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Comparison of Watershed Planning

Comparison of Watershed Planning under Section 319 Nonpoint Source Grants and the 319
National Monitoring Program Reporting

Background

Section 319 was added to the Clean Water Act (CWA) in 1987 to establish ana-
tional program to address nonpoint sources of water pollution in recognition that it
isthe leading cause of water quality degradation in the United States. Agriculture,
forestry, construction, and urban activities are some of the leading nonpoint sources
of pollution. Asrainfall and snowmelt move over the land, they pick up pollutants,
carry them, and deposit them into ground water and waterbodies such as lakes, riv-
ers, streams, wetlands, and coastal waters. Section 319(h) specifically authorizes
EPA to award grants to states with approved Nonpoint Source Management Pro-
grams. The funds are to be used to implement programs and projects designed to
reduce nonpoint source pollution. As required by section 319(h), the state’s
Nonpoint Source Management Program describes the state program for nonpoint
source management and serves as the basis for how funds are spent. In addition, a
variety of other funding sources are available under the CWA (e.g., sections 106,
320, and 604(b) and the State Revolving Fund) or through other federal agencies
(e.g., Environmental Quality Incentive Program [EQIP] funds from U.S. Depart-
ment of Agriculture).

Every year section 319 funds are allocated to each state according to a national
allocation formulabased on the total annual appropriation for the section 319 grant
program. The allocation formulais contained in Appendix G of EPA’'s 1997
Nonpoint Source Guidance (USEPA, 1996).

Since 1999 section 319(h) funds have been awarded to state nonpoint source
agencies in two categories—incremental funds and base funds. I ncremental funds,
a$100 million portion that EPA has designated for the development and implemen-
tation of watershed-based plans that are designed to restore impaired waters that
have been listed by States asimpaired under Section 303(d) of the Clean Water Act.
Base funds, funds other than incremental funds, are used to provide staffing and
support to manage and implement the state Nonpoint Source M anagement Program.
Base funds help in implementing projects to identify and address nonpoint source
problems and threats, aswell as funding activities that involve specific waterbodies
in that state or statewide or regional projects. A portion of these funds (up to 20
percent) may be used for planning and assessment activities such as conducting
assessments, developing TMDLSs, and creating programs to solve nonpoint source
problems. EPA periodically issues supplemental grant guidelinesthat identify
priority activities to be funded with section 319 incremental and base funds. The
2003 supplemental grant guidelines added a requirement on the use of incremental
funds for watershed-based planning. Watershed-based plans that are developed or
implemented with Section 319 funds to addressimpaired (CWA Section 303(d)-
listed) waters must include nine elements (see athrough i below).

Comparison of 319 NMP Reporting and the Required Nine Elements of
Watershed Plans

Thefollowing table compares the nine required elements of watershed plans
eligible for implementation funding with 319 grants with how each element is
addressed in the reporting format of the 319 National Monitoring Program (NMP).
It should be noted that the purposes of most 319 projects and the 319 NMP are
different and that this accounts for some of the differences. Most of the nine
elements required in watershed-based plans for 319 grant projects were included in
the 319 NMP project report format, with the exception of “interim, measurable
milestones’ and “ criteriathat can be used to determine whether loading reductions
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are being achieved over time.” Also, note that the information included in the
project summary reports contained in this 2006 Summary Report were not consis-
tent with respect to level of detail and the type of information included due to the
variety of management strategies addressed.

Required Elements of Watershed Plansthat are
Eligible for Implementation Funding with 319
Grants

Elements of the National M onitoring
Program Project Reports

An identification of the causes and sour ces or
groups of similar sources that will need to be
controlled to achieve the load reductions
estimated in this watershed-based plan (and to
achieve any other watershed goals identified in
the watershed-based plan), as discussed in item
(b) immediately below. Sources that need to be
controlled should be identified at the significant
subcategory level with estimates of the extent to
which they are present in the watershed (e.g., X
numbers of dairy cattle feedlots needing
upgrading, including a rough estimate of the
number of cattle per facility; Y acres of row crops
needing improved nutrient management or
sediment control; or Z linear miles of eroded
streambank needing remediation).

Thisinformation can be found in the pollutant
sour ces section. The sources presented in
various example reports, however, were not
awaysidentified at the “significant subcategory
level” and did not include “ estimates of the extent
to which they were present in the watershed.”
Sometimes only a very general list of sources was
provided (e.g., cropland, pasture, shoreline, and
streambanks).

An estimate of the load reductions expected for
the management measures described under
paragraph (c) below (recognizing the natural
variability and the difficulty in precisely
predicting the performance of management
measures over time). Estimates should be
provided at the same level asinitem (a) above
(e.g., the total load reduction expected for dairy
cattle feedlots; row crops; or eroded streambanks).

Load reductions were described in the water
quality objectives section, although they were
reported as percent reductions of particular
pollutants rather than load reductions. In most
cases, the percent reductions were not linked to
the sources listed in the pollutant sources section;
rather they were presented as general pollutant
reductions for the entire study area (e.g., the goal
of the project was to reduce sediment delivery
into Sycamore Creek by 52%).

A description of the NPS management measures
that will need to be implemented to achieve the
load reductions estimated under paragraph (b)
above (as well as to achieve other watershed goals
identified in this watershed-based plan), and an
identification (using a map or adescription) of the
critical areasin which those measures will be
needed to implement this plan.

Information about management practicesto be
implemented isincluded in the nonpoint source
control strategy section. However, these
management practices are not presented in the
context of the nonpoint source management
measures as presented in the 1993 CZARA 6217
guidance. The level of technical detail varied
significantly in the 319 NMP project summary
reports.

An estimate of the amounts of technical and
financial assistance needed, associated costs,
and/or the sources and authorities that will be
relied upon, to implement this plan. As sources of
funding, States should consider the use of their
Section 319 programs, State Revolving Funds,
USDA's Environmental Quality Incentives
Program and Conservation Reserve Program, and
other relevant Federal, State, local and private
funds that may be available to assist in
implementing this plan.

The project budget section contains a
breakdown of costs for different parts of the
project. The format of the budget estimates
differs among projects, with some projects
showing atimeline of coststo be incurred and
others breaking down costs by funding source.

An information/education component that will
be used to enhance public understanding of the
project and encourage their early and continued
participation in selecting, designing, and
implementing the NPS management measures that
will be implemented.

Theinformation, education, and publicity
section includes information about how each 319
NMP project will be advertised to or used by the
public.




Required Elements of Watershed Plansthat are
Eligible for Implementation Funding with 319
Grants

Elements of the National Monitoring
Program Project Reports

A schedule for implementing the NPS
management measures identified in this plan that
is reasonably expeditious.

The project schedule section describes the
timeline of the project and is presented in a
tabular format that includes each monitoring site,
pre-BMP monitoring, BMP installation, and post-
BMP monitoring. This section does not contain a
description of the steps taken to implement the
management practices.

A description of interim, measur able milestones
for determining whether NPS management
measures or other control actions are being
implemented.

Interim milestones are not included in the format.
However, the purpose of 319 NMP projectsisto
assess the effectiveness of specific management
strategies over time not to assure that the project
watershed achieves specific water quality
objectives.

A set of criteria that can be used to determine
whether loading reductions are being achieved
over time and substantial progressis being made
towards attaining water quality standards and, if
not, the criteriafor determining whether this
watershed-based plan needs to be revised or, if a
NPS TMDL has been established, whether the
NPS TMDL needs to be revised.

Criteriafor determining whether load reductions
were achieved are not included. The 319 NMP
projects focus on direct measures of water quality
changes after land treatment rather than using
indicators or other proxies.

A monitoring component to evaluate the
effectiveness of the implementation efforts over
time, measured against the criteria established
under item (h) immediately above.

Thewater quality monitoring section provides
substantial detail about how changes will be
monitored prior to and after BMP
implementation.

Comparison of Watershed Planning
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Chapter 1: Introduction

Monitoring of both land treatment and water quality is the best way to document
the effectiveness of nonpoint source pollution control efforts. The purposes of the
United States Environmental Protection Agency (USEPA) Section 319 National
Monitoring Program (NMP) are to provide credible documentation of the feasibil-
ity of controlling nonpoint sources, and to improve the technical understanding of
nonpoint source pollution and the effectiveness of nonpoint source control technol-
ogy and approaches. These objectives are to be achieved through intensive moni-
toring and evaluation of a subset of watershed projects funded under Section 319
(USEPA, 1991).

The Section 319 NMP projects comprise a small subset of nonpoint source pollu-
tion control projects funded under Section 319 of the Clean Water Act as amended
in 1987. The development of NMP projects has largely been accomplished through
negotiations among States, USEPA Regions, and USEPA Headquarters.

The selection criteria used by USEPA for Section 319 NMP projects are primarily
based on the components listed below. In addition to the specific criteria, emphasis
is placed on projects that have a high probability of documenting water quality im-
provements from nonpoint source controls over a 5- to 10-year period.

*  Documentation of the water quality problem, which includes identification of
the pollutants of primary concern, the sources of those pollutants, and the im-
pact on designated uses of the water resources.

*  Comprehensive watershed description.

*  Well-defined critical area that encompasses the major sources of pollution be-
ing delivered to the impaired water resource. Delineation of a critical area
should be based on the primary pollutants causing the impairment, the sources
of the pollutants, and the delivery system of the pollutants to the impaired wa-
ter resource.

* A watershed implementation plan that uses appropriate best management prac-
tice (BMP) systems. A system of BMPs is a combination of individual BMPs
designed to reduce a specific nonpoint source problem in a given location.
These BMP systems should address the primary pollutants of concern and
should be installed and utilized on the critical area.

*  Quantitative and realistic water quality and land treatment objectives and
goals.

* High level of expected implementation and landowner participation.
e Clearly defined nonpoint source monitoring program objectives.

*  Water quality and land treatment monitoring designs that have a high proba-
bility of documenting changes in water quality that are associated with the im-
plementation of land treatment.

*  Well-established institutional arrangements and multi-year, up-front funding
for project planning and implementation.

»  Effective and ongoing information and education programs.

«  Effective technology transfer mechanisms.

Minimum tracking and reporting requirements for land treatment and surface water
quality monitoring have been established by USEPA for the NMP projects
(USEPA, 1991). These requirements (see Appendix 1) were set forth based upon
past efforts (e.g. Rural Clean Water Program) to evaluate the effectiveness of wa-
tershed projects.
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USEPA developed a software package, the NonPoint Source Management System
(NPSMYS), to help the 319 National Monitoring Program projects track and report
land management and water quality information (Dressing and Hill, 1996).
NPSMS has three data files: 1) a Management File for information regarding water
quality problems within the project area and plans to address those problems; 2) a
Monitoring Plan File for the monitoring designs, stations, and parameters; and 3)
an Annual Report File for annual implementation and water quality data. NPSMS
version 4.2 is currently used by National Monitoring Program projects, operating
in a Windows ™ environment. (USEPA, 1996a).

This publication is an annual report on 28 Section 319 NMP projects approved as
of November 1, 2010. Project profiles (Chapter 2) were prepared by the North
Carolina State University (NCSU) Water Quality Group under the USEPA contract
entitled National Nonpoint Source Watershed Project Studies. Profiles have been
reviewed and edited by personnel associated with each project.

The 27 surface water monitoring projects selected as Section 319 NMP projects are
Lightwood Knot Creek (Alabama), Oak Creek Canyon (Arizona), Morro Bay
(California), Jordan Cove Urban Watershed (Connecticut), Kickapoo Creek (Illi-
nois), Lake Pittsfield (Illinois), Waukegan River (Illinois), Sny Magill Watershed
(Iowa), Walnut Creek (Iowa), Corsica River Watershed, (Maryland), Warner Creek
Watershed (Maryland), Eagle River (Michigan), Sycamore Creek Watershed
(Michigan), Whitewater River Watershed (Minnesota), EIm Creek Watershed (Ne-
braska), New York City Watershed (New York), Long Creek Watershed (North
Carolina), Peacheater Creek (Oklahoma), Upper Grande Ronde Basin (Oregon),
Pequea and Mill Creek Watershed (Pennsylvania), Stroud Preserve Watersheds
(Pennsylvania), Swatara Creek Watershed (Pennsylvania), Villanova University
Stormwater Best Management Practice (Pennsylvania), Bad River (South Dakota),
Lake Champlain Basin Watersheds (Vermont), Totten and Eld Inlet (Washington),
and Otter Creek (Wisconsin). Snake River Plain, Idaho, is a pilot ground water
project.

Five of the projects focus on urban or mining sources, while the others primarily
address agricultural sources. Nearly all of the projects address river or stream prob-
lems, while several projects are intended to directly benefit a lake, estuary, or bay.
One of the projects is focused on ground water protection. The progress made by
these projects will be showcased in this report.

Each project profile includes a project overview, project background, project de-
sign, and maps showing the location of the project in the state and the location of
water quality monitoring stations. In the project background section, water re-
sources are identified and water quality and project area characteristics are de-
scribed. The project design section outlines the water quality monitoring program
and nonpoint source control strategy. Project budgets and project contacts are also
presented.

The Appendices include the minimum reporting requirements for Section 319
NMP projects (Appendix I), a list of abbreviations (Appendix II), and a glossary of
terms (Appendix III) used in the project profiles. A list of project documents and
other relevant publications for each project is included in Appendix IV.
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Chapter 2: Project Profiles

This chapter contains a profile of each of the Section 319 National Monitoring
Program projects approved as of November 1, 2010, arranged in alphabetical
order by state.

Each profile begins with a brief project overview , followed by detailed informa-
tion about the project, including water resource description; project area charac-
teristics; information, education, and publicity; nonpoint source control strategy;
water quality monitoring program information; total project budget; impact of
other federal and state programs; other pertinent information; and project con-
tacts.

Sources used in preparation of the profiles include project documents and review
comments made by project coordinators and staff.

Project budgets have been compiled from the best and most recent information
available.

Abbreviations used in the budget tables are as follows:

Proj Mgt ................ Project Management

I&E ..o Information and Education
LT e Land Treatment

WQ Monit ............. Water Quality Monitoring

NA e Information Not Available

A list of project documents and other relevant publications for each project may be
found in Appendix I'V.
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Project Area

Figure 1: Lightwood Knot Creek (Alabama) Project Location
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Figure 2: Water Quality Monitoring Stations for Lightwood Knot Creek (Alabama) Watershed



Lightwood Knot Creek, Alabama

PROJECT OVERVIEW

Lightwood Knot Creek is a tributary of the 1,100-acréW.F. Jackson Lake in SoutheasternAlabama
(Figure 1). Jackson Lake was constructed for recreational uses in 1987. The 47,300-acre watershed is
approximately half forested and half in agriculture. Pasture, hayland, cropland, and poultry production
are the dominant agricultural land uses.

Erosion in the Lightwood Knot Creek watershed and resulting sedimentation of Jackson Lake and
disposal of animal wastes are major water quality problems. Numerous areas have been identified as
sources of sediment. Types of erosion occurring include sheet, rill, ephemeral, and erosion along
unpaved roads. Nutrients and bacteria from cattle and poultry operations are also sources of pollu-
tion.

Land treatment began after three years of baseline monitoring. Erosion control practices implemented
include runoff and sediment control structures, critical area planting, cover and green manure crops,
and pasture and hayland management. For animal waste management, practices include poultry litter
storage, litter and dead poultry composting and prescribed waste utilization.

The Geological Survey ofAlabama conducted physical, chemical, and biological monitoring at two
sets of paired watersheds. Each of the sets of watersheds had a control and treatment watershed.
These watersheds were small, ranging from 75 to 240 acres. Monitoring was conducted weekly for all
parameters (see Water Quality Monitoring section below) fromApril through August. Only inorganic
and physical parameters were monitored for the remainder of the year

The project is completed. Pre-BMP monitoring and installation of BMPswere completed in September

1999, post BMP monitoring and statistical analyses were completed irfSeptember 2002. The final report
is dated 2002.

PROJECT DESCRIPTION

Project Area

The Lightwood Knot watershed draining into Jackson Lake covers 47,300 acres. Jackson Lake is 1,100
acres in size.

Relevant Hydrologic, Geologic, and Meteorologic Factors

Soils consist of a thin sandy loam topsoil and a sandy clay subsoil with a depth of six feet. Coastal
plain sediments of the Tertiary aged Lisbon and Tallahatta Formations crop out in the project
subwatersheds. Average annual rainfall is 56 inches and average annual runoff is 23 inches.

Land Use
Land Use Percent
Crop 23
Pasture/hay 26
Forest 47
Residential 2
Lake 2
Total 100
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Water Resource and Size

Water resources of concern are Lightwood Knot Creek and other tributary streams to Jackson Lake, a
reservoir created in 1987. Four branches of Lightwood Knot Creek were monitored in this study
Median seven-day low flow of these branches, sustained by ground water seepage, is approximately
0.32 cubic feet per second per square mile of watershed.

Water Uses and Impairments

Lightwood Knot Creek and Jackson Lake are used for recreation. Disposal of animal wastes and
sedimentation of tributaries and the lake are primary concerns. Excessive sediment impairs aquatic life
habitat, increases bridge maintenance costs, increases flooding potential, and reduces the capacity of
Jackson Lake. Elevated levels of nitrogen and phosphorus and elevated fecal bacteria counts have
been found in Lightwood Knot tributaries.

Pollutant Sources

Pollutant sources varied from agricultural fields and roads to confined animal operations. Numerous
areas were identified for erosion control BMPs. There were 6 poultry operations that were potential
sources of nonpoint source pollution.

Pre-Project Water Quality

Very little background water quality information was available; howevertributary sampling in July of
1994 provided some indication of pre-project water qualityTurbidity ranged from 41 to 55 NTUTotal
nitrogen ranged from 0.8 to 5.0 mg/L and total phosphorus ranged from 0.03 to 0.51 mg/L. Fecal
coliform and fecal streptococcus ranged from approximately 500 to nearly 9,000 counts per 100 ml.

Water Quality Objectives

The main objective of the project was to achieve and document water quality improvements in the
treatment subwatersheds through the implementation of BMPs.

Project Time Frame

1996 to 2002

PROJECT DESIGN

Nonpoint Source Control Strategy

Land treatment began during the summer of 1999. BMPs were constructed to control erosion and
sedimentation in the 4-S watershed. Erosion control practices included runoff and sediment control
structures, floodplain fencing, critical area repair and planting, cover and green manure crops, and
pasture and hayland management.

Animal waste management practices were designed and implemented to limit nonpoint sources of

pollution. These included poultry litter storage, mortality composting, and floodplain fencing and
rotational cattle feeding.
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Project Schedule

Lightwood Knot Creek, Alabama

Management Pre-BMP BMP Date Installed/ Post-BM P
Unit Monitoring Installed Established Monitoring
Dates Dates
Sites 1-C, Spring 1996 — All BMPs June-September 1999 Fall 1999 —
2-S,3-C, and June 1999 installed September Fall 2002
4-S* 1999

* C denotes a control watershed: S denotes a study (treatment) watershed

Water Quality Monitoring

Two paired watershed studies were conducted on tributaries of Lightwood Knot Creek (Figure 2).
There were two control watersheds and two treatment watersheds. No BMPs were installed in the
treatment watersheds while the three-year baseline monitoring was being conducted. No additional
BMPs were installed in the control watersheds until the monitoring study was completed (approxi-

mately seven years).
Variables Measured

Biological

Aquatic habitat assessment and biotic indexing

Fecal coliform (FC)

Fecal streptococcus (FS)

Chemical

Aluminum (Al)
Ammonia (NH3)
Antimony (Sb)
Arsenic (As)
Barium (Ba)
Beryllium (Be)

Biochemical oxygen demand (BOD)

Boron (B)
Cadmium (Cd)
Calcium (Ca)

Chemical oxygen demand (COD)

Chloride (Cl)
Chromium (Cr)
Copper (Cu)

Iron (Fe)

Lead (Pb)
Magnesium (Mg)
Manganese (Ma)
Nickel (Ni)

Nitrite (NO2)

Nitrate + nitrite (NO3+ N02)

Orthophosphate (OP)
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pH

Selenium (Se)

Silica (Si)

Silver (Ag)

Sulfate (SO4")

Tin (Sn)

Total dissolved phosphorus (TDP)
Total dissolved solids (TDS)
Total Kjeldahl nitrogen (TKN)
Total suspended solids (TSS)
Turbidity

Zinc (Zn)

Covariates

Bedload sediment
Discharge
Precipitation

Specific conductance

Sampling Scheme

Samples were taken daily and composited for all parameters fromApril through August. Total dis-
solved solids, total suspended solids, and covariates were monitored weekly during the remainder of
the year.

Surface water quality monitoring at four project sites was initiated od\pril 1, 1996. Sream discharge,
water level, specific conductance, and temperature data were recorded at 15-minute intervalsWater
samples were collected every 24 hours fromApril to September and every 8 hours from three to six
storm event samples per week. Water samples were analyzed for more than 30 constituents including
metals and nutrients. Continuous bedload sediment volumes were monitored for all four streams and
continuous rainfall data were collected at two sites. Because of the required short holding time for
samples used for bacteria and biochemical oxygen demand analyses, these samples were collected as
weekly grab samples fromApril to September. Best management practices installation was completed
in September 1999 in the two treatment watersheds. No additional BMPs were installed in the control
watersheds until the monitoring study was completed (approximately seven years).

Monitoring Scheme for the Lightwood Knot Creek Section 319 National Monitoring Program

Proj ect

Design

Frequency of

Sites or Primary Frequencyof  Habitat/Biological
Activities Parameters Covariates ~ WQ Sampling Assessment Duration

Two paired Tributary P Variable 2 times per year 7 years

watersheds

subwatersheds NH3 Discharge Weekly

NO02 Precipitation Daily

NO3 +NO2 Sediment 15-minute event
DO Conductance

TDS

Turbidity

TSS

FC

FS

pH

Conductivity
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DATA MANAGEMENT AND ANALYSIS

Data Management and Storage

All chemical monitoring results collected during the Lightwood Knot Creek 319 National Monitoring
Project were entered into the USEPA STORET database and theAlabama Department of Environmen-
tal Management’s database. Biological data were stored in the USERA BIOS database.

NPSMS Data Summary

The project intended to track water quality parameters and land use activities with the Nonpoint
Source Management System (NPSMS) software.

Final Results

Due to drought, flood, and beaver activity, the data from the 3-C and 4-S watersheds received most of
the analytical evaluation related to statistical determinations of water quality change for the pre- and
post-treatment periods. Average concentrations of nitrate for the Pre-BMPperiod (April 96-June 99)
were 2.47mg/L at site 3-C, and 2.30 mg/Lat site 4-S. Average concentrations of nitrate for the Post-
BMP period (Sept 99-Sept 02) were 1.68 mg/L at site 3-C, and 0.62 mg/L at site 4-S.

Average fecal coliform counts for the pre-treatment period (April 96-June 99) for the 3-C and 4-S
watersheds were 1,352 and 1,420 colonies per 100 milliliters (col./100 ml), respectiveljAverage fecal
coliform counts for the post-treatment period (Sept 99-Sept 02) were 1,279 and 1,121 col./100 ml,
respectively. Average fecal streptococcus counts for the pre-treatment period (April 96-June 99) for
the 3-C and 4-S watersheds were 7,381 and 6,903 col./100 ml, respectivelAverage fecal streptococcus
counts for the post-treatment period (Sept 99-Sept 02) were 4,160 and 3,101 col./100 ml, respectively

Sedimentation rates for the pre-treatment period (April 96-June 99) for the 3-C and 4-S watersheds
were 2.2 and 13.4 tons of suspended sediment per year respectively. Post-treatment period (Sept 99-
Sept 02) rates were 5 and 11.1 tons of suspended sediment per year, respectively. Bedload sedimenta-
tion rates for the pre-treatment period (April 96-June 99) for the 3-C and 4-S watersheds were 2.7 and
460 tons of per yeat respectively. Post-treatment period (Sept 99-Sept 02) rates were 2.9 and 165.4
tons per year, respectively.

Statistical analyses for calibration of paired watersheds were performed after 20 months of monitoring.
Nine of eleven parameters were calibrated to detect a change of less than 10% in the log-transformed
data for both pairs of watersheds.

Results of statistical analyses of paired watershed data indicated a 71% reduction of nitrate, a 92%
reduction in bedload sediment, and an 11% reduction in fecal coliform bacteria in the 4-S watershed.
Regression analysis indicated an 18% increase in suspended solids load for the 4-S watershed during
the post-treatment period. This increase was not caused by increased erosion but was attributed to a
dramatic increase in iron bacteria (iron hydroxide) in the stream resulting from stabilization of the
stream bed and reductions of bedload sediment. Also, fecal streptococcus bacteria increased by 14 %
in the 4-S watershed during the post-treatment period. This increase was caused by a design flaw in
the constructed cattle crossing that encouraged cattle to stop while crossing the stream.
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INFORMATION, EDUCATION, AND PUBLICITY

A program of educational outreach and information distribution was initiated idpril, 1996.

Numerous presentations, field tours, and demonstrations have occurred since initiation of the project.
A tour of the Lightwood Knot Creek Project watersheds was conducted by GSA and NRCS to pro-
mote environmental awareness and ongoing water quality improvement efforts to local and state
officials. Several mayors, state legislators, and the Speaker of theAlabama House of Representatives
were in attendance.

A brochure about the project and nonpoint source pollution was produced by the Geological Survey
of Alabama. The brochure describes, for the general public, the nature and purpose of the project, and
some of the preliminary results.

TOTAL PROJECT BUDGET

The estimated budget for the Lightwood Knot Creek Section 319 National Monitoring Program project
for the life of the project is:

Project Element Funding Source($)

Federal State Local Sum
Proj Mgt 120,693 59,305 NA 179,998
I1&E NA NA NA NA
LT 100,000 NA NA 100,000
WQ Monit 544,307 715,695 NA 1,270,002
TOTALS 775,000 775,000 NA 1,550,000

Source: Geological Survey ofAlabama, 1995

IMPACT OF OTHER FEDERAL AND STATE PROGRAMS

In 1994, a Water Quality Incentive Project (WQIP) was approved for thé¥ellow River basin. The
project included funding for BMPs in the Lightwood Knot Creek watershed to improve erosion
control and implementation of animal waste management practices. Howevey WQIP funding is no
longer available for the project.

The Lightwood Knot Creek watershed is being targeted for funding for water quality improvement
projects under the Environmental Quality Incentives Program (EQIP). Howevemo funding of projects
has been applied specifically to the National Monitoring Program Project watersheds.

The Natural Resources Conservation Service distributed more than 1.4 million dollars in Covington
County, Alabama through the Emergency Watershed Protection Act for roadside repairs performed
after March and September 1998 floods.The Farm Service Agency distributed more than 1 million
dollars for pond and field repairs performed as a result of the flooding A significant portion of this
funding was spent in the Lightwood Knot Creek watershed.

Methodologies developed for the Lightwood Knot Creek project for monitoring nonpoint source
impacts on surface-water quality are now being used state-wide to assess impacts on other water
bodies.
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OTHER PERTINENT INFORMATION

Surface-water quality and discharge data collected during the pre and post BMP monitoring indicated
close interaction between surface and ground water in the project area. The data indicated that
shallow, nonpoint source contaminated ground water may be a major source of surface-water contami-
nation, particularly during periods of low flow Nitrate concentrations of more than 20 mg/Lwere
documented from analyses of ground water samples collected in the project subwatersheds.

PROJECT CONTACTS

Administration

Marlon Cook

Geological Survey of Alabama
420 Hackberry Lane

Box 869999

Tuscaloosa, AL 35486-6999
(205)247-3692; Fax (205) 349-2861
e-mail: mcook@gsa.state.al.us

Dr. Pat O’Neil

Geological Survey of Alabama
420 Hackberry Lane

Box 869999

Tuscaloosa, AL 35486-6999

(205) 349-2852; Fax (205) 349-2861
email: poneil@gsa.state.al.us

Land Treatment

Steve Yelverton
USDA-NRCS

370 Southern Bypass
Andalusia, AL 36420-9040
(205)222-9451

Water Quality Monitoring

Marlon Cook

Geological Survey of Alabama
420 Hackberry Lane

Box 869999

Tuscaloosa, AL 35486-6999
(205)247-3692; Fax (205) 349-2861
Internet: mcook(@gsa.state.al.us

Information and Education

Steve Yelverton
USDA-NRCS

370 Southern Bypass
Andalusia, AL 36420-9040
(205)222-9451
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420 Hackberry Lane

Box 869999

Tuscaloosa, AL 35486-6999
(205)247-3692; Fax (205) 349-2861
Internet: mcook(@gsa.state.al.us
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Figure 3: Oak Creek Canyon (Arizona) Project Location
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Figure 4: Water Quality Monitoring Stations for Oak Creek Canyon (Arizona)
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Oak Creek Canyon, Arizona

PROJECT OVERVIEW

Oak Creek flows through the southern rim of the Colorado Plateau (Figure 3). The Oak Creek

Canyon National Monitoring Project focused exclusively on that segment of water located in the
canyon portion of Oak Creek, a 13-mile steep-walled area of the creek that extends from the Mogollon
Rim to the city limits of Sedona.Although the Oak Creek Canyon watershed encompasses 5,833 acres,
only 907 primarily recreational acres were considered to impact the water quality of Oak Creek within
the Canyon.

The Oak Creek Section 319 National Monitoring Program Project focused on the implementation and
documentation of integrated best management practice (BMP) systems for two locations: Slide Rock
State Park and Pine Flats Campground. The eleven-acre Slide Rock State Park was used by more than
350,000 swimmers and sunbathers each season and Pine Flats Campground accommodated
approximately 10,000 campers each season. Recreational use at both locations was thought to be the
source of high fecal coliform and nutrient levels in Oak Creek.

The BMPs implemented at Slide Rock State Park and Pine Flats Campground included enhanced
restroom facilities, better litter control through more intense monitoring by state park of ficials of
park visitors, and the promotion of visitor compliance with park and campground regulations on
use of facilities, littering, and waste disposal.

A modified nested upstream/downstream water quality monitoring design was used to evaluate the
effectiveness of BMPs for improving water quality at Slide Rock State Park. Grasshopper Point, a
managed water recreation area similar to Slide Rock $ate Park, served as the control.Water quality
monitoring stations were located upstream and downstream of swimming areas at both Slide Rock
(treatment) and Grasshopper Point (control).A similar monitoring design was also used for Pine Flats
Campground and Manzanita Campground. Pine Flats Campground was the treatment site, while
Manzanita served as the control site. Monitoring stations were upstream/downstream of
campground sites. For these two studies, grab samples were taken weekly during the tourist season
(May 15 through September 15) and monthly from November througlApril for four years.The Oak
Creek National Monitoring Program Project has terminated as of June 30, 1998.

PROJECT BACKGROUND

Project Area

The entire Oak Creek watershed contains 300,000 acres. The project area, Oak Creek Canyon,
encompasses 5,833 acres. However, the critical area comprises only 907 acres.

Relevant Hydrologic, Geologic, and Meteorologic Factors

Flow in Oak Creek ranges from an average 13 cfs, in the higher Oak Creek Canyon area, to 60 cfs
at its confluence with the Verde River.

Annual precipitation in the Oak Creek watershed varies from a six-inch average in the Verde Valley
to 20 inches per year on the higher elevations of the Mogollon rim. The majority of rainfall occurs
during July and August of the monsoon season (July 4 to September 15). Summer rainfall storm
events are short and intense in nature (rarely lasting for more than a half-hour) and are separated by
long dry periods. In a normal summer season, over twenty rainfall events occur
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Perennial flow in Oak Creek is sustained by ground waterthe main source of which is the regional
Coconino Aquifer. The majority of aquifers in the Oak Creek watershed are confined or artesian.
Within the Oak Creek watershed, ground water flow is generally to the south, paralleling
topography toward the low-lying valley floor.

Land Use
Land Use Acres %
Road 55 6
Campground and Parking Lots 123 14
Business and Residential 245 27
Floodplain 290 32
Undeveloped 194 21
TOTAL 907 100

Source: The Oak Creek 319(h) Demonstration Project National Monitoring
Program Work Plan, 1994

Water Resource Type and Size

Oak Creek cuts deep into the southern rim of the Colorado Plateau. It drops approximately 2,700
feet from its source along the Mogollon Rim to its conver gence with the Verde River. The Creek
averages about 13 cubic feet per second (cfs) at the study area, but increases to 60 cfs downstream at
its confluence with the Verde River.

The study sites for this project were located in Oak Creek Canyon. Steep canyons and rapid water
flows characterize this portion of the watershed with sharp drops forming waterfalls and deep, cold
pools. Oak Creek Canyon is the primary recreational area in the watershed.

Water Uses and Impairments

Designated beneficial uses of Oak Creek include full body contact (primarily in Oak Creek
Canyon), cold water fishery and wildlife habitat (primarily Oak Creek Canyon), drinking water
(along the entire course), agriculture (the lower third), and livestock watering (lower third).

Oak Creek was designated as a Unique Water by the Arizona State Legislature in 1991 on the basis
of 1) its popularity and accessibility as a water recreation resource; 2) its aesthetic, cultural,
educational, and scientific importance; and 3) its importance as an agricultural and domestic
drinking water resource in the Verde Valley. Two other criteria were considered in the designation:
1) Oak Creek Canyon is susceptible to irreparable or irretrievable loss due to the ecological fragility
of its location and 2) it is a surface water segment that can be managed as a unique water .
Management considerations must include technical feasibility and the availability of management
resources.

Indicator bacteria and excess nutrients pose the most serious and pressing current threats to Oak
Creek water quality. Oak Creek water quality is impaired by high fecal coliform levels associated with
the campgrounds and day-use swimming areas; bacteriological impairments coincide with peak
recreational use from May through September Residential septic systems, and natural and grazing
animal populations may also contribute to water quality impairments.
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Pollutant Sources

Pollutants in Oak Creek addressed in this study were believed to originate mainly from swimmers,
campers, residences and animals in the watershed. Poor sanitation practices by recreational users
and lack of adequate restroom facilities were initially cited as major sources of bacteria. Sediment
fecal coliform analysis at one time suggested that the correlation between number of recreational
users and high FC counts was a function of contaminated sediments being resuspended by
recreational activity. Genotyping Escherichia coli isolates using Amplified Fragment Length
Polymorphism (AFLP) (ADEQ GrantAgreement Number 99-0006) was performed to determine the
source(s) of bacteria contamination. Howeves, firm determination of the source(s) of the bacteria was
never made.

Pre-Project Water Quality

Water Recreation and Camping Areas

Human pathogens (protozoa, bacteria, and viruses) contaminate the Canyon segment of Oak Creek.
Most of the attention has focused upon Slide Rock State Park and Grasshopper Point, the two
managed “swimming holes” in the area. Fecal coliform counts peak in the summer during the height
of the tourist season. The seasonal deterioration of bacteriological water quality has been observed
since 1973 by the AZ Department of Public Health and subsequent state and federal agency studies
confirmed these results.

Fecal Coliform Levels During the Tourist Season (1993)

Fecal Coliform Count

Date (cfu/100 ml)

July 434

August 393

June 61

September 54
Water Quality Objectives

Water Recreation Project Objectives

° A 50% reduction in fecal coliform

° A 20% reduction in nutrients, particularly ammonia

Camping Project Objectives
. A 50% reduction in fecal coliforms

. A 20% reduction in nutrients
Project Time Frame

1994 to 1998
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PROJECT DESIGN

Nonpoint Source Control Strategy

Slide Rock and Grasshopper Point (Water Recreation Project)

Slide Rock State Park and the US Forest Service improved the access and ambience of the restroom
facilities located at the Slide Rockswimming area. Public educaion programs promoting compliance
with park regulations, including use of restroomfacilities, were conducted. Based on casual
observation, the rate of use has increased significantly over pre-improvement days. The USFS also
replaced the old vault toilets at Grasshopper Point and constructed composting toilets. These have
been well received by the public At both swimming facilities, trash removal has improved with regular
walks throughout the recreation area by staff of boththe Park and the USFS. Control of visitor

numbers was improved by parking restrictions on the adjacent state highway.

Pine Flats and Manzanita (Campgrounds Project

The nonpoint source control strategy for the campground project targeted the upstream site of Pine
Flats. Best management practices implemented at Pine Flats were designed to reduce pollutants
associated with human use of campground facilities. The BMPs implemented include enforcement of a
clean zone between the creek and the campground and promotion of the use of the existing restroom
facilities. Direct contact by park personnel with visitors and the addition of more visible signs helped
accomplish these goals.

Project Schedule

Site Name Pre-BMP BMP Installation Post-BMP BMP(s) Installed
Monitoring Monitoring
Pine Flats May 1994 — Jan January 1996 Feb 1996 — March  Educational
Campground 1996 1997 Outreach
Slide Rock State May 1994 — Jan Oct — Jan 1995-6 Feb 1996 — March  Restroom improvements,
Park 1996 1997 cable mtationon
roadside to reduce parking,
improve foot bridge,
development of and
posting of an operations
and management strategy
Manzanita May 1994 — Jan Control Site Feb 1996 — March ~ Control Site for
Campground 1996 1997 Pine Flats
Campground
Grasshopper Point  May 1994 — Jan Control Site Feb 1996 —March  Control Site for
1996 1997 Slide Rock State
Park

Water Quality Monitoring

The water recreation project, which was a modified nested upstream/downstream monitoring design
(Figure 4), was designed to document the change in water quality as a result of the application of
BMPs. The swimming sites at Slide Rock State Park (treatment site) and Grasshopper Point (the
control site) were compared. Water quality monitoring stations were located above and below each
swimming area.

The camping area project also used an upstream/downstream monitoring design. Water quality
monitoring stations were installed above and below both the camping area at Pine Flats (treatment
site) and the site at Manzanita (control site).
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The two-year BMP implementation phase entailed sampling protocols identical to those instituted in
the calibration and project sampling phase. The objective of this monitoring phase was to
demonstrate the extent to which land treatment reduced nonpoint source pollution.

Variables Measured

Biological (Critical Parameters)

Fecal coliform (FC) (water column and stream sediments)

Chemical and Others (Critical Parameters)

Ammonia (NH,)
Nitrate (NO,)
Phosphate (PO,")

Covariates (Noncritical Parameters)

Water temperature
Stream flow

Number of users of the sites
Weekly precipitation
Alkalinity

Calcium (Ca’")
Chloride (CI")
Conductivity

Dissolved oxygen (DO)
Magnesium (Mg2+)

pH

Potassium (K+)

Sodium (Na")

Sampling Scheme

Grab samples were collected weekly from May 15 through September 15 and monthly from November
through April. Samples were taken in the deepest part of the stream at each sampling site.

The monitoring scheme for the projects is presented as follows.

Monitoring Scheme for the Oak Creek Section 319 National Monitoring Program Project

Design Activity/Sites* Critical Noncritical Frequency Time Duration
Monitoring Covariates
Parameters
Water Recreation o élalchhmty 9m/(1)151£1/}1]5 10am—5pm 2 years pre-BMP
Slide Rock (T) * Saturdays
( NHy/NH,® a 55905 ” 2years BMP
NOy Conductivity weekly
Grasshopper Point DO
© PO~ Mg
BOD pH
Upstream/ i K
downstream C;armmg Rainfall
Pine Flats (T) Na©
Streamflow
Manzanita (C) Visitor count
‘Water
\_ temperature

* T = the treatment site; C = the control site
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Modifications Since Project Start

The Slide Rock State Park parking lot study has been discontinued.
Progress To Date

The Oak CreekTask Force implemented the following BMPs:

Slide Rock State Park

. Enhanced access and ambience of restroom facilities

i Social strategies promoting compliance with Park regulations, including use of restroom facilities
° Preparation of kiosk warning swimmers of potential dangers of elevated bacteria counts

° Reduction in number of Park visitors by parking restrictions on State Hwy 89A

Pine Flats Campground

. Improved garbage collection

° Visitor education program

DATA MANAGEMENT AND ANALYSIS

Data Management and Storage

The project team submitted all raw data for storage in ST ORET and reported the project results in
USEPA’s Nonpoint Source Management System (NPSMS) software.

NPSMS Data Summary

Submitted to EPAS.

Final Results

The BMPs implemented at Slide Rock and Pine Flats resulted in limited improvement to the water
quality of Oak Creek. It is important to locate the source of pollution so that appropriate measures
can be taken to control the problem. Howeveridentifying fecal coliform sources proved dificult.
Slide Rock visitors are, undoubtedly, a source of pollution (i.e., discarding dirty diapers in the water
and defecating in the water or on land nearby). However, visitor behavior cannot account for the
cyclical nature of elevated bacteria in this area. High bacteria levels approaching the current water
quality standard of 800 cfu/100 ml historically and during this project are typically detected during the
July 15 to September 15 “monsoon season”. If visitors were the sole source of elevated fecal
pollution, then high levels should have occurred between Memorial Day and July 4, when visitor
counts are as high as during the monsoon season. This has not occurred; therefore, there must be
one or more other sources of fecal coliform.

Although efforts continue to identify the exact bacterial sources, it appears there are virtually no

water quality violations in Oak Creek until the sediment plumes have been reinstated after the spring
thaw and high water levels. Once the sediments are contaminated, agitation of the sediments by either
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high flows or recreational users nearly always results in closure of the recreation areas. This loading
of the sediments generally occurs at the end of June and beginning of July, resulting in closures early
in July.

Genotyping of E. coli populations in Oak Creek by NorthernArizona University using amplified
fragment length polymorphism (AFLP) helped to differentiate between human and animal sources of
pollution.and revealed additional contributions to the fecal loading of Oak Creek. These included the
tracking of a fecal plume from residences along the creek and sediment interstitial loading. Most
importantly, by employing a watershed approach to water quality monitoring, the project determined
that natural animal populations are responsible for a larger proportion of the fecal pollution in Oak
Creek than humans are. Therefore, BMPs designed to address the historical misconception that
recreational users are solely responsible for polluting Oak Creek cannot be expected to improve water
quality. An important unidentified sediment reservoir of fecal pollution still remains in the upper
reaches of Oak Creek Canyon. The success of the project in developing a high throughput method
for bacterial genotyping and the development of anE. coli strain collection for the Oak Creek
Watershed will facilitate future investigation of the pollution problems of Oak Creek.

INFORMATION, EDUCATION, AND PUBLICITY

Numerous organizations and individuals perceived themselves as “owners” of Oak Creek Canyon. It
was in the best interest of the Oak Creek National Monitoring Program project to fully involve these
groups and individuals in informational and educational activities.

The Oak CreekAdvisory Committee, which was formed in 1992, involved federal, state, and local
government agencies and private or ganizations such as Keep Sedona Beautiful and the Northern
Audubon Society as well as several homeowner or ganizations. The committee met monthly to keep
participants informed of current project activities and results, gain insights into areas of concern,
and learn about the BMPs that are being implemented as part of the 319 National Monitoring
Program.

Progress Toward Meeting Goals

With respect to the proposed Public Education Campaign for the Oak Creek Canyon Section 319
National Monitoring Program project, the following events have transpired:

. The U.S. Forest Service prepared a Public Education Plan for Slide Rock State Park and hired
a public education specialist to continue and expand the public education ef fort.

° The Arizona State Parks staff has developed bi-lingual brochures and a three stage alert
signage system, posted daily at the park, for the visitors.

° The USFS volunteer organization, Friends of the Forest, in conjunction with Slide Rock State
Park, have developed and implemented an educational program aimed at school children and
their parents that visit the recreational area. Programs were held for all of the elementary
schools within a one-hour drive of Sedona and with a school from Tucson, AZ. In addition,
road signs are being installed throughout the canyon alerting visitors to use toilets and take
care of the creek. Messages were developed by the school children who participated in the
education program. Finally, a promotional Public Announcement slide was produced by the
Friends of the Forest. This “Help Keep Oak Creek Unique” slide will be shown before every
movie in every movie theater in NorthernArizona during the intensive recreational use period.
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TOTAL PROJECT BUDGET

The estimated budget for the Oak Creek Canyon Section 319 National Monitoring Program project for
the life of the project was:

Funding Source ($)

Federal State Local Total
330,000 87,000 288,000 705,000

The Arizona Department of Environmental Quality decided not to fund the Oak Creek Canyon
National Monitoring Program project after the funding from Region IX of the U.S. Environmental
Protection Agency was discontinued (Spring, 1998).

IMPACT OF OTHER FEDERAL AND STATE PROGRAMS

The Oak Creek Section 319 National Monitoring Program project complemented several other
programs (federal, state, and local) located in the Verde Valley:

. The U.S. Geological Survey initiated a comprehensive water use/water quality study focusing
on the north-central Arizona region extending from the City of Phoenix to the Verde Valley.

° The Verde Watershed Watch Program, a 319(h)-funded program run by Northern Arizona
University. The program was designed to train students and teachers from seven high schools
(located within the river basin) in macroinvertebrate and water chemistry sampling to evaluate
the effects of BMP implementation.

d The Arizona Department of Environmental Quality established theVerde Nonpoint Source
Management Zone in the state.

i The Colorado Plateau Biological Survey established a major riparian study project focusing on
the Beaver Creek/MontezumaWells area of theVerde Valley.

OTHER PERTINENT INFORMATION

None.

PROJECT CONTACTS

Administration

Susan Craig

Arizona Department of Environmental Quality
Nonpoint Source Unit

1110 W. Washington St.

Phoenix, AZ 850007

(602) 207-4509; Fax: (602) 207-4467
Internet: susan.craig@azdeq.gov
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Land Treatment

Department of Biological Sciences
Northern Arizona University
Flagstaff, AZ 8601 1-5640

Water Quality Monitoring

Dr. Richard D. Foust

Department of Chemistry and Environmental Science
Northern Arizona University

Flagstaff, AZ 86011-5698

(520) 523-7077; Fax: (520) 523-2626

Internet: richard.foust@nau.edu

Statistical Analysis

Dr. Brent Burch

Mathematics

Northern Arizona University
Flagstaff, AZ 86011-5717

(520) 523-6875; Fax: (520) 523-5847
Internet: brent.burch@nau.edu
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Figure5: Morro Bay (California) Watershed Project Location
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Managed Grazing Project

Paired Watersheds

Chorro Flats
Floodplain/Sediment
Retention Project Camp SLO NRCS

> Management Plan

Cattle Exclusion Projects

Martinez
Conservation
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Legend

C = Chumash Station
W = Walters Station
U = Chorro/Upstream Station

D = Chorro/Downstream Station

B BVIP Plan Implementation

Figure 6: Paired Watersheds and other Projects in Morro Bay (California)

30



Morro Bay Watershed, California

PROJECT OVERVIEW

TheMorro Bay watershed islocated on the central coast of California, 237 miles south of San Fran-
ciscoin San Luis Obispo County (Figure5). This 76-square mile watershed isan important biological
and economic resource. Two creeks, Los Osos and Chorro, drain the watershed into the Bay. Included
within the watershed boundaries are two urban areas, prime agricultural and grazing lands, and awide
variety of natural habitats that support a diversity of animal and plant species. Morro Bay estuary is
considered to be one of the least altered estuaries on the California coast. Heavy development activi-
ties, caused by an expanding population in San Luis Obispo County, have placed increased pressures
on water resources in the watershed.

Various nonpoint source pollutants, including sediment, bacteria, nutrients, and organic chemicals, are
entering streamsin the area and threatening beneficial uses of the streams and estuary. The primary
pollutant of concern is sediment. According to recent studies, upland areas contribute the largest
portion of sediment, and Chorro Creek contributes twice as much sediment to the Bay as does Los
Osos Creek. At present rates of sedimentation, Morro Bay could be lost as an open water estuary
within 300 years unlessremedial action isundertaken. The main objective of the Morro Bay Nonpoint
Source Pollution and Treatment M easure Evaluation Program, of which the Morro Bay Watershed
Section 319 National Monitoring Program project was a subset, isto reduce the quantity of sediment
entering Morro Bay.

TheU.S. Environmental Protection Agency (USEPA) Section 319 National Monitoring Program project
for the Morro Bay watershed was devel oped to characterize the sedimentation rate and other water
quality conditionsin a portion of Chorro Creek, to evaluate the effectiveness of several best manage-
ment practice (BMP) systemsin improving water quality and habitat quality, and to evaluate the
overall water quality at select sitesin the Morro Bay watershed.

Thefocus of the Morro Bay Watershed Section 319 National Monitoring Program project was a paired
watershed study on two subwatersheds of Chorro Creek (Chumash and Walters Creeks). The purpose
of the project wasto evaluate the effectiveness of aBMP system in improving water quality (Figure
6). BMP system effectiveness was evaluated for sites outside the paired watershed. These projects
included amanaged grazing system on the Maino Ranch, two cattle exclusion projects (Dairy Creek
and Chorro Creek), and aflood plain sediment retention project. In addition, water and habitat quality
samples taken throughout the Morro Bay watershed have documented the changes in water quality
during thelife of the project.

The project was compl eted on Sept. 30, 2002. The Final Report, dated Aug. 31, 2003, isavailable
through the Central Coast Regional Water Quality Central Board.

PROJECT BACKGROUND

Project Area

The Morro Bay watershed drains an area of 48,450 acresinto the Morro Bay estuary on the central
coast of California. The Bay isapproximately 4 mileslong and 1.75 mileswide at its maximumwidth.
The project areawas located in the northeast portion of the Morro Bay watershed.

Relevant Hydrologic, Geologic, and Meteorologic Factors

Morro Bay wasformed during thelast 10,000 to 15,000 years (NRCS, 1989a). A post-glacial risein sea
level of several hundred feet resulted in a submergence of the confluence of Chorro and Los Osos
creeks (Haltiner, 1988). A series of creeksthat originate in the steeper hillslopesto the east of the Bay
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drain westward into Chorro and L os Osos creeks, which drain into the Bay. The 400-acre salt marsh
has developed in the central portion of the Bay in the delta of the two creeks. A shallow ground water
system is also present underneath the project area.

The geology of the watershed is highly varied, consisting of complex igneous, sedimentary, and
metamorphic rock. Over fifty diverse soils, ranging from fine sands to heavy clays, have been mapped
inthe area. Soilsin the upper watershed are predominantly coarse-textured, shallow, and weakly

devel oped. Deeper medium- or fine-textured soilsare typically found in valley bottoms or on gently
rolling hills. Earthquake activity and intense rain eventsincrease landslide potential and severity in
sensitive areas.

The climate of the watershed is M editerranean: cool, wet winters and warm, dry summers. The area
receives about 95% of its 18-inch average annual precipitation between the months of November and
April. Themean air temperature ranges from around 45 degrees F in January to 65 degrees Fin July,
with prevailing winds from the northwest averaging about 15 to 20 miles per hour.

Land Use

Approximately 60% of theland in the watershed is classified asrangeland. Typical rangeland opera-
tions consist of approximately 1,000 acres of highly productive grasslands supporting cow-calf
enterprises. Brushlands make up another 19% of the watershed area. Agricultural crops (truck, field,
and grain crops), woodlands, and urban areas encompass approximately equal amounts of the land-
scape in the watershed.

LandUse Acres %
Agricultural Crops 3,149 7
Woodland 3093 7
Urban 3,389 8
Brushland 8319 19
Rangeland 26,162 %0
Totd 4112 100

Source: NRCS, 1989a Water Resource Type and Size

Water Resource Type and Size

Thetotal drainage basin of the Morro Bay watershed is approximately 48,450 acres. The 319 project
monitoring effort was focused on the Chorro Creek watershed. Chorro Creek and itstributaries origi-
nate along the southern flank of CuestaRidge, at el evations of approximately 2,700 feet. Currently
three stream gauges are present in the Chorro Creek watershed: one each on the San L uisito, San
Bernardo, and Chorro creeks. The San Bernardo gauge became inoperable in 1996; anew gauge has
yet to beinstalled. Annual dischargeishighly variable, ranging from approximately 2,000 to over
20,000 acre-feet, and averaging about 5,600 acre-feet. Flow intributariesisintermittent in dry years
and may disappear in al but the uppermost areas of the watershed.

Water Uses and Impairments

In spite of the intermittent nature of these creeks, both Chorro and Los Osos creeks are considered
cold-water resources, supporting anadromous fisheries (steelhead trout).

Morro Bay isone of the few relatively intact natural estuaries on the Pecific Coast of North America.

The beneficial uses of Morro Bay include recreation, industry, navigation, marinelife habitat, shellfish
harvesting, commercial and sport fishing, wildlife habitat, and rare and endangered species habitat.
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A number of fish species (including anadromous fish, which use the Bay during a part of their life
cycle) have been negatively affected by the increased amount of sediment in the streams and the Bay.
Sedimentation in anadromous fish streams reduces the carrying capacity of the stream for steelhead
and other fish species by reducing macroinvertebrate productivity, spawning habitat, and egg and
larval survival rates, and increasing gill abrasion and stress on adult fish. Trout are till found in both
streams, but ocean-run fish have been greatly reduced. However, several reports of sitings have
occurred in the past years. The Tidewater Goby, afederally endangered brackish-water fish, was
eliminated from the mouths of both Chorro and L os Osos creeks, most likely asaresult of sedimenta-
tion of pool habitat in combination with excessive water diversion.

Accelerated sedimentation has also resulted in significant economic losses to the oyster industry in
the Bay. Approximately 100 acres of oyster beds have been lost due to excessive sedimentation.
Additionally, fecal coliform bacteria carried by streamsto the Bay have had a negative impact on the
shellfish industry, resulting in periodic closures of the areato shellfish harvesting (NRCS, 1992). Due
to continually elevated level s of total and fecal coliform, the California Department of Health Services
has reclassified the Bay from “conditional” to “restricted.” Reclassification to “restricted” requires
changes in harvesting practices, which have cost prohibitive for existing operations and have resulted
in closure of asignificant portion of the growing area. Elevated fecal coliform counts have been
detected in water quality samples taken from several locations in the watershed and the Bay.

Pollutant Sources

It has been estimated that 50% or more of the sediment entering the Bay results from human activities.
Sheet and rill erosion account for over 63% of the sediment reaching Morro Bay (NRCS, 1989b). An
NRCS Erosion and Sediment Study identified sources of sediment to the Bay, which include activities
on rangeland, cropland, and urban lands (NRCS, 1989b). The greatest contribution of sediment to the
Bay originates from upland brushlands (37%) because of the land’s steepness, parent material, lack of
undercover, and wildfire potential. Rangelands are the second largest source of sediment entering into
streams (12%). Cattle grazing has damaged riparian areas by removing vegetation and breaking down
bank stability. The unvegetated streambanks, as well as overgrazed uplands, have resulted in acceler-
ated erosion. Other watershed sources that contribute to sediment transport into Morro Bay include
abandoned mines, poorly maintained roads, agricultural croplands, streambank erosion, and urban
activities.

The Morro Bay watershed islisted as“impaired” by sediment, nutrients, organics, and bacteria. NMP
data have been used to develop Total Maximum Daily Loads for Chorro Creek, Los Osos Creek, and
the Morro Bay estuary. The Total Maximum Daily Loads (TMDLs) identify the sources, determinethe
loading capacity of the waterbodies, and reduce pollutant loading so that beneficial uses are pro-
tected. TMDLsfor sediment and bacteria have recently been adopted, and efforts to develop TMDLs
for nutrients and organics are currently underway.

TheMorro Bay National Estuary Program conducted a Sediment L oading and Stream Flow Study to
evaluate the sediment contributions from the creeks that feed the bay. The results of this study
indicate that the majority of the sediments being transported to Morro Bay from L os Osos Creek and
Chorro Creek arefines (siltsand clays). The average annual loading is estimated at 70,000 tons per
year. Los Osos creek is expected to contribute only 14% of the total average annual 1oading and 86%
isfrom Chorro Creek (TetraTech, 1998). The event and even-interval data collected for the Morro Bay
National Monitoring Program were used as the foundation for this study and numerical models.

Pre-Project Water Quality

Morro Bay and the two creeks that flow into the estuary (Chorro Creek and L os Osos Creek) are listed
as“impaired waters’ due to siltation, metals, organics, nutrients, and pathogens by the State of
California(Central Coast Regional Water Quality Control Board, 1993). Studies conducted withinthe
watershed have identified sedimentation as a serious threat in the watershed and estuary. Results of a
U.S. Department of Agriculture (USDA) Natural Resources Conservation Service (NRCS) Hydrologic
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Unit Areas (HUA) project study show that the rate of sedimentation has increased tenfold during the
last 100 years (NRCS, 1989b). Recent studies indicate that the estuary haslost 25% of itstidal volume
in the last century as aresult of accelerated sedimentation, and has filled in with an average of two
feet of sediment since 1935 (Haltiner, 1988). NRCS estimated the current quantity of sediment deliv-
eredto Morro Bay to be 45,500 tons per year (NRCS, 1989b).

Water Quality Objectives

Theoverall goal of the Section 319 National Monitoring Program project wasto evaluateimprove-
mentsinwater quality resulting from implementation of BM Ps. Thefollowing objectiveswereidenti-
fied for thisproject:

e ldentify sources, types, and amounts of nonpoint source pollutants (see the list of parameters
that will be monitored under Water Quality Monitoring), originating in paired watershedsin the
Chorro Creek watershed (Chumash and Walters creeks).

e Determine stream flow/sediment load rel ationshipsin the paired watersheds.

e Evaluate the effectiveness of improving water quality in one of the paired subwatersheds
(Chumash Creek) of aBMP system.

e Evaluate the effectiveness of several BMP systemsin improving water or habitat quality at
selected Morro Bay watershed locations, including a managed grazing project, cattle exclusion
projects, and aflood plain sediment retention project.

e Monitor overall water quality in the Morro Bay watershed to identify problem areasfor future
work, detect improvements or changes, and contribute to the water quality database for
watershed locations.

«  Develop ageographic information system (GIS) database to be used for this project and in future
water quality monitoring efforts.

The goals for these projects were to achieve:

e A 34%decreasein sediment yield from the sediment retention project
e A 66% reductionin sediment yield from the cattle exclusion project
e A 30% reduction in sediment as aresult of the managed grazing project

Project Time Frame

The project began on September 1, 1992. Funding inthe amount of $200,000 (from 91-92 and 92-93)
was provided on September 1, 1992. Two years of pre-implementation data collection and equipment
installation (93-94 and 94-95) were funded for the project. Sampling during 95-96 was ultimately also
included in the pre-BMP period, because changesto the land resulting from BMP installation were
minimal and water quality data showed little change from past years. The first and second year of
post-implementation sampling was conducted during 96-97 and 97-98. Additional funding was ob-
tained to extend the storm water monitoring at Chumash and Walters Creeks for an additional year.
The project was completed on September 30, 2002. A Final Report isavailablethrough the Central
Coast Regional Water Quality Control Board.

PROJECT DESIGN

Nonpoint Source Control Strategy

In the paired watershed, a BM P system was used to reduce nonpoint source pollutants. Cal Poly was
responsible for implementing the BM P system on Chumash Creek, which is one of the streamsin the
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paired watershed, while Walters Creek serves asthe control. Theimplemented BMPsinclude 1)
fencing theriparian corridor, 2) creating smaller pasturesfor better management of cattle-grazing
activities, 3) providing appropriate water distribution to each of these smaller pastures, 4) stabilizing
and revegetating portions of the streambank, 5) installing water bars and culverts on farm roads where
needed, and 6) removing and stabilizing afailed on-stream stock pond. The project team established a
goal of a50% reduction in sediment following BMPimplementation.

The NRCS has designed several BMP systemsin the Morro Bay watershed. Three of these systems
were evaluated for their effect on water and habitat quality:

» A flood plain sediment retention project was developed at Chorro Flats to retain sediment
(sediment retention project)

» Ariparianareaaong Dairy Creek, atributary of Chorro Creek, and areach a ong Chorro Creek
downstream of the Chorro Reservoir, was fenced and revegetated (cattle exclusion project)

»  Fencesand watering systemswere installed to alow rotational grazing of pastures on the 1,400-
acre Maino ranch (managed grazing project)

Project Schedule

Site PreBMP BMP Post-BMP
Monitoring Installation Monitoring
Chumash/Walters Creek 1993-1996 1994-1997 1996-2001
Chorro Flats 1993-1995 1997 1998-2000
Upper Chorro Creek 1993-1995 1994 1995-2001
Dairy Creek 1993-1995 1994 1995-2001
Maino Ranch 1993 1994 1995-2000

Water Quality Monitoring

Two watersheds were selected for a paired watershed study. Chumash Creek (400 acres) and Walters
Creek (480 acres) both drain into Chorro Creek. The watersheds of the two creeks have similar soils,
vegetative cover, elevation, slope, and land use activities. The property surrounding the two creeksis
under the management of Cal Poly. Because the rangeland treated is owned by Cal Poly, project
personnel were able to ensure continuity and consistency of land management practices.

The paired watershed monitoring plan entailed three specific monitoring techniques: stream flow/
climatic monitoring, water quality monitoring, and biol ogical/habitat monitoring. The calibration period
(the period during which the two watersheds were monitored to establish statistical relationships
between them) was completed during thefirst two years of the project (1994/95 and 1995/96). Begin-
ning in 1995/96, aBMP system of fences, watering troughs, and other improvementswereinstalled in
one of the watersheds (Chumash Creek). The other watershed, Walters Creek served as the control.
1996-2001 served asthe post-BM P monitoring period.

Other systems of BMPs were established at different |ocationsin the Morro Bay watershed. These
projects include a managed grazing system on the Maino Ranch, cattle exclusion projects on Dairy
Creek and Chorro Creek, and aflood plain sediment retention project on Chorro Creek. Water quality
was monitored using upstream/downstream and single station designs to evaluate these systems. An
upstream/downstream design was adopted to monitor the water quality effect of aflood plain sedi-
ment retention project and a cattle exclusion project. A single station design on a subdrainage was
used to evaluate changesin water quality from implementation of amanaged grazing program.
Changesin channel profile rangeland composition and benthic invertebrate composition were also
part of the monitoring design at these sites.
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In addition to BMP effectiveness monitoring, ongoing water quality sampling was conducted at
selected sites throughout the Morro Bay watershed to document long-term changes and to prioritize
problem areasin need of further restoration efforts. The Morro Bay Volunteer Monitoring Program has
taken over the watershed-wide monitoring now that the NMP project has come to an end.

Variables Measured

Biological

Total andfecal coliform (FC)
Riparian vegetation

Upland rangeland vegetation
In-stream benthic invertebrates

Chemical and other

Nitrate (NOs)
Phosphate (PO.%)
Conductivity

pH

Dissolved oxygen (DO)

Physical

Temperature

Suspended solids (SS) (total filterable solids)
Turbidity

Cross-sectional stream profile/morphology

Covariates

Precipitation
Streamflow

Evaporation
Animal units

Sampling Scheme

In the paired watershed, SS samples were collected during storm events using automated sampling
equipment set at evenintervals (30-minute). Thewater collected from each individual samplewere
analyzed for SS, turbidity, and conductivity. Streamflow and climatic datawere also collected for
hydrologic response of watersheds. Flow is measured at 5-minute intervals during events. Weekly
grab samples were taken for at least 20 weeks during the rainy season, starting on November 15 of
each year or after the first runoff event.

The samples from the paired watershed stations were analyzed for SS, turbidity, NOs, PO4%, total and
fecal coliform, and other physical parameters.

The Dairy Creek cattle exclusion reacheswere analyzed for SS, turbidity, nutrients, total and fecal
coliform, and other physical parameters.

Suspended sediment and turbidity were monitored at the Chorro Flats sediment retention area.

In addition, year-round samplesfor pH, DO, turbidity, temperature, and total and fecal coliformwere
conducted every two weeks at several additional sampling sites throughout the Morro Bay Water-
shed.
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Monitoring Scheme for the Morro Bay Watershed Section 319 National Monitoring Program

Project
Frequency
Sites or Primary Frequency for for Vegetation
Design Activities Parameters Covariates ~ WQ Sampling Sampling Duration
Paired Chumash Tota & FC Precipitation Start after first run- 2 yrs preBMP
Creekand Riparian vegetation  Stream flow off and weekly grab 2 yrs BMP
Walters Creek © S Evaporation samples thereafter 4 yrs post-BMP
Turbidity Anima units for 20 weeks.
NO3 Storm event based Vegetation transects
PO43 monitoring twice per year.
Conductivity (every 30 minutes). RBA once per year.
pH Cross-sectional
DO profiles once per year
(cross-sections).
Upstream/ Chorro Flats S Precipitation Storm event March & Sept. 4 yrs pre-BMP
downstream  Sediment Turbidity Stream flow monitoring aerial photography 1 yr BMP
Retention Sediment deposition  Evaporation (hourly) in 1st, 5th, & 4 yrs post-BMP
Project Anima units 10th year.
RBA once per year.
Cross-sections.
Upstream/ Chorro Creek 55} Precipitation Weekly during March & Sept. 2 yrs preBMP
downstream  Cattle Exclusion Turbidity Stream flow rainy season aerial photography 1/2 yr BMP
Project FC Evaporation starting around in 1st, 5th, & 6 yrs post-BMP
NO3 Anima units Nov. 15. 10th year.
PO4% RBA once per year.
Physical parameters Cross-sections.
Upstream/ Dairy Creeks S Precipitation Weekly during March & Sept. 2 yrs preBMP
downstream  Cattle Exclusion Turbidity Stream flow rainy season aerial photography 1/2 yr BMP
Project FC Evaporation starting around in 1st, 5th, & 6 yrs post-BMP
NO3 Anima units Nov. 15. 10th year.
PO43 RBA once per year.
Physical parameters Cross-sections.
Single Maino Ranch S5} Precipitation Weekly during March & Sept. 0-1 yr pre-BMP
downstream  Managed Turbidity Stream flow the rainy season.  aerial photography
Grazing FC Evaporation in 1st, 5th, & 8 yrs post-BMP
Project Riparian vegetation  Anima units 10th year.

Vegetation transects
twice per year.
RBA once per year.
Cross-sections.

TTreatment watershed
CControl watershed

Land Treatment Monitoring

37

On both the paired watershed and the Maino property, four permanent vegetation transects were
monitored two times each year to sample upland and riparian vegetation and document changes
during the life of the project. Aerial photography was used to document large-scal e vegetative trends.

Cross-sectioned stream channel profiles were conducted once each year to document stream channel
shape, substrate particle size, and streambank vegetation. Rapid BioAssessment (RBA) was used as a
tool to assess water and habitat quality of sites throughout the Chorro and L os Osos Watersheds.
Sampleswere collected during April and May at anumber of sites, including several upstream-
downstream pairs. The Morro Bay Volunteer Monitoring Program has continued habitat monitoring at
selected sites throughout the watershed.
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Modifications Since Project Start

M odifications have been made to sediment analysis techniques at the paired watersheds and other
locations since project inception. During the first year, evaporation was used to process suspended
sediment samples; however, dissolved solids are high in this watershed and contribute significantly
to the total weight of the samples. Asaresult, total filterable solids were determined for the mgority of
the project duration. A relationship between conductivity and dissolved solids was developed to
convert past years datato filterable solids. Conductivity was no longer measured for each suspended
sediment sample during event monitoring as it was not proved to be of significant interest. Composite
samplesfrom event monitoring were no longer analyzed for total N, total P, or pH. Grab sampling
continues unchanged for nitrate, phosphate, conductivity, turbidity, dissolved oxygen, and water
temperature for the duration of the project.

Monitoring of Chorro Flats as part of the NMP project, included an upstream-downstream eval uation
of water quality (suspended sediment and turbidity) including an even-interval and storm-event
sampling regime, stream profiling, benthic macroinvertebrate analysis, and aqualitative eval uation of
riparian and wetland re-establishment. The success of the event-based sampling was compromised by
alack of adequate flow data combined with sampling effectivenessin ahigh discharge stream, and the
lack of a consistent relationship between the upstream and downstream stations. The RCD efforts
partially funded by another Clean Water Act Section 319 (h) grant to monitor the effectiveness of the
sediment floodplain proved to be more successful. These methods included the use of topographic
surveys to record sediment deposition.

Thewinter rainy seasons varied dramatically during the project period. Thewinter of 1993-1994 was
relatively dry, with only two runoff events. In contrast, the 1994-1995 rainy season was characterized
by above average precipitation and periods of flooding. The 1995-96, 1996-97, 1998-99, and 1999-2000
winterswere more representative of normal rainfall events and streamflow levelsin the watershed,
whilethe 1997-98 winter wasavery heavy rainfall year as“El Nino” flow levelswere evident through-
out the watershed. Sediment, turbidity, and flow data from storm events were collected.

Even interval grab sampling was obtained, with sampling conducted once every two weeks. During
the rainy season (20 weeks beginning after the first runoff event), grab samples were collected once
per week. Although the study design requires even-interval sampling year round, thisis not feasible
in several locations (including the paired watersheds) because the flow becomes intermittent or
ceases entirely during summer months.

InAugust, 1994, the“Highway 41 Fire” burned asignificant portion (7,524 acres) of the upper Chorro
Creek watershed and itstributaries. The paired watersheds, Chorro, Chumash, and Walters, were not
burned. Above average precipitation and several periods of widespread flooding during the 1994-95
winter, following the wildfires, resulted in significant erosion and sediment loading throughout the
watershed. Modifications occurred at Chorro Flats due to emergency post-fire concerns. An existing
level breech was widened so that the flood plain could serve as a sediment deposition area.

Progress to Date

Public presentations about the Morro Bay 319 National Monitoring Program project were regularly
made to groups such as Friends of the Estuary, Cal Poly State University (Cal Poly), Cuesta Commu-
nity College, and the Morro Bay National Estuary Program (MBNEP). The data collected as part of the
National Monitoring Program provided afoundation for the development and implementation of the
MBNEP' s Comprehensive Conservation and Management Plan.

Paired Watershed Study: Funding was acquired through CWA 319(h) for implementation of improve-
ments on the paired watershed. A Technical Advisory Committee was formed and expanded its focus
to include monitoring projects throughout the entire Morro Bay watershed. Implementation for land
improvements on the Chumash Creek watershed included construction of riparian pastures, additional
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upland pastures, installation of watering troughs, culvert improvements, and revegetation and stabili-
zation of portions of the corridor. Removal and stabilization of an on-stream stock pond was com-
pletedin 1997.

Flood Plain Sediment Retention Project: The Chorro Flats project obtained funding ($960,000) for
implementation of the Flood Plain Restoration Project. Construction of the project and revegetation
wascompletedin 1997.

Cattle Exclusion Projects: Dairy Creek and Chorro Creek fencing for riparian exclusion was compl eted
inthesummer of 1995.

Managed Grazing Project: In 1994, the Maino Ranch completed install ation of watering devicesand
fencing, and the land is being managed as planned in atimed grazing project.

The Morro Bay National Monitoring Program hosted the 7" Annual National Nonpoint Source

M onitoring Workshop that took place September 12 -17, 1999. The purpose of this nationwide work-
shop was to bring together approximately 200 water quality specialists to share information on such
topics as overall effectiveness of Best Management Practices (BMPs) on water quality, effective
monitoring techniques, and statistical analysis of watershed data.

National Monitoring Program data was used to develop Total Maximum Daily L oadsin the watershed.
Water quality data collected at the paired watersheds were used to devel op numerical models of
sediment loading in the watershed. Additionally, nutrient data was used to identify concentrationsin
the various tributaries in the watershed and the percent reductions needed at these locations to
achieve water quality targets.

Cal Poly has developed awebsite for the NMP project that features the BM P projects, photos, moni-
toring methods, and results. The Regional Board will be hosting the NMP website on their websitein
thefutureaswell.

A brochure (fact sheet) was created as part of the NMP grant. The MBNEP has offered to print and
mail the color brochureto interested agricultural entitieslocally and region-wide.

Additional effortsare also underway for continued BM P implementation. Cal Poly isseeking to
implement BM Ps on Walters Creek in order to duplicate the significant water quality improvements
found at Chumash Creek. Funding has been acquired through the MBNEP to implement BMPs,
funding is being sought to continue the monitoring on both. The new study will implement amore
extensive set of BMPsthat seek to answer the question of whether the maximum benefit to water
quality has been achieved on Chumash Creek and al so determine whether the water quality of Walters
Creek can beimproved beyond that of Chumash Creek.

DATA MANAGEMENT AND ANALYSIS

Data Management and Storage

The program made significant progress in data storage, management, and analysis. Ten years of
photographs and field data were archived at the Regional Board. Data management was coordinated
with the Central Coast Ambient Monitoring Program. Much of the water quality datafor the NMPwas
entered into STORET previously. The expanded dataset will be entered as soon as "version two" of
the software becomes avail able. The data generated as part of the project will be made available along
with the NMP Final Report. Data handling was greatly improved and streamlined, data storage was
provided for on aweb site, and data analysis detected changes resulting from BMPs.
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A Quality Assurance Project Plan, for project water quality sampling and analysis, was devel oped by
the Central Coast Regional Water Quality Control Board. The plan was used to assure the reliability
and accuracy of sampling, datarecording, and analytical measurements. It isavailable at the Central
Coast Regional Water Quality Control Board.

GlSdatalayersthat have been entered (using ARC/INFO) include sample site locations, streams,
flood zones, ground water basins, geology, soils, vegetation, land use, and topography. Data analysis
indicated that Chumash and Walters Creek were well paired and that sufficient baseline datawere
collected.

Statisticians were added to the team during the last year and have performed additional detailed
analysis of the storm water data. Initial analysis of datafocused on determining minimum-detectable
change and comparing even interval dataresultsto event data. The datawas examined in avariety of
ways, including simpl e creek-to-creek regressions, regressions of flow-weighted pollutant parameters,
double mass curves, regressions of flux- and time-weighted averages of event data, multiple +/- tests,
non-parametric ranking, time-seriesplots, and flow-averaging.

Additional funding was obtained in FY 2000-02 to conduct further statistical analyses using the even-
interval water quality data. In order to better understand the temporal relationships between the
paired watersheds and the effectiveness of the BMPs, two regression models were developed. These
include arepeated measures linear regression model and arepeated measures binary logistic model.

Final Results

Data analysis for the Morro Bay NMP project focused on evaluating the effectiveness of the range-
land BMPs. Results indicate that water quality sampling has been effective at detecting improvements
at variouslocationswhere BMPswereimplemented.

Paired Water shed Study

Two subwatersheds in the Chorro Creek watershed, both on Cal Poly cattle rangelands, were
selected for monitoring over aten-year period. Chumash Creek watershed (400 acres) and Walters
Creek watershed (480 acres) are assimilar as possiblein size, geomorphol ogy, geology, soils, climate,
vegetative cover, and land use. They share acommon divide, and are managed as cattle rangeland.

Cal Poly owns the land encompassed by Walters and Chumash watersheds. Chumash and Walters
Creeksrunthrough Cal Poly’s Escuela Ranch, which isacow-calf operation with approximately 150
cows grazing both creeks' watersheds, plus Pennington Creek watershed (not included in the paired
watershed study). The BMPsfell within four categories of rangeland management practices:
livestock fencing and water devel opment, streambank stabilization, road improvement, and grazing
management. Numerous findings were documented asaresult of implementing BMPS at the paired
watersheds. If implementing BMPsimproved water quality on an already well-managed land, then it
would help improve water quality on other, moretraditional ranches. These are summarized below.

Sor m-event Flow and Water Quality Findings

Examination of paired hydrographsfrom 1995 through 2001 reveal ed interesting trends. Intheperiod
of 1995 through 1998, thetiming of peak flow in Walters and Chumash was approximately equal .
Beginning early in 1999, peak flow of Chumash lagged behind that of Walters, by 30 minutesto 1
hour. Thiswas most noticeable early in each post-BMP season. We hypothesize this was due to
increased interception of water by plants, and increased infiltration in the Chumash watershed, as
vegetation increased on streambanks and in the watershed.

As of the 2000-01 season, the complete data set contained 82 events that included paired data on
turbidity, and 80 eventsthat included paired data on sediment. Significant declinesin turbidity and
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sediment in Chumash Creek were found, asaresult of implementing BMPs. Improvements have
leveled off, or plateaued, beginning with the 1999-2000 sampling season. We hypothesize that the
plateau occurred because fast-growing stream channel vegetation has reached its maximum
protective affect, and slow-growing vegetation (such as sycamores and oaks) has not yet reached a
stage of maturity whereit is having a quantifiable affect on water quality.

Year-round Water Quality Findings

Results of even-interval water quality monitoring indicate that BMPs significantly lowered water
temperature at Chumash Creek.

Fecal coliform bacteriadid notimprove at Chumash Creek post-BMP. The number of fecal coliform
bacteria exceeding the threshold (200M PN) did not significantly change during the entire study
period. Thisispossibly dueto grazing practices in the upper Chumash watershed or an increase in
birdsand wildlife.

Nitrate exceeded the threshold value (0.300 mg/L) more often at Chumash Creek than at Walters
Creek. Theincreasein nitrate-nitrogen at Chumash Creek was most notable in spring and summer
and is thought to be indicative of early riparian succession.

Dissolved oxygen significantly decreased at Chumash Creek, but remained at amean concentration
of 8.15 PPM, and was |ess variable than in pre-BMP conditions. It should be noted that nitrate and
dissolved oxygen values were still within the typical range of other creeksin the Morro Bay
watershed.

Even-interval turbidity samples also exceeded alow threshold value (7 NTUs) more often at
Chumash Creek than at Walters Creek post-BMP. This may be due to an increase in vegetation and
algae at Chumash Creek year-round. Significant reductionsin turbidity asaresult of BMP
implementation have been detected, however, in storm events data. It is expected that turbidity
collected during storm events (rather than year-round) would be more likely to decrease as aresult
of BMPs, as most sediment is transported during storm events.

Rangeland Findings

Rangeland parameters in the paired watershed showed improvement, particularly bare ground and
speciesdiversity. Resultswere not statistically significant. The Cal Poly staff believesthat if
monitoring was to have been continued, or especially if pre-BMP monitoring had begun earlier,
statistical verification of observations would have been achieved.

During the sixth year of monitoring, it was noted that the BMPs implemented in Chumash watershed
seem to have resulted in an increase in residual vegetation that is harvested by cattle during the dry
season. Supplemental feed costs have decreased, and we hypothesized that the grazing practicesin
Chumash watershed contributed to the increase in vegetation and decrease in supplemental feed
costs.

Stream channel improvementswere noted. These included proliferation of streambank and channel
bottom herbaceous and woody vegetation, and healing of cattle trails and streambank erosion scars.
Theimprovements were not systematically revealed by the Pfankuch monitoring method, but
become strikingly apparent via photodocumentation, when pre-BMP photos are compared to post-
BMP

One of the most significant findings of along-term study are the lesson’s learned. As discussed,
changes were detected due to BM P implementation at Chumash Creek, particularly significant
reductions in sediment and turbidity during storm events and improvements in water temperature
year-round. Thisis particularly meaningful because the Cal Poly ranches have been well-managed
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and get morerest than atypical working ranch. If implementing BMPsimproved water quality on an
already well-managed land, then it would hel p improve water quality on other, moretraditional
ranches. And, there are additional benefitsto the system (such as more docile cattle, and more time
for observation of health of the cows and calves). A preferred experimental design would have
maintai ned two separate watersheds, with each containing its own identical, randomly selected herd
of cattle, but thiswas not a part of the initial study design. In this design, supplemental feed would
be differentially determined between watersheds, and the water quality and rangeland results would
be more easily transferable to other ranches. Additionally, body condition scores of the cows could
be estimated throughout the year, and impact of BM P implementation on seasonal forage availability
would be determined empirically. Another limitation isthat the original design of the study did not
plan for determination of the effects of BM P implementation on productivity of the rangeland asit
relatesto grazing animals. Therefore, effects of the BMPs on feed costs were dampened by the
increased availability of feed in all three of the watersheds. Asforage availability increased in the
Chumash (treatment) watershed, the energy availability increased in the remaining two watersheds
asthe cattle acquired a greater level of nutrient intake in each. These considerations areincluded in
the future plansfor evaluating improvements on Walters Creek.

Dairy Creek

Dairy Creek, tributary to Chorro Creek, runsthrough El Chorro Regional Park, and isthesite of a
cattle exclusion project. NRCS partnered with San L uis Obispo County Parks Department fencing
and revegetating the milelong riparian corridor through the park. Improvementsto the lower mile of
creek were completed during the summer of 1994, with the remaining upper half-mile of creek fenced
during the summer of 1995.

BMPsdid not significantly affect air temperature, fecal coliform bacteria, nitrates, ortho-phosphates,
and turbidity (10 NTUs). BMPs significantly improved water temperature dissol ved oxygen and total
coliform. Fecal coliform bacteriaimproved in samplestaken at the DAU site when compared to the
samples taken at the DAM site, possibly due to the gaps in the cattle exclusion fencing to provide
water access to cattle.

ChorroCreek

Cattle exclusion fencing wasinstalled along the riparian corridor of upper Chorro Creek in 1994.
Chorro Creek Dam and Chorro Valley Culvert are the upper and lower sampling stations of acattle
exclusion areaon the Camp San LuisMilitary Reservation.

Fecal coliform has significantly decreased at the BMP treatment site CVC asaresult of BMP
implementation. Water temperature and dissolved oxygen have also significantly improved post-
BMPimplementation at CV C. Thesignificant reductioninfecal coliform at thisBMP evaluation
project is most likely due to the fact that thereis no cattle access to the creek viawater gaps or
riparian pasture.

MainoRanch

The Maino Ranch islocated at the intersection of Highway one and San Bernardo Creek Road in the
Morro Bay watershed. The Maino Ranch isaprivately owned, 1850 acre ranch located in the Morro
Bay watershed within San L uis Obispo County California.

Trends in vegetative species and water quality were detected from rangeland monitoring, but these
findings may be more associated with natural phenomena such as soil properties or rainfall.
Changes following the implementation of BMPs were observed by the land owner, John Maino,
including an increasein biodiversity and in perennial vegetation.

ChorroFlats

Chorro Flats, located near the mouth of Chorro Creek, isthe site of afloodplain restoration and
sediment retention project and was acquired by the Coastal San Luis Resources Conservation
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District. The project was completed during the summer of 1997. Where the creek was channeled and
levied, the project reestablished an active floodplain, riparian corridor, and overflow channels. The
majority of the creek flow isnow using the newly created main channel.

Monitoring of Chorro Flats as part of the NMP project, included an upstream-downstream evaluation
of water quality (suspended sediment and turbidity) including an even-interval and storm-event
sampling regime, stream profiling, benthic macroinvertebrate analysis, and aqualitative eval uation of
riparian and wetland re-establishment. The success of the event-based sampling was compromised
by alack of adequate flow data combined with sampling effectivenessin a high discharge stream,
and the lack of a consistent relationship between the upstream and downstream stations.

The RCD efforts partially funded by another Clean Water Act Section 319 (h) grant to monitor the
effectiveness of the sediment floodplain proved to be more successful. Results from the Chorro
Flats Enhancement Project Final Report prepared for the Regional Board indicate that approximately
23% of thetotal |oad, and 85% of the bed-load, from Chorro Creek between 1992 and 1998 was
captured on Chorro Flats. The current estimate for sediment load from the watershed is more than
twice the estimate used in 1993. Based on the annual sediment load, and the 23% trapping
efficiency, it isexpected that the Chorro Flats sitewill fill in 26 years.

Water shed-Wide Char acterization

In addition to the water quality data collected at the BMP evaluation sites, data was also collected
from several other locations throughout the Chorro Creek and L os Osos Creek watersheds during
1993-2001. These sampling stations were used to collect watershed-wide datafor usein targeting
and prioritizing areas for BM P implementation and to monitor various projectsthat are already
occurring throughout the watershed.

Elevated percent saturation, exceeding values indicative of supersaturated conditions were found at
numerous sites. Additionally, elevated nitrate (NO,-N) and phosphate (PO, -P) concentrations were
found throughout the watershed. Elevated fecal coliform concentrations were also found. Elevated
turbidity levelswere found, particularly during the high winter flow periodsfollowing the Highway-
41 Fire. Mean concentrations, however, were typically low throughout the watershed. Index of
Biological Integrity scores were evaluated throughout the watershed, and the least disturbed sites
received higher scores than the more impacted sites.

The Friends of the Estuary’s VVolunteer Monitoring Program is continuing much of the watershed-
wide water and habitat quality assessment as part of another 319 (h) grant with the assistance of the
Morro Bay National Estuary Program. Implementation efforts are underway by numerous
organizationsin the watershed. These actions are expected to improve water and habitat quality
conditions throughout the Morro Bay watershed.

Overall MBNMP Conclusions

Results of statistical analysesindicate significant positive changesin water quality, including
decreased suspended sediment, decreased turbidity, decreased water temperature, stabilized levels
of dissolved oxygen, and decreasesin fecal coliform asaresult of the BMPsimplemented at different
project sites. Rangeland characteristics such as forage species composition and production
improved and supplemental feed costs appear to have decreased following BM P implementation.

These data provided abasisfor Total Maximum Daily Load (TMDL) development and self-
determined nonpoint source implementation in the watershed. The project provided baseline values
to establish the framework for alocal Volunteer Monitoring Program and aregionally-scaled ambient
monitoring program. The Morro Bay NMPis part of a continued effort to evaluate long-term effects
of BMPimplementation on Californiarangelands and water quality.
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PROJECT BUDGET

This NMP project was conducted as a partnership between the Regional Water Quality Control Board
(RWQCB) and Cal Poly State University. The RWQCB evaluated the effectiveness of BM Ps, through
the collection and analysis of even interval water quality sampling data, habitat evaluations, stream
channel profiles, and rapid bioassessment. The RWQCB subcontracted to California Polytechnic State
University (Cal Poly), to measure water quality and streamflow during storm events, to document
quality assurance of recorded vs. observed data, to compare data from Chumash and Walters Creeks,
to conduct habitat sampling, and to maintain sampling and recording equipment. The estimated
budget for the Morro Bay Watershed Section 319 National Monitoring Program project for the two-
year period of FY 00-02is$100,000, with 50% of the funding allocated to the Regional Water Quality
Control Board (RWQCB) and 50% to Cal Poly State University. Project management includes contract
management, personnel, data analysis, interpretation, and reporting. Matching funds have been made
available in the past through the Coastal Conservancy. For the duration of the project, Cal Poly
acquired $120,000in Agricultural Resource I nitiative grant fundsto extend data collection and analy-
sisto 2002. Matching funds have a so been provided by the Total Maximum Daily L oad Program, the
Morro Bay National Estuary Program, the Central Coast Ambient Monitoring Program, and from the
RWQCB general laboratory funds.

Theten-year project received atotal of 1,000,000 from Section 319 (h) funds, with additional matching
state monies. The last year of funding for the project was used over atwo year period in order to write
up thefinal results. Thefinal two-year budget for the Morro Bay Section 319 National Monitoring
Program project for the period of 00-02 wasasfollows:

Funding Sour ce($)

Proj ect Element Federal State Sum
Project Management 37,859 28,198 66,048
Information & Education 13541 7979 21,520
Land Treatment 0 0 0
WQ Monitoring 48600 61,468 110,068
TOTAL $100,000 $97,635 $197,635

Source: Katie McNeill (Personal Communication), 2001.

IMPACT OF OTHER FEDERAL AND STATE PROGRAMS

The CaliforniaAssembly Bill 640 becamelaw in January, 1995. Thelaw establishesMorro Bay asthe
first “ State Estuary,” and mandates that a comprehensive management plan be developed for the bay
and its watershed by locally involved agencies, organizations, and the general public.

OnJduly 6, 1995, Morro Bay was accepted into the National Estuary Program (NEP). This* National
Estuary” designation provides 1.3 million from USEPA dollarsfor planning over athreeyear period.
Ongoing efforts have been made by the MBNEP to create the foundation for this “grass-roots’
planning process. Stakeholders in the watershed have met continuously during the last several years
to discuss pollution sources in the watershed and estuary and to explore management measures
which could beimplemented. A Comprehensive Conservation and Management Plan (CCMP) that
identifies strategies for reducing pollutants such as sediment and bacteria was developed by MBNEP
staff through input from numerous community and interested agenciesin the watershed. A significant
amount of funding ($4,000,000) was acquired for implementation of the CCMP. The Draft CCMPis
currently undergoing public review and is expected to be revised and approved in early 2000. In
additionto the USEPA 319 National Monitoring Program project being led by the CaliforniaCentral
Coast Regiona Water Quality Control Board, several other agenciesare involved in various water
quality activitiesin the watershed. The California Coastal Conservancy contracted with the Coastal
San Luis Resource Conservation District in 1987 to inventory the sediment sources to the estuary, to
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quantify the rates of sedimentation, and to develop a watershed enhancement plan to address these
problems. The Coastal Conservancy then provided $400,000 for cost share for BM P implementation
by landowners. USDA funding was obtained for technical assistance in the watershed ($140,000/
year), Cooperative Extension adult and youth watershed education programs ($100,000/year), and
cost sharefor farmers and ranchers ($100,000/year) for five years. An NRCS range conservationist
was hired with 319(h) funds ($163,000) to managethe range and farm land improvement program. The
Coastal San Luis Resource Conservation District has devel oped a program titled Project Clear Water
to assist ranchers and farmersin implemented BMPs on their property. Cooperative Extension re-
ceived agrant to conduct detailed monitoring on arangeland management project in the watershed.
TheCaliforniaNational Guard, amajor landowner inthe watershed, contracted withthe NRCS
($40,000) to develop amanagement plan for grazing and road management on the base. State funding
from the Coastal Conservancy and the Department of Transportation was used to purchase a $1.45
million parcel of agricultural land on Chorro Creek, just upstream of the Morro Bay delta, which was
restored as a functioning flood plain. Additional lands have recently been acquired through the
Department of Fish and Game, the Trust for Public Land, and the MBNEP. Without the cooperation of
many of these agencies and their financial resources, the Section 319 project would be unable to
implement BMPs or educate landowners about nonpoint source pollution.

The Central Coast Regional Water Quality Board conducted a study of the abandoned minesin the
watershed with USEPA 205(j) funds. The Board also obtained a USEPA Near Coastal Waters grant to
develop awatershed work plan, incorporate new USEPA nonpoint source management measures into
an overall basin plan, and develop guidance packages for the various agencies charged with respon-
sibility for water quality in the watershed.

The Department of Fish and GameWildlife Conservation Board provided funding ($48,000) for steel-
head habitat enhancement on portions of Chorro Creek. The State Department of Parks and Recre-
ation funded studies on exotic plant invasionsin the delta as aresult of sedimentation. The California
Coastal Commission used Morro Bay as amodel watershed in development of a pilot study for a
nonpoint source management plan pursuant to Section 6217 of the Federal Coastal Zone Management
Act Reauthorization Amendments of 1990.

The Friends of the Estuary at Morro Bay, working in conjunction with the Morro Bay National Estu-
ary Program received a 319 (h) grant from the State Water Resources Control Board to continue the
Volunteer Monitoring Program. The volunteer monitors have been collecting water quality and
habitat data at established NMP sites since Fall, 2001.

Waterbodies within the Morro Bay watershed are listed as "impaired" by sediment, nutrients, organ-
ics, and bacteria. As such, Total Maximum Daily Loads (TMDLSs) are required to identify the sources,
determine the loading capacity of the waterbodies, and reduce pollutant loading so that beneficial
uses are protected. NM P data have been used to develop Total Maximum Daily Loads for Chorro
Creek, Los Osos Creek, and the Morro Bay estuary. TMDL sfor sediment and bacteria have recently
been adopted, and efforts to develop TMDLSs for nutrients and organics are currently underway.

OTHER PERTINENT INFORMATION

In addition to state and federal support, the Morro Bay watershed receives tremendous support from
local citizen groups. The Friends of the Estuary, acitizen advocacy group, isinvaluableinits political
support of Morro Bay. The Bay Foundation, a nonprofit group dedicated to Bay research, funded a
$45,000 study on the freshwater influences on Morro Bay, developed alibrary collection on the Bay
and watershed at the local community college, and is actively cooperating with the Morro Bay Section
319 National Monitoring Program project to develop awatershed GIS database. The Bay Foundation
also recently purchased satellite photographs of the watershed, which will prove useful for long-term
restoration efforts. The Bay Foundation co-wrote the nomination to the National Estuary Program
along with the Regional Board. The National Estuary Program just completed four Technical Studies
that heavily utilized data collected by the National Monitoring Program to develop several pollutant
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loading and tidal circulation models. The National Estuary Program, Friends of the Estuary, and the
Bay Foundation of Morro Bay are cooperating to implement avolunteer monitoring program for the
Bay itself. Ongoing volunteer effortsthat have been invaluable for the National Monitoring Program
include water quality and habitat monitoring.

PROJECT CONTACTS

Morro Bay NMP project website: http://www.swrch.ca.gov/rwgch3/\WMI/MorroBay/

Administration

KatieMcNeill

Central Coast Regional Water Quality Control Board
895AerovistaPlace, Suite 101

San LuisObispo, CA 93401

(805) 549-3336, Fax (805) 543-0397

Kmcneill @rb3.swrch.ca.gov

Land Treatment

Lynn Moody

Soil Science Department
CaliforniaPolytechnic State University
San LuisObispo, CA 93407

(805) 756-2420, Fax (805) 756-5412
Internet: Imoody @cal poly.edu

MikeHall

CaliforniaPolytechnic State University
San LuisObispo, CA 93407

(805) 756-2685

Water Quality Monitoring

Lynn Moody

Soil Science Department
CaliforniaPolytechnic State University
San LuisObispo, CA 93407

(805) 756-2420, Fax (805) 756-5412
Internet: Imoody @cal poly.edu

KatieMcNeill

Central Coast Regional Water Quality Control Board
895AerovistaPlace, Suite 101

San LuisObispo, CA 93401

(805) 549-3336, Fax (805) 543-0397

Kmcneill @rb3.swrcb.ca.gov

Karen Worcester

Central Coast Regional Water Quality Control Board
895AerovistaPlace, Suite 101

San LuisObispo, CA 93401-0397

(805) 549-3333, Fax (805) 543-0397
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Figure 7: Jordan Cove Urban Watershed (Connecticut) Project Location
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Existing residential control watershed with contours (Waterford, CT)
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Figure 8: Water Quality Monitoring Stations for Jordan Cove Urban Watershed (Connecticut)
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PROJECT OVERVIEW

The Jordan Cove watershed is located along the north or Connecticut side of the Long Island Sound
(Figure 7). Jordan Cove is a small estuary fed by Jordan Brook; the estuary empties into Long Island
Sound. Water quality sampling had indicated that the Cove did not meet bacteriological standards for
shellfish growing and sediment sampling had revealed high concentrations (>20 ppm) of arsenic.
Also, short-term monitoring of bottom waters had documented depressed levels of dissolved oxygen.

Land use in the 4,846-acre Jordan Brook watershed is mostly forests and wetlands (74%) along with
some urban (19%), and agricultural (7%) uses. The project was located in a residential section of the
watershed. The project plan was to develop a 10.6-acre area following traditional subdivision
requirements and another 6.9-acre area of housing using best management practices (BMPs).A third
drainage area consisting of 43 lots on 13.9 acres, which was developed in 1988, was used as a control.

The project incorporated the paired watershed monitoring design for the three study areas.
Monitoring included precipitation, air temperature, and grab and storm-event sampling for solids,
nutrients, metals, fecal coliform, and biochemical oxygen demand (BOD)Additionally, monitoring of
selected individual BMPs was conducted.

The 10-year project is completed. Monitoring concluded in June 2005. The 2007 Final Report is on
the web: http://www.jordancove.uconn.edu/jordan_cove/publications/final report.pdf.

PROJECT BACKGROUND

Project Area

The project was located within the Town of Waterford, CT near Long Island Sound. The two
developments designated as treatment watersheds together covered about 17.5 acres and the
residential control watershed was approximately 13.9 acres.

Relevant Hydrological, Geological, and Meteorologic Factors

Land Use

The average annual precipitation was 49.8 inches, including 35 inches of snowfall. Soils on the study
areas were mapped as Canton and Charlton, which are well-drained soils (hydrologic soil group B).
The surficial geology is glacial till and stratified drift. Bedrock is composed of gneiss originating from
Avelonia. Bedrock is typically at a depth greater than 60 inches and the water table is located below
six feet.

Land use in the area to be developed using traditional requirements was poultry farming; the area
designated for development using BMPs was a closed-out gravel pit. The control drainage area of
13.9 acres had 43 residential lots, ranging in size from 15,000 square feet to 20,000 square feet, which
were developed in 1988. The traditional watershed had 15 developed 0.3 acre lots. The BMP
watershed had 12 developed lots. Imperviousness in the traditional watershed increased from 4 to
11%.

Water Resource Type and Size

Water resources of concern were Jordan Brook, Jordan Cove estuary, and Long Island Sound. The
cove is a long and narrow estuary consisting of a 390-acre inner cove and an 100-acre outer cove.
Because the project sampled only overland runoff, no water resource was monitored.
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Water Uses and Impairments

The Jordan Cove estuary did not meet bacteriological standards for shellfish growing. Sediment
sampling had revealed high concentrations (>20 ppm) of arsenic.

Pollutant Sources
Primary pollutant sources were construction and later urban runoff from residences.
Pre-Project Water Quality
Semi-annual sampling at eight locations along Jordan Brook had documented average concentrations
of total phosphorus less than 0.03 mg/I and nitrate less than 1 mg/l.Water samples from inner Jordan
Cove have had fecal coliform counts with a geometric mean ranging from 26 to 154 cfu/100ml.
Water Quality Objectives
Retain sediment on site during construction and reduce nitrogen, bacteria, and phosphorus export by
65, 85, and 40 percent, respectively Maintain post-development runoff peak rate and volume and total

suspended solids load to pre-development levels.

Project Time Frame

1996 to 2005

PROJECT DESIGN

Nonpoint Source Control Strategy

The management practices were applied to the BMP treatment drainage area only and varied with two
time phases. The first phase was during construction (18 months). During this phase, nonstructural
practices such as phased grading, immediate seeding of stockpiled topsoil, maintenance of a
vegetated open space perimeter, and immediate temporary seeding of proposed lawn areas and
structural practices, including sediment detention basins and sediment detention swales, was
employed.

Post-construction practices included implementation of fertilizer and pesticide management plans,
animal (pets) waste management, and plant waste pick-up. Structural practices such as grassed

swales, detention basins, roof runoff rain gardens, pervious access road and driveways, and the
minimization of impervious surfaces were used. The goal was to implement BMPs on 100% of the lots
in the BMP study area.

Project Schedule

Site Calibration Construction Post-Construction
BMP 1/96-3/99 3/99-8/02 8/02-6/05
Traditional 8/96-10/97 10/97-6/03 6/03-6/05
Control 11/95 N/A
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The study design was the paired watershed approach using one control and two treatment

watersheds. The calibration period was about two years, during which time land use management
remained unchanged. The treatment period included two phases: an 18-month construction phase
and a long-term post implementation monitoring phase.

Variables Measured

Biological

Fecal coliform (FC)

Chemical and Other

Total suspended solids (TSS)
Total phosphorus (TP)
Total Kjeldahl nitrogen (TKN)

Ammonia (NH3)

Nitrate + nitrite (N® + N(2)
Biochemical oxygen demand (BOD)
Copper (Cu), lead (Pb), and zinc (Zn)

Covariates

Runoff
Precipitation
Air temperature

Sampling Scheme

Flow-weighted composite samples were collected during storm-events and analyzed for solids and
nutrients. Bacteria and BOD analyses were conducted on grab samples collected manually when flow
was occurring during weekly visits to the site. Portions of storm samples were saved and combined
into a monthly composite sample that were analyzed for metals.

Monitoring Scheme for the Jordan Cove Urban Watershed 319 National Monitoring Program Project

Sites or
Design Activities
Paired BMP watershed

Traditional watershed
Control watershed
NH

NO

Land Treatment Monitoring

Primary Frequency of
Parameters Covariates WQ Sampling

TSS Rainfall Storm-event
TP Air temperature
TKN Runoff

3

3+NO2

Frequency of
Habitat/Biological
Assessment Duration

2-3 yr calibration
3-5 yr construction
3 yr post-BMP

In addition to annual household surveys, weekly observations were made of earth-moving and
construction activities in the traditional and BMP watersheds.
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Modifications Since Project Start

In August 1996, Monitoring Station 544 at the traditional site was abandoned and replaced with
Monitoring Station 545 at a different location at the site. This resulted from the concern that water
quality at the old station location (Sta. 544) may be contaminated with high organic nitrogen and total
phosphorus associated with past chicken house cleaning practices. In May 1998, the station was
moved again to sample exports from the traditional site which now largely leave via a paved street.
The new station sampled the stormwater sewer For 2 months in Spring 1998, monitoring was halted in
the traditional watershed as the station was connected to the stormwater sewer which was being
constructed at the same time. The BMP station was bermed off in June through July 1999 and
received no flow

Progress to Date
Tradition Watershed: Construction was complete in the traditional watershed.
BMP Watershed: BMPs installed during construction included earthen berms, temporary seeding,
bioretention cul-de-sac, swales, and access road using pervious concrete pavers. Twelve homes with
residential rain gardens were constructed. Two replicates of three driveway types were constructed

and monitored. The three driveway treatments were asphalt, concrete paver, and crushed stone. Water
quality monitoring was completed June 2005.

DATA MANAGEMENT AND ANALYSIS

Data Management and Storage

Quarterly and annual reports were prepared and submitted according to Section 319 National
Monitoring Program procedures.

NPSMS Data Summary

STATION TYPE: CONTROL/504 STUDY TYPE: Paired
CHEMICAL PARAMETERS
QUARTILE VALUES Counts/
Season
Parameter Name -75- -50- -25- 1997 1998
BOD (MG/L) 6.4 2.0 1.7 Highest
High 1 2
Low
Lowest 1 2
NITROGEN, AMMONIA, TOTAL (MG/L) 47 .19 .06 Highest 21 15
High 6 6
Low 7 4
Lowest 1 7
NITROGEN, KJELDAHL, TOTAL (MG/L) 1.9 1.2 .6 Highest 10 15
High 9 6
Low 13 5
Lowest 2 5
PHOSPHORUS, TOTAL (MG/L) 353 183 .103 Highest 8 6
High 4 7
Low 4 8
Lowest 18 10
FECAL COLIFORM (CFU/100ML) 110 37 4 Highest 1 1
High
Low 1 1
Lowest
COPPER, TOTAL (MG/L) .018 .011 .006 Highest 2 2
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High
Low
Lowest
LEAD, TOTAL(MG/L) 013 .009 .005 Highest
High
Low
Lowest
ZINC, TOTAL (MG/L) 061 035 013 Highest
High
Low
Lowest
NITRATE + NITRATE (MG/L) 5 3 1 Highest
High
Low 8
Lowest 10
TOTAL SUSPENDED SOLIDS (MG/L) 672 295 120 Highest 6 7
High 4
Low 11 11
Lowest 10

N9 b= Do
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STATION TYPE: TRADITIONAL/545
CHEMICAL PARAMETERS

QUARTILE VALUES Counts/

Season
Parameter Name -75- -50- -25- 1997 1998
BOD (MG/L) Highest

High

Low

Lowest
NITROGEN, AMMONIA, TOTAL (MG/L) .26 .15 .03 Highest 2

High

Low

Lowest
NITROGEN, KJELDAHL, TOTAL (MG/L) 7.2 57 4.6 Highest

High

Low 1 1

Lowest 19
PHOSPHORUS, TOTAL (MG/L) 3.2882.902 1.461 Highest

High 1

Low 1 2

Lowest 1 17
FECAL COLIFORM (CFU/100ML) Highest

High

Low

Lowest
COPPER, TOTAL (MG/L) .034 .018 .011 Highest

High

Low

Lowest 2
LEAD, TOTAL (MG/L) .035 .023 .013 Highest

High 1

Low

Lowest 1
ZINC, TOTAL (MG/L) .100 .090 .077 Highest

High

Low

Lowest 2
NITRATE + NITRA TE (MG/L) 32 .17 .1 Highest 1 18

High

Low

Lowest 1
TOTAL SUSPENDED SOLIDS (MG/L) 353 257 93 Highest

High

Low

Lowest 1

N 0o L

—_—— W N

[0 (SR SR N]

—_h = =

—

STATION TYPE: BMP/537 STUDY TYPE: Paired
CHEMICAL PARAMETERS

QUARTILE VALUES Counts/
Season
Parameter Name -75- -50- -25- 1997 1998
BOD, (MG/L) Highest 2 0
High 2
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Low
Lowest
NITROGEN, AMMONIA, TOTAL (MG/L) 36 .10 .005 Highest 10
High 7
Low 8
Lowest
NITROGEN, KJELDAHL, TOTAL (MG/L) 1.85 70 40 Highest 2
High 12
Low 10
Lowest
PHOSPHORUS, TOTAL(MG/L) 093 025 .009 Highest
High
Low
Lowest
FECAL COLIFORM (CFU/100ML) 330 20 7 Highest
High
Low
Lowest 1
COPPER, TOTAL (MG/L) .013 .009 .003 Highest 1
High 1 4
Low 7 2
Lowest
LEAD, TOTAL (MG/L) .006 .004 .003 Highest 1 2
High
Low
Lowest
ZINC, TOTAL (MG/L) .074 .044 .034 Highest
High
Low
Lowest
NITRATE + NITRA TE (MG/L) 4 2 1 Highest
High
Low
Lowest
TOTAL SUSPENDED SOLID (MG/L) 8.9 5 3 Highest
High
Low
Lowest
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Final Results

Calibration Period

Concentrations of pollutants in runoff from the existing residential control were somewhat lower when
compared to event mean concentrations from the Nationwide Urban Runoff Program. Runoff from the
BMP site exhibited lower concentrations of most water quality variables than the control site.

Calibration for flow were conducted between the control and BMP watershed. In order to develop the
regression between runoff from the two sites, hydrograph separation of stormflow and baseflow was
necessary for the BMP site due to the ground water inputs. The regression between the two sites

was significant (F=83.0, p=<0.001, R=0.62). The median runoff from the existing residential control
was about 10 times that from the BMP site. Significant (p=0.05) calibration regressions were
established for TSS, TP, BOD, FC, Cu, and Pb concentrations; and the mass export of Nkl TKN, TSS,
and TP. Calibration of the control and traditional sites has been completed.

Construction Period

During the construction period on the traditional watershed, no samples were collected until May
1998 even though the construction period began October 1997. The lack of runoff occurred because
construction activities, including silt fence installation, divided the watershed into smaller pieces.

In the traditional watershed, weekly flow (34,930%) and peak discharge significantly (p<0.05)
increased due to land development. Concentrations of TKN decreased 63% and TP increased 51%
(p<0.05). TSS, nitrate, ammonia, coppes, lead, and zinc concentrations did not change. Mass export
(kg/ha/yr) increased for NO-N (7,525%), NH-N (1,958%), TKN (6,928%), TP (9,914%)), and TSS
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(11,620%) (p<0.05) in accord with the increases of flow . Export of copper (19,412%), lead
(3,644%), and zinc (7,208%) also increased (p<0.05) during the construction period. These results
suggest that hydrologic response, rather than erosion and sediment, is the cause of increased
pollutant export from this construction site. Changes in geomorphic land forms likely influenced
the hydrologic response at this site.

In the BMP watershed during construction weekly stormflow decreased (p<0.05) by 97% and peak
discharge also decreased. The earthen berm, basement excavations and permeable fill all contributed
to the runoff. However, concentrations of TSS (1,575%), TP (3,870%), NH,-N (414%), TKN (256%)
increased (p<0.05) in runoff. The mass export (kg/ha/yr) of TSS and TP also increased. Fertilization
influenced N and P results. Time plots suggest that activities early in the construction period
produced peak concentrations of TSS, N and P.

The results suggest a trade-off between traditional construction practices and low-impact
development (LID). Stormflow increased during traditional construction but decreased during LID
construction. However, increased erosion and nutrient concentrations occurred during LID
construction, as compared to traditional construction, perhaps due to the lack of an impervious road.

Post-Construction Period

BMP Watershed: The volume of stormwater runoff from the BMP Watershed decreased during the
construction period and continued to decrease by 74% during the post-construction period. Peak
flow did not change significantly from predevelopment conditions which was a goal. During the
post-construction period, the peak discharge actually declined by 27% based on the calibration
prediction. Following construction, TSS, TP, NO, and TKN concentrations were higher than
predicted by calibration. Exports generally declined in the post-construction period, except for TP
and TSS which increased. Metals export declined following construction.

Traditional Watershed: The volume of stormwater runoff increased 600 times during the post-
construction period; peak discharge increased 30 times. Concentrations of TKN, TP, TSS and BOD
have all declined compared to calibration but mass exports of all pollutants have increased from 65 to
76,361% depending on the pollutant, except Pb.

Driveway Study

Stormwater runoff was significantly different among each driveway type; the order of decreasing
runoff was asphalt>paver>stone. Average infiltration rates were 0, 11.2 and 9.0 cm/hr fro asphalt,
paver, and crushed stone driveways, respectively. Both paver and crushed stone driveways reduced
stormwater runoff as compared to asphalt driveways. Runoff from paver driveways contained
significantly lower concentrations of all pollutants measured than runoff from asphalt driveways.
However, runoff from crushed stone driveways was similar in concentrations to runof from asphalt
driveways, except for TP concentrations, which were lower in runoff from crushed stone driveways
than runoff from asphalt driveways. The mass export of measured pollutants followed the relative
differences in stormwater runoff, rather than differences in concentrations.

Lawn Nutrient Study

NO,-N desorbed fromAEM strips, soil water NO-N concentrations and plant reflectance all indicate
that the BMP lawns being monitored have lower values than the non-BMP lawns. Soil P
concentrations in the BMP watershed were ranked medium during the study.

Household Survey

The survey of residents in the three watersheds revealed little differences among their behaviors.
BMP residents mulch their leaves and mow their own lawns compared to the control watershed. No
differences in fertilizer habits were observed. There were also no differences in behaviors across
years within each watershed.
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Conclusions_and Recommendations

The BMPs used were able to keep runoff volume and peak at predevelopment levels, which was a
project goal. Reduced N and P export goals were also met but TSS export goals were not met. For
future projects, cluster designs, LID-based regulations and stormwater disconnects are
recommended. Future construction projects should control compaction, maximize undisturbed soils,
and use on-site supervision. Earthen berms were an efective BMP. Sediment control for swales and
following soil test recommendations are important. Following construction, maintenance of
bioretention areas, infiltrating pavers, turf dams, and appropriate grass mixes is needed. Further
study is needed of groundwater effects, behavioral social indicators, the economics of LID, and soil
testing.

INFORMATION, EDUCATION, AND PUBLICITY

Each household in the three study watersheds were surveyed annually for the purpose of obtaining
survey information related to factors influencing nutrient and bacteria losses. Interaction during these
visits helped answer questions about residents’ habits that affect nutrient and bacteria deposition

and educated residents about reducing nonpoint source pollution.

TOTAL PROJECT BUDGET

The estimated budget for several elements of the Jordan Cove Urban Watershed National Monitoring
Program project for the life of the project was:

Project Element Funding Source ($)

Federal State Local Sum
Proj Mgt 48,400 NA 6,600 55,000
I&E NA NA NA NA
LT 151,882 NA 106,675 258,557
WQ Monit 779,718 540,058 NA 1,319,776
TOTALS 980,000 540,058 113,275 1,633,333

Source: Jack Clausen, Personal Communication (2007)

IMPACT OF OTHER FEDERAL AND STATE PROGRAMS

Unknown.

OTHER PERTINENT INFORMATION

None.
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PROJECT CONTACTS

Administration

Bruce Morton

Aqua Solutions, L.L.C.

11 South Main Street

Marlborough, CT 06447-1533

(860) 295-1505; Fax: (860) 295-0338
Internet: bruce@aquasolutionsltd.com

Water Quality Monitoring

Jack Clausen

Univ. of Connecticut

Dept. of Natural Resources

1376 Storrs Rd., Unit 4087

Storrs, CT 06269-4087

(860) 486-2840; Fax: (860) 486-5408
Internet: john.clausen@uconn.edu
http://www.jordancove.uconn.edu/

Information and Education

Chester (Chet) Arnold

Univ. of Connecticut
Cooperative Extension System
P.O.Box 70

Haddam, CT 06438

(860) 345-4511
chester.arnold@uconn.edu
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Figure 9: Eastern Snake River Plain (Idaho) Demonstration Project Area Location
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Eastern Snake River Plain, Idaho

PROJECT OVERVIEW

The Idaho Eastern Snake River Plain is located in south-central Idaho in an area dominated by irri-
gated agricultural land (Figure 9). The Eastern Snake River Plain aquifer system, which provided much
of the drinking water for approximately 40,000 people living in the project area, underlies about 9,600
square miles of basaltic desert terrain. The aquifer also serves as an important source of irrigation
water. In 1990, this aquifer was designated by the U.S. Environmental Protectiodgency (USEPA) as

a sole source aquifer.

The objective of a seven-year United Sates Department of Agriculture (USDA) Demonstration

Project within the Eastern Snake River Plain (1,946,700 acres) (Figure 10) was to reduce adverse
agricultural impacts on ground water quality through coordinated implementation of nutrient and
irrigation water management.As part of the project, two paired-field monitoring networks (constructed
to evaluate best management practices (BMPs) for nutrient and irrigation water management effects)
were funded under Section 319 of the CleanWater Act.

The monitoring portion of the project has been completed. Data analysis and findings have been
completed. The project has been terminated as of 1999.

PROJECT BACKGROUND

Project Area

The USDA Demonstration Project encompasses over 1,946,000 acres. The ground water quality
monitoring activities are limited to a 30,000-acre area of south Minidoka County. The 319 National
Monitoring Program project consists of two sets of paired five-acre plots (a total of four five-acre
plots) located in this 30,000-acre area (Fields “M” and “F,” see Figure 10). The paired fields were
located in the eastern and western portions of the area to illustrate BMP effects in differing soil
textures. The “M” field soils are silty loams. The “F” field soils are fairly clean, fine to medium
sands. Due to the differences in soils and the traditional irrigation methods employed on these fields
(flood on “M” and furrow on “F”), the “M” field has a relatively lower spatial variability of existing
water quality than the “F” field. The “F” field also shows greater influences of water and nutrient
movement from adjacent fields.

Relevant Hydrologic, Geologic, and Meteorologic Factors

Land Use

The average annual rainfall is between 8 and 12 inches. Soils in the demonstration area have been
formed as a result of wind and water deposition. Stratified loamy alluvial deposits and sandy wind

deposits cover a permeable layer of basalt. These soils are predominantly level, moderately deep, and
well drained.

Shallow and deep water aquifers are found within the project area. Both study fields are situated over
shallow aquifers that extend from a depth of about 3 - 7 feet below the land surface to as much as 25 -
35 feet below the land surface.

Within the 30,000 acre monitored area, 99% of the land is irrigated. Local irrigation systems vary from
the historical practice of flood irrigation to more modern techniques of sprinkler irrigation. Of the
irrigated cropland, at least 85% is in sprinkler irrigation and the remaining 15% is in furro¥x diversity
of crops are grown in the area: beans, wheat, barley potatoes, sugar beets, alfalfa, and commercial
seed. Confined animal feeding operations (CAFOs) are also located in the project area.
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Water Resource Type and Size

In the intensely irrigated areas overlying the Eastern Snake River Plain aquifershallow, unconfined
ground water systems have developed primarily from irrigation water recharge. Domestic water is
often supplied by the shallow systems. Within the project area, the general flow direction of the
shallow ground water system is toward the north from the river; howeverlocalized flow patterns due
to irrigation practices and pumping effects are very common. This ground water system is very
vulnerable to contamination because of the 1) proximity of the shallow system to ground surface, 2)
intensive land use overlying the system, and 3) dominant recharge source (irrigation water) of the
ground water.

Water Uses and Impairments

Many diverse crops are produced throughout the Eastern Snake River Plain region. Excessive
irrigation, a common practice in the area, creates the potential for nitrate and pesticide leaching and/
or runoff. Irrigation return flows drain to local creeks which dissect the area. Ground water monitor-
ing indicates the presence of elevated nitrate levels in the shallow aquifer underlying the project area.

As far back as 1938, elevated nitrate concentrations were documented in the deep regional ground
water system underlying the county. Ground water nitrate concentrations exceeding the EPA drinking
water standard began to be reported in the 1980s. Increasing trends in ground water nitrate concentra-
tions in shallow ground water were observed from 1985 to 1995. Elevated nitrate concentrations in the
ground water impairs the use of the shallow aquifer as a source of drinking waterLow-level pesticide
concentrations in the ground water have been detected in domestic wells and are of concern in the
project area. Both nitrate and potential pesticide concentrations threaten the present and future use of
the aquifer system for domestic water use.

Pollutant Sources

Within the USDA project area, there are over 1,500 farms with an average size of 520 acres. Nutrient
addition to irrigated crops is intensive.A 1990 USGS study estimated that 93 percent of N inputs in
the Snake River Basin come from livestock manure, fertilizgrand legume crops. Heavy nitrogen
application and excessive irrigation are the primary causes of water quality problems in the shallow
aquifer system. In addition, over 80 different agrochemicals have been used within the project area.
Excessive irrigation may cause some leaching of these pesticides into ground water (Idaho Eastern
Snake River PlainWater Quality Demonstration Project, 1991).

Pre-Project Water Quality

Ground water data collected and analyzed within the project area indicate the widespread occurrence
of nitrate concentrations that exceed state and federal drinking water standards. In a study conducted
from May through October 1991, 195 samples taken from 54 area wells were analyzed for nitrate.
Average nitrate concentrations were around 6.5 milligrams per liter (mg/l), with a maximum of 28
mg/l. The federal Maximum Contaminant Level (MCL) for nitrate concentrations of 10 mg/l was
exceeded in 16 % of the wells at least once during the sampling period. Five percent of the wells
yielded samples that continuously exceeded the MCL during the sampling period.

Ninety-eight samples collected from the same 54 wells were analyzed for the presence of 107
pesticide compounds. Fourteen of the 54 wells yielded samples with at least one detectable pesticide
present, but all concentrations measured were below the federal Safe Drinking Water MCL or Health
Advisory for that compound. Even though the well water currently meets MCL standards, pesticide
concentrations are still believed to be a future concern for the Eastern Snake River Plain Aquifer.
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Water Quality Objectives

Project Time

The overall USDA Demonstration Project objective was to decrease nitrate and pesticide concentra-
tions through the adoption of BMPs on agricultural lands.

Specific project objectives for the USER 319 National Monitoring Program project were to:

»  Evaluate the effects of irrigation water management on nitrate-nitrogen leaching to a shallow
unconfined aquifer. A paired-field study, referred to as “M” (Figure 10), will allow a comparison
of ground water quality conditions between two sprinkler irrigation set durations; 24-hour control
and 12-hour “BMP.”

»  Evaluate the effects of crop rotation on nitrate-nitrogen leaching to a shallow unconfined aquifer.
A paired-field study, referred to as “F” (Figure 10), will allow a comparison of the amount of
nitrogen leached to ground water as a result of growing beans after alfalfa, a practice that
generates nitrogen, and the amount of nitrogen leached to ground water as a result of growing
grain after alfalfa, a practice that utilizes excess nitrogen in the soil.

Source: James Osiensky (Personal communication), 1993; OsienskylJ.L. et al. 1993. GroundWater
Monitoring Technical Completion Report. Dept. of Geological Sciences, U. of Idaho, MoscomD.

Frame

October 1991 to October 1998

PROJECT DESIGN

Nonpoint Source Control Strategy

The 319 NMP project took place within a larger Idaho Snake River Plain USDA Demonstration Project.
The nonpoint source control strategy for the USDA Demonstration Project focused on nitrogen,
pesticide, and irrigation water management practices that will reduce the amount of nutrients and
pesticides reaching surface water and leaching into the ground water BMP strategies in the Demo
project included fertilizer management, pesticide management, and irrigation water management.

The nonpoint source control strategy for the 319 National Monitoring Program project focused on
evaluating BMPs on two test fields.

*  The BMP implemented on the "F" field consisted of nutrient management through crop rotation;
half of the field continued a traditional alfalfa-beans rotation, while the treatment half initiated a
USDA-recommended alfalfa-grain rotation.

*  The BMP implemented on the "M" field consisted of nutrient management through reduced
irrigation water application, promoting increased nutrient residence time in the soil.

Project Schedule

Site Pr e-BMP BMP Post-BMP
Monitoring Installation Monitoring

Forgeon Field 1995-1996 5/97 6/97-1998

Moncur Field 1992-4/96 5/96 6/96-1998
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Water Quality Monitoring

The 319 National Monitoring Program portion of the USDA Demonstration Project incorporated two
paired-field networks consisting of a total of 24 constructed wells. Of the 12 wells on each paired
field, 8 wells were centrally located “permanent” wells and 4 were peripheral “temporary” well¥ells
were installed to a depth of 11 feet and extended 4 to 6 feet below the seasonal water table.

Variables Measured
Biological

None

Chemical and Other

Nitrate (NO3)

pH

Temperature

Conductivity

Dissolved oxygen (DO)

Total dissolved solids (TDS)

Total Kjeldahl nitrogen (TKN) and Ammonium (NH+4)
Organic scans for pesticide

Covariates

Precipitation

Crop

Soil texture

Nutrient content of the irrigation water

Monitoring Scheme for the Eastern Snake River Plain Section 319 National Monitoring
Program Project

Primary Frequency of
Design Site Parameters Covariates WQ Sampling Duration
Paired field “M” field NOs3 Precipitation Monthly for primary 4 yrs pre-BMP
pH Irrigation water amt. pollutants except 1 yr BMP
Temperature Nutrient content of Pesticides (sampled) 2 yrs post-BMP
Conductivity the irrigation water semiannually)
DO Water table elev and Nitrogen
TDS Soil texture (quarterly)
TKN Crop
NH*4
Pesticides
Paired field “F” field NOs3 Precipitation 4 yrs pre-BMP
pH Irrigation water amt. 1 yr BMP
Temperature Nutrient content of 2 yrs post-BMP
Conductivity the irrigation water
DO Water table elev
TDS Soil texture
TKN Crop
NH*4
Pesticides
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Sampling Scheme

A number of covariate monitoring activities have been undertaken by some of the other agencies
participating in the project. In addition, vadose zone suction lysimeters were used to monitor NO3
transport. Well monitoring consisted of monthly grab samples. Chemical and other parameters were
analyzed monthly, except for NH+4 andTKN, which were analyzed quarterly and organics, which
were analyzed semiannually.

Hydrogeologic variability within and across fields required that a geostatistical approach be devel-
oped to evaluate nitrate concentration distribution and BMP effects. Geostatistically-derived maps
based on Gaussian simulation and trend surface analysis were compared using a spatial map subtrac-
tion technique to evaluate net nitrate changes at each demonstration field.

Land Treatment Monitoring

Land treatment monitoring consisted of field visits and communication with producers and project
personnel.

Modifications Since Project Start

The design of the project changed since its inception. Originally the objective of the “M” paired field
was to determine the effect of irrigation water management on nitrate-nitrogen leaching into the
ground water. One side of the field was to have a sprinkler irrigation system, while the other side was
to have furrow irrigation. However, cost share negotiations with the “M” field land owner for project
participation led to implementation of the same irrigation water supply system (sprinkler irrigation)
in both the BMP test field and the control field.

The type of crops produced and the production methods employed during baseline monitoring
changed during the experimental design. The original objective of the “F” paired field was to com-
pare water quality conditions under different cropping regimes (beans after alfalfa vs. wheat after
alfalfa). However, scheduled crop rotations were changed to meet commodity market demands on
the “F” field. In 1994, potatoes were planted, and in 1995 alfalfa was reestablished. Due to the
changes in experimental design, the duration of the monitoring project was extended in order to re-
establish baseline water quality data.

The scope of work was increased significantly since the project inception in 1992. The changes were
required to facilitate evaluation of the effects of spatial variability within the two paired fields. In
addition to the original ground water sample collection scheme for the 12 wells in each field, soil
water and additional ground water samples were collected. Geostatistically-based soil water and
ground water sampling programs were initiated. Soil water samples, taken with suction lysimeters
(soil water samplers), were collected monthly during the growing season at both the “F” and “M”
paired fields. Permanent, pressure-vacuum lysimeters (12 inch length) were installed to a depth of
one meter below land surface at the “F” field. A seasonal (removed and replaced each growing
season) sampling network that includes both vacuum lysimeters (24 inch length) and pressure-
vacuum lysimeters (12 inch length) was installed in the “M” field. These lysimeters were installed at
a depth of 0.5 meters below land surface. The soil water sampling program provided important
information for the interpretation of spatial and temporal variability of the ground water samples
collected from in-field monitoring wells.

Twenty-three lysimeters were installed in the “F” field during June, 1994. Six lysimeters were

installed in the “M” field during July, 1994. The areal distribution of lysimeters installed in 1994 was
based on grain size analyses of soil samples collected in the “F” and “M” fields.
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Nitrate samples were collected from the lysimeters for the months of JulyAugust, September, and
October, 1994. Basic univariate statistics were computed and a preliminary geostatistical analysis was
conducted. Based on these results, the following modifications to the sampling plan were imple-
mented for the 1995 growing season:

*  Reduced the length of the shortest lags (distance between samplers)
* Increased the overall number of short lags produced by the sampling configuration

* Included a greater number of the original soil sample locations as lysimeter installation locations

An additional 13 lysimeters were installed in 1995 in the “F” field in addition tAirstone groundwater
point samplers at all 36 lysimeter locations. Nineteen lysimters were added to the “M” field network in
1995.

Total Kjeldahl nitrogen was detected in a few wells during the first three years of the project but did
not appear to correlate with the nitrate concentrations measured. Nitrate was chosen as the primary
constituent of interest as the indicator parameter for evaluation of BMP effectiveness.

DATA MANAGEMENT AND ANALYSIS

Data Management and Storage

The Idaho Division of Environmental Quality entered raw water quality data in the USEPA
STORET system. Data were also entered into the USDA Water Quality Project’s Central Data Base,
and the Idaho Environmental Data Management System. Because this is a ground water project, the
NonPoint Source Management System (NPSMS) software had limited utility.

This project used geostatistical analysis to evaluate the influence of land use activities on ground
water quality. Geostatistics is the branch of applied statistics that focuses on the characterization of
spatial dependence of attributes that vary in value over space (or time) and the use of that depen-
dence to predict values at unsampled locations. The usefulness of a geostatistical analysis is depen-
dent upon the adequate characterization of the spatial dependence and of the parameter of interest in
the given environment. The degree to which spatial dependence is characterized is a function of the
configuration of the sampling locations. Thus, a geostatistic investigation centers around designing
an areal distribution of sampling locations which ensures that spatial dependence of the parameter of
interest can be recognized if it exists. Geostatistical factors, which must be considered in the design
of a sampling plan, include the number of samples and the magnitude and density of separation
distances provided by a given configuration.

NPSMS Data Summary

Not applicable.

Final Results

At the F site, data suggest that the BMP effects were detectable in groundwater. Probabilistic evalua-
tion suggested a high probability that the crop rotation BMP used at the F field had a positive effect
on the ground water quality (reduced nitrate).

e Leaching of nitrate to the ground water in the field was a function of irrigation-precipitation

amounts with an approximate 1 to 2 month time lag between increased irrigation-
precipitation amounts and increased levels of ground water nitrate.
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The rate and amount of nitrate leached to the ground water in the field were dependent
upon the properties of the subsoils. Higher ground water nitrate concentrations were
observed in the shallow aquifer within the sandy subsoils area of the field following
increased irrigation with an approximate 1 to 2 month time lag.

The rate and amount of nitrate leached to the ground water in the field were dependent
upon the crop grown. Higher ground water nitrate concentrations and higher net nitrate
increases were observed in the control half of the field under beans. Lower ground water
nitrate concentrations and lower net nitrate increases were observed in the treatment half of
the field under grain. These results suggested that the crop rotation BMP implemented at
the F field for one year had a positive effect on the ground water quality.

Crop type had a significant effect on soil water nitrate concentrations during the growing
season. Comparatively high soil water nitrate concentrations and larger net nitrate
increases occurred under beans compared to low soil water nitrate concentrations and
smaller net nitrate increases under grain. This result is significant from the standpoint of
reducing the nonpoint source of soil nitrate available to leach to the ground water over time.

The positive effects of growing grain for a single season were relatively short term. Net
changes in the distribution of nitrate in the ground water apparently reversed from July to
August 1998, one year after BMP implementation. Crop rotation BMPs must be used on a
regular basis to improve the long-term ground water quality significantly in the area.

Following the crop of potatoes by two years of alfalfa significantly reduced the amount of
residual nitrate in the soil water and effectively reduced nitrate concentrations in the
shallow ground water.

Education of farmers on the significance of crop rotation BMPs and work to increase farmer
acceptance of BMPs should continue. Results from this study suggest the crop rotation
BMP had a positive influence on the soil water and ground water quality

A reversed trend in net ground water concentrations was observed over the BMP period on the “M”
field. These results suggested that irrigation amounts probably influence leaching of nitrate to the
ground water.and that the irrigation water management BMP had a positive influence on the ground
water quality.

Monthly sampling of monitoring wells in the M field have shown no significant increases in ground
water nitrate after the planting of potatoes or sugar beets, even though both crops required large
amounts of fertilizer. The low variance in ground water nitrate concentrations and lack of significant
increases in nitrate concentrations after the growing season for crops requiring heavy fertilization
suggest that fertilizer applications over a one year period had very little effect on ground water
nitrate concentrations in the M field under sprinkler irrigation. The greatest changes in ground water
nitrate concentrations were measured under furrow irrigation. Conversion from furrow to sprinkler
irrigation of the fine grained (silty) soils in the M field reduced the leaching of nitrate to the ground
water over the period of the investigation. Conversion to sprinkler irrigation is probably the best
management practice to reduce ground water nitrate concentrations in fields with predominantly fine
grained (silty) soils.

Source: Osiensky; J.L. et al. 1993. GroundWater Monitoring Technical Completion Report. Dept. of
Geological Sciences, U. of Idaho, MoscowID.
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INFORMATION, EDUCATION, AND PUBLICITY

Information, Education and Publicity (I & E) for the Snake River Section 319 National Monitoring
Program project was included in the Snake River Plain Demonstration Project I & E program.

Two Eastern Snake River Plain Demonstration Project brochures have been published. One brochure,
targeting the local public, was designed to provide a general explanation of the project. The second
explains results from the nitrate sampling of the project area.

The USDA Demonstration Project staff provided the I&E program for this project. University articles
were produced on the demonstration project, and project information was disseminated through
university and producer conferences. Presentations on the project were also made to the public

through local and regional outlets, such as the American Association of Retired Persons, Future

Farmers of America, local and regional agricultural producers, local irrigation districts and canal compa-
nies, industry representatives, industry supply vendors, and primary and secondary education institu-
tions. In addition, a public information workshop was held annually within the project area for project
participants, cooperators, and interested individuals.

Cooperating farm operations that implemented improved management practices for water quality were
marked by project display boards to maximize exposure to the local population. These operations weree

also visited during the numerous project organized field trips.

Information was also disseminated through local and regional television and radio programs and
newspaper articles.

TOTAL PROJECT BUDGET

Funds budgeted to the State for the Eastern Snake River Plain Section 319 National Monitoring Pro-
gram project for the period of FY92-98 was approximately $500,000. This figure includes Section 319(h)
funds utilized after the National Monitoring Program project monies were suspended, as well as funds
provided by the Idaho Division of Environmental Quality and the Idaho Department oA griculture for
additional water quality monitoring.

IMPACT OF OTHER FEDERAL AND STATE PROGRAMS

None.

OTHER PERTINENT INFORMATION

The Eastern Snake River Plain Demonstration Project was led by the USDA Natural Resources Conser-
vation Service (NRCS), the University of Idaho Cooperative Extension Service (CES), and the USDA
Farm Service Agency (FSA). In addition to the three lead agencies, this project involved an extensive
state and federal interagency cooperative effort. Numerous agencies, including the Idaho Division of
Environmental Quality, the University of IdahoWater Resource Research Institute, the USDAAgricul-
tural Research Service, the Idaho Department ofWater Resources, the U.S. Geological Survey and the
Idaho Department of Agriculture, took on various project tasks.

The Idaho Department of Environmental Quality and the Idaho Water Resource Research Institute
were responsible for the 319 National Monitoring Program portion of the project.
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An institutional advantage of this project was that the NRCS and the CES are located in the same
office.

Three local Soil and Water Conservation Districts, East Cassia, West Cassia, and Minidoka, as well
as the Minidoka and Cassia County FSA, county committees, and the Cassia County Farm Bureau
made up the USDA Demonstration Project Steering Committee.

A regional well monitoring network consisting of existing domestic sandpoint (driven) wells was
established within the Demonstration Project Area. The regional network was intended to augment
the paired-field data and provide a means to document the influence of the Demonstration Project on
the quality of the area’s shallow ground water system. This network consists of 25 wells which have
been monitored for nitrogen-nitrate concentrations on a quarterly basis for an average of 12 sampling
events.

During implementation of the regional domestic well water quality monitoring portion of the USDA
project, agricultural chemicals and nitrate-nitrogen were detected at levels of concern and measured in
samples collected from domestic wells. In addition, limited sampling and analysis of ground water
drainage systems, irrigation return flows, and injection wells identified nutrients and pesticides in
certain surface water bodies within the project area. Nitrate-nitrogen concentrations in subsurface
tile drain effluent as high as 8 mg/l were measured. The herbicides MCR and 2,4-D were detected in
return flow irrigation water entering into an injection well. The 2,4-D was measured at levels greater
than the allowable Safe DrinkingWater MCL of 70 ppb.

PROJECT CONTACTS

Administration

Charlie Bidondo

319 Program Coordinator

Division of Environmental Quality
1410 Hilton

Boise, ID 83706

(208) 373-0274; Fax (208) 373-0576
Internet: cbidondo@deq.idaho.gov

Water Quality Monitoring

Mike Etcheverry

Water Quality Science Oficer
Division of Environmental Quality
1363 Fillmore St.

Twin Falls, ID 83301

(208) 736-2190; Fax (208) 736-2194
Internet: metcheve@deq.idaho.gov

Land Treatment

Jim Osiensky (retired)
Boise State University
Dept. of Geosciences
Boise, ID 83725
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Information and Education

Randall Brooks

University of Idaho

Cooperative Extension

1013 West 16st S t.

Burley, ID 83318-2189

(208) 476-4434 Fax (208) 8767862
rbrooks@uidaho.edu

J. Reed Findlay

University of Idaho

Cooperative Extension

1013 West 16st S t.

Burley, ID 83318-2189

(208) 236-7310 Fax (208) 8767862
rfindlay@uidaho.edu
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Figure 2: Kickapoo Creek Watershed Monitoring Network
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PROJECT OVERVIEW

With Section 319 funding from the Illinois EPA and additional funding from other federal, state, and
local partners, the City of Bloomington is developing wetland detention within a natural stream
design for The Grove Residential Development in central Illinois. Runoff from the 460-ac (186-ha)
Grove Development will be captured in large shallow wetland basins to manage both quantity and
quality of stormwater runoff.

Stream restoration will convert two miles (3 km) of agricultural drainage ditches in the East and West
Branches of Kickapoo Creek into meandering stream channels within an 80-ac (32-ha) park. New
wetland basins will be created within the meander bends throughout the park to reduce stormwater
runoff rates. The park landscape will maximize the enhancement of native wetland, riparian and
aquatic species for the parks trail system.

Present sediment transport capacity in the restored stream segments will be maintained in order to
prevent the loss of wetland plant communities and instream habitat resulting from excessive sedi-
ment deposition.

Monitoring will be conducted according to an essentially upstream/downstream design. Fish and
macroinvertebrates will be monitored in the restored reach and in an upstream control reach. Sedi-
ment and nutrient concentrations and loads will be measured at stations upstream and downstream of
the development area and at a third control station on the West branch of Kickapoo Creek. Effective-
ness of created wetlands will be assessed by monitoring the concentration and loads of nutrients
entering the wetland vegetation and the concentrations and loads entering the stream. Detailed
monitoring of the vegetation community in the riparian plantings within the restoration area will
contribute to better understanding of vegetation management in river restoration elsewhere in the
state and region.

The project is currently in its first year of monitoring and is expected to continue through 2015.

PROJECT BACKGROUND

Project Area

The project area is located in the City of Bloomington, Illinois and includes 14.8 mi’ (38.3 kmz) or
9,472 ac (3,833 ha) of watershed area. At the USGS upstream gages, the West Branch of Kickapoo
Creek drains about 3.8 mi’ (9.8 kmz) and the East Branch of Kickapoo Creek drains about 7.3 mi?
(20.7 kmz). A 460 ac (186 ha) residential development is planned for the area above the confluence
of the North Branch and East Branch.

Relevant Hydrologic, Geologic and Meteorological Factors

Land use

The average annual rainfall of the area is about 44 in (112 cm). The 2-yr flood discharge of Kickapoo
Creek is 700 ft3/s (20 m?/s) and the 100-yr flood discharge is 3,380 ft*/s (93 m>/s). The project is
located in the Wisconsin glacial moraine within the Bloomington Ridged Plain. The Eureka and
Normal moraines form adjacent low ridges that direct runoff. Peoria Loess soils (loam and clay
loam) overlay the glacial till.

More than 90% of land (about 8,000 ac or 3,200 ha) is in corn and soybeans; there are no livestock
operations in the project area. Existing and planned residential development comprises about 750 ac
(304 ha).
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Water resource and size

Kickapoo Creek is essentially a system of second and third order drainage ditches. The stream has
been channelized entirely, receives extensive tile drain discharge, and is surrounded by row crops
grown to the top of the bank.

Water use and present impairments

Documented water quality impairments include the stream fishery, sedimentation, instream habitat,
and loss of channel stability and natural stream geomorphology. Nutrient and sediment pollution
have not been documented within the project area, but have been reported downstream. The Illinois
Department of Public Health has issued a fish advisory for PCBs along Kickapoo Creek. Several
segments of the main stem of Kickapoo Creek are on the 303(d) list. Causes of impairment have
been identified as fecal coliform bacteria, sediment, phosphorus, and dissolved oxygen.

Extensive residential development is expected to threaten water resources in the future due to in-
creased rates of runoff, construction erosion, increased nutrients from housing infrastructure, and
landscaping.

Pollutant sources

Sources of nutrients and sediments within the monitored area have not been specifically identified
but row crops, stream channelization, and new housing development are the presumed sources.
Sediment and nutrients from construction site erosion and yard landscaping from 750 acres of
existing and newly initiated housing developments are anticipated to be significant problems.

Pre-project water quality

Pre-project water quality data do not exist for the project area. Pre-treatment fishery data collection
began in the summer of 2006 and wass scheduled for completion in summer of 2009. Stream water
quality impairments will be assessed in late 2007, after the first year of water quality sampling that
began in October 2006 at the USGS stream gages.

Water quality objectives

The overall goal of the project is to restore Kickapoo Creek and its adjacent wet prairie floodplain as
a stormwater detention system for the residential development. The 80-ac (32-ha) restoration will
transform a channelized agricultural ditch into two miles (3.2 km) of naturalized stream channel;
adjacent wet prairie will capture the runoff from the streets and homes before entering the stream.
Specific water quality objectives include:

*  Restore the stream fishery to an IBI score of 38 — 40;
*  Restore and maintain high-quality instream and riparian habitats;
*  Maintain efficient sediment transport through the system; and

»  Evaluate the erosion control practices approved by the City of Bloomington as applied to the
construction site.

Additional objectives for the monitoring project include:

*  Document the biological enhancement that results from stream and floodplain restoration from a
channelized system dominated by row crops and invasive species to a naturalized floodplain
system;
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*  Document the condition of both reaches of Kickapoo Creek before residential development
begins on the East branch; and

*  Determine the effectiveness of floodplain restoration to capture and treat runoff from residential
development.

Project time frame

October, 2007 to October, 2015, with two additional years of monitoring possible.

PROJECT DESIGN

Nonpoint source control strategy

The principal nonpoint source control strategy is to construct a natural meandering stream channel
with associated floodplain wetlands based upon sediment transport capacity and instream habitat
enhancements. Stream restoration will convert two miles (3.2 km) of previously managed agricultural
drainage ditches in the East and West Branches of Kickapoo Creek into meandering stream channels
within an 80 ac (32 ha) linear park. Wetlands will be created within the meander bends throughout
the park to reduce stormwater runoff rates from the Grove residential development. The park land-
scape will maximize the enhancement of native wetland, riparian and 