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Foreword

The New Jersey Department of Environmental Protection implements the water quality criteria
for total phosphorus as necessary to insure that surface water quality standards (N.J.A.C. 7:9B)
are achieved. This Guidance Manual is for use by NJPDES Discharge to Surface Water (DSW)
Permittees, consultants, and other interested parties who may be conducting a “render unsuitable
for uses” analysis for total phosphorus,. The guidance provided herein is in addition to any
other guidance or requirements for NJPDES DSW renewal permits provided in the NJPDES
regulations at N.J.A.C. 7:14A. New dischargers, if choosing to conduct these analyses, must
complete the analyses and submit it to the Department as part of their NJPDES application for
discharge, since a compliance schedule for phosphorus will not be contained in a permit for a
new discharger.

To the extent feasible, the Department encourages and supports efforts by dischargers on
common waterbodies to coordinate their efforts and resources when conducting these analyses.

This Guidance Manual is intended to address only phosphorus evaluations of limited spatial
scope. This Guidance does not address the studies necessary to develop or implement site-
specific water quality criteria pursuant to N.J.A.C. 7:9B-1.5(g)3, or other evaluations a permittee
may elect to pursue outside the scope of the permit, including the studies and modeling analyses
necessary to develop a TMDL (total maximum daily load).

In addition, and regardless of the status or results of any studies undertaken in accordance with
this guidance, if the Department in a future action adopts a TMDL for total phosphorus for the
receiving water of a subject discharger, the Department will develop and propose a draft
NJPDES permit consistent with any wasteload allocation derived from the TMDL. If a TMDL
for phosphorus is already in affect for a particular waterbody, a phosphorus evaluation study in
accordance with this manual will not be entertained.

Please note that any data submitted to the Department as part of a phosphorus evaluation study
shall be submitted in the format specified at
http://www.state.nj.us/dep/wms/bwgsa/docs/08datasolicitation.pdf and may be utilized by the
Department for evaluation of waterbodies in the development of the 303(d) Impaired Waterbody
List. All data, tables, graphs and maps used in the final report shall be supplied in digital formats
as specifed above (NJDEP link) including supporting QA documentation. Also please note that
the use of this Guidance Manual, and any subsequent “render unsuitable” analysis is not
applicable to a WQBEL contained in a permit that was based upon the 0.05 mg/L lakes criteria.
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Section 1: Overview

Purpose of Guidance Document and New Procedures

This Guidance Manual provides the Department’s technical guidance for conducting certain
evaluations concerning total phosphorus (TP). These analyses are in accordance with the
allowable demonstrations provided for in the Surface Water Quality Standards (SWQS) at
N.J.A.C. 7:9(B)-1.14(c) to demonstrate whether or not TP is the limiting nutrient and whether
the phosphorus levels render the waters unsuitable for the designated uses. The results of such
demonstrations shall be submitted to the Department for a final determination of the applicability
of the TP stream criteria and a Water Quality Based Effluent Limitation (WQBEL) in accordance
with the compliance schedule provided in a final NJPDES discharge permit.

New Procedures:

The Department is implementing three significant changes from the 2004 Technical Manual for
Phosphorous Evalutions. These are: reduced focus on the limiting nutrient analysis, the
introduction of a new procedure; Stream Visual Assessment Protocal, and a stream-lined
procedure for small dischargers (permitted flows of 64,000 gallons per day or less). These
changes are outlined below, and are discussed in more detail within the document.

Limiting Nutrient:

In many lakes and streams in New Jersey, phosphorus from point and non-point sources is
present in concentration far above levels that would naturally be present. In a natural freshwater
system, phosphorus should be the limiting nutrient and not render the waters unsuitable. Based
upon previously submitted studies, the Department has determined, that the ‘render unsuitable’
determination is a significantly greater indicator of whether or not phosphorus needs to be
controlled than whether or not phosphorus is the limiting nutrient.

In this regard, while the phosphorus protocol continues the requirement to collect the necessary
data to determine if phosphorus is the limiting nutrient, and while the Department will continue
to consider this data, greater emphasis will be placed upon the “render unsuitable” determination.
This document also describes the thresholds the Department will use for making the “render
unsuitable” determination. Please note that these evaluations are not applicable for WQBEL'’s
derived upon the 0.05 mg/L lakes criteria.

Stream Visual Assessment Protocal:

The second significant change in the Technical Manual is that there is now a prerequisite to the
development of a detailed Phosphorus Evaluation Work Plan. It is required that Applicants
perform a preliminary stream visual assessment using the USDA - Natural Resource
Conservation Services’ “Stream Visual Assessment Protocol (SVAP) (See Section 2.2)”
including Department onsite evaluation with the consultant. This will allow the applicant and the
Department to determine in a quick, cost-efficient manner whether the stream under
consideration would likely fail under a more intensive Phosphorus Evaluation Study. For
example, it may already exhibit obvious visual signs of excessive algal growth, etc. so as to
render an immediate determination of the waters unsuitability for their ‘designated uses,” as
specified under New Jersey’s water quality regulations.

In the event that results of the SVAP indicate it is unlikely the waterway will pass the more
stringent biomass portion of this manual, the applicant will be advised to discontinue the
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evaluation. The applicant may choose to continue, however, with the knowledge that the
Department does not believe it is a prudent use of resources

Small Dischargers:

For small dischargers, those that have NJPDES permitted flow values of 100,000 GPD or less, the
Department has determined that an extensive phosphorus evaluation survey is not always warranted. In
the event that an SVAP score of 5.5 or greater is obtained, the Department will consider that to be
sufficient proof that phosphorus is not rendering the waters unsuitable for the designated uses. No further
evaluations under this manual need be conducted.

1.1 Surface Water Quality Standards (Phosphorus)

The New Jersey Surface Water Quality Standards (SWQS) include both numeric and narrative
water quality criteria for Total Phosphorus (N.J.A.C. 7:9B-1.14(c)). In FW2 lakes and streams,
the SWQS state:

a)

b)

Lakes: Phosphorus as total P shall not exceed 0.05 (mg/L) in any lake, pond or reservoir, or
in a tributary at the point where it enters such bodies or water, except where watershed or
site-specific criteria are developed pursuant to N.J.A.C. 7:9B-1.5(g)3.

Streams: Except as necessary to satisfy the more stringent criteria in the paragraph above or
where watershed or site-specific criteria are developed pursuant to N.J.A.C. 7:9B-1.5(g)3,
phosphorus as total P shall not exceed 0.1 (mg/L) in any stream, unless it can be
demonstrated that total P is not a limiting nutrient and will not otherwise render the waters
unsuitable for the designated uses.

In addition, at N.J.A.C. 7:9B-1.5(g)2, the SWQS state:

Except as due to natural conditions, nutrients shall not be allowed in concentrations that
cause objectionable algal densities, nuisance aquatic vegetation, abnormal diurnal
fluctuations in dissolved oxygen or pH, changes to the composition of aquatic ecosystems, or
otherwise render the waters unsuitable for the designated uses.

The Department shall establish water quality based effluent limits for nutrients, in addition to
or more stringent than, the effluent standard in N.J.A.C. 7:14A-5.3(b), as necessary to meet
water quality criteria.

Activities resulting in the non-point discharge of nutrients shall implement the best
management practices determined by the Department to be necessary to protect the existing
or designated uses.

1.2 Evaluation Process

For phosphorus evaluations using this Guidance Manual, several types of water quality
assessments must be conducted and information provided to the Department relative to the
applicability of the Water Quality Based Effluent Limitation (WQBEL) derived from the 0.1
mg/L TP stream criterion contained in the Surface Water Quality Standards (SWQS) (N.J.A.C.
7:9B). Please note that these evaluations would not apply if the WQBEL contained in a permit
was based upon the 0.05 mg/L lakes criteria. Based upon the numerous studies submitted to
date, the Department has found that there are streams were TP is limiting, yet there are no use
impairments. Since the use impairment issue is paramount in making a determination as to
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whether a phosphorus WQBEL is appropriate, the Department is focusing the phosphorus
evaluation studies on this aspect.

In general, there are five separate and sequential steps in performing this phosphorus evaluation
including:

A Spatial Extent Determination;

A Visualization Assessment;

The Drafting and Approval of a Quality Assurance-Work Plan;

Field Sampling; and

A Regulatory Review.

arODE

1.2.1 Spatial Extent Determination

The first task in a phosphorus evaluation demonstration is to determine the spatial extent of the
monitoring and assessment required. The purpose of determining spatial extent is to establish
the hydrologic boundaries for the phosphorus study. This study area must encompass both
upstream and downstream reaches from the discharge to determine effects on water quality.
Upstream reaches must extend far enough to determine ambient conditions, while downstream
reaches must reflect relevant impacts on water quality on the river segment the discharge is
located. The Department will determine the upstream/downstream extent of the study area
based on stream hydrology, the presence of impoundments, surrounding land use/land cover, and
other point source dischargers. The spatial extent will be provided by the Department through
the NJDEP’s Bureau of Water Quality Standards and Assessment.

At a minimum, the study area must include at least three stations; one at the upstream end of the
water body segment under investigation; one below the discharge (outside of the discharge
mixing zone); and one at the downstream end of the water segment under study.

Should the spatial extent of the segment terminate at a downstream lake or impoundment,
additional sampling must be conducted at a point determined by the NJDEP where the tributary
reaches the lake or impoundment. If phosphorus levels in excess of 0.05 mg/L are found at this
location, the project is ineligible to continue further with this evaluation.

1.2.2 Stream Visual Assessment

As a prerequisite to the development of a detailed Phosphorus Evaluation Work Plan it is
required that Applicants perform a preliminary stream visual assessment using the USDA -
Natural Resource Conservation Services’ “Stream Visual Assessment Protocol (SVAP) (See
Section 2.2)” with onsite evaluation with the Department. This will allow the applicant and
NJDEP to determine in a quick, cost-efficient manner whether the stream under consideration
would likely fail under a more intensive Phosphorus Evaluation Study. For example, it may
already exhibit obvious visual signs of excessive algal growth, etc. so as to render an immediate
determination of the waters unsuitability for their ‘designated uses,’ as specified under New
Jersey’s water quality regulations.

In the event that results of the SVAP indicate it is unlikely the waterway will pass the more
stringent biomass portion of this manual, the applicant will be advised to discontinue the
evaluation. The applicant may choose to continue, however, with the knowledge that the
Department does not believe it is a prudent use of resources.
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1.2.3 Quality Assurance/Work Plan

A Quality Assurance/Work Plan, descriptive of the proposed monitoring program, including the
monitoring stations within the spatial extent of the studies, must be submitted to the Department
and be approved with field verification prior to commencement of any monitoring. Only
monitoring conducted in accordance with an approved workplan will be considered. In addition,
the submitted workplan must address all areas of analysis, as identified herein (See Section 2.3).
For submission of completed workplans, or guidance in designing a detailed workplan, please
contact the Department’s Division of Water Quality, Bureaus of Point Source Permitting.

1.2.4 Field Sampling

After the permittee has obtained the Department’s written concurrence with their proposed
workplan, including a site validation visit by NJDEP and delineation of the monitoring stations
within the spatial extent of the study area, sampling and assessment may commence.

1.2.5 Regulatory Review

Completed studies, analysis and all associated data should be submitted to the NJDEP, Division
of Water Quality, Bureau of Point Source Permitting. The Department will review the submittal
and make a determination that one of the following applies:

a) The information submitted is incomplete/incorrect and additional information is
needed,;

b) The information submitted supports the allowable demonstrations under N.J.A.C.
7:9(B)1.14(c), the 0.1mg/l water quality criteria for phosphorus is not applicable;

c) The information submitted does not support the demonstrations under N.J.A.C.
7:9(B) 1.14(c), the 0.1 mg/l water quality criteria limit for phosphorus is applicable;

NOTE: Even in the event the Department determines it is appropriate, as a result of the studies
described herein, to remove the current, but not yet effective, WQBEL for TP, the permit may be
revised in a future permit action to incorporate a new or revised WQBEL based on a waste load
allocation (WLA) established through a TMDL. The Department reserves the right to modify
the subject NJPDES permit at any time to reflect current rules, regulations, policies or
establishment of a TMDL and such an action may result in an equivalent or more stringent
phosphorus limitation. In addition, please note that an existing effective Phosphorus limit in a
NJPDES permit may only be removed/modified upon a successful demonstration of anti-
backsliding and anti-degradation in accordance with the applicable regulations.
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Section 2: Monitoring and Work Plan Requirements

2.0 Introduction

New Jersey’s “designated water uses” include Aquatic Life, Recreation and Water Supply. The
focus of the tests in this Guidance Manual are to measure and apply “response indicators” to
determine whether any of these designated uses are being rendered unsuitable by phosphorus or
its related impacts of excessive algae or low dissolved oxygen conditions.

While the Department's numerical criteria are based on a "causative" indicator, namely total
phosphorus, the applicability of the criterion in lakes and streams as well as the interpretation of
the narrative criteria require the evaluation of "response” indicators to determine whether uses
are being rendered unsuitable. USEPA recommends the use of chemical response indicators,
such as dissolved oxygen and turbidity, as well as biological response indicators, such as algal
biomass (i.e. measured as Chlorophyl a (Chl a)) and turbidity (U.S. EPA, 1996 and USEPA
1999a). The purpose of a water quality indicator is to provide a quantitative estimate of where
ambient water quality supports the designated uses. Different indicators may be needed for
different uses (e.g., dissolved oxygen concentration for aquatic life support; as opposed to
quantity of algae biomass {chlorophyll a} for recreational uses).

The mechanism for phosphorus to cause use-impairment is most often excessive primary
productivity leading to cultural (i.e. human caused) eutrophication. Phosphorus is a required
nutrient for plants and algae but is considered a pollutant when it stimulates excessive primary
production. Symptoms of cultural eutrophication (primary impacts) include oxygen super-
saturation during the day, oxygen depletion during the night, and high sedimentation rate. Algae
are catalysts for these processes. Secondary biological impacts can include loss of biodiversity
and structural changes to communities. Nutrient enrichment due to human activity can accelerate
the natural aging process of surface waters.

It is also important to consider that excessive primary production occurs primarily in
depositional areas such as impoundments and under summer low flow conditions. Excessive
primary production may be manifested as blooms of floating algae (seston), attached algae
(periphyton) or dense aquatic vegetation, which in turn affect diurnal oxygen dynamics.

In order to determine whether total phosphorus has not rendered the waters unsuitable for the
designated uses, the Department will require Applicants to collect and evaluate data from three
areas of analysis:

1. Chemical and Physical Water Quality
2. Diurnal Dissolved Oxygen
3. Biomass Measurements
i. Phytoplankton (measured as Chl a)
ii. Periphyton (measured as Chl a)
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2.1 Low Flow

It is important to note that all of the following analyses in this Guidance Manual require
sampling only during low-flow conditions. This “low-flow” condition is defined as:

“That low-flow frequency which is exceeded 70% of the time, and occurring a minimum of
72 hours (3 days) after a rainfall event. For the purpose of these phosphorus evaluation
studies, a rainfall event is defined as % inch or more of rain within any 24 hour period.

Note: Precipitation before and during the event can be obtained from a local weather station if
stated in the approved workplan.

This low-flow condition will apply to all phases of the analyses, as follows:

e Water Quality Analysis: All 20 samples must be collected at or below the stated low-flow
condition. Experience has shown that all sampling will often not be accomplished within
a single sampling period. When that occurs due to weather related circumstances beyond
the control of the permittee/consultant, the sampling period may be extended into the
month of October, weather permitting, with written Departmental authorization, or as
needed, extended into the summer sampling period of the following year(s) with written
Departmental authorization.

e Diurnal Dissolved Oxygen Monitoring: If weather conditions preclude completing
diurnal monitoring surveys during the required months, sampling will instead be
completed the following year, during the appropriate sampling months.

e Periphyton Measurements: Studies are to be conducted under the low-flow frequency
which is exceeded 70% of the time but also occurring a minimum of 14 days after a
rainfall event of %2 inch or more of rain within any 24 hour period.

2.2 Stream Visual Assessment — Protocol and Determinations

The US Department of Agriculture (USDA) Natural Resource Conservation Services (NRCS)
“Stream Visual Assessment Protocol (SVAP) is included as Appendix A and can be found at
http://www.nrcs.usda.gov/technical/ECS/aquatic/svapfnl.pdf and includes easy-to-use
worksheets with narrative descriptions as guides for quantitative scoring. The SVAP supplies
assessments for fifteen parameters, however for the purposes of this ‘TP Evaluation Study’ only
six assessments will be required (score is normalized to number of assessments performed).
These are:

1. Water Appearance
2. Nutrient Enrichment
3. Canopy Cover

Study Area Delineation: The spatial extent will be provided by the Department’s Bureau of
Water Quality Standards and Assessment.

Sampling Date/Time: Record date and time at which the visual assessment is conducted.

Number of monitoring stations: At a minimum, the SVAP must include at least three stations;
one at the upstream end of the water body segment under investigation (see Section 1.3.1 Spatial
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Extent above); one below the discharge (outside of the discharge mixing zone); and one at the
downstream end of the water segment under study.

The SVAP should be performed at all proposed sampling locations and prior to any other
assessments or sampling discussed in this Manual. Work Sheets and/or reports should then be
supplied to NJDEP, for each site, and with all associated elements including the Overall Score
and an associated estimate of impairment (i.e., Poor to Excellent). The Worksheet/Report should
include a site diagram, descriptions of surrounding land use, and pertinent habitat and man-made
modifications in area, as well as any suspected causes of any observed problems and any
recommendations for further assessment.

Upon submittal NJDEP will then perform a “field visit” with the applicant to field truth/review
the findings and approve sampling locations. This follow-up field review will take place as close
to the date of the original SVAP survey as possible so as to guarantee that ambient conditions
have not changed. Note: NJDEP reserves the right to modify the SVAP worksheet
observations/scores in the field as based upon best professional judgment.

If the SVAP Score is equal to or above 5.5 the Applicant may move forward and perform the
other elements of the ‘TP Evaluation Study’ upon submittal and approval of a Work Plan by
NJDEP staff.

However, if the SVAP score is equal to 5.4 or lower, then the Applicant will be advised by the
Department NOT to perform any further data-gathering activities, since the outcome of a more
lengthy and costly study would likely result in a negative determination for the Applicant.
However, the decision to proceed with the development of a work plan and phosphorus
evaluation study remains with the Applicant, which the Department will honor and assess, as
with any other approved study.

2.3 Quality Assurance/Work Plan Requirements

A Quality Assurance/Work Plan, descriptive of the proposed monitoring program, must be
submitted to, and approved by, the Department prior to commencement of monitoring. Only
monitoring conducted in accordance with an approved workplan with sites visited and approved
by NJDEP will be considered. Monitoring conducted without an approved workplan will be
returned without being reviewed. In addition, the submitted workplan must address all areas of
analysis, as identified above. For submission of completed workplans, or guidance in designing a
workplan please contact the Department’s Division of Water Quality, Bureaus of Point Source
Permitting. The submitted Quality Assurance/Work Plan must contain all normally required
NJDEP quality assurance/quality control information, as well as a section addressing final report
content. Five copies of the proposed Quality Assurance/Work Plan must be supplied to the
Department, one of which will be forwarded to our Office of Quality Assurance for review.
Please note, a field inspection of the sampling stations, by Department personnel, will be
required to verify suitability and adequacy prior to Quality Assurance/Work Plan approval. Note:
A complete listing of all monitoring sites, with maps showing locations, must be GPSed and
provided in the Quality Assurance/Work Plan.

2.3.1 Chemical and Physical Water Quality Monitoring

The focus of the following monitoring protocol is the collection of chemical and physical water
quality data, including Chlorophyll a (Chl a) water column data for use in the biomass
measurement of phytoplankton. The monitoring protocol includes conditions, frequency, sites,
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and number of data points and parameters. The protocol for collecting attached algae or
periphyton for Chl a analysis is included below.

Study Area Delineation: The spatial extent will be provided by the Department’s Bureau of
Water Quality Standards and Assessment.

Season/Conditions: Data shall be gathered during the warm weather months of May through
Sept. and low flow conditions.

Sampling Season and Sample Number: May through September, during which a minimum of
twenty (20) samples per station must be collected. If conditions are such that the sampling cannot
be completed during the required season, the sampling season can be extended, by request, into
October or the following year’s summer season. Such decisions will be on a case-by-case basis,
and October sampling will be dependent on local conditions, including, but not limited to, stream
temperature, flow, stream cover, etc.

Maps and Figures: A listing of all monitoring sites, with map showing locations, must be
provided in the Quality Assurance/Work Plan with associated GPS information.

Parameters to be analyzed: Flow, temperature, ammonia, dissolved nitrite and nitrate, total
phosphorus, dissolved reactive phosphorus, pH, dissolved oxygen, chlorophyll a, total suspended
solids and total recoverable iron.

2.3.2 Intensive Diurnal Dissolved Oxygen Monitoring Survey

The focus of diurnal dissolved oxygen (DO) monitoring is to examine aquatic life impacts
resulting from eutrophication, for which the major indicators are large diurnal DO fluctuations
and DO concentrations falling below the promulgated criteria. The monitoring program is
designed to determine whether DO criteria are being met and whether any DO violations are due
to excessive primary productivity.

Study Area Delineation: The spatial extent will be provided by the Department’s Bureau of
Water Quality Standards and Assessment.

Season/Conditions: Data shall be gathered during the warm weather months of May through
Sept. under low flow conditions in pool areas at each station and with enough water to cover
probes if using automatic samplers.

Duration: A minimum of three sampling surveys will be conducted during this period. Each must
be a three consecutive day intensive survey. In an attempt to capture peak algal growth periods,
the first 3-day survey must occur early in the growing season (May-June). The second and third
3-day surveys must be conducted later in the growing season (July through September).

Monitoring frequency: Diurnal sampling shall consist of continuous diurnal monitoring for a
period of three days, reported at half-hour intervals, using an approved, properly calibrated,
automatic sampling device. Diurnal monitoring should be conducted concurrently with the
periphyton monitoring. Stream flows shall be obtained at each station once per day.

Parameters: Temperature, dissolved oxygen, pH, turbidity, flow and atmospheric pressure at
each station. Note: alternately, atmospheric pressure may be obtained from the nearest weather
station.
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NOTE: The 24 hour sampler to be used in the study must be OQA approved.
2.3.3 Periphyton Biomass Measurement (Chl a)

Primary producers are those organisms that convert light to energy and thereby form the base of
the food web, primarily algae and plants. Chlorophyll a, the dominant pigment in algal cells, is
fairly easy to measure and is a valuable surrogate for algal biomass. Chlorophyll a is desirable as
an indicator because algae are either the direct (e.g., nuisance algal blooms) or indirect (e.g.,
high/low dissolved oxygen and pH and high turbidity) cause of most problems related to
excessive nutrient enrichment. USEPA has offered guidance for monitoring algal biomass and
nutrients in streams and rivers (USEPA, 1998a) and lakes (USEPA, 1990). More detailed
monitoring methods are summarized in “Protocol for Developing Nutrient Criteria” (USEPA
1999a) and “Rapid Bioassessment Protocols” (USEPA 1999b).

Monitoring Locations: Algal biomass can vary greatly in time and space within the same stream;
so to reduce variability the focus should be on algal sampling in representative sections of the
stream (i.e., in flowing riffles and not pools). However, the three locations chosen should be as
close as possible to the pool diurnal DO stations. To ensure that a representative portion of the
reach is covered, samples must be distributed over a reach of at least 100 meters and chosen in a
stratified random approach as described in USGS’s National Water-Quality Assessment
(NAWQA) protocols (http://water.usgs.gov/nawga/protocols/OFR02-150.pdf.). Prior to
determining the monitoring location, a distance of at least a few hundred meters must be
examined upstream and downstream of the proposed monitoring location to ensure that the
selected sampling point is typical of the reach being characterized. The monitoring locations and
number of locations must be approved as part of the Department's approval of the workplan.

Duration: Four-months (June through September).

Number of Samples: A minimum of twelve (12) composite samples must be collected comprised
of four (4) sampling events (monthly) at three (3) stations with samples taken in triplicate per
event/site (i.e., 3 samples across each 100m site per event = 36 total Chl A samples).

Monitoring frequency: At least one sample per month will be required to assess algal biomass
(i.e., Chlorophyll a) for duration of study (May to September). Periphyton attached algal biomass
does not change as rapidly as water column parameters, however samples should be taken under
low flow conditions and at least fourteen days after significant (scouring) rain or flooding event,
which may scour rocks of available periphyton.

Parameters: Flow, Precipitation (for 14 days preceding and during the event) and Chlorophyll a.
Methods for collecting benthic algae (periphyton) biomass are described in NAWQA protocols
(See above); and Chl a analysis in Standard Methods (APHA 1995) and USEPA Procedures
(USEPA 1992).
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Section 3: Phosphorus Criterion Applicability Determination

3.0 Introduction

Data from each of the three stations shall be evaluated independently and in the manner
described below. That is, total phosphorus is rendering a river or stream unsuitable for its
designated use if:

1) Diurnal Dissolved oxygen (DO) indicates that phosphorus is rendering the water
unsuitable for aquatic life uses; OR

2) Periphyton concentration is excessive; OR

3) Phytoplankton concentration is excessive.

3.1. Diurnal Dissolved Oxygen

Diurnal dissolved oxygen indicates that phosphorus is rendering the water unsuitable for aquatic
life use if there are dissolved oxygen fluctuations of 3mg/l or more (indicative of photosynthetic
activity) in a 24 hour period, and one of the following events occur at any time during the course
of the study:

1) The minimum DO criteria* is violated greater than 10% of the time based on continuous
monitoring during any 24 hour sampling period; or

2) The DO daily average* violates the applicable 24-hour criteria.

NOTE: A 24 hour-DO meter, approved by OQA as part of review of Work Plan, should be used
for Diurnal DO measurements. The data shall be submitted in tabular and graphical form on a 24
hour basis with mean/min/max noted. In addition to the hardcopy submission, data should also
be submitted in a tabular form in EXCEL.

3.2 Phytoplankton Biomass Concentration (Chl a)

Phytoplankton density is deemed excessive due to phosphorus® if Chlorophyll a level equal or
exceed:

= A Seasonal Mean of > 24 ug/l; or

=  Atwo (2) Week Mean of > 32 ug/I

3.3. Periphyton Biomass Concentration (Chl a)

Periphyton density is deemed excessive due to phosphorus® if Chlorophyll a level equal or
exceed:

= A Seasonal Mean of > 150 mg/m?; or
= An Individual Sample of > 200 mg/m? in no more than 10% of the samples.

+ Source: USEPA.2000. Nutrient Criteria Technical Manual; Rivers and Streams, United States
Environmental Protection Agency, Office of Water, Office of Science and Technology, July 2000, EPA-
822-B-00-002. (See: Chapter 7, Table 4; and Chapter 2, Table 2).
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3.4 Special Consideration for Small Dischargers

For small dischargers, those that have NJPDES permitted flow values of 100,000 GPD or less,
the Department will consider a SVAP score of 5.5 or greater to be sufficient proof that
phosphorus is not rendering the waters unsuitable for the designated uses. No further evaluations
under this manual need be conducted.
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Section 4. Summary

4.0 Summary

Each sampling location on a water segment under investigation will be evaluated by the
Department both as an independent sample and as part of a dynamic system. In order to
successfully demonstrate that the 0.1 mg/L phosphorus criterion does not apply, it must not be
demonstrated that Phosphorus is rendering the waters unsuitable for the designated uses. Failure
of an upstream station to meet the below standards, in isolation of other, downstream failure
events, will not be considered cause for the entire segment to fail. In this regard, the table below
summarizes the standards that must be met:

Designated Use Impairment Indicator Levels

NUTRIENT PARAMETERS IMPAIRMENT INDICATOR
Diurnal Dissolved Oxygen Applicable DO conditions (See Section 3.1)
Periphyton Concentration (Chl a) > 150 mg/m? Seasonal Mean

> 200 mg/m? Individual Sample
Phytoplankton Concentration (Chl a) > 24 ug/l Seasonal Mean
> 32 ug/l 2 week mean

Upon submittal of a final report and all deliverables (maps, tables and graphs), the Department
will then review and make a determination that one of the following applies:

a) The information submitted is incomplete/incorrect and additional information is
needed,

b) The information submitted supports the allowable demonstrations under N.J.A.C.
7:9(B)1.14(c), the 0.1mg/l water quality criteria for phosphorus is not applicable, and
the Department will consider a major modification of the NJPDES permit to remove
the TP limitation; or

c) The information submitted does not support the demonstrations under N.J.A.C.
7:9(B) 1.14(c), the 0.1 mg/l water quality criteria limit for phosphorus is applicable,
and the Department will confirm that the WQBEL compliance schedule contained in
the previously issued NJPDES permit is applicable and effective, absent any other
analyses.

Upon successful demonstration of compliance with the determinations noted above, a permittee
may request a modification of the NJPDES permit to remove the current phosphorus limitation
derived from the 0.1mg/L TP criteria, since the criteria does not apply. However, please note
that the permit may be revised, again, in a future permit action to reflect a new or modified
WQBEL based on a waste load allocation established through a TMDL, or reflective of any new
rule or regulation. In addition, please note that an existing effective Phosphorus limit in a
NJPDES permit may only be removed/modified upon a successful demonstration of anti-
backsliding and anti-degradation in accordance with the applicable regulations.
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Preface

This document presents an easy-to-use assessment protocol to evaluate the
condition of aquatic ecosystems associated with streams. The protocol does
not require expertise in aquatic biology or extensive training. Least-im-
pacted reference sites are used to provide a standard of comparison. The
use of reference sites is variable depending on how the state chooses to
implement the protocol. The state may modify the protocol based on a
system of stream classification and a series of reference sites. Instructions
for modifying the protocol are provided in the technical information sec-
tion. Aternatively, a user may use reference sites in a less structured man-
ner as a point of reference when applying the protocol.

The Stream Visual Assessment Protocol is the first level in a hierarchy of
ecological assessment protocols. More sophisticated assessment methods
may be found in the Stream Ecological Assessment Field Handbook. The
field handbook also contains background information on basic stream
ecology. Information on chemical monitoring of surface water and ground-
water may be found in the National Handbook of Water Quality Monitoring.

The protocol is designed to be conducted with the landowner. Educational
material is incorporated into the protocol. The document is structured so
that the protocol (pp. 7-20) can be duplicated to provide a copy to the
landowner after completion of an assessment. The assessment is recorded
on a single sheet of paper (copied front and back).

(NWCC Technical Note 99-1, Stream Visual Assessment Protocol, December 1998) i
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Stream Visual Assessment Protocol

Introduction

This assessment protocol provides a basic level of
stream health evaluation. It can be successfully ap-
plied by conservationists with little biological or
hydrological training. It is intended to be conducted
with the landowner and incorporates talking points for
the conservationist to use during the assessment. This
protocol is the first level in a four-part hierarchy of
assessment protocols. Tier 2 is the NRCS Water Qual-
ity Indicators Guide, Tier 3 is the NRCS Stream Eco-
logical Assessment Field Handbook, and Tier 4 is the
intensive bioassessment protocol used by your State
water quality agency.

This protocol provides an assessment based primarily
on physical conditions within the assessment area. It
may not detect some resource problems caused by
factors located beyond the area being assessed. The
use of higher tier methods is required to more fully
assess the ecological condition and to detect problems
originating elsewhere in the watershed. However,
most landowners are mainly interested in evaluating
conditions on their land, and this protocol is well
suited to supporting that objective.

What makes for a healthy
stream?

A stream is a complex ecosystem in which several
biological, physical, and chemical processes interact.
Changes in any one characteristic or process have
cascading effects throughout the system and result in
changes to many aspects of the system.

Some of the factors that influence and determine the
integrity of streams are shown in figure 1. Often sev-
eral factors can combine to cause profound changes.
For example, increased nutrient loads alone might not
cause a change to a forested stream. But when com-
bined with tree removal and channel widening, the
result is to shift the energy dynamics from an aquatic
biological community based on leaf litter inputs to one
based on algae and macrophytes. The resulting chemi-
cal changes caused by algal photosynthesis and respi-
ration and elevated temperatures may further contrib-
ute to a completely different biological community.

Many stream processes are in a delicate balance. For
example, stream power, sediment load, and channel
roughness must be in balance. Hydrologic changes
that increase stream power, if not balanced by greater
channel complexity and roughness, result in "hungry"
water that erodes banks or the stream bottom. In-
creases in sediment load beyond the transport capac-
ity of the stream leads to deposition, lateral channel
movement into streambanks, and channel widening.

Most systems would benefit from increased complex-
ity and diversity in physical structure. Structural
complexity is provided by trees fallen into the channel,
overhanging banks, roots extending into the flow,
pools and riffles, overhanging vegetation, and a variety
of bottom materials. This complexity enhances habitat
for organisms and also restores hydrologic properties
that often have been lost.

Chemical pollution is a factor in most streams. The
major categories of chemical pollutants are oxygen
depleting substances, such as manure, ammonia, and
organic wastes; the nutrients nitrogen and phospho-
rus; acids, such as from mining or industrial activities;
and toxic materials, such as pesticides and salts or
metals contained in some drain water. It is important
to note that the effects of many chemicals depend on
several factors. For example, an increase in the pH
caused by excessive algal and aquatic plant growth
may cause an otherwise safe concentration of ammo-
nia to become toxic. This is because the equilibrium
concentrations of nontoxic ammonium ion and toxic
un-ionized ammonia are pH-dependent.

Finally, it is important to recognize that streams and
flood plains need to operate as a connected system.
Flooding is necessary to maintain the flood plain
biological community and to relieve the erosive force
of flood discharges by reducing the velocity of the
water. Flooding and bankfull flows are also essential
for maintaining the instream physical structure. These
events scour out pools, clean coarser substrates
(gravel, cobbles, and boulders) of fine sediment, and
redistribute or introduce woody debris.

What's the stream type?

A healthy stream will look and function differently in
different parts of the country and in different parts of
the landscape. A mountain stream in a shale bedrock

(NWCC Technical Note 99-1, Stream Visual Assessment Protocol, December 1998) 1



is different from a valley stream in alluvial deposits.
Coastal streams are different from piedmont streams.
Figuring out the different types of streams is called
stream classification. Determining what types of
streams are in your area is important to assessing the
health of a particular stream.

There are many stream classification systems. For the
purpose of a general assessment based on biology and
habitat, you should think in terms of a three-level
classification system based on ecoregion, drainage
area, and gradient. Ecoregions are geographic areas in
which ecosystems are expected to be similar. A na-
tional-level ecoregion map is available, and many
states are working to develop maps at a higher level of
resolution. Drainage area is the next most important
factor to defining stream type. Finally, the slope or
gradient of the reach you are assessing will help you
determine the stream type. If you are familiar with
another classification system, such as Rosgen or

Montgomery/Buffington, you should use that system.
This protocol may have been adjusted by your state
office to reflect stream types common in your area.

Reference sites

One of the most difficult issues associated with stream
ecosystems is the question of historic and potential
conditions. To assess stream health, we need a bench-
mark of what the healthy condition is. We can usually
assume that historic conditions were healthy. But in
areas where streams have been degraded for 150 years
or more, knowledge of historic conditions may have
been lost. Moreover, in many areas returning to his-
toric conditions is impossible or the historic condi-
tions would not be stable under the current hydrology.
Therefore, the question becomes what is the best we
can expect for a particular stream. Scientists have
grappled with this question for a long time, and the

Figure 1
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consensus that has emerged is to use reference sites
within a classification system.

Reference sites represent the best conditions attain-
able within a particular stream class. The identifica-
tion and characterization of reference sites is an
ongoing effort led in most states by the water quality
agency. You should determine whether your state has
identified reference sites for the streams in your area.
Such reference sites could be in another county or in
another state. Unless your state office has provided
photographs and other descriptive information, you
should visit some reference sites to learn what healthy
streams look like as part of your skills development.
Visiting reference sites should also be part of your
orientation after a move to a new field office.

Using this protocol

This protocol is intended for use in the field with the
landowner. Conducting the assessment with the land-
owner gives you the opportunity to discuss natural
resource concerns and conservation opportunities.

Before conducting the assessment, you should deter-
mine the following information in the field office:

= ecoregion (if in use in your State)

e drainage area

= stream gradients on the property

= overall position on the landscape

Your opening discussion with landowners should start
by acknowledging that they own the land and that you
understand that they know their operation best. Point
out that streams, from small creeks to large rivers, are
a resource that runs throughout the landscape—how
they manage their part of the stream affects the entire
system. Talk about the benefits of healthy streams and
watersheds (improved baseflow, forage, fish, water-
fowl, wildlife, aesthetics, reduced flooding down-
stream, and reduced water pollution). Talk about how
restoring streams to a healthy condition is now a
national priority.

Explain what will happen during the assessment and
what you expect from them. An example follows:

This assessment will tell us how your stream is
doing. We'll need to look at sections of the stream that
are representative of different conditions. As we do
the assessment we’'ll discuss how the functioning of
different aspects of the stream work to keep the sys-
tem healthy. After we're done, we can talk about the
results of the assessment. | may recommend further
assessment work to better understand what'’s going

on. Once we understand what is happening, we can
explore what you would like to accomplish with your
stream and ideas for improving its condition, if
necessary.

You need to assess one or more representative
reaches. A reach is a length of stream. For this proto-
col, the length of the assessment reach is 12 times the
active channel width. The reach should be representa-
tive of the stream through that area. If conditions
change dramatically along the stream, you should
identify additional assessment reaches and conduct
separate assessments for each.

As you evaluate each element, try to work the talking
points contained in the scoring descriptions into the
conversation. If possible, involve the owner by asking
him or her to help record the scores.

The assessment is recorded on a two-page worksheet.
A completed worksheet is shown in figure 2. (A
worksheet suitable for copying is at the end of this
note.) The stream visual assessment protocol work-
sheet consists of two principal sections: reach identifi-
cation and assessment. The identification section
records basic information about the reach, such as
name, location, and land uses. Space is provided for a
diagram of the reach, which may be useful to locate
the reach or illustrate problem areas. On this diagram
draw all tributaries, drainage ditches, and irrigation
ditches; note springs and ponds that drain to the
stream; include road crossings and note whether they
are fords, culverts, or bridges; note the direction of
flow; and draw in any large woody debris, pools, and
riffles.

The assessment section is used to record the scores
for up to 15 assessment elements. Not all assessment
elements will be applicable or useful for your site. Do
not score elements that are not applicable. Score an
element by comparing your observations to the de-
scriptions provided. If you have difficulty matching
descriptions, try to compare what you are observing to
the conditions at reference sites for your area.

The overall assessment score is determined by adding
the values for each element and dividing by the num-
ber of elements assessed. For example, if your scores
add up to 76 and you used 12 assessment elements,
you would have an overall assessment value of 6.3,
which is classified as fair. This value provides a nu-
merical assessment of the environmental condition of
the stream reach. This value can be used as a general
statement about the "state of the environment" of the
stream or (over time) as an indicator of trends in
condition.

(NWCC Technical Note 99-1, Stream Visual Assessment Protocol, December 1998) 3



Figure 2  Stream visual assessment protocol worksheet
I
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Figure 2  Stream visual assessment protocol worksheet—Continued
I

Assessment Scores

Channel condition 8 Pools 3
Hydrologic alteration 10 Invertebrate habitat 7
1 Score only if applicable
Riparian zone
5 Canopy cover o
Bank stability
3 Manure presence 1
Water appearance
7 Salinity
Nutrient enrichment
10 Riffle embeddedness 5
Barriers to fish movement
3 Marcroinvertebrates 10
Instream fish cover Observed (optional)
Overall score <6.0 (Poor >
(Total divided by number scored) 6.1-7.4  Fair
76/14 5.4 7.5-89 Good
>9.0 Excellent

Suspected causes of observed problems_1NiS reach is typical of the reaches on the property. Severely

degraded riparian zones lack brush, small trees. Some bank problems from livestock access.

Channel may be widening due to high sediment load. Does not appear to be downcutting.

Recommendations_INstall 391-Riparian Forest Buffer. Need to encourage livestock away from

stream using water sources and shade or exclude livestock. Concentrated flows off fields

need to be spread out in zone 3 of buffer. Relocate fallen trees if they deflect current into

bank-use as stream barbs to deflect current to maintain channel.
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Reach description

The first page of the assessment worksheet records
the identity and location of the stream reach. Most
entries are self-explanatory. Waterbody ID and
ecoregion should be filled out only if these identifica-
tion and classification aids are used in your state.

Active channel width can be difficult to determine.
However, active channel width helps to characterize
the stream. It is also an important aspect of more
advanced assessment protocols; therefore, it is worth
becoming familiar with the concept and field determi-
nation. For this protocol you do not need to measure
active channel width accurately — a visual estimate of
the average width is adequate.

Active channel width is the stream width at the
bankfull discharge. Bankfull discharge is the flow rate
that forms and controls the shape and size of the
active channel. It is approximately the flow rate at
which the stream begins to move onto its flood plain if
the stream has an active flood plain. The bankfull
discharge is expected to occur every 1.5 years on
average. Figure 3 illustrates the relationship between
baseflow, bankfull flow, and the flood plain. Active
channel width is best determined by locating the first
flat depositional surface occurring above the bed of
the stream (i.e., an active flood plain). The lowest
elevation at which the bankfull surface could occur is
at the top of the point bars or other sediment deposits
in the channel bed. Other indicators of the bankfull
surface include a break in slope on the bank, vegeta-
tion change, substrate, and debris. If you are not
trained in locating the bankfull stage, ask the land-
owner how high the water gets every year and observe
the location of permanent vegetation.

Figure 3  Baseflow, bankfull, and flood plain locations (Rosgen 1996)

O————Flood plain

(NWCC Technical Note 99-1, Stream Visual Assessment Protocol, December 1998)



Scoring descriptions

Each assessment element is rated with a value of 1 to
10. Rate only those elements appropriate to the
stream. Using the Stream Visual Assessment Protocol
worksheet, record the score that best fits the observa-
tions you make based on the narrative descriptions
provided. Unless otherwise directed, assign the lowest
score that applies. For example, if a reach has aspects

Channel condition

of several narrative descriptions, assign a score based
on the lowest scoring description that contains indica-
tors present within the reach. You may record values
intermediate to those listed. Some background infor-

mation is provided for each assessment element, as
well as a description of what to look for. The length of
the assessment reach should be 12 times the active

channel width.

Natural channel; no
structures, dikes. No
evidence of down-
cutting or excessive
lateral cutting.

Evidence of past channel
alteration, but with
significant recovery of
channel and banks. Any
dikes or levies are set
back to provide access to
an adequate flood plain.

Altered channel; <50% of
the reach with riprap and/
or channelization. Excess
aggradation; braided
channel. Dikes or levees
restrict flood plain width.

Channel is actively
downcutting or widen-
ing. >50% of the reach
with riprap or channel-
ization. Dikes or levees
prevent access to the

flood plain.

10 7

Stream meandering generally increases as the gradient
of the surrounding valley decreases. Often, develop-
ment in the area results in changes to this meandering
pattern and the flow of a stream. These changes in
turn may affect the way a stream naturally does its
work, such as the transport of sediment and the devel-
opment and maintenance of habitat for fish, aquatic
insects, and aquatic plants. Some modifications to
stream channels have more impact on stream health
than others. For example, channelization and dams
affect a stream more than the presence of pilings or
other supports for road crossings.

Active downcutting and excessive lateral cutting are
serious impairments to stream function. Both condi-
tions are indicative of an unstable stream channel.
Usually, this instability must be addressed before
committing time and money toward improving other
stream problems. For example, restoring the woody
vegetation within the riparian zone becomes increas-
ingly difficult when a channel is downcutting because
banks continue to be undermined and the water table
drops below the root zone of the plants during their
growing season. In this situation or when a channel is
fairly stable, but already incised from previous down-
cutting or mechanical dredging, it is usually necessary
to plant upland species, rather than hydrophytic, or to
apply irrigation for several growing seasons, or both.
Extensive bank-armoring of channels to stop lateral
cutting usually leads to more problems (especially
downstream). Often stability can be obtained by using

a series of structures (barbs, groins, jetties, deflectors,
weirs, vortex weirs) that reduce water velocity, deflect
currents, or act as gradient controls. These structures
are used in conjunction with large woody debris and
woody vegetation plantings. Hydrologic alterations are
described next.

What to look for: Signs of channelization or straight-
ening of the stream may include an unnaturally
straight section of the stream, high banks, dikes or
berms, lack of flow diversity (e.g., few point bars and
deep pools), and uniform-sized bed materials (e.g., all
cobbles where there should be mixes of gravel and
cobble). In newly channelized reaches, vegetation may
be missing or appear very different (different species,
not as well developed) from the bank vegetation of
areas that were not channelized. Older channelized
reaches may also have little or no vegetation or have
grasses instead of woody vegetation. Drop structures
(such as check dams), irrigation diversions, culverts,
bridge abutments, and riprap also indicate changes to
the stream channel.

Indicators of downcutting in the stream channel
include nickpoints associated with headcuts in the
stream bottom and exposure of cultural features, such
as pipelines that were initially buried under the
stream. Exposed footings in bridges and culvert out-
lets that are higher than the water surface during low
flows are other examples. A lack of sediment deposi-
tional features, such as regularly-spaced point bars, is
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normally an indicator of incision. A low vertical scarp
at the toe of the streambank may indicate down-
cutting, especially if the scarp occurs on the inside of a
meander. Another visual indicator of current or past
downcutting is high streambanks with woody vegeta-
tion growing well below the top of the bank (as a
channel incises the bankfull flow line moves down-
ward within the former bankfull channel). Excessive
bank erosion is indicated by raw banks in areas of the
stream where they are not normally found, such as
straight sections between meanders or on the inside of
curves.

Hydrologic alteration

Flooding every 1.5 to 2
years. No dams, no
water withdrawals, no
dikes or other struc-
tures limiting the
stream's access to the
flood plain. Channel is

Flooding occurs only
once every 3 to 5 years;
limited channel incision.
or
Withdrawals, although
present, do not affect
available habitat for

Flooding occurs only
once every 6 to 10 years;
channel deeply incised.

or
Withdrawals significantly
affect available low flow
habitat for biota.

No flooding; channel
deeply incised or struc-
tures prevent access to
flood plain or dam
operations prevent
flood flows.

or

not incised. biota.

Withdrawals have
caused severe loss of
low flow habitat.

or
Flooding occurs on a 1-
year rain event or less.

10 7

3 1

Bankfull flows, as well as flooding, are important to
maintaining channel shape and function (e.g., sedi-
ment transport) and maintaining the physical habitat
for animals and plants. High flows scour fine sediment
to keep gravel areas clean for fish and other aquatic
organisms. These flows also redistribute larger sedi-
ment, such as gravel, cobbles, and boulders, as well as
large woody debris, to form pool and riffle habitat
important to stream biota. The river channel and flood
plain exist in dynamic equilibrium, having evolved in
the present climatic regime and geomorphic setting.
The relationship of water and sediment is the basis for
the dynamic equilibrium that maintains the form and
function of the river channel. The energy of the river
(water velocity and depth) should be in balance with
the bedload (volume and particle size of the sedi-
ment). Any change in the flow regime alters this bal-
ance.

If a river is not incised and has access to its flood
plain, decreases in the frequency of bankfull and out-
of-bank flows decrease the river's ability to transport
sediment. This can result in excess sediment deposition,
channel widening and shallowing, and, ultimately, in

braiding of the channel. Rosgen (1996) defines braid-
ing as a stream with three or more smaller channels.
These smaller channels are extremely unstable, rarely
have woody vegetation along their banks, and provide
poor habitat for stream biota. A split channel, how-
ever, has two or more smaller channels (called side
channels) that are usually very stable, have woody
vegetation along their banks, and provide excellent
habitat.

Conversely, an increase in flood flows or the confine-
ment of the river away from its flood plain (from either
incision or levees) increases the energy available to
transport sediment and can result in bank and channel
erosion.

The low flow or baseflow during the dry periods of
summer or fall usually comes from groundwater
entering the stream through the stream banks and
bottom. A decrease in the low-flow rate will result in a
smaller portion of the channel suitable for aquatic
organisms. The withdrawal of water from streams for
irrigation or industry and the placement of dams often
change the normal low-flow pattern. Baseflow can also
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be affected by management and land use within the
watershed — less infiltration of precipitation reduces
baseflow and increases the frequency and severity of
high flow events. For example, urbanization increases
runoff and can increase the frequency of flooding to
every year or more often and also reduce low flows.
Overgrazing and clearcutting can have similar, al-
though typically less severe, effects. The last descrip-
tion in the last box refers to the increased flood fre-
quency that occurs with the above watershed changes.

What to look for: Ask the landowner about the
frequency of flooding and about summer low-flow
conditions. A flood plain should be inundated during
flows that equal or exceed the 1.5- to 2.0-year flow

Riparian zone

event (2 out of 3 years or every other year). Be cau-
tious because water in an adjacent field does not
necessarily indicate natural flooding. The water may
have flowed overland from a low spot in the bank
outside the assessment reach.

Evidence of flooding includes high water marks (such
as water lines), sediment deposits, or stream debris.
Look for these on the banks, on the bankside trees or
rocks, or on other structures (such as road pilings or
culverts).

Excess sediment deposits and wide, shallow channels
could indicate a loss of sediment transport capacity.
The loss of transport capacity can result in a stream
with three or more channels (braiding).

Natural vegetation
extends at least
two active channel
widths on each
side.

Natural vegetation
extends one active
channel width on
each side.

or
If less than one
width, covers entire

Natural vegetation
extends half of the
active channel width
on each side.

Natural vegetation
extends a third of
the active channel
width on each side.
or
Filtering function
moderately compro-

Natural vegetation

less than a third of

the active channel

width on each side.
or

Lack of regenera-

tion.

flood plain. mised. or
Filtering function
severely compro-
mised.
10 8 3 1

This element is the width of the natural vegetation
zone from the edge of the active channel out onto the
flood plain. For this element, the word natural means
plant communities with (1) all appropriate structural
components and (2) species native to the site or intro-
duced species that function similar to native species at
reference sites.

A healthy riparian vegetation zone is one of the most

important elements for a healthy stream ecosystem.

The quality of the riparian zone increases with the

width and the complexity of the woody vegetation

within it. This zone:

« Reduces the amount of pollutants that reach the
stream in surface runoff.

« Helps control erosion.

« Provides a microclimate that is cooler during the
summer providing cooler water for aquatic organ-
isms.

« Provides large woody debris from fallen trees and
limbs that form instream cover, create pools, stabi-
lize the streambed, and provide habitat for stream
biota.

< Provides fish habitat in the form of undercut banks
with the "ceiling" held together by roots of woody
vegetation.

« Provides organic material for stream biota that,
among other functions, is the base of the food chain
in lower order streams.

« Provides habitat for terrestrial insects that drop in
the stream and become food for fish, and habitat
and travel corridors for terrestrial animals.

« Dissipates energy during flood events.

= Often provides the only refuge areas for fish during
out-of-bank flows (behind trees, stumps, and logs).
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The type, timing, intensity, and extent of activity in
riparian zones are critical in determining the impact on
these areas. Narrow riparian zones and/or riparian
zones that have roads, agricultural activities, residen-
tial or commercial structures, or significant areas of
bare soils have reduced functional value for the
stream. The filtering function of riparian zones can be
compromised by concentrated flows. No evidence of
concentrated flows through the zone should occur or,
if concentrated flows are evident, they should be from
land areas appropriately buffered with vegetated
strips.

What to look for: Compare the width of the riparian
zone to the active channel width. In steep, V-shaped
valleys there may not be enough room for a flood plain
riparian zone to extend as far as one or two active
channel widths. In this case, observe how much of the
flood plain is covered by riparian zone. The vegetation

Bank stability

must be natural and consist of all of the structural
components (aquatic plants, sedges or rushes, grasses,
forbs, shrubs, understory trees, and overstory trees)
appropriate for the area. A common problem is lack of
shrubs and understory trees. Another common prob-
lem is lack of regeneration. The presence of only
mature vegetation and few seedlings indicates lack of
regeneration. Do not consider incomplete plant com-
munities as natural. Healthy riparian zones on both
sides of the stream are important for the health of the
entire system. If one side is lacking the protective
vegetative cover, the entire reach of the stream will be
affected. In doing the assessment, examine both sides
of the stream and note on the diagram which side of
the stream has problems. There should be no evidence
of concentrated flows through the riparian zone that
are not adequately buffered before entering the ripar-
ian zone.

Banks are stable; banks
are low (at elevation of
active flood plain); 33% or
more of eroding surface
area of banks in outside
bends is protected by
roots that extend to the
base-flow elevation.

Moderately stable; banks
are low (at elevation of
active flood plain); less
than 33% of eroding sur-
face area of banks in
outside bends is protected
by roots that extend to the
baseflow elevation.

Moderately unstable;
banks may be low, but
typically are high (flood-
ing occurs 1 year out of 5
or less frequently); out-
side bends are actively
eroding (overhanging
vegetation at top of bank,
some mature trees falling
into steam annually, some
slope failures apparent).

Unstable; banks may be
low, but typically are high;
some straight reaches and
inside edges of bends are
actively eroding as well as
outside bends (overhang-
ing vegetation at top of
bare bank, numerous
mature trees falling into
stream annually, numerous
slope failures apparent).

10

3

1

This element is the existence of or the potential for
detachment of soil from the upper and lower stream
banks and its movement into the stream. Some bank
erosion is normal in a healthy stream. Excessive bank
erosion occurs where riparian zones are degraded or
where the stream is unstable because of changes in

and flooding events. Vegetation seldom becomes
established below the elevation of the bankfull surface
because of the frequency of inundation and the un-
stable bottom conditions as the stream moves its

bedload.

hydrology, sediment load, or isolation from the flood
plain. High and steep banks are more susceptible to
erosion or collapse. All outside bends of streams
erode, so even a stable stream may have 50 percent of
its banks bare and eroding. A healthy riparian corridor
with a vegetated flood plain contributes to bank stabil-
ity. The roots of perennial grasses or woody vegetation
typically extend to the baseflow elevation of water in
streams that have bank heights of 6 feet or less. The
root masses help hold the bank soils together and
physically protect the bank from scour during bankfull

The type of vegetation is important. For example,
trees, shrubs, sedges, and rushes have the type of root
masses capable of withstanding high streamflow
events, while Kentucky bluegrass does not. Soil type at
the surface and below the surface also influences bank
stability. For example, banks with a thin soil cover
over gravel or sand are more prone to collapse than
are banks with a deep soil layer.
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What to look for: Signs of erosion include unvegetated
stretches, exposed tree roots, or scalloped edges. Evi-
dence of construction, vehicular, or animal paths near
banks or grazing areas leading directly to the water's
edge suggest conditions that may lead to the collapse of
banks. Estimate the size or area of the bank affected
relative to the total bank area. This element may be
difficult to score during high water.

Water appearance

Very clear, or clear but
tea-colored; objects
visible at depth 3 to 6 ft
(less if slightly colored);
no oil sheen on surface;
no noticeable film on
submerged objects or
rocks.

Occasionally cloudy,
especially after storm
event, but clears rapidly;
objects visible at depth 1.5
to 3 ft; may have slightly
green color; no oil sheen
on water surface.

Considerable cloudiness
most of the time; objects
visible to depth 0.5to 1.5
ft; slow sections may
appear pea-green; bottom
rocks or submerged ob-
jects covered with heavy | water pollutants; floating
green or olive-green film. | algal mats, surface scum,
or sheen or heavy coat of
Moderate odor of ammo- | foam on surface.
nia or rotten eggs. or
Strong odor of chemicals,
oil, sewage, other pollut-
ants.

Very turbid or muddy
appearance most of the
time; objects visible to
depth < 0.5 ft; slow mov-
ing water may be bright-
green; other obvious

10 7

This element compares turbidity, color, and other
visual characteristics with a healthy or reference
stream. The depth to which an object can be clearly
seen is a measure of turbidity. Turbidity is caused
mostly by particles of soil and organic matter sus-
pended in the water column. Water often shows some
turbidity after a storm event because of soil and or-
ganic particles carried by runoff into the stream or
suspended by turbulence. The water in some streams
may be naturally tea-colored. This is particularly true
in watersheds with extensive bog and wetland areas.
Water that has slight nutrient enrichment may support
communities of algae, which provide a greenish color
to the water. Streams with heavy loads of nutrients have
thick coatings of algae attached to the rocks and other
submerged objects. In degraded streams, floating algal
mats, surface scum, or pollutants, such as dyes and oil,
may be visible.

What to look for: Clarity of the water is an obvious
and easy feature to assess. The deeper an object in the
water can be seen, the lower the amount of turbidity.
Use the depth that objects are visible only if the
stream is deep enough to evaluate turbidity using this
approach. For example, if the water is clear, but only 1
foot deep, do not rate it as if an object became ob-
scured at a depth of 1 foot. This measure should be
taken after a stream has had the opportunity to "settle"
following a storm event. A pea-green color indicates
nutrient enrichment beyond what the stream can
naturally absorb.
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Nutrient enrichment

Clear water along entire
reach; diverse aquatic
plant community in-
cludes low quantities of
many species of macro-

Fairly clear or slightly
greenish water along
entire reach; moderate
algal growth on stream
substrates.

Greenish water along entire
reach; overabundance of
lush green macrophytes;
abundant algal growth,
especially during warmer

Pea green, gray, or brown
water along entire reach;
dense stands of macro-
phytes clog stream;
severe algal blooms

phytes; little algal
growth present.

months. create thick algal mats in

stream.

10 7

Nutrient enrichment is often reflected by the types and
amounts of aquatic vegetation in the water. High levels
of nutrients (especially phosphorus and nitrogen)
promote an overabundance of algae and floating and
rooted macrophytes. The presence of some aquatic
vegetation is normal in streams. Algae and macro-
phytes provide habitat and food for all stream animals.
However, an excessive amount of aquatic vegetation is
not beneficial to most stream life. Plant respiration
and decomposition of dead vegetation consume dis-
solved oxygen in the water. Lack of dissolved oxygen
creates stress for all aquatic organisms and can cause
fish kills. A landowner may have seen fish gulping for
air at the water surface during warm weather, indicat-
ing a lack of dissolved oxygen.

Barriers to fish movement

What to look for: Some aquatic vegetation (rooted
macrophytes, floating plants, and algae attached to
substrates) is normal and indicates a healthy stream.
Excess nutrients cause excess growth of algae and
macrophytes, which can create greenish color to the
water. As nutrient loads increase the green becomes
more intense and macrophytes become more lush and
deep green. Intense algal blooms, thick mats of algae,
or dense stands of macrophytes degrade water quality
and habitat. Clear water and a diverse aquatic plant
community without dense plant populations are opti-
mal for this characteristic.

No barriers Seasonal water Drop structures, Drop structures, Drop structures,
withdrawals inhibit culverts, dams, or culverts, dams, or culverts, dams, or
movement within diversions (< 1 foot diversions (> 1 foot | diversions (> 1
the reach drop) within the drop) within 3 miles | foot drop) within
reach of the reach the reach
10 8 3 1

Barriers that block the movement of fish or other
aquatic organisms, such as fresh water mussels, must
be considered as part of the overall stream assess-
ment. If sufficiently high, these barriers may prevent
the movement or migration of fish, deny access to
important breeding and foraging habitats, and isolate
populations of fish and other aquatic animals.

What to look for: Some barriers are natural, such as
waterfalls and boulder dams, and some are developed
by humans. Note the presence of such barriers along
the reach of the stream you are assessing, their size,

and whether provisions have been made for the pas-
sage of fish. Ask the landowner about any dams or
other barriers that may be present 3 to 5 miles up-
stream or downstream. Larger dams are often noted
on maps, so you may find some information even
before going out into the field. Beaver dams generally
do not prevent fish migration. Look for structures that
may not involve a drop, but still present a hydraulic
barrier. Single, large culverts with no slope and suffi-
cient water depth usually do not constitute a barrier.
Small culverts or culverts with slopes may cause high
water velocities that prevent passage.
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Instream fish cover

>7 cover types 6 to 7 cover types 4 to 5 cover types 2 to 3 cover types None to 1 cover
available available available available type available
10 8 3 1
Cover types: Logs/large woody debris, deep pools, overhanging vegetation, boulders/cobble, riffles,

undercut banks,

other:

thick root mats, dense macrophyte beds, isolated/backwater pools,

This assessment element measures availability of
physical habitat for fish. The potential for the mainte-
nance of a healthy fish community and its ability to
recover from disturbance is dependent on the variety
and abundance of suitable habitat and cover available.

What to look for: Observe the number of different
habitat and cover types within a representative sub-
section of the assessment reach that is equivalent in
length to five times the active channel width. Each
cover type must be present in appreciable amounts to
score. Cover types are described below.

Logs/large woody debris—Fallen trees or parts of
trees that provide structure and attachment for aquatic
macroinvertebrates and hiding places for fish.

Deep pools—Areas characterized by a smooth undis-
turbed surface, generally slow current, and deep
enough to provide protective cover for fish (75 to 100%
deeper than the prevailing stream depth).

Overhanging vegetation—Trees, shrubs, vines, or
perennial herbaceous vegetation that hangs immedi-
ately over the stream surface, providing shade and
cover.

Boulders/cobble—Boulders are rounded stones more
than 10 inches in diameter or large slabs more than 10
inches in length; cobbles are stones between 2.5 and
10 inches in diameter.

Undercut banks—Eroded areas extending horizon-
tally beneath the surface of the bank forming underwa-
ter pockets used by fish for hiding and protection.

Thick root mats—Dense mats of roots and rootlets
(generally from trees) at or beneath the water surface
forming structure for invertebrate attachment and fish
cover.

Dense macrophyte beds—Beds of emergent (e.g.,
water willow), floating leaf (e.g., water lily), or sub-
merged (e.g., riverweed) aquatic vegetation thick
enough to provide invertebrate attachment and fish
cover.

Riffles—Area characterized by broken water surface,
rocky or firm substrate, moderate or swift current, and
relatively shallow depth (usually less than 18 inches).

Isolated/backwater pools—Areas disconnected
from the main channel or connected as a "blind" side
channel, characterized by a lack of flow except in
periods of high water.
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Pools

Deep and shallow pools | Pools present, but not Pools present, but shal- Pools absent, or the
abundant; greater than abundant; from 10 to 30% | low; from 5 to 10% of the entire bottom is dis-
30% of the pool bottom | of the pool bottom is pool bottom is obscure cernible.
is obscure due to depth, | obscure due to depth, or due to depth, or the pools
or the pools are at least | the pools are at least 3 are less than 3 feet deep.
5 feet deep. feet deep.

10 7 3 1

Pools are important resting and feeding sites for fish.
A healthy stream has a mix of shallow and deep pools.
A deep pool is 1.6 to 2 times deeper than the prevailing
depth, while a shallow pool is less than 1.5 times
deeper than the prevailing depth. Pools are abundant if
a deep pool is in each of the meander bends in the
reach being assessed. To determine if pools are abun-
dant, look at a longer sample length than one that is 12
active channel widths in length. Generally, only 1 or 2
pools would typically form within a reach as long as 12
active channel widths. In low order, high gradient
streams, pools are abundant if there is more than one
pool every 4 channel widths.

Insect/invertebrate habitat

What to look for: Pool diversity and abundance are
estimated based on walking the stream or probing
from the streambank with a stick or length of rebar.
You should find deep pools on the outside of meander
bends. In shallow, clear streams a visual inspection
may provide an accurate estimate. In deep streams or
streams with low visibility, this assessment character-
istic may be difficult to determine and should not be
scored.

At least 5 types of habitat
available. Habitat is at a
stage to allow full insect
colonization (woody
debris and logs not
freshly fallen).

3 to 4 types of habitat.
Some potential habitat
exists, such as overhanging
trees, which will provide
habitat, but have not yet
entered the stream.

1 to 2 types of habitat. The
substrate is often dis-
turbed, covered, or re-
moved by high stream
velocities and scour or by
sediment deposition.

None to 1 type of habitat.

10

7

3

1

Cover types:

coarse gravel,

Fine woody debris,

submerged logs,

other:

leaf packs,

undercut banks,

Stable substrate is important for insect/invertebrate
colonization. Substrate refers to the stream bottom,

cobble, boulders,

What to look for: Observe the number of different
types of habitat and cover within a representative

woody debris, or other surfaces on which inverte-
brates can live. Optimal conditions include a variety of
substrate types within a relatively small area of the
stream (5 times the active channel width). Stream and
substrate stability are also important. High stream
velocities, high sediment loads, and frequent flooding
may cause substrate instability even if substrate is
present.

subsection of the assessment reach that is equivalent

in length to five times the active channel width. Each

cover type must be present in appreciable amounts to
score.
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Score the following assessment elements
only if applicable

Canopy cover (if applicable)

Coldwater fishery

> 75% of water surface | >50% shaded in reach. 20 to 50% shaded. < 20% of water surface in
shaded and upstream 2 or reach shaded.
to 3 miles generally >75% in reach, but up-
well shaded. stream 2 to 3 miles poorly
shaded.
10 7 3 1

Warmwater fishery

25 to 90% of water
surface shaded; mix-
ture of conditions.

> 90% shaded; full canopy;
same shading condition
throughout the reach.

< 25% water surface
shaded in reach.

(intentionally blank)

10

7

Do not assess this element if active channel
width is greater than 50 feet. Do not assess this
element if woody vegetation is naturally absent
(e.g., wet meadows).

Shading of the stream is important because it keeps
water cool and limits algal growth. Cool water has a
greater oxygen holding capacity than does warm
water. When streamside trees are removed, the stream
is exposed to the warming effects of the sun causing
the water temperature to increase for longer periods
during the daylight hours and for more days during the
year. This shift in light intensity and temperature
causes a decline in the numbers of certain species of
fish, insects, and other invertebrates and some aquatic
plants. They may be replaced altogether by other
species that are more tolerant of increased light inten-
sity, low dissolved oxygen, and warmer water tem-
perature. For example, trout and salmon require cool,
oxygen-rich water. Loss of streamside vegetation (and
also channel widening) that cause increased water
temperature and decreased oxygen levels are major
contributing factors to the decrease in abundance of
trout and salmon from many streams that historically
supported these species. Increased light and the

warmer water also promote excessive growth of
submerged macrophytes and algae that compromises
the biotic community of the stream. The temperature
at the reach you are assessing will be affected by the
amount of shading 2 to 3 miles upstream.

What to look for: Try to estimate the portion of the
water surface area for the whole reach that is shaded
by estimating areas with no shade, poor shade, and
shade. Time of the year, time of the day, and weather
can affect your observation of shading. Therefore, the
relative amount of shade is estimated by assuming that
the sun is directly overhead and the vegetation is in
full leaf-out. First evaluate the shading conditions for
the reach; then determine (by talking with the land-
owner) shading conditions 2 to 3 miles upstream.
Alternatively, use aerial photographs taken during full
leaf out. The following rough guidelines for percent
shade may be used:

stream surface not visible .........c..ccocooeveviiciciiins >90
surface slightly visible or visible only in patches.. 70 — 90
surface visible, but banks not visible.................... 40-70
surface visible and banks visible at times............ 20-40
surface and banks visible ..........cccccoeviiiciiiiciinn <20
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Manure presence (if applicable)

Evidence of livestock
access to riparian zone.

(Intentionally blank)

Occasional manure in
stream or waste storage
structure located on the
flood plain.

Extensive amount of
manure on banks or in
stream.

or
Untreated human waste
discharge pipes present.

1

Do not score this element unless livestock opera-
tions or human waste discharges are present.

Manure from livestock may enter the water if livestock
have access to the stream or from runoff of grazing
land adjacent to the stream. In some communities
untreated human waste may also empty directly into
streams. Manure and human waste increase biochemi-
cal oxygen demand, increase the loading of nutrients,
and alter the trophic state of the aquatic biological
community. Untreated human waste is a health risk.

Salinity (if applicable)

What to look for: Do not score this element unless
livestock operations or human waste discharges are
present. Look for evidence of animal droppings in or
around streams, on the streambank, or in the adjacent
riparian zone. Well-worn livestock paths leading to or
near streams also suggest the probability of manure in
the stream. Areas with stagnant or slow-moving water
may have moderate to dense amounts of vegetation or
algal blooms, indicating localized enrichment from

manure.

Minimal wilting, bleach-
ing, leaf burn, or stunting
of aquatic vegetation;

(Intentionally blank)

side vegetation.

some salt-tolerant stream-

Aquatic vegetation may
show significant wilting,
bleaching, leaf burn, or
stunting; dominance of
salt-tolerant streamside
vegetation.

Severe wilting, bleaching,
leaf burn, or stunting;
presence of only salt-
tolerant aquatic vegeta-
tion; most streamside
vegetation salt tolerant.

Do not assess this element unless elevated salin-
ity from anthropogenic sources is known to
occur in the stream.

High salinity levels most often occur in arid areas

and in areas that have high irrigation requirements.
High salinity can also result from oil and gas well
operations. Salt accumulation in soil causes a break-
down of soil structure, decreased infiltration of water,
and potential toxicity. High salinity in streams affects
aquatic vegetation, macroinvertebrates, and fish. Salts
are a product of natural weathering processes of soil
and geologic material.

What to look for: High salinity levels cause a "burn-
ing" or "bleaching" of aquatic vegetation. Wilting, loss
of plant color, decreased productivity, and stunted
growth are readily visible signs. Other indicators
include whitish salt encrustments on the streambanks
and the displacement of native vegetation by salt-
tolerant aquatic plants an