intermontane valley
bounded by the Gabilan Range to the northeast and by the Sierra De Salinas to the southwest;
and includes the contributing watershed area beginning at the town of Gonzales (approximately
at Salinas River mile 35) and extending downstream to Old Salinas River Estuary. The Salinas
River Lagoon, the Old Salinas River Estuary and Moss Landing Harbor are the receiving water
bodies at the downstream outlet of the project area.

Agriculture is the current dominant land use in the project area, with increasing transition to
urban use. The City of Salinas, and other urbanized areas account for approximately 8 percent
of the watershed’s land use. Grassland, shrubland and forest also comprise substantial parts of
the upland reaches of the watershed within an ecosystem characterized oak woodland,
chamise-redshank chaparral, and coastal scrub (source: National Land Cover Dataset, 2001,
Calif. Dept. of Forestry and Fire Protection, 1977).
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Figure 2-2. TMDL project area relief map and waterbodies.

2.3 Watershed Delineation

ESRI™ ArcMap® 9.2 was used to create watershed layers for the project area. Drainage
boundaries within the project area were delineated on the basis of 1) the Watershed Boundary
Dataset', which contain digital hydrologic unit boundary layers at the subwatershed scale (12-
digit hydrologic unit code); and 2) elevation-derived catchments (drainage areas) available
digitally from the National Hydrography Dataset Plus (NHDPIus).

Hydrologic Unit Codes (HUC) were developed by the United States Geological Survey (USGS)
to identify all the drainage basins of the United States. NHDplus catchments are drainage
features, typically at a smaller scale than 12-digit hydrologic units, and are produced using a
drainage enforcement techniques by the USGS, and the U.S. Environmental Protection Agency
(USEPA).

' The Watershed Boundary Dataset (WBD) is developed by federal agencies and national associations. WBD
contains watershed boundaries that define the areal extent of surface water drainage to a downstream outlet. WBD
watershed boundaries are determined soley upon science-based principles, not favoring any administrative
boundaries. Online linkage: http://datagateway.nrcs.usda.gov/
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The initial selection and delineation of the project area, and associated subwatersheds, was
accomplished by digitally clipping the following 12-digit hydrologic units (HUC 12s) which are
located within the Lower Salinas River valley (see Table 2-1):

Table 2-1. Project Area HUC 12 subwatersheds.
HUC 12 HUC 12 NAME or NUMBER
180600051503 | Limekiln Creek-Salinas River
180600051507 | 180600051507

180600051504 | Chualar Creek

180600051506 | Quail Creek

180600051509 | Alisal Creek-Salinas River
180600110101 | Mud Creek-Gabilan Creek
180600110102 | Nativdad Creek-Gabilan Creek
180600110103 | Alisal Slough-Tembladero Slough
180600110202 | Bennet Slough-Frontal Monterey Bay (Moro Cojo Slough)

Within each HUC 12, higher resolution subwatershed delineation of project area stream reaches
and associated drainage areas were accomplished by using NHDplus catchment shapes as
masks, and dissolving them together into larger polygons. Smoothed NHDplus catchment shape
files can be downloaded from the National Hydrography Dataset at: http://www.horizon-
systems.com/nhdplus/download.

Lastly, as a final refinement step, a 30-meter resolution digital elevation model (DEM) of the
project area was created. Digital elevation data is available via the National Elevation Database
(NED) developed by the USGS. DEM data is routinely used to derive slope and hydrologic
attributes.  Hydrologic attributes may be derived using the Hydrology Spatial Analyst tool
extension available in ESRI™ ArcMap® 9.2. NED data is available from the U.S. Department of
Agriculture Natural Resources Conservation Service, National Cartography & Geospatial Center
at: http://datagateway.nrcs.usda.gov/

In this project, the DEM was used primarily to refine subwatershed delineations located in very
low-gradient valley floor areas, whose drainage catchments may not always adequately
represented by the aforementioned HUC 12 and NHDplus catchment shape files.

Based on the available information as complied by staff, Figure 2-3 illustrates the individual
subwatersheds developed for the project area. Table 2-2 tabulates the names and the areal
sizes of the subwatersheds. It should be noted that at higher-resolution spatial scales (individual
parcels), site specific engineering can result in parcel-scale drainage that runs counter to
topographic elevation direction. These higher resolution drainage patterns may not be
represented at localized parcel scales by these subwatershed delineations presented herein.
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Figure 2-3. Map of subwatersheds in TMDL project area.
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Table 2-2. Tabulation of subwatershed sizes (acres - mi®).

Watershed ID |Watershed Acres Square Miles
1 Old Salinas River 1,492 2.3
2 Tembladero Slough 2,154 3.4
3 Moro Cojo Slough 9,836 15.4
4 Merritt Lake 14,236 22.2
5 Salinas River Lagoon 3,837 6.0
6 Lower Salinas River® Lower Salinas River upstrm of Spreckels 50,422 78.8

Lower Salinas River dwnstrm of Spreckels 19,352 30.2

7 Blanco Drain 4,442 6.9

8 Alisal Slough 4,621 7.2

9 Reclamation Canal, Lower 5,729 9.0

10 Espinosa Slough 2,655 4.1

11 Santa Rita Creek 6,348 9.9
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Watershed ID |Watershed Acres Square Miles
12 Gabilan Creek 27,957 43.7
13 Natividad Creek 7,337 115
14 Alisal Creek/Reclamation Canal, UpperB 29,656 46.3
15 Quail Creek 11,097 17.3
16 Esperanza Creek 5,687 8.9
17 Chualar Creek 25,422 39.7
18 El Toro Creek 27,062 42.3
TOTAL 259,342 405

A The total Lower Salinas River watershed drainage area downstream of Gonzalez is 69,774 acres.

B The lower reach of Alisal Creek has been channelized and is now known as the Reclamation Canal downstream of
Hartnell Road. In this project report the “upper Reclamation Canal” refers the reach of the canal downstream of Alisal
Creek at Hartnell Road and upstream of Carr Lake. The “lower Reclamation Canal” (Watershed ID 9) refers to
the reach of the canal downstream of Carr Lake.

2.4 Land Use and Land Cover

Land use and land cover in the project area can be evaluated from digital data provided by the
California Department of Conservation Farmland Mapping and Monitoring Program (FMMP).
The FMMP maps are updated every two years with the use of aerial photographs, a computer
mapping system, public review, and field reconnaissance. For this data analysis report, the
2008 FMMP mapping data for Monterey County was used.

FMMP data is available for download from:
http://www.consrv.ca.qov/DLRP/fmmp/index.htm

Figure 2-4 illustrates land use and land cover in the project area. Table 2-3 tabulates the
distribution of land use in the project area.
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Figure 2-4. Project area land use —land cover.
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Table 2-3. Tabulation of land use/land cover in project area.
Land Cover Acres Land Cover Pie Chart

Land Cover - TMDL Project Area

Urban 21,463

Farmland 88,139

Grazing Land 82,307 Farmland
34%

Forest, Undeveloped, or Restricted | 67,330

\Water 102

Grazing Land

Total 259,341 32%
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Table 2-4 presents acreage estimates of land use-land cover acreage in all the TMDL project

areas subwatersheds.

Table 2-4. Land use - land cover by subwatershed.”

Undeveloped, Grazing
Subwatershed Farmland Urban Fore;t, or Lands Total
Restricted

Alisal Creek/Upper Rec Canal 10,135 3,796 3,000 12,724 29,656
Alisal Slough 3,884 705 32 0 4,621
Blanco Drain 4,374 64 1 0 4,439
Chualar Creek 7,737 123 4,051 13,511 25,422
El Toro Creek 26 1,333 10,137 15,566 27,062
Esperanza Creek 2,922 0 513 2,252 5,687
Espinosa Slough 2,158 37 460 0 2,655
Gabilan Creek 2,497 1,705 9,117 14,638 27,957
Merritt Lake 3,707 2,457 6,611 1,461 14,236
Moro Cojo Slough 3,185 1,478 4,585 487 9,735
Natividad Creek 1,476 1,002 364 4,494 7,337
Old Salinas River 1,058 44 353 37 1,492
Quail Creek 2,705 114 4,570 3,709 11,097
Reclamation Canal Lower 3,124 2,544 48 13 5,729
Lower Salinas Total 30,104 4,532 22,503 12,635 69,774
River upstream of Spreckels 23,590 2,114 16,270 8,449 50,423

downstream of Spreckels 6,514 2,418 6,235 4,185 19,352
Salinas River Lagoon 2,485 34 810 508 3,837
Santa Rita Creek 4,769 1,143 154 281 6,348
Tembladero Slough 1,784 345 24 1 2,155

A Land use-Land cover dataset: Calif. Dept. of Conservation Farmland Mapping and Monitoring Program (2008)

2.5 Hydrology

Assessing the hydrology of a watershed is an important step in evaluating the magnitude and
nature of nutrient transport and loading in waterbodies. The entire drainage area contributing to
flow in the project area (i.e., the Lower Salinas River watershed) encompasses over four
thousand square miles (refer back to Figure 1-1). However, much of the runoff and precipitation
generated throughout the entire Salinas River watershed is impounded in reservoirs, and
periodically released for groundwater recharge, irrigation, or other purposes.

California central coast streams tend to have flashy hydrologic conditions with short durations of
high flows following precipitation events, followed by long, extended periods of low or no flows.
Low flow, baseflow conditions, or dry conditions (in ephemeral drainages) characterize stream
reaches of the project area between rainy periods and throughout the dry season (May through
October). Broadly speaking, many of the low-gradient, valley floor stream reaches and coastal
confluence water bodies have perennial or near-perennial flows. This is attributable to the fact
that these stream reaches receive base flow and/or discharges of urban and agricultural runoff
during the dry season. The Salinas Reclamation Canal, Tembladero Slough, the Salinas River
Lagoon, and the OId Salinas River are perennial; summer flows in these bodies of water are
attributed to groundwater and irrigation sources. Because the Salinas River is a highly regulated
water body, and flows are to a some extent, tied to dam releases, the Lower Salinas River was
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dry during the late summer months upstream of Davis Road (near the City of Salinas). Flow
records from the USGS gage at Spreckles and the USGS gage at Chualar Bridge, indicate that
the Salinas River in these reaches, have measurable flow approximately 60% of the year.
More recently, flow patterns and flow management have changed on the Salinas River due to
construction of a rubber dam upstream of Highway 1 and other management changes, which
are intended to facilitate improved water and fisheries management.

In contrast, many stream reaches located higher up (topographically upgradient) on the alluvial
plain or in lower order headwater reaches (where there is less flow contribution from urban or
agricultural runoff), flows tend to be intermittent or ephemeral (e.g., reaches of Gabilan Creek
upstream of Hebert Rd). Also, these stream reaches may typically be underlain by deep alluvial
deposits or fractured bedrock having high permeability; consequently surface flows tend to
percolate into the subsurface. Note however, that in some cases lower order project area
headwater reaches appear to have flow that are intermittent, or near-perennial (e.g., Towne
Creek) based on the observation that water quality data has been collected throughout the year
(including dry months) at monitoring sites associated with these reaches). These relatively
more sustained headwater reach flows may potentially be due to baseflow, spring sources,
and/or relatively impermeable bedrock (e.g., granitic bedrock in the Gabilan Range) which limit
subsurface percolation of the surface flows.

Figure 2-5 and Table 2-5 illustrate mean annual discharge estimates within the project area,
based on USGS flow gage data and NHDplus estimates of mean annual flow*. Figure 2-6
illustrates the estimated hydrologic stream channel classifications in the project area. The
source of these hydrologic stream classification attributes is from the USGS’s high resolution
National Hydrography Dataset Plus (NHDplus)®, supplemented with input from local
stakeholders and information published in Casagrande and Watson (2006). It should be noted
that the NHDplus stream channel classifications carry no formal regulatory status, and have not
necessarily been field-checked. In the NHDplus metadata these are described as “value-
added” geospatial attributes created to supplement the NHDFlowline shapefiles.

2 yscs gages provide measured daily flow records (online linkage: http://ca.water.usgs.gov/). NHDplus provies
modeled mean annual flow estimates; staff used values for the attribute “MAFlowU”. MAFflowU are based on the
Unit Runoff Method (UROM), which was developed for the National Water Pollution Control Assessment Model
(NWPCAM) (Research Triangle Institute, 2001). Values in “MAFlowV” are based on methods from Vogel et al., 1999.
NHDplus uses two flow estimation procedures, both developed by using the HydroClimatic Data Network (HCDN) of
gages. These gages are usually not affected by human activities, such as major reservoirs, intakes, and irrigation
withdrawals; thus, the mean annual flow estimates are most representative of “natural” flow conditions. These
estimation methods used the HCDN gages because each method is developed for use at large scales; such as
Hydrologic Regions. It was beyond the scope and capabilities of both methods to determine the human-induced
effects at this scale.

3 The NHDPIus Version 1.0 is (2005) was created by the U.S. Environmental Protection Agency and the U.S.
Geological Survey and is an integrated suite of application-ready geospatial data sets that incorporate many of the
best features of the National Hydrography Dataset (NHD) and the National Elevation Dataset (NED). The NHDPIlus
includes a stream network (based on the 1:100,000-scale NHD), improved networking, naming, and "value-added
attributes" (VAA's). NHDPIus also includes elevation-derived catchments (drainage areas) produced using drainage
enforcement techniques.

29

Item No. 9 Attachment 2
January 31 - February 1, 2013 Meeting
Final Project Report


http://ca.water.usgs.gov/

Nutrient TMDL January 2013
Attachment 2 to Staff Report

Figure 2-5. Estimated mean annual discharge, acre-feet/year.
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Table 2-5. Estimated mean annual discharge (units = acre-feet per year)
Receiving Mainstem A’\r/llfligl Flow Data Lower Order Mean Annugl Flow Data
Waterbody Tributaries Discharge Source Tributaries Discharge Source
Chualar Creek 1,298 NHDplus
Salinas Riv. @ 208778 USGS Gage Esperanza Creek 275 NHDplus
Spreckels ' (1942-2011) Quail Creek 492 NHDplus
Salinas River
Lagoon USGS Gage
9 salinas Riv. @ El Toro Creek 1,585 (1963-2001)
alinas Riv.
Highway 1 253,400 NHDplus Monterey County
Blanco Drain 2.200 Rt
Resources
Agency (1978)

Old Salinas Riv. Salinas River Lagoon
@ Monterey 26,222 NHDplus outflow via slide gate - NHDplus

Old Salinas
River Estuary-

. Dunes Way
Moss Landing Tembladero Reclamation Canal @ USGS G
Harbor age
Slough @ 26,080 NHDplus San Jon Rd. L (1971-2011)
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Receiving Mainstem A’\I{:?l?.lgl Flow Data Lower Order Mean Annual Flow Data
Waterbody Tributaries Discharge Source Tributaries DischargeA Source
Molera Rd Upper Reclamation
Canal-Alisal Creek 7,583 NHDplus
Natividad Creek 719 NHDplus
Gabilan Creek 5,955 NHDplus
Santa Rita Creek-
Espinosa Slough e B TS
Merrit Ditch 2.694 NHDplus
Moss Landing Moro Cojo
Slough @ Hwy 4,017 NHDplus - - NHDplus
Harbor 1

A Units are mean acre-feet per year. Mean acre- ft/yr can be converted to mean annual flow (in cubic feet/sec) by dividing the number

of acre-feet by 724.

Figure 2-6. Non-regulatory stream classification (source: USGS-NHDplus, and CCoWS, 2006).

7

~
=TMDL Project Area

A Pump stations
@ Tide gate or Slide gate
NHDplus Stream Classifications
s Canal-Ditch: Perennial
= Canal-Ditch: Intermittent
Canal-Ditch: Flow Undefined

5 : P ial or d Flows

Stream: Intermittent or Undefined

. Slough: Perennial
S agoon A

Data Sources
NHDplus and
Casagrande and Watson (2006)
Field Observation

=

Vater Boards

As noted previously, artificial drainage, such as agricultural runoff, is an important contributor to

flows in some project area waterbodies.

In watersheds dominated by agriculture, artificial

drainage systems can act as efficient conveyance systems to rapidly transport excess water
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from agricultural soils. Consequently artificial drainage can considerably increase the amount of
nutrients exported from agricultural fields to waterways (Strock et al., 2007). Figure 2-7
illustrates the estimated percentage of land area that is subject to the practice of artificial
drainage, such as ditches and tile drains. The estimations are from USGS NHDplus catchment
attribute datasets, are intended for informational value only, are based on data derived by the
National Resource Inventory conducted by the NRCS for the year 1992*, and are presumed to
represent a plausible gross approximation of the current percentage of land area subject to
artificial drainage practices™. The data indicates that artificial drainage is most intensive in the
lower (downgradient) portions of the project area (e.g. Tembladero Slough, Reclamation Canal,
Blanco Drain), as well as in localized areas around lower Alisal Creek-upper Reclamation
Canal, and lower Chualar Creek.

Figure 2-7. Estimated percentage of land area subject to artificial drainage practices (ditches &

tile drainage).

-g Yo, v 3
& Estimated Percent of Area

Subject to Practice of
Artificial Drainage (Year 1992)
(Ditches & Subsurface Drains)

P D TMDL Project Area

Artificial Drainage (%)

Data Sources
USGS NHDplus Catchments Attributes
derived from data in the
National Resource Inventory datasets
(NRCS.\:'SDA)

* This tabular dataset was created by the U.S. Geological Survey and represents the estimated area of artificial
drainage for the year 1992 and irrigation types for the year 1997 compiled for every catchment of NHDPlus for the
conterminous United States. The source datasets were derived from tabular National Resource Inventory (NRI)
datasets created by the National Resources Conservation Service. Artificial drainage is defined as subsurface drains
and ditches.

15 |t should be noted that agricultural stakeholders report that significant efforts have been made in the Monterey Bay
area since 1992 to improve water quality management practices; as such, the information is this figure should be
considered very qualitative and substantital changes at local scales may have occurred since 1992.
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Due to the nature and scope of artificial drainage, regulated flows and the Mediterranean
climate in the TMDL project area, dry season flow patterns can vary substantially from patterns
observed from mean annual flow patterns (refer back to Figure 2-5 for mean annual flow
patterns). It is also important to consider dry season flow discharge patterns because
biostimulatory impairments of surface waters generally occur in the dry season or summer
months. While there are only a handful of USGS gages in the project area, various monitoring
programs™® have collected over 1,000 instantaneous flow measurements in the project area in
recent years (See Appendix B — Flow Duration Record Summary and Instantaneous Flow
Records). Because of the large size of this flow dataset, taking the means of May-October
instantaneous flow measurements from selected stream reaches can provide a plausible
approximation of average dry season flow, measured as cubic feet per second. Additionally,
due to the region’s Mediterranean climate and the virtual absence of precipitation-driven flow
events in the dry season, it is presumed that the instantaneous flow measurements are
reasonably representative of the full range of dry season flow conditions.

Figure 2-8 illustrates estimated dry season (May 1 — Oct. 31) flow patterns in the project area.
Note that at the downstream outlets of the project area, flows from the Tembladero Slough and
Reclamation Canal drainage represent a significantly larger proportion of the dry season flows
leaving the project area and entering Moss Landing Harbor, relative to dry season flows from
the Old Salinas River/Lagoon via the slide gate at the Old Salinas River (see Table 2-6). Also,
dam-regulated flows on the Salinas River are designed to recharge the Salinas Valley
groundwater basin, thus mean dry season surface flows on the Salinas River substantially drop
between Chualar and Davis Road. Consequently, flows in the lowermost Salinas River,
downstream of Davis Road and above the Lagoon, are primarily attributable to inputs from the
Blanco Drain and nonpoint sources of surface flow inputs.

'8 Data sources: Cooperative Monitoring Program; CCAMP; and Central Coast Watershed Studies
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Table 2-6. Estimated mean dry season flows (May-Oct.) (units = cubic feet per second)

Receiving Mainstem Mean Dry Flow Data Lower Order Mean Dry Flow Data
Waterbody Tributaries Season Flow Source Tributaries Season Flow Source
Salinas Riv. @ Instantaneous
Chualar 57.33 USGS Gage Chualar Creek 0.95 flow data
Salinas Riv. @ . Instantaneous
Spreckels 24.88 USGS Gage Quail Creek 1.99 flow data
Salinas River
Lagoon Salinas Riv. @ Instantaneous
Davis Rd. 5.98 flow data El Toro Creek 0.22 USGS Gage
Estimate
Salinas Riv. @ derived from Instantaneous
Hwy. 1 26.3 Jones and Blanco Drain 5.6 flow datau
(site 309SBR) Snyde/r1
(1984)
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Receiving Mainstem Mean Dry Flow Data Lower Order Mean Dry Flow Data
Waterbody Tributaries Season Flow Source Tributaries Season Flow Source
Old Salinas OSR originates @
. Salinas River
River @ 7.08 Insftlﬁ\rll\}%r;?;)us Lagoon via lagoon - -
Monterey Dunes outflow @ slide
Way gate
Alisal Creek @
USGS 11152570 0.15 USGS Gage
Reclamation Canal 24 Instantaneous
@ La Guardia ) flow data
Old Salinas Reclamation Canal
River Estuary- @ San Jon Rd. 3.73 USGS Gage
Moss Landing =
Harbor Tembladero Natividad Creek @ 0.33 Instantaneous
Slough @ Haro 14.2 InSftlﬁwzr;etzgus 309NAD flow data
Rd Gabilan Creek @
USGS 11152600 0.69 USGS Gage
. Instantaneous
Espinosa Slough 1.71 flow data
N Instantaneous
Merrit Ditch 1.96 flow data
. Moro Cojo
Moss Landing Instantaneous
Harbor Sloughl @ Hwy 4.15 flow data ) i i

“ Jones and Snyder (1984). “Potential Effects of Sewage Effluent Removal on the Lower Salinas River Riparian System”. .

In:

California Riparian Systems: Ecology, Conservation and Productive Management. Edited by R. E. Warner and K. M. Hendrix.

University of California Press (1984). Authors estimated that 11% surface inflow to Salinas River Lagoon is attributable to the Blan
Drain, and that of the surface inflow attributable to other nonpoint sources of flow to the river is approx.. 3.7 times larger than the Blan

CO
co

Drain contribution. Therefore, estimated mean dry season flow at 309SBR = Blanco Drain contribution + (3.7 x Blanco Drain

contribution) = 5.6 + (3.7 x 5.6) = 26.3 cfs.

2.6 Nutrient Ecoregions

Nutrient ecoregions are USEPA designations for subregions of the United States that denote
areas with ecosystems that are generally similar (e.g., physiography, climate, geology, soils,
land use, hydrology). The project area is located in Ecoregion Il subecoregion 6 — Southern
and Central California Chaparral and Oak Woodlands'’ (see Figure 2-9). The primary
distinguishing characteristic of this ecoregion is its Mediterranean climate of hot dry summers
and cool moist winters, and associated vegetative cover comprising mainly chaparral and oak
woodlands; grasslands occur in some lower elevations and patches of pine are found at higher
elevations. Most of the region consists of open low mountains or foothills, but there are areas of
irregular plains in the south and near the border of the adjacent Central California Valley
ecoregion.

Ecoregional natural variation illustrates that a single, uniform regulatory numeric nutrient water
guality target is not appropriate at the national or state-level scale. At the larger geographic
scales natural ambient nutrient concentrations, and associated biostimulatory risks in surface
waters are highly variable due to variations in vegetation, hydrology, climate, geology and other
natural factors. As such, it is important to consider natural variability of nutrient concentrations
locally at smaller geographic scales, e.g., the ecoregional, watershed, or subwatershed-scales.
Therefore, note that some subsequent elements or sections of this Project Report will reference
to nutrient water quality conditions in Ecoregion Il subecoregion 6 (i.e., Calif. Oak and
Chapparal subecoregion).

" Also referred to throughout this report more concisely as “Nutrient Subecoregion 6”.
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Fﬂure 2-9. California Level Il nutrient ecoregions.
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In 2000, the USEPA published ambient numeric criteria to support the development of State
nutrient criteria in rivers and streams of Nutrient Ecoregion Ill. Narrative from the 2000 USEPA
guidance is reproduced below (emphasis added):

(The 2000 report) presents EPA’s nutrient criteria for Rivers and Streams in Nutrient
Ecoregion lll. These criteria provide EPA’s recommendations to States and authorized Tribes for
use in establishing their water quality standards consistent with section 303(c) of CWA. Under
section 303(c) of the CWA, States and authorized Tribes have the primary responsibility for
adopting water quality standards as State or Tribal law or regulation. The standards must contain
scientifically defensible water quality criteria that are protective of designated uses. EPA’s
recommended section 304(a) criteria are not laws or regulations — they are guidance that
States and Tribes may use as a starting point for the criteria for their water quality standards.

In developing these criteria recommendations, EPA followed a process which included, to the
extent they were readily available, the following elements critical to criterion derivation:

Historical and recent nutrient data in Nutrient Ecoregion lll: Data sets from Legacy STORET,
NASQAN, NAWQA and EPA Regionl10 were used to assess nutrient conditions from 1990 to
1998.

Reference sites/reference conditions in Nutrient Ecoregion Ill: Reference conditions
presented are based on 25th percentiles of all nutrient data including a comparison of reference
condition for the aggregate ecoregion versus the subecoregions. States and Tribes are urged to
determine their own reference sites for rivers and streams within the ecoregion at different
geographic scales and to compare them to EPA’s reference conditions.
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The intent of developing ecoregional nutrient criteria is to represent conditions of surface waters
that are minimally impacted by human activities and thus protect against the adverse effects of
nutrient over enrichment from cultural eutrophication. EPA’'s recommended process for
developing such criteria includes physical classification of waterbodies, determination of current
reference conditions, evaluation of historical data and other information (such as published
literature), use of models to simulate physical and ecological processes or determine empirical
relationships among causal and response variables (if necessary), expert judgment, and
evaluation of downstream effects. To the extent allowed by the information available, EPA has
used elements of this process to produce the information contained in this document. The values
for both causal (total nitrogen, total phosphorus) and biological and physical response
(chlorophyll a, turbidity) variables represent a set of starting points for States and Tribes
to use in establishing their own criteria in standards to protect uses. The values presented
in this document generally represent nutrient levels that protect against the adverse effects of
nutrient over enrichment and are based on information available to the Agency at the time of this
publication. However, States and Tribes should critically evaluate this information in light of the
specific designated uses that need to be protected.

-from: Ambient Water Quality Criteria Recommendations — River and Streams in Nutrient
Ecoregion Ill, USEPA December 2000.

Note that USEPA defines a reference stream as follows:

“A reference stream is a least impacted waterbody within an ecoregion that can be
monitored to establish a baseline to which other waters can be compared. Reference
streams are not necessarily pristine or undisturbed by humans.”

EPA proposed that the 25th percentiles of all nutrient data could be assumed to represent
unimpacted reference conditions for each aggregate ecoregion, and also provided a comparison
of reference condition for the aggregate ecoregion versus the subecoregions. These 25th
percentile values were characterized as criteria recommendations that could be used to protect
waters against nutrient over-enrichment (USEPA, 2000a). However, EPA also noted that States
and Tribes may “need to identify with greater precision the nutrient levels that protect aquatic life
and recreational uses.”

For reference, USEPA'’s 25th percentiles (representing unimpacted reference conditions) for the
California Oak and Chapparal Subecoregion (i.e., nutrient subecoregion 6) are presented in
Table 2-7.

Table 2-7. USEPA Reference conditions for Level Il subecoregion 6 streams.

Parameter 25" Percentiles based on all seasons data for the Decade
Total Nitrogen (TN) — mg/L 0.52
Total Phosphorus (TP) — mg/L 0.03
Chlorophyll a — pg/L 2.4
Turbidity - NTU 1.9

It should be re-emphasized that the above ecoregional criteria are not regulatory standards, and
USEPA in fact considers them “starting points” developed on the basis of data available at the
time. USEPA has recognized that States need to evaluate these values critically, and assess
the need to develop nutrient targets appropriate to difference geographic scales and at higher
spatial resolution.

To establish reference conditions appropriate locally, staff applied the USEPA reference stream
methodology (75™ percentile approach) for water quality data from natural or lightly-disturbed
headwater and tributary reaches in the Salinas River basin. The 75th percentile was chosen by
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USEPA since it is likely associated with minimalla/ impacted conditions, and will be protective of
designated uses. Staff also calculated the 90" percentiles of nitrate and orthophosphate in
these reaches to assess what plausible high-end concentrations of these constituents might be
expected in lightly-disturbed areas.

Figure 2-10 illustrates the range and statistics of nitrate (as N) and orthophosphate (as P)
concentrations in headwater reaches and lightly disturbed tributaries of the Salinas River basin.
Note that the 75th percentiles for this population of stream data are 0.15 mg/L nitrate-N, and
0.07 mg/L orthophosphate-P*®. For comparative purposes, note that these concentrations
appear to comport reasonably well with the USEPA’s 25" percentile reference conditions for
subecoregion 6 previously shown in Table 2-7.

Also noteworthy is that the 90™ percentile of nitrate-N in Salinas River basin reference streams
is 0.98 mg/L. This suggests that nitrate-N in reference stream conditions typically never
exceeds about 1 mg/L except in outlier or anomalous conditions.

'8 These values could underestimate the total nitrogen and total phosphorus, since nitrate and orthophostate are
molecules that often represent a fraction of total water column nitrogen and phosphorus, respectively. However, in
central coast inland streams, nitrate typically appears to comprise the largest faction of total water column nitrogen.

38
Item No. 9 Attachment 2
January 31 - February 1, 2013 Meeting
Final Project Report



Nutrient TMDL January 2013
Attachment 2 to Staff Report

Figure 2-10. Reference conditions for nitrate and orthophosphate in headwater & lightly-disturbed stream reaches of the Salinas River basin.
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2.7 Climate and Precipitation

Precipitation data can be used, in conjunction with other physical metrics, to estimate flow for
ungaged streams. For example the California State Water Resources Control Board (SWRCB)
uses a precipitation-based proration method to estimate flow at ungaged streams (SWRCB, 2002).
Further, having a good estimate of precipitation is also a necessary input parameter of the USEPA
STEPL source analysis spreadsheet tool staff used for source assessment (see Section 5.1).

Precipitation data in the project watershed is available from the National Oceanographic and
Atmospheric Administration - Western Regional Climate Center (http://www.wrcc.dri.edu), and from
California Department of Water Resources - California Irrigation Management Information Systems
website (http://wwwcimis.water.ca.gov). The Lower Salinas Valley has a Mediterranean climate,
with the vast majority of precipitation falling between November and April (see Table 2-8).

Table 2-8. Project Area precipitation records.

Station Jan | Feb | Mar | Apr | May | Jun | Jul Aug | Sep | Oct [ Nov | Dec | Annual
SEIERS Average Total
Airg)ortA age | . 266 | 241 | 214 | 1.12 |1 032 | 0.09 | 0.03 | 0.05| 0.13 | 0.58 | 1.39 | 2.38 13.29
(1930-2008) Precipitation (in.)
Salinas 2* | Average Total
(1958-2008) Precipitation (in.) 2.89 | 268 | 2.33 | 1.13 0.3 0.10.03]|006)|024|0.62]|1.76 | 2.46 14.58
Spreckels” | Average Total
(153)7-1988) Precipitation (in.) 283 (227|217 | 114 ) 035 0.11 | 0.03 ]| 0.04 | 0.22 | 0.55 | 1.44 | 2.29 13.45
Fort Ord” Average Total
(1968-1978) Precipitation (in.) 0.91 2.7 | 2.28 141012 009 | 0.06 | 0.13 | 0.13 | 0.68 | 2.06 | 2.33 14.89
ceamenile Average Total
#19° Preci gi’tation(in) 294 | 333|213 (098 | 067 | 035|0.31]0.21| 037|068 | 1.76 | 2.70 16.26
(1983-2007) P :

A: Western U.S. COOP weather station (Source: NOAA Western Regional Climate Center)
B: California Dept. of Water Resources CIMIS station (Source: Calif. DWR-Irrigation Management Information System)

It is important to recognize that rainfall gauging stations have limited spatial distribution, and that
gauging stations tend to be located in lower elevations where people live. Consequently, these
locations can bias estimates of regional rainfall towards climatic conditions at lower elevations. The
topography of the California central coast region however, can result in significant orographic
enhancement of rainfall (i.e., enhancement of rainfall due to topographic relief and mountainous
terrain).

Therefore, mean annual precipitation estimates for the project area may be assessed using the
Parameter-elevation Regressions on Independent Slopes Model (PRISM)™. PRISM is a climate
mapping system that accounts for orographic climatic effects and is widely used in watershed
studies and TMDL projects to make projections of precipitation into rural or mountainous areas
where rain gage data is often absent, or sparse. PRISM is also the U.S. Department of
Agriculture’s official climatological dataset and PRSIM is used by the U.S. National Weather

% The PRISM dataset was developed by researchers at Oregon State University, and uses point measurements of
precipitation, temperature, and other climatic factors to produce continuous, digital grid estimates of climatic parameters.
The dataset incorporates a digital elevation model, and expert knowledge of climatic variation, including rain shadows,
coastal effects, and orographic effects. Online linkage: http://www.prism.oregonstate.edu/
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Service to spatially interpolate rainfall frequency estimates. An isohyetal map for estimated mean
annual precipitation in the project area is presented in Figure 2-11.

Based on the statistical summary as calculated by ArcMap® 9.2 for the digitally clipped PRISM grid,
average precipitation in the in the TMDL project area can be summarized as follows:

Average annual precipitation within the TMDL project area, accounting for orographic effects:
17.8 inches per year (period of record 1971-2000)
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2.8 Tree Canopy and Vegetation

Nutrient-related impacts and biostimulation may often occur in areas where the river is wide, water
is shallow, and tree canopy is open and light is readily available. As such, having estimates of
variations in tree canopy cover are important to consider in the development of numeric nutrient
criteria. Tree canopy and shading can vary from zero percent, particularly along coastal sloughs
and water conveyance structures, to significantly higher in other types of water bodies (see Figure
2-12).
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An additional reason for developing plausible canopy distribution data for this TMDL project is that
nutrient water quality target development tools staff used require input for canopy as a parameter
influencing sunlight availability (refer to Section 4.3).

Figure 2- 12 Prolect Area tree canopy - % Ssource NLCD 2001 canopy raster)
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e --Hfa
‘Strah.fer Frrsr Order Srreams
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Canopy % Cover | Esumares Ty

“w“ m
Data Source . [~ & L
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Table 2-9 presents estimates of canopy cover for project area stream reaches. Riparian shading
estimates in Table 2-9 are from a regional NLCD raster (2001); available at http://www.mrlc.gov/. It
is presumed that mean riparian canopy is a plausible surrogate for percent shading along riparian
corridors. To obtain these estimates, 60 meter buffers (at the pixel-scale) around representative
stream reaches were used to mask and clip the canopy raster data. The clipped canopy data was
used to derive an approximation of the mean amount of canopy in the riparian corridors at the
reach and subwatershed-scale. Figure 2-13 compiles CCAMP field observation data for estimates
of riparian corridor shading at specific monitoring sites. These site-specific data comport
reasonably well with reach-scale estimates derived from the NLCD canopy raster data in Table 2-9;
i.e., percent canopy shading in TMDL higher strahler order TMDL project area stream reaches are
relatively low, generally on the order of 10 or 20 percent at best.
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Table 2-9. Estimated tree canopy (%) for TMDL project area stream reach buffers.

Waterbody

Tree Canopy in Representative Higher Strahler Order Stream Reaches*

Area-Weighted Mean Canopy” (%)

Stream Order(s)

*Strahler

Gabilan Creek 19.5% 3to4
Old Salinas River 0.4% 4

Salinas Lagoon 5.7% 6

Salinas River 13.5% 6

Chualar Creek 12.8% 2t03
Quail Creek 26.6% 2t03
Esperanza Creek 5.8% lto2
Natividad Creek 5.7% 2t03
Alisal Creek 7.6% 2t03
Santa Rita Creek 1.7% 1to2
Reclamation Canal 0% 4

Alisal Slough 0.02% lto2
Blanco Drain 0.2% 1to2
Tembladero Slough 0.15% lto4

A canopy raster data from NLCD (2001).

Figure 2-13. CCAMP estimated riparian shading data for TMDL project area monitoring sites.

100

Mean Riparian Corridor Shading - CCAMP Data

90

80

70

60

50

40

Per Cent Shading

30

20 A1

10

306MOR
309ALD

309ALU

309AXX

309DAV

309GAB

3090LD
309QUA

Monitoring Site

309RTA

309SBR

309TDW

309TEM

309UAL

309UQA

2.9 Groundwater

Groundwater (as baseflow) can be a source of nutrient loads to surface waters (USEPA, 1999). In
addition, although TMDLs do not directly address groundwater quality problems, many surface
waters are in fact designated for groundwater recharge beneficial use in the Basin Plan. Excessive
in surface waters can potentially contribute to elevated nitrate
concentrations in groundwater via percolation and recharge; also nutrients in groundwater can

nutrient concentrations
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contribute to nutrients in surface waters. Conceptually, this well-established phenomena is
described by the U.S. Geological Survey:

“Traditionally, management of water resources has focused on surface water or ground water as
separate entities....Nearly all surface-water features (streams, lakes reservoirs, wetlands, and
estuaries) interact with groundwater. Pollution of surface water can cause degradation of ground-
water quality and conversely pollution of ground water can degrade surface water. Thus, effective
land and water management requires a clear understanding of the linkages between ground water
and surface water as it applies to any given hydrologic setting.”

From: U.S. Geological Survey, 1998. Circular 1139: “Groundwater and Surface Water — A Single
Resource”

The aforementioned concepts and information are presented in graphical format in Figure 2-14.

Figure 2-14. Streams are intimately connected to the ground water system.
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Photo credits: University of Wyoming, Dept. of Geology and Geophysics
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Groundwater pollution by nitrate is a well-known and serious problem in the lower Salinas Valley,
and has been recently studied and documented (University of California-Davis, 2012). Alluvial
groundwater basins of the project area with isostatic residual gravity anomalies overlay®® are
illustrated in Figure 2-15. As suggested by the gravity data, 180/400 foot aquifer occurs within the
depocenter of the deepest and thickest section of alluvial fill underlying the lowermost Salinas
River and associated coastal confluence areas.

2 |sostatic gravity anomaly data are a geophysical attribute that measures density contrasts, and can be used as a proxy
to assess the presence and depth/thickness of alluvial fill. Data source: U.S. Geological Survey, Isostatic residual gravity
anomaly data grid for the conterminous U.S., 1999.
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Figure 2-15. Groundwater basins in the TMDL project area with isostatic residual gravity
anomalies color gradation overlay.
— —_— - _ -

Groundwater Basins and
Isostatic Residual Gravity Anomalies K

| Units= Milligals
W High : 32.8 (outcropping bedrock-structural highs)

D - Low : -56.6 (deepest & thickest alluvial fill)
‘Monterey Bay

A

E Groundwater Basins

%
S

CORRAL DETIERRA'AREA

_ 2N
"'"" )
,

In addition, shallow groundwater or perched groundwater zones can provide base flows to streams
and can be a major source of surface water flows during the summer season. The water stored in
wetland and riparian areas can also contribute base flow to a stream during times of the year when
surface water would otherwise cease to flow (DWR 2003). Therefore, dissolved nitrate in
groundwater can be important nitrate sources during dry periods or low flow periods. Therefore, it

is relevant to consider the scope and importance of base flow to stream reaches in the TMDL
project area.

An additional reason for developing groundwater data for this TMDL project is that many nutrient
loading models (e.g., STEPL, refer to Section 5.1) require data input for shallow groundwater
nutrient concentrations to allow for baseflow load estimates to surface waters. Indeed, shallow
groundwater zones and perched groundwater are known to exist in the Salinas Valley:

“Recent Alluvium is present in the more established drainages, and typically has low to
moderate permeability. Recent Alluvium also includes perched groundwater zones* that
have not generally been affected by seawater intrusion, but have, in some cases, been
impacted by percolation from agriculture.”

Monterey County Groundwater Management Plan, Salinas Valley Groundwater Basin, May 2006.
Prepared for the Monterey County Water Resources Agency.

* emphasis added
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Stream baseflow resulting from these shallow water-bearing hydrogeologic zones can contribute to
nutrient loading to streams. Figure 2-16 illustrates the estimated nitrate as nitrogen concentration
in project area shallow, recently-recharged groundwater (data source: USGS GWAVA model?),
and phosphorus concentrations observed in groundwater from wells and from springs (data
source: USGS NURE database).

Nitrate groundwater concentrations are not uniform throughout the project area, and to a significant
extent are related to land use/land cover. Source assessment tools used by staff (see Section 5)
require inputs of nitrate concentrations in shallow groundwater for specific land use categories.
Therefore, these paired land use/groundwater concentration estimates are presented in

Figure 2-17 and Figure 2-18. As expected, the agricultural, alluvial valley floor basin has
substantially higher predicted nitrate concentrations than predicted nitrate in the alluvial fill and
fractured bedrock groundwaters of upland and rangeland areas. It is noteworthy that as shown in
Figure 2-18 representative nitrate concentrations in groundwaters underlying the City of Salinas®
comport reasonably with a study that reported average measures of nitrate concentrations in
groundwaters underlying urban-dominated basins in the United States (USGS, 2000) — 1.63 mg/L
nitrate-N (city of Salinas) compared to 1.8 mg/L nitrate-N (U.S urban areas), respectively.

%' The GWAVA dataset represents predicted nitrate concentration in shallow, recently recharged groundwater in the
conterminous United States, and was generated by a national nonlinear regression model based on 14 input
parameters.. Online linkage: http://water.usgs.gov/GIS/metadata/usgswrd/XML/gwava-s_out.xml

Source: GAMA geotracker environmental monitoring wells. It should be noted that the State Water Resources
Control Board’s Geotracker database indicate a bulk fertilizer handling facility in the city of Salinas that has locally
contaminated shallow groundwater with high nitrate concentrations. This facility is regulated and has implemented
groundwater cleanup measures as required by permit. Available data indicate the nitrate groundwater impacts from this
facility appear to be highly localized and not representative of urban groundwater conditions more broadly in the city of
Salinas.
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gure 2-16. Nutrient concentrations in shallow groundwater - (A) NO3 N; and (B) Phosehate
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Figure 2-17. Estimated NO3-N concentrations (mg/L) and averages in shallow groundwaters of (A)

0 .

the alluvial basin floor areas; and (E:Z!the upland regions of the TMDL project area.
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Figure 2-18. Measured NO3-N concentrations and average measures of nitrate in shallow
groundwaters beneath City of Salinas (map, period of record 2005-2012), and in U.S. urbanized

areas (table — source NAWQA studies 1991-1998)).
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NO3 + NH4 - Summary Statistics of the Median Values Reported for the Suite of Samples From Each Study Area
Land Use Humber of Ohservations Min 25th percentile [Mean Mean Median 75th percentile 90th percentile Max Ave. % of Times Samples
Exceeded Nitrate MCL
Agriculture 1228 0.09 0.47 389 3.8 2.82 6.35 925 13.02 19.5
Urkan 633 012 072 1.80 1.80 1.56 282 3.92 537 2.6
Undeveloped Land 81 0.09 0.1 0256 | 0.25 0.15 0.37 0.50 0.58 0.0

Data from; USGS (U.S. Geological Survey). 2000. National statistical analysiz of nutrient concentrations in ground water, compiled Bernard T. Nolan.
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Also noteworthy is that nitrate-impacted groundwater has both a natural, ambient background load,
and a load attributable to human activities. Natural, background nitrate concentrations in
groundwater in the alluvial valley floor reaches® of the TMDL Project area can be approximated
using data obtained by Moran et al., 2011 in the lowermost Arroyo Seco River Watershed located
in the Salinas Valley of central Monterey County. Using isotopic data, Moran et al. (2011) found
that precipitation-derived ambient nitrate from observed wells in agricultural areas adjacent to the
Arroyo Seco River were always at concentrations less than 4 mg/L, with a mean for all the
observed ambient groundwater samples calculated as 1.21 mg/L nitrate®*%.

Based on the aforementioned information, estimated shallow groundwater nitrate-N
concentrations in the TMDL project area can be summarized as follows:

» ALLUVIAL VALLEY AMBIENT BACKGROUND: Ambient natural background nitrate
concentration that would be expected in unimpacted shallow groundwater underlying the
alluvial valley floor:

» 1.21 mg/L

* AGRICULTURAL AREAS: Average, shallow groundwater concentration expected to underlie
agricultural areas of the lower Salinas Valley:

» 10.3mg/L

= URBAN AREAS: Average, shallow groundwater concentration attributable to urban influence
that would be expected to underlie urban areas of the lower Salinas Valley:

> 1.8mg/L*®

= WOODLAND, RANGELAND & UPLAND REACHES: Average, shallow groundwater concentration
that would be expected in bedrock aquifers and alluvial fill underlying woodland and
rangeland in upland ecosystems of the TMDL project area:

» 0.47 mg/L

Because groundwater exists in three-dimensional space it is relevant to be cognizant of potential
spatial variation in groundwater-bearing zones. It is well known that due to the depositional nature
of alluvial and fluvial systems, the shallow subsurface stratigraphic architecture of the lower Salinas
Valley is highly heterogeneous both laterally and vertically (see Figure 2-19). Perched or shallow
groundwater systems are likely to occur in shallow, laterally discontinuous permeable zones (sands
and gravel), which are nested within or interfinger with fine-grained aquitard strata (silts and clays).

% |t should be noted that ambient, background groundwater nitrate in alluvial valley basins with thick soil profiles may be
different (possibly higher) than background nitrate found in bedrock aquifers and alluvial fill of many upland areas. Moran
et al. (2011) indicate that rainwater which percolates through alluvial valley soil profiles in the Salinas Valley would
interact with soil nitrogen during infiltration and recharge.

? The estimate that natural, background nitrate in alluvial valley groundwater is approximately an order of magnitude
lower than anthropogenic nitrate in groundwater underlying agicultural areas is consistent with the Salinas Valley and
Tulare Lake basin study of the University of California-Davis (2012). In this University of California-Davis study the
authors reported that “natural nitrate is a comparatively unimportant source of groundwater N”.

% Moran et al. (2011) report nitrate as NO3; however staff chose to report this value as nitrate-N herein, because in
staff's judgement and based on the body of scientific literature, it is plausible that any alluvial valley groundwater less
than about 5 mg/L nitrate-NO3 could be representative of ambient background conditions, or conditions that have no
significant human impacts. Further, staff endeavored to develop biostimulatory targets that would not be infeasible to
achieve because of plausible background conditions.

% Average of national median values, refer back to table in Figure 2-18
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Figure 2-19. Geostatistical heterogeneity model of lower Salinas Valley shallow subsurface.

Figure used with
Permission from Fogg et al., 1999

Depth

Long Axis of the Valley

[ ] Sands ] Muddy Sands

Figure 2-20 illustrates that shallow, laterally-discontinuous high permeability facies (channel belt
sands and gravels) locally occur at very shallow depths (5 to 20 feet below ground surface) in the
basin floor reaches of the lowermost Salinas Valley. These shallow, discontinuous permeable
strata would be expected to be potential zones for perched groundwater horizons, and conduits for
shallow groundwater flow and baseflow contributions to streams.
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Figure 2-20. Shal

low subsurface stratigraphy, cross section A — A’, lower Salinas Valley.
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Adapted and interpreted from well log data published in Kenddey/Jenks Consultants (2004) and well log data from GAMA Geotracker.
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Further, a cursory review of well log stratigraphy from logs®’ proximal to the Reclamation Canal
locally indicate the presence of shallow, perched groundwater horizons that exist vertically above
the main zone of saturation, as well as shallow, highly-impermeable strata including fat clays
(classification = CH in the Unified Soil Classification System) and caliche stringers. These types of
shallow subsurface hydrogeologic conditions suggest that shallow groundwater, perched saturated
horizons, and shallow, highly-impermeable strata are present and may influence baseflow
processes in adjacent stream reaches.

Additionally, flow separation analyses®® on project area USGS gages indicate baseflow?® indices
which range from of 14% to 34% (see Figure 2-21 and Figure 2-22). As would be expected, stream
gages located in the alluvial basin floor and flood plain reaches (Reclamation Canal, Salinas River)
receive a substantially larger proportion of base flow contributions relative to stream reaches
located upgradient on the alluvial fan reaches of the project area (Gabilan Creek, El Toro Creek,
Alisal Creek). These flow separation analyses suggest that baseflow locally can be a significant
hydrologic process in project area stream reaches.

I_:igure 2-21. Map showing USGS gages and estimated base flow index at gage
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2T well logs and ground water depths are available at State Water Resourced Control Board’s GAMA-Geotracker
Regulator website. Due to confidentiality provisions in the California Water Code pertaining to well completion reports,
staff cannot show or publish well logs evaluated for this project report.

% Flow separation was accomplished using the Web-based Hydrograph Analysis Tool (W.H.A.T.) developed by the
Purdue University engineering department.

% Base flow is the component of stream flow over the period of record that is attributable to groundwater discharge into
the stream .
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Figure 2-22. Flow separation analysis of project area stream gage records (units = cubic feet/sec).
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Flow separation was accomplished using the Web-based Hydrograph Analysis Tool (W.H.A.T.) developed by the Purdue University engineering department
using the Recursive Digital Filter Method, with BFImax calibrated to be equivalent to base flow indices reported by the U.S. Geological Survey (2003), Flow
characteristics at U.S. Geological Survey streamgages in the conterminous United States — USGS Open File Report 03-146.
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To reiterate, localized zones of saturation (perched zones or shallow groundwater horizons) can
exist vertically above the main water table, and may potentially contribute to groundwater
seepage into creeks. The potential for baseflow from shallow groundwater is also illustrated
from information contained in Figure 2-23. This figure shows depth to shallow groundwater from
selected clusters of monitoring wells® in close proximity (200 to 500 feet) to the Reclamation
Canal and Tembladero Slough. First-encountered shallow groundwater depths (feet below
ground surface at well location) from these well clusters indicate that shallow groundwater can
be encountered within a few feet (zero to twenty feet) below the ground surface in these lower
alluvial valley floor areas.

It should be emphasized that these depths are measured in feet below ground at the well
location; the relative elevation of proximal stream beds will be lower than land elevation at well
locations Based on the depths of these shallow groundwater zones, direct hydraulic
communication between stream beds and proximal shallow groundwater locally is a virtual
certainty.

% Groundwater depth data from environmental monitoring well records available from SWRCB Geotracker database.
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Figure 2-23. Depth to shallow groundwater at selected locations.
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Additionally, well data from a cluster of monitoring wells in Castroville (refer back to Figure
2-23) located adjacent to Tembladero Slough also suggest hydraulic connectivity, locally,
between streambeds and shallow groundwater. Figure 2-24 illustrates that first-encountered
groundwater, locally, is at or near the stream bed elevation of Tembladero Slough at

Castroville, indicating the potential for direct hydraulic communication between surface waters
and subsurface waters.
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Figure 2-24. First encountered groundwater in monitoring well cluster at Castroville with
Tembladero Slough streambed elevation range overlay.
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Finally, it may be important to consider the possibility of existing legacy pollution of shallow
groundwater, and the residence time in the subsurface before the groundwater is expressed
as baseflow. Legacy pollution (associated with long-residence times in groundwater) may be
unrelated to current land use practices, and could potentially be a result of land use practices
that occurred many years ago. From an implementation perspective, it could be important to
consider whether nitrate pollutant loads in shallow groundwater may express themselves as
creek base flow relatively rapidly; or alternatively whether the subsurface residence time of
baseflow is on the order of years to decades. Figure 2-25 illustrates estimated mean
groundwater baseflow residence time in the subsurface®! on the basis of NHD catchments. It
should be noted that Contact Time, as defined by the U.S. Geological Survey (USGS)
metadata for this dataset represents an “average” amount of time groundwater is in the
subsurface before being expressed as stream baseflow; it should not be considered a
“maximum” contact time for shallow groundwater within the catchment. Based on site-specific
conditions, locally contact time could be longer than the NHD catchment mean contact times.

Note that in the alluvial basin floor reaches of the lower Salinas valley (lower Reclamation
Canal, Blanco Drain, Alisal Slough, etc.), local soils have very low permeability and average
groundwater baseflow residence times can be on the order of decades. In contrast, stream
reaches located on the alluvial fan and upland areas of the project area have shorter baseflow

%! Data source: Attributes for NHDplus Catchments, Contact Time, 2002. This dataset was created by the U.S.
Geological Survey and represents the average contact time, in units of days, compiled for every catchment of
NHDplus for the conterminous United States. Contact time is the baseflow residence time in the subsurface.
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residence times. If shallow groundwater, or perched groundwater systems have legacy
pollution issues and if baseflow is a load contributor to streams, any reasonable implementation
strategy or timeline may have to consider that legacy pollution coming from baseflow and which
is unrelated to current activities may take decades to dissipate.

Figure 2-25. Estimated baseflow mean contact time (source USGS)
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Collectively, the USGS baseflow contact time estimates suggest that nitrate pollution of shallow
groundwater, and nutrient loads associated with ambient baseflow to streams in some alluvial
basin floor reaches® may locally be partially attributable to legacy pollution.

2.10 Geology

Geology may have a significant influence on natural, background concentrations of nutrients.
Stein and Kyonga-Yoon (2007) report that catchment geology was the most influential
environmental factor on variability in water quality from natural areas in undeveloped stream
reaches located in Ventura, Los Angeles, and Orange counties, California. As such, in
evaluating the effect of anthropogenic activities on nutrient loading, it is also relevant to consider
the potential impact on water quality which might result from local geology and rock
geochemistry.

3 e.g., Blanco Drain, Alisal Slough, lower Reclamation Canal, and/or Tembladero Slough.
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The project area of the lower Salinas Valley lies in a southeast to northwest-trending
intermontane trough filled principally by unconsolidated alluvial sediments. The valley is
bounded by mountains which are formed by uplift and tranpressional tectonic forces and which
are underlain by consolidated sedimentary assemblages, igneous rocks and metamorphic
rocks.

Stein and Kyonga-Yoon (2007) concluded that catchments underlain by sedimentary rock had
higher stream flow concentrations of metals, nutrients, and total suspended solids, as compared
to areas underlain by igneous rock. The mean annual average of nutrient concentrations (wet
weather plus dry weather samples), as shown in Table 7 of Stein and Kyonga-Yoon (2007),
indicates undeveloped stream reaches underlain by igneous rock had mean nutrient
concentrations of: total nitrogen=1.12 mg/L, total phosphorus = 0.03 mg/L. In contrast,
undeveloped stream reaches underlain by sedimentary rock in contrast had mean nutrient
concentrations of: total nitrogen = 1.36 mg/L, total phosphorus = 0.06 mg/L.

Nitrogen Geochemistry

It is important to note that while the aforementioned researchers indicated that catchment
geology can influence “nutrient” concentrations, for clarity's sake in fact igneous and
metamorphic geology are likely to only influence phosphorus concentrations. Phosphorus is a
relatively common minor element in all crystalline mineral assemblages, in contrast nitrogen is
not a typical minor element found in crystalline material®*. Nitrogen-enriched minerals are rare,
and are only found in nitrate minerals formed in highly-arid evaporative environments®. The
TMDL project area of the lower Salinas River watershed does not contain nitrate-enriched
evaporative sedimentary rocks.

With regard to non-mineralogical forms of nitrogen, organic nitrogen is more abundant in
sedimentary rocks than in igneous or metamorphic rocks. Nitrogen in sedimentary rocks is
typically associated with organic matter, which is commonly deposited with sedimentary strata,
mostly marine shales and mudstones (University of California-Davis, 2012). Some organic-rich
marine shales can contain 600 ppm nitrogen on average (USGS, 1985). Note that in contrast,
organic material is only an infrequent and trace component in most igneous or metamorphic
rocks. The TDML project area is largely comprised of igneous, metamorphic, and sandy-silty
sedimentary rock assemblages, and available data does not indicate the presence of significant
amounts of organic-rich mudstones or shales deposited in marine depositional environments
(see Figure 2-26). Consequently, there does not appear to be a significant geologic reservoir in
the project area that could contribute to elevated nitrogen loads to surface waters.

Indeed, from the nitrogen-cycling perspective, soils are in fact the most concentrated and active
ambient reservoir for nitrogen in the geosphere (lllinois State Water Survey website, 2011).
Almost all soil nitrogen exists in organic compounds. As such, ambient background nitrogen
concentrations in TMDL project area surface waters are more likely to be associated with the
natural nitrogen cycle (e.g., soils, nitrification, and atmospheric deposition), and are not likely to
be associated with watershed geology.

33 . . . -
For example, the average nitrogen content of igneous rocks is reported to be 46 part per million (ppm). By

comparison, the trace elements cesium, lanthanum, vanadium, and neodymium are reportedly more abundant in

igneous rocks than nitrogen (see: USGS, 1985, Study and Interpretation of the Chemical Characteristics of Natural

Water. USGS Water-Supply Paper 2254).

* For example, the unique, nitrate-rich mineral deposits in the Atacama Desert of northern Chile (see: USGS, 1981.

Professional Paper 1188, Geology and Origin of the Chilean Nitrate Deposits)
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Phosphorus Geochemistry

Rocks and natural phosphatic deposits are the main natural reservoirs of phosphorus inputs to
aquatic systems (USEPA, 1999). The potential for these natural phosphorus inputs may be
assessed using digital data for California geology and rock geochemistry available from the U.S.
Geological Survey's Mineral Resources On-line Spatial Data webpage and National
Geochemical Database (http://mrdata.usgs.gov/).  Figure 2-26 depicts the geology of the
project area. Generally, headwater reaches in the Gabilan Range (northeastern side of project
area) drain stream reaches underlain largely by granitic (igneous) rock. Headwater reaches
draining the Sierra de Salinas Range (southwestern side of project area) drain reaches that are
underlain by a mix of sedimentary, igneous, metamorphic rocks. According to the USGS digital
lithology dataset, there are no significant amounts of phosphate-enriched rocks such as
phosphatic shales, or phosphatic cherts in the project area. Overall, igneous rock is the
dominant lithology draining the natural areas and headwater reaches of the project area. As
noted previously, igneous lithology is identified in the Stein and Kyonga-Yoon (2007) study as
contributing relatively lower natural levels of phosphorus to aguatic systems.

Figure 2-26. Project Area generalized geologic map and rock geochemistr P205 %).
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Additionally, limited amounts of rock geochemistry (% P,0Os) are available for the project area
(see Figure 2-26 and Figure 2-27)%. The limited amounts of geochemical data suggest that
rocks in the project area are not enriched in phosphate, and evidently are not a particularly
significant source of phosphate to project area streams. As shown in the box and whiskers plot
of Figure 2-27 rocks in the project area and the central coast region apparently have relatively
low concentrations of phosphorus (%P205%) on average relative to all rock geochemical
samples more broadly from across Nutrient Subecoregion 6.

Figure 2-27. Rock geochemistry (P205 %) in TMDL Project Area and central coast region
compared to Nutrient Subecoregion 6.
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Also, as noted previously, available data indicate that granite and sandstone are the dominant
lithologies in the TMDL project area, with subsidiary amounts of mudstone. The worldwide
average phosphorus compaosition of these rock types is presented in Table 2-10.

Table 2-10. Global average phosphorus content (P205 wt. %) of selected rock types.

Worldwide Average N
Rock Type P205 composition (We?ght %) Scientific Source
Granite 0.12% Blatt and Tracy, 1997
Sandstone 0.16% Pettijohn et al. 1987"
Shale (mudstone) 0.15% NASC = North American Shale Composite”

A average of sandstone compositions reported in Table 2-7 of Pettijohn et al., 1987

Bas reported by Mannan, 2002

Comparing these global averages to the ranges of P205 compositions in the lower Salinas
Valley and the Central Coast region (refer back to Figure 2-27) indicates that rocks of the TMDL
project area do not significantly deviate - nor are elevated - relative to global average
phosphorus content reported for granite, sandstones and shales. This constitutes a further line

% Data source: U.S. Geological Survey, mineral resources and geochemistry online spatial data. Online linkage:

http://mrdata.usgs.gov/

% p205 = phosphorous pentoxide..
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of evidence that project area geology is not likely to be a significant contributor of phosphorus to
surface waters.

An additional line of evidence is available based on information published by the U.S.
Geological Survey. In the central coast region of California, most phosphate-enriched rocks are
associated with Miocene-aged marine sedimentary rocks; specifically Miocene mudstones and
phosphatic shales (USGS, 2002). Phosphatic facies have been reported in the literature to exist
in the Miocene-age Monterey and Santa Margarita formations (USGS, 2002). These unusual
phosphatic deposits were formed in marine basins under special paleo-oceanic and tectonic
conditions that existed along the western North American continental margin during the middle
to late Miocene Epoch, approximately ~ 7 to 15 million years ago (White, undated PowerPoint
presentation).

Consequently, note that Figure 2-28 illustrates the distribution of Miocene-aged marine
sedimentary rocks of the northern central coast region; these distributions constitute areas
where there is presumably potential for phosphate-enriched mudstones and shales. An
additional independent line of supporting evidence pertaining to this hypothesis is available from
rock geochemical data®. Of 193 rock phosphorus geochemical samples available for the
central coast region, rocks that were sampled within areas associated with Miocene
sedimentary rocks have, on average (arithmetic mean) almost twice as much phosphorus (on a
weight percentage basis) as rock geochemical samples in areas not associated with Miocene
sedimentary rocks (see Table 2-11). Addtionally, the maximum observed rock phosphorus
content in areas associated with Miocene sedimentary rocks is almost three times as high as
the maximum phosphorus content in areas not associated with Miocene sedimentary rocks.

The map data in Figure 2-28 indicate that there are no significant amounts of phosphate-prone
marine sedimentary rocks in the TMDL project area. In particular, there are virtually no
phosphate-prone Miocene marine sedimentary rocks in areas draining to the Reclamation Canal
watershed.

Outside the TMDL project area it should be noted that Figure 2-28 indicates that a major
upstream tributary (the San Antonio River) in the upper reaches of the Salinas River does drain
areas containing substantial amounts of phosphorus-prone Miocene sedimentary rocks.
Indeed, water column orthophosphate in the lower San Antonio River is generally elevated
(monitoring site 309SAN: orthophosphate-P mean = 0.131 mg/L; maximum = 0.281 mg/L)*®
relative to regional ambient reference conditions. However, the San Antonio River phosphorus
contributions to the Salinas River are likely diluted by volumetrically larger flow inputs from low-
phosphorus waters of the Nacimiento River®® and other Salinas River tributaries — indeed,
orthophosphate concentrations in the Salinas River downstream of its confluence with the San
Antonio River are relatively low (e.g., Salinas River at King City, orthophosphate-P mean =
0.060 mg/L; maximum= 0.150 mg/L). This suggests that phosphorus inputs to the Salinas River
from the San Antonio River tributary are evidently diluted and likely have no significant
detrimental effect on phosphorus water column concentrations within the downstream Salinas
River reaches of the TMDL project area.

3us. Geological Survey: The national geochemical survey database.

8 Water quality data source: Central Coast Ambient Monitoring Program website. Online linkage:
http://www.ccamp.org/.

% According to the Monterey County Water Resources Agency reservoir release schedule, average annual releases
for the year 2012 were 234 cfs for the Nacimento dam compared to 88 cfs for the San Antonio dam.
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Collectively, all of the aforementioned information indicates that geology and rock composition
in the TMDL project area evidently are not likely to be a significant reservoir or contributing
factor to the highly elevated phosphorus concentrations found locally in surface waters of the
lower Salinas valley.

Figure 2-28. Dlstrlbutlon of Miocene marlne sedlmentary rocks in northern Central Coast region.
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Table 2-11. Central Coast Region rock geochemistry samples: Comparison of phosphorus
content of samples from areas with Miocene sedimentary rocks, and areas excluding Miocene
sedimentary rocks.

Central Coast Region: Observed Rock P205 content (weight %) in Samples Associated with Miocene Sed Rocks

No. of Samples Min | 10th percentile | 25th percentile | Median | Geomean [ Mean | 75th percentile | 90th percentile | Max

32 0.005 0.041 0.069 0.090 0.095 0.155 0.148 0.210 1.185

Central Coast Region: Observed Rock P205 content (weight %) in Samples NOT Associated with Miocene Sed Rocks

No. of Samples Min 10th percentile | 25th percentile | Median | Geomean | Mean | 75th percentile | 90th percentile | Max

161 0.006 0.035 0.050 0.070 0.071 0.086 0.105 0.150 0.380

source data: USGS on-line geologic spatial map data- Preliminary integrated databases for the United States — Western States: California, Nevada,
Arizona, and Washington, and the USGS National Geochemical Survey database (attribute P-ICP40).
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2.11Soils and Stream Substrates

Soils have physical and hydrologic characteristics which may have a significant influence on the
transport and fate of nutrients. Watershed researchers and TMDL projects often assess soil
characteristics in conjunction with other physical watershed parameters to estimate the risk and
magnitude of nutrient loading to waterbodies (Mitsova-Boneva and Wang, 2008; McMahon and
Roessler, 2002; Kellog et al., 2006). The relationship between nutrient export (loads) and soil
texture are illustrated in Figure 2-29 and Figure 2-30. Generally, fine-textured soils with lower
capacity for infiltration of precipitation/water are more prone to runoff, and are consequently
typically associated with a higher risk of nutrient loads to surface waters.

An additional reason for developing soils data for this TMDL project is because the STEPL
source estimation spreadsheet tool used in this project report requires input for soil conditions
(refer to 5.1). Accordingly, this section of the project report summarizes relevant soils
information.

F_iqure 2-29. Median annual Total N and Total P export for various soil textures.

National Median Annual N and P Load Export Values (kg/ha) for Various Soil

G- Textures in Agricultural Watersheds
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Data Source: Measured Annual Nutrient inads frorn Agricultural Environments” (MANAGE) database - US Depf of Agricuifure
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Fﬂure 2-30. N and P content of sediment delivered by sheet and rill erosion.

N and P Content of Sediment Delivered by Sheet and Rill erosion
0.8 at sediment delivery rate of 0.1 ton/acrelyear
* 0.76
H Nitrogen
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Data source: Derived from AGNPS equations in Young, R.A., CA. Onstad, D.D. Bosch, and W.P. Anderson, 1987,
AGNPS, Agricultural =Non-Paoint-Source Pollution Model; A Large Watershed Analysis Tool U S Department of
Agriculture — Agriculture Res. Serv., Conservation Resource Report 35 — and reported in "Paliufanis Controlled Calculation
And Documentation For Seclion 319 Walersheds Training Manual, Michigan Depariment of Environmental Qualify.

The soil survey for Monterey County was compiled by the U.S. Department of Agriculture
National Resources Conservation Service (NRCS) and is available online under the title of Soll
Survey Geographic (SSURGO) Database. SSURGO has been updated with extensive soil
attribute data, including Hydrologic Soil Groups. Hydrologic Soil Groups are a soil attribute
associated with a mapped soil unit, which indicates the soil’s infiltration rate and potential for
runoff.  Figure 2-31 illustrates the distribution of hydrologic soil groups in the project area along
with a tabular description of the soil group’s hydrologic properties.
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Figure 2-31. Hydrologic soil groups in Project Area.
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Poorly drained; clay soils, or shallow soils over nearly impervious layers(s)

Available soil geochemistry data from the USGS National Geochemical Survey indeed indicates
that soils in project area agricultural and urbanized valley floor areas, and/or areas comprised of
clay-enriched soils in the lower Salinas River watershed are higher in phosphorus content
relative to generally coarser grained soils in upland or headwater reaches (see Figure 2-32).
This is broadly consistent with the observations, as previously illustrated in Figure 2-29 that the
risk of nutrient export is typically higher with finer-grained or clay-rich soils.
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Figure 2-32. Soil geochemistr
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Additionally, the benthic sediment composition of streams is an important factor to consider,
because the physical characteristics of stream substrates may play a role in algal productivity;
for example, by influencing the turbidity (and therefore, light availability) of the overlying water
column.

A cursory evaluation of water column turbidity, soil conditions, and regional geology illustrate the
substantial variability in ambient conditions even at reach-scale or watershed-scale. Figure 2-33
illustrates that in northern Monterey County, turbidity conditions in an agricultural alluvial valley,
with clay-rich soils and substrates will likely have substantially different ambient turbidity
conditions relative to stream reaches in upland areas, or areas underlain by consolidated
bedrock and sandy soil and substrate conditions. It should be recognized that unlike sand, silt,
or gravel, which are typically transported as bedload, clay is often transported in colloidal
suspension in the water column even at very low stream velocities, thereby contributing to
ambient turbidity.
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Figure 2-33. Northern Monterey County, water column turbidity (median NTU), soil texture (%
clay), and regional geology.
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Further, some biocriteria modeling tools used to assess nutrient targets (e.g., California NNE
benthic biomass model tool) require input of turbidity information to calculate the water column
light extinction coefficient. As noted above, turbidity, to a large extent, may result from the
magnitude of suspended fine-grained particulate matter such as clay and fine silt in the water
column®. Consequently, staff considered whether local soil physical characteristics available
via SSURGO mapping databases (as shown, for example in soil texture spatial data in Figure
2-32 and) represent an approximation of the physical characteristics of soil particle-size
distributions found in proximal stream substrates. Presumably, local mapped soil properties
(e.g., the quantity and spatial distribution of clay, silt, sand) are a proxy that reasonably reflects
the particle size distribution expected in adjacent stream substrates. Staff validated these
presumptions, as follows.

Stream transects performed on behalf of the City of Salinas stormwater monitoring program has
reported and quantified the physical composition of stream substrates from several stream
reaches in the TMDL project area (see Figure 2-34). Data from field transects in these stream
reaches indicate that stream substrate composition in the TMDL project area indeed reasonably
reflect the physical composition of local soil conditions which are associated geographically with
a stream reach. For example, local soil conditions proximal to the Reclamation Canal based on
SSURGO data indicate a predominance of clays, clay-loams, and silty-clays, while in contrast
local soil conditions proximal to the lower Salinas River are dominated by coarser-grained

40 SWRCB, Surface Water Ambient Monitoring Program. Sediment Sources and Transport, and Impacts. Fact Sheet 5.2.1.0
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material like sand. Consistent with these observations of local soil conditions, the Reclamation
Canal benthic substrate (based on field transects) is indeed dominated by clay and fine-grained
particulate matter, while the Lower Salinas River benthic substrate is overwhelmingly comprised
of sand and coarser-grained material (see Figure 2-34).

Figure 2-34. Benthic particle size distribution from several stream reach substrates in TMDL
project area.

Hydraulic Properties of Sediment : Unlike sand and gravel, which are typically transported as bedload, clay particles are
often transported in colloidal suspension in the water column, contributing to ambient turbidity & lower sunlight penetration

(1) "Turbidity in streams is usually due tothe p and clay particles in suspension as well B % Concretelasphalt

as certain dissclved constituents.” fiment Fact et, Guideline for Citizen Monitars),
@ % Woody debris

(2) "Colloidal clay particles....stay in suspension for a long time....colloidal cla particles do not
seftle out easil‘ (s “hia Dept. of Matural Resal ., Chio Pond & ment webpage). B% Clay‘. fine silt, muck

0% Sand
0% Fine gravel

Stream Substrate Particle Size Assessment

Lower Salinas River Reclamation Canal Natividad Creek
Sand & Gravel-rich Clay-rich Sand-rich
- 25th % Turbidity ~6 NTU 25th % Turbidity ~ 25’ NTU 25th % Turbidity ~1 NTU
o= Sunlight Penetration = HIGHER Sunlight Penetration = LOWER Sunlight Penetration = HIGHER
= or |
-.% L % C halt
] % ris
2
£ 80% -
o 2
o ©
[ n
& 60% 2 <
s
- ®
S =
(=]
£ 40% | o
« 2
= -
€ .. 4
5 20% H E
o i
BN
0% T T
Salinas River @ Davis Rd Lower Reclamation Canal @ Upper Reclamation Canal @ Natividad Creek (309NAD)
(309SUD) Boranda (309ALD) Airport Rd.(30UCO) Data source:
. Benthic Particle Size Assessment-Table 22a
Water bOdy - Locat‘on 2007408 City of Salinas Annual Stormwater Report

2.12 Geomorphology

Project area geomorphology was incorporated into the development of nutrient numeric water
guality targets (refer to Section 4.3). Because eutrophication is generally assumed to be limited
to slow-moving waters in low gradient streams, lakes, ponds, estuaries and bays, a review of
project area geomorphology provides insight into where higher risk of biostimulatory effects are
to be expected. In high gradient streams (steep slopes), the residence time of nutrients may be
too short to allow nutrient assimilation by primary producers and so impacts on water quality
may be minimal. As reported in TetraTech (2006), Dodds et al. (2002) report a negative
correlation of benthic chlorophyll a to gradient, consistent with Biggs (2000) work on
scour/accrual effects. Also high gradient streams in steeper terrains keep water aerated
diminishing the potential for anoxic zones (USEPA, 2001). USEPA reports that headwater
systems in temperate zones usually have been found to be limited by phosphorus, thus it is
generally assumed that eutrophication effects are expected in downstream ecosystems.
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As such, the nutrient concentration that results in impairment in a high-gradient, shaded stream
may be much different from the one that results in impairment in a low-gradient, unshaded
stream (TetraTech, 2006) However, it is important to note that it is generally presumed that
excess nutrients in head water reaches will ultimately end up in a receiving body of water where
the nutrient concentrations and total load may degrade the water resource.

Further, California central coast researchers have reported a linkage between geomorphology
and biostimulatory impairments:

“Sections of the Pajaro River watershed have been listed by the State of California as impaired for
nutrient and sediment violations under the Clean Water Act ...... The best evidence linking
elevated nutrient concentrations to algae growth was shown when the stream physiography,
geomorphology, and water chemistry were incorporated into the survey and analysis.”*

*emphasis added

From: University of California, Santa Cruz (2009). Final Report: Long-Term, High Resolution Nutrient and
Sediment Monitoring and Characterizing In-stream Primary Production. Proposition 40 Agricultural Water
Quality Grant Program (Project Lead: Dr. Marc Los Huertos).

Figure 2-35 illustrates the geomorphology of the project area; these geomorphic descriptions
are available from U.S. Department of Agriculture National Resources Conservation Service
(NRCS) Soil Survey Geographic (SSURGO) Database. Low gradient areas such as basin
floors, flood plains, sloughs, and alluvial valleys are physiographic areas that are likely to be at
higher risk of summertime algal growth and excessive algal biomass, relative to higher gradient,
higher canopy, and non-perennial flow upland areas.

Figure 2-35. Geomorphic descriptions (source: NRCS-SSURGO).
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An additional reason for assessing geomorphic conditions in the watershed is that geomorphic
conditions can potentially be used in grouping streams into categories as consistent with
nutrient water quality target development guidance from USEPA (see Section 4.3).

2.13 Flow Travel Times and Denitrification

It may be important to consider the potential for instream attenuation of nutrients and
denitrification because these processes pertain to the fate of nitrate in streams and can
potentially reduce the loading of nitrate to streams. Denitrification converts nitrate to nitrogen or
nitrous oxide gas, and could potentially mitigate nitrate loading to streams and groundwater.
Dentrification occurs naturally were certain geochemical conditions are met. Other process can
affect the fate of nitrogen in streams including biological uptake, and nitrogen losses to
groundwater in the losing reaches of streams. Denitrification in shallow groundwater systems
was previously discussed in Section 2.9. Valigura et al. (2001) reported total nitrogen in-stream
loss rates for drainages of major estuaries of the conterminous United States. The data
Valigura et al. provided indicates that all stream flow travel times of < one day result a range of
nominal (less than 8%) to negligible (near zero %) in-stream total nitrogen loss (see Figure
2-36). According to the data published by Valigura et al. (2001), in-stream travel times longer
than one day begin to exhibit progressively increasing in-stream loss of the original nitrogen
load. Figure 2-37 and Figure 2-38 illustrate estimated mean annual flow travel times in the
TMDL project area. These estimates indicate that at the subwatershed-scale, flow times to the
downstream outlet of the subwatersheds is, on average, less than one day. Flow travel times at
the basin-scale for waters in all inland stream reaches to the downstream outlets of the TMDL
project area are expected to be, on average, less than about two days. These estimated travel
times are insufficient to expect substantial in-stream losses of nitrogen. In fact, for major stream
reaches in the TMDL project area, nitrate concentrations typically increase in a downstream
direction (refer back to Figure 3-8 in Section 3.7.3) suggesting that in-stream nitrogen loss,
attenuation, and denitrification are not occurring at rates that would offset nitrogen loading to
surface waters and downstream receiving waters.

Further, some scientific literature suggests that natural denitrification in a small agricultural
stream can indeed marginally contribute to nitrogen retention with the catchment; but the
denitrification however is not of such a scale to remove most of the nitrogen prior to export to
downstream receiving waters (Jansson et al., 1994). A study in southern Sweden of
denitrification and nitrogen retention in a 7-kilometer reach of a small agricultural stream (River
R&an) and a small pond located within the catchment indicates that less than 3% of the total
nitrogen transported is retained in the catchment over the period of the study. Higher nitrogen
retention was observed during low flow periods in the summer (20 to 50% retention), with the
retention in the pond was greater than in the rest of the river. On an annual basis denitrification
was estimated to be responsible for 30-40%*" of observed total nitrogen retention in the River
Raan. Assuming flow travel times in this 7-km reach of the River Raan are on the order of less
than a day to two days (depending on flow conditions), there estimates of nitrogen retention are
reasonably consistent with the results of Valigura et al. (2001) shown in Figure 3-27.

“ Thus, based on the information provided by Jansson et al. (1994), denitrification is responsible for less than 1% to
at most 20% of the in-stream loss (retention) of nitrogen within this reach of farmland stream prior to export out of the
basin, depending largely on discharge and flow conditions.
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Figure 2-36. Total Nitrogen Loss Rates Based on Stream Flow Travel Time for select major U.S.

drainage basins (data from Table 7 in Valigura et al., 2001).
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Figure 2-38. Bar graph of estimated ranges of mean flow travel times in Project Area stream
reaches.
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Collectively, all the aforementioned information appears to suggest that denitrification and
retention of nitrogen in the lower Salinas Valley do not occur rates that would substantially
mitigate the risk of nitrogen loading to surface waters and to affected downstream receiving
waters.

2.14 Fish Habitat and Distribution

Water quality plays an important role in fish habitat. A number of the designated aquatic habitat
beneficial uses for project area waterbodies (refer to Section 3.3 and Table 3-2) may be
adversely affected by higher than natural nutrient levels and associated water quality stressors
(wide DO and pH swings) that occur within the project area. Biostimulatory impairments, or
toxicity associated with elevated nutrients and/or unionized ammonia can affect the entire
aquatic food web, from algae and other microscopic organisms, through benthic
macroinvertebrates (principally aquatic insect larvae), through fish, to the mammals and birds at
the top of the food web. Consequently, it is relevant to be cognizant of and consider available
information on aquatic habitat and fish resources in the project area. Is should also be noted
that while there remains a fairly significant extent of viable estuarine and brackish water habitat
in the Monterey Bay and northern Monterey County area, the cumulative effect of human
activities in the last century has severely degraded, reduced and restricted viable fresh water
habitat in the TMDL project area (personal communication, Ross Clark, Director of the Central
Coast Wetlands Group at Moss Landing Marine Labs). Viable fresh water aquatic habitat is
critical for numerous bird, fish, and invertebrate species Also, the California Department of Fish
and Game reported in the second edition of Fish Species of Special Concern in California that
the decline of California’s fishes, and of other aquatic organisms, will continue and many
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extinctions will occur unless the widespread nature of the problem is addressed in a systematic
effort to protect aquatic habitat in all drainages of the State (Moyle, et al., 1995).

Also, it has long been recognized that eutrophication, excess nutrients, and water quality
degradation has substantially degraded aquatic habitat locally in stream reaches of the TMDL
project area. For example, over 20 years ago ABA Consultants (1991) reported extremely low
faunal densities in Moro Cojo Slough which were far below any possible normal seasonal
change patterns and noted that eutrophication, anoxia, as well as flow patterns had resulted in
habitat degradation. Additionally, Smith in 1982 (as reported in Moyle et al., 1995) attributes
disappearance of monterey roach fish in Monterey Bay watersheds to habitat alteration and
lowered water quality including low dissolved oxygen.

Special Status Aquatic Species (Fish and Amphibians)

The TMDL project area provides habitat to five special-status aquatic species® (fish and
amphibians) listed under the federal Endangered Species Act (ESA), and include:

» South-central California Coast (S-CCC) steelhead DPS (Federal Status: threatened);
» Tidewater goby (Federal Status: endangered); (observed in Moro Cojo Slough)

» California red-legged frog (threatened);

» California tiger salamander (Federal Status: endangered for region-specific DPS)

» Santa Cruz long-toed salamander (Federal and State Status: endangered)

The tidewater goby is listed as an endangered fish species under the ESA and is reported to
have historically existed in the Salinas River lagoon; however this fish is currently considered to
be extirpated (locally extinct) from the lagoon. Photographic documentation and information
from the California Natural Diversity Database indicate that tidewater goby currently can be
found in the Moro Cojo Slough.

Aquatic Species of Special Concern (Fish and Turtle)

A Species of Special Concern (SSC) is a species, subspecies, or distinct population of an
animal native to California that currently satisfies one or more criteria, as defined by the
California Department of Fish and Game (DFG)*® "Species of Special Concern" is an
administrative designation and carries no formal legal status. The intent of designating SSCs is
to focus attention on animals at conservation risk and achieve conservation and recovery of
these animals before they meet California Endangered Species Act criteria for listing as
threatened or endangered. In terms of aquatic species, the TMDL project area provides habitat
for the following aquatic Species of Special Concern that do not currently have special status
legal protection:

» Monterey roach (fish), which is designated by DFG as a Class 3 watch list species.

> Pacific lamprey (fish), which is classified by DFG as a Class 4 species (population status
apparently secure, but population is in decline).

» Monterey Hitch (fish), which is classified by DFG as a Class 4 species (population status
apparently secure, but population is in decline and Calif. Dept. of Fish and Game noted
that this species probably deserves to be on the Class 3 Watch List).

» Western pond turtle, which is designated by DFG as a special concern species,

2 Source: Calif. Dept. of Fish and Game — California Natural Diversity Database
3 See DFG species of special concern webpage, accessed June 2012, online linkage:
http://www.dfg.ca.gov/wildlife/nongame/ssc/
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Clusters of Fish Recommended for Coordinated Ecosystem-Level Management

The California Department of Fish and Game (DFG) have recommended coordinated special
ecosystem management strategies for regional clusters of potentially endangered species with
similar environmental requirements (Moyle et al.,, 1995). These DFG-identified fish clusters
carry no formal legal status but constitute recommendations as part of a systematic effort
towards protecting and restoring fish resources of the State. DFG recommended a cluster of
fish species needing coordinated ecosystem management for Monterey Bay streams (Moyle et
al., 1995), which includes the following fish species found within the TMDL project area:

Winter steelhead
Monterey roach
Monterey hitch
Speckled dace
Sacramento sucker
Tidewater goby

VVVVYVYVY

Fish Resources in Project Area

Historically, Snyder (1913) as reported in MCWRA, 2001) described 12 species of fish
inhabiting the rivers and tributary streams of the Salinas River basin including steelhead, Pacific
lamprey, three-spine stickleback, coast range sculpin, riffle sculpin, prickly sculpin, Sacramento
sucker, Sacramento pikeminnow, California roach, hitch, tule perch, and dace. Of the 12
species of fish reported by Snyder in 1913, eight have been recorded as still present. These
include the Pacific lamprey, Sacramento sucker, Sacramento blackfish, hitch, steelhead,
stickleback, speckled dace, and prickly sculpin (MCWRA, 2001). In addition to the
aforementioned Snyder (1913) reporting, a literature review by Kukowski (1972) identified
reported occurrences for 21 fish species in the Salinas River.

Recently, Casagrande et al. (2003) presented field research and compilations of existing studies
on the fish resources of the Salinas River Basin, including waterbodies in the TMDL project
area. Additionally, fish resources of the Moro Cojo Slough subwatershed have been reported by
Coastal Conservation and Research, Inc. (2008). Table 2-12 presents the native fish species
observed or reported in the project area by Casagrande et al. (2003) and Coastal Conservation
and Research, Inc. (2008), or reported by MCWRA (2001). Hager (2001) also reported
sightings of common carp and California roach fish species in the Reclamation Canal, and
rainbow trout in upper Gabilan Creek.

Figure 2-39 presents photo documentation of several fish species in the TMDL project area.
Figure 2-40 illustrates the current and historical extent of tidewater goby critical habitat in
relation to the TMDL project area. It is noteworthy that there is photographic evidence of
tidewater goby in the Morro Cojo slough subwatershed, which is within the TMDL project area
(see Figure 2-39).

Casagrande et al. (2003) noted that aquatic habitat in the Salinas Watershed needs to be
studied in greater detail. They concluded that Sacramento perch, tule perch, and tidewater
goby could all potentially be reintroduced into the Salinas Watershed if aquatic habitat is
improved and maintained.

74

Item No. 9 Attachment 2
January 31 - February 1, 2013 Meeting
Final Project Report



Nutrient TMDL

Attachment 2 to Staff Report

January 2013

Table 2-12. Native fish species observed or reported in Salinas River, Reclamation
Canal/Gabilan Creek, and Moro Cojo Slough.
Fish Species S . Reclamation Canal/Gabilan Salinas
(common name) Scientific Name Moro Cojo Slough Creek B
Rainbow Trout Oncorhynchus mykiss X X X
Sac. Pikeminnow Ptychocheilus grandis X
Sacramento Sucker Catostomus occidentalis X X
Roach Lavinia symmetricus
Monterey Roac subditus X X
Speckled Dace Rhinichthys osculus X
Hitch Lavinia exilicauda X X
Threespine Stickleback Gasterosteus aculeatus X X
Pacific Lamprey Lampetra tridentate X
; Historically present in
. Eucyclogobius : :
Tidewater Gob ; X Salinas River lagoon but
aewater -oby newberryi considered ext(igrpated.
Archoplites Historically present but
Sacramento Perch interruptus considered extirpated.
o Historicall t but
Tule Perch Hysterocarpus raski e e
Arrow Goby Clevelandia ios X
Longjaw Mudsucker Gillichthys mirabilis X

Male steelhead from Salinas River/

Photo sou_r{:'e: in‘Casagrande et al. (2003) and
taken by CRarlie Barr infate 1980s.. -

Photo source: Coa:

Adult gravid female steelhead found in Gabilan Creek
Photo source: in Casagrande and Watson. (2006) and

and Research, Inc. 2008

Figure 2-39. Photo documentation of several fish species in TMDL

Hitch from Reclamation Canal

taken by Joel Casagrande in 2002

project area.

Photo source: Casagrande etal. (2003) and

Note that Table 2-12 pertains primarily to riverine freshwater fish and does not include
comprehensive tabulations of estuarine and brackish water fish known to occur in the Salinas
River Lagoon, which is also part of the TMDL project area, and is the receiving water for the
lower Salinas River and Blanco Drain. Resource professionals and federal fisheries biologists
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identify the Salinas River Lagoon as an important natural resource (see, for example RMC,
2006). The lagoon provides habitat for not only freshwater fish, but also for brackish, estuarine,
and marine fish assemblages. Additionally the lagoon reportedly provides habitat for a large
diversity of vertebrate species; habitat in and around the lagoon support over 280 species of fish
and wildlife, including at least 38 rare, threatened, or endangered species*. The lagoon’s close
proximity to the biologically-rich Elkhorn Slough estuary and Monterey Bay underscores the
lagoon’s value for wildlife and aquatic habitat. The Salinas Valley Integrated Water
Management Functionally Equivalent Plan Update (RMC, 2006) noted the need to improve and
protect Salinas River Lagoon habitat.

Figure 2-40. Reported habitat areas for tidewater goby.

[ Tidewater Goby Existing Habitat _
Il Former Native Habitat (presumed locally extinct) |
=B TMDL Project Area

Non-native fish species reported in the Salinas River and/or the Reclamation Canal drainage
include: carp, mosquito fish, black bullhead, white bass, and black crappie among others (Page,
1995 as reported in MCWRA, 2001).

In a recent fish-count report from Salinas river mile 2.73*° (Cuthbert et al. 2011), 23 steelhead
passage events (consisting of 13 total adult steelhead) occurred between January 22, 2011 and
February 17, 2011. Other aquatic species passages tabulated during this period included

* salinas Valley Integrated Regional Water Management Functionally Equivalent Plan Summary Document. May
2006. Prepared by RMC for the Monterey County Water Resources Agency.
> Location of the Salinas River Weir
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catfish, carp, Sacramento pikeminnow, Sacramento sucker, striped bass, beavers, muskrats,
and a bat ray.

A large fish kill (> 2,000 fish) was observed and reported in the Old Salinas River, Tembladero
Slough and the Reclamation Canal in July of 2002 which killed many carp along with other
species (Casagrande et al., 2003) — see Figure 2-41. Casagrande and Watson (2006) reported
that the cause of the large fish kill was never determined; however water and tissue samples
collected by DFG indicated that pesticides were unlikely to be the culprit. Casagrande and
Watson (2006) hypothesized that low oxygen levels in the water may have caused the fish Kill;
however DFG was unable to collect dissolved oxygen concentration data reportedly due to
equipment failure. However, note that regarding this fish kill the Monterey County Farm Bureau
and the Monterey County Water Resources Agency stated conclusively that the “cause at
Tembladero was found to be low DO” (see .Casagrande and Watson, 2006-Chapter 10,
Appendix A Stakeholder Comments). Casagrande and Watson (2006) also reported observing
evidence of a smaller fish kill in the Reclamation Canal at San Jon Road on October 21, 2003;
the dead species observed were carp and hitch.

Figure 2-41. Fish kill (reportedly due to low dissolved oxygen) in Tembladero Slough (photo:
Joel Casagrande, 2002).

The Salinas River and some tributaries provide migration and/or spawning habitat for steelhead
trout, a federally listed endangered species. Figure 2-42 illustrates steelhead presence or
absence in the project area. This is observational data for the status of salmonid occupancy in
a stream segment (stream reaches known or believed to be used by steelhead) but does not
imply the existence of routine, robust and viable steelhead runs. The data is based on the
South-central California Coast Evolutionary Significant Unit (SCCC-ESU) and was compiled by
the National Marine Fisheries Service (NOAA Fisheries) Southwest Regional Office (SWR) in an
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effort to designate Critical Habitat for Steelhead in California. There is also reportedly some
anecdotal evidence that Chinook salmon once inhabited the watershed, but this has not been
confirmed (Franklin, 1999 as reported in Casagrande et al. 2003). Note that the existence of a
steelhead run in wet years in the Reclamation Canal-Gabilan Creek drainage is currently
uncertain (Casagrande and Watson, 2006).

It should be noted that spawning and migratory habitat in the project area is generally rated as
poor to fair by the SCCC-ESU. Seasonal drying of river sections influences species dispersal,
abundance, and distribution. Structural/hydraulic barriers also influence dispersal. The South-
Central California Coast Steelhead Recovery Planning Area Conservation Action Planning
(CAP) Threats Assessment (Hunt and Associates Biological, 2008) rated overall habitat
conditions for steelhead as “poor” in the Salinas River watershed, largely because the valley-
floor mainstem stream reaches have been substantially altered by human activities (e.g.,
physical, hydraulic, and water quality modifications and changes). Habitat conditions in the
Salinas River itself are not suitable for steelhead/rainbow trout spawning because of the broad,
sandy nature of the river; however steelhead populations elsewhere in the basin (e.g., Arroyo
Seco River) are believed to use the lower Salinas River and lagoon as a migration corridor
when adequate flows are present (Entrix, 2009). It is generally thought that most steelhead
spawning that currently remains in the Salinas Basin likely occurs in reaches of the Arroyo Seco
River with the Salinas River mainstem providing migratory habitat (Cuthbert et al., 2010).

Casagrande et al. (2003) reported that in some project area headwater reaches, stream aquatic
habitat is in good to excellent condition. Gabilan Creek was officially designated as Critical
Habitat for steelhead by NOAA Fisheries in 2005 as part of the South-Central California Coast
Evolutionary Significant Unit (ESU) (as reported in Casagrande and Watson, 2007). The habitat
listing was based on Gabilan’s proximity to the Salinas River drainage, the presence of O.
mykiss in upper Gabilan Creek, and the finding of the dead adult gravid female. It is currently
unknown whether or not an anadromous population exists in the Gabilan Creek subwatershed.
While spawning and rearing habitat exists in the upper subwatershed (Hager, 2001) there are
limiting factors including migration barriers on the creek, low stream flow duration during
migration, and water quality degradation in lower reaches of the watershed.

It is noteworthy and commendable, however that local landowners in the upper reaches of
Gabilan Creek (Gabilan Cattle Company) have reportedly been working with U.S. Fish and
Wildlife Service and California Department of Fish and Game to improve native steelhead runs
in Gabilan Creek, and improve riparian habitat for this species (Gabilan Cattle Company
website, accessed August, 2011) at http://www.gabilanranch.com/ranchhistory.html.
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