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Executive Summary

Since the early 2010s, the Virginia Department of Environmental Quality (VADEQ) has fielded concerns
over excessive filamentous algae in certain sections of the Shenandoah River basin. Citizen complaints
have centered on the negative impact that filamentous algae blooms have on stream aesthetics and
recreational activities such as swimming, wading, kayaking, and fishing. In response, over the 2016 to
2019 period VADEQ conducted a special study with two goals: 1) To develop a scientifically-based,
defensible, and reproducible field method for quantifying filamentous algae growth and 2) to develop a
body of information that could be used to inform benthic chlorophyll-a thresholds tied to nuisance
filamentous algae growth. VADEQ has chosen to develop thresholds for benthic chlorophyll-a because
it is a quantitative estimate of algal biomass frequently used as an indicator of nuisance filamentous
algae. The proposed thresholds presented in the table below are based on a combination of existing
literature values and the professional judgment of VADEQ biologists.

Thresholds for Proposed for Adoption in Virginia Water Quality Standards (9 VAC25-260)

In the wadeable portions of the mainstem sections of the Shenandoah River, North Fork Shenandoah
River, and South Fork Shenandoah River listed below?, a determination of persistent nuisance
filamentous algae impeding the recreation use should be made when exceedances of either of the
specified benthic chlorophyll-a concentration thresholds occur in more than one recreation season
(May 1 to October 31) in three years. “Wadeable” constitutes a stream that can be crossed and
sampled safely during a given sampling event occurring within the recreation season.

Two-Month Seasonal Median

Segment Median (mg/m?)
(mg/m?)
Shenandoah River from its confluence of the North Fork and 150 100

South Fork Shenandoah Rivers downstream to the
Virginia/West Virginia state line

North Fork Shenandoah River from its confluence with Fort Run 150 100
downstream to its confluence with the South Fork Shenandoah

River

South Fork Shenandoah River from its confluence with the 150 100

North and South Rivers downstream to its confluence with the
North Fork Shenandoah River

! Tthe reaches are separated to specify each of three distinct rivers and to clearly delineate the applicable
sections of each river to which the criteria apply.



Introduction

Filamentous algae (FA) are a common feature of fresh water and marine environments. The hair- or
mesh-like structures of these algae are formed by colonies of unicellular photosynthetic organisms
joined together. FA are frequently attached to submerged surfaces like rocks or aquatic plants, but they
can break loose and form floating mats. FA blooms form a dense carpet on the stream bottom that
extends through the water column. Depending on the species, they appear as dark or bright green and
may feel slimy, silky, or slippery to the touch.

FA provide ecological benefits to aquatic ecosystems. They are a major source of primary production
and organic matter, supporting invertebrate and fish consumers (Power and Matthews 1983). The
dense structure of FA also provides habitat for aquatic life (Jansson 1967; Power 1990). Additionally, FA
can enhance water quality by oxygenating waters during the daylight hours and serving as a sink for
nitrogen and phosphorus (Graham et al. 1995). These ecological benefits diminish as FA blooms take
over a system. FA blooms can degrade the physical habitat for other benthic organisms (Dudley et al.
1986), cause dramatic diurnal swings in pH and dissolved oxygen resulting in fish kills (Stevenson et al.
2012), and cause chronic stress to benthic macroinvertebrates (Winter et al. 1996).

In addition to impacts to aquatic life, FA blooms can result in nuisance conditions in the context of
human aesthetics and recreational activities. In flowing water, FA blooms of the taxa Cladophora sp. can
form long, rope-like strands (Welsh et al. 1988) that make activities like swimming and boating difficult.
Large algal mats affect the aesthetic appreciation of a stream or river for anglers while also fouling or
snagging their lures and wet flies (Biggs 2000).

The management of algae has been a major focus of water quality standards development over the past
20 years. The focus of this work has typically centered on aquatic life impacts rather than aesthetics and
recreation, with emphasis placed on response endpoints such as dissolved oxygen concentration, water
clarity, and algal taxonomic composition. These parameters tend to be chosen not only because they
can be reliably measured, but also because they are usually paired with scientifically-derived thresholds.
For instance, the primary goal of managing phytoplankton biomass in the tidal waters of the Chesapeake
Bay is minimizing summertime hypoxia—a condition that is defined through a suite of dissolved oxygen
criteria derived from extensive laboratory studies (Batiuk et al. 2009). The chlorophyll-a criteria adopted
for the tidal portion of the James River in Virginia were informed by effect thresholds based on toxicity
tests of harmful algae bloom-forming taxa found in the estuary (VADEQ 2019).

The management of nuisance FA has recently begun to receive more attention. However, compared to
the body of research centered on algal impacts to aquatic life, the science of nuisance FA is much more
sparse and subjective. The earliest peer-reviewed thresholds linked to impaired aesthetics and/or
recreation rested on researchers’ professional judgments (Horner et al. 1983; Dodds et al. 1997; 2000;
Welsh et al. 1988, 1989; Biggs 2000) or uncited literature and personal communication (Nordin, 1985).
Given these shortcomings, some states interested in managing nuisance FA with nutrient, chlorophyll, or
algal thresholds have employed a user perception survey. This tool allows resource managers to
consider the judgment of the broader population and enables the selection of thresholds using
objective, statistical-based methodologies (USEPA 2021). Photographs used to gauge user perception of



algal conditions are often matched with measurements of water quality parameters, such as
chlorophyll-a or total phosphorus, that can be later targeted for threshold development. User
perception surveys of FA and other attached algae have been employed by Montana (Suplee et al.
2009), West Virginia (RM 2012), and Utah (UDEQ 2011). Despite the variety of approaches used by
researchers and the geographical diversity of their streams of interest, the published FA-related
chlorophyll-a thresholds tied to nuisance condition are not dramatically different from each other (Table
1).

Table 1. Summary of recommended benthic chlorophyll-a thresholds linked to nuisance algal growth

Benthic Chlorophyll-a Indication Source

(mg/m?)

100 Contact recreation, nuisance growth Quinn 1999

100 Nuisance growth Nordin 1985

100-200 Aesthetic nuisance level Welch et al. 1988, 1989

Dodds et al. 1997
Dodds and Welch 2000

150 Nuisance growth Watson and Gestring 1996
150-200 Desirable for recreation Suplee et al. 2009
150-200 Desirable for recreation UDEQ 2011

200 Nuisance growth Biggs 2000

200 Nuisance condition Horner et al. 1983

Proposed Thresholds for Nuisance Shenandoah Filamentous Algae

Starting in the early 2010s, the Virginia Department of Environmental Quality (VADEQ) has received
citizen complaints regarding the presence of FA in certain sections of the Shenandoah River basin.
Concern has been expressed that dense FA growth deters potential stream users and impedes
recreational activities such as swimming, wading, kayaking, and fishing. The absence of FA sampling
techniques and assessment thresholds hampered VADEQ’s ability to corroborate these complaints in a
defensible fashion. To address this, over the 2016 to 2019 period VADEQ conducted a special study
with two goals: 1) To develop a scientifically-based, defensible, and reproducible field method for
quantifying FA growth (see Appendix A) and 2) to develop a body of information, including routine and
complaint-driven monitoring datasets as well as photographs (see Appendix B), that could be used to
inform benthic chlorophyll-a thresholds tied to nuisance FA growth. VADEQ has elected to develop
thresholds for benthic chlorophyll-a because it is a quantitative estimate of algal biomass frequently
used as an indicator of nuisance FA (see sources in Table 1). The proposed thresholds developed by
VADEQ are based on a combination of existing literature values (Table 1) and the professional judgment
of VADEQ biologists.



The proposed benthic chlorophyll-a thresholds (Table 2) have three elements: magnitude, duration, and
frequency. They also have an explicit spatial and temporal application.

Table 2. VADEQ’s proposed thresholds for determining nuisance FA growth

In the wadeable portions of the mainstem sections of the Shenandoah River, North Fork Shenandoah
River, and South Fork Shenandoah River listed below, a determination of persistent nuisance
filamentous algae impeding the recreation use should be made when exceedances of either of the
specified benthic chlorophyll-a concentration thresholds occur in more than one recreation season
(May 1 to October 31) in three years. “Wadeable” constitutes a stream that can be crossed and sampled
safely during a given sampling event occurring within the recreation season.

Two-Month Seasonal Median
Segment Median (mg/m?)
(mg/m?)
Shenandoah River from its confluence of the North Fork and 150 100
South Fork Shenandoah Rivers downstream to the
Virginia/West Virginia state line

North Fork Shenandoah River from its confluence with Fort Run | 150 100
downstream to its confluence with the South Fork Shenandoah

River

South Fork Shenandoah River from its confluence with the 150 100

North and South Rivers downstream to its confluence with the
North Fork Shenandoah River

Magnitude and Duration

VADEQ is recommending two thresholds for controlling nuisance FA growth. These thresholds have
magnitudes representing different averaging periods. The proposed two-month median concentration
represents the maximum acceptable benthic chlorophyll-a expression averaged over two consecutive
calendar months within the May 1 to October 31 period, when recreation use is most intense. The
seasonal median concentration represents the maximum acceptable benthic chlorophyll-a expression
averaged over the aforementioned six-month period. These magnitudes are closely aligned with ranges
established by peer-reviewed professional judgment and user perception surveys (see sources in Table
1). Averaging periods have been chosen (as opposed to instantaneous thresholds) because it is VADEQ's
position that FA growth only needs to be managed when it causes a pattern of persistent aesthetic
and/or recreational losses. This reasoning is not at odds with existing recreational criteria. EPA’s
nationally recommended recreational bacteria criteria (USEPA, 2012; USEPA, 2015) allow an averaging
period up to 90 days in length. EPA’s nationally recommended recreational cyanotoxin criteria (USEPA,
2019) allow a waterbody’s recreation use to be made unusable by elevated cyanotoxins for as long as 30
days. VADEQ has chosen to evaluate FA growth over two durations due to the Department’s
assumption that many users likely evaluate the aesthetic and recreational qualities of a waterbody
separately and on different time scales. VADEQ acknowledges that recreational activities may not be
significantly impeded when the benthic chlorophyll-a concentration for a stretch of a stream is between



100 to 150 mg/m?; however,there will be users who still deem the stream undesirable in terms of
aesthetics. It is VADEQ’s position that recreational activities will be impeded when the benthic
chlorophyll-a concentration is above 150 mg/m?2. Additionally, the aesthetics of a stream site are best
characterized by evaluating long-term conditions (e.g., most of the recreation season), whereas the loss
of recreational use should be viewed as a more acute effect. The use of paired thresholds is consistent
with EPA’s recommendation that decisions regarding recreational use attainment address the different
exposure patterns of recurring algal blooms (e.g., short-term blooms occurring frequently and blooms
that are sustained over an extended period of time) (USEPA, 2019). Stream assessment units would
have to meet both thresholds to be in compliance with the proposed water quality standard.

The median has been chosen for both thresholds because it is less sensitive to outliers than other
measures of central tendency. Additionally, the monitoring data that have been collected are not
robust enough to definitively establish the distributional tendency of benthic chlorophyll-a
concentrations in the targeted stream segments.

Frequency

The proposed criteria allow no more than one recreation season in three years to exceed the thresholds
for benthic chlorophyll-a. It is VADEQ's position that one recreation season is insufficient for
determining that a waterbody has experienced persistent nuisance FA growth. Consistent with USEPA
(2019), VADEQ asserts that a recurring pattern of recreational impairment must be documented before
the determination of use nonattainment is made. A three-year interval prevents a waterbody from
having recreational losses due to nuisance FA in consecutive years. While Virginia allows consecutive
exceedances for James River aquatic life chlorophyll-a criteria—which allow two seasonal mean
exceedances in six years—VADEQ believes that human recreators are more sensitive to the spacing of
seasonal FA blooms than aquatic life are to seasonal phytoplankton blooms.

Spatial Application

It is VADEQ's position that enough monitoring data have been collected in the portions of the North
Fork Shenandoah, South Fork Shenandoah, and Shenandoah Rivers identified in Table 2 (see Appendix C
for a map) to verify that the proposed thresholds are appropriate indicators of nuisance FA in the
wadeable portions of those systems. Other segments may be added as more monitoring data are
collected. Different thresholds than the ones presented in Table 2 may possibly be recommended for
these additional waters. Wadeable waters are targeted because the references used by VADEQ to
inform field methodology and threshold development are specific to wadeable systems.



Aquatic Life Considerations

The proposed thresholds are intended to serve only as a metric of recreational use attainment.
However, as stipulated in 40 CFR § 131.11, they must be protective of all designated uses, including the
aquatic life use. Existing studies have found no association between a biomass range of 100-150 mg/m?
and negative impacts to benthic macroinvertebrate diversity or dissolved oxygen concentrations (Welsh
et al. 1988; Suplee et al. 2008). Furthermore, VADEQ has not found evidence that Shenandoah stream
reaches with benthic chlorophyll-a concentrations at or less than the proposed thresholds have aquatic
life impairments (Figure 1). The only site located within the targeted waters that has a documented
impaired benthic macroinvertebrate assemblage is immediately downstream of an area where VADEQ
has documented FA growth well above 150 mg/m? (Figure 1). The other six sites surveyed by VADEQ
biologists over recent years have non-impaired benthic macroinvertebrate assemblages despite citizen
complaints regarding FA growth in nearby reaches. This suggests the proposed thresholds do not
contravene the aquatic life use.
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Figure 1. Median Virginia Stream Condition Index Scores and benthic chlorophyll-a concentrations
taken at monitoring stations in the mainstem portions of the North Fork and South Fork Shenandoah
Rivers. VSCI scores are a composite of scores calculated from samples collected over the 2010-2021
period. Error bars indicate the minimum and maximum VSCl scores. The red circle represents a
median VSCI score (less than 60) indicative of an impaired benthic macroinvertebrate assemblage.
Chlorophyll-a concentrations are a composite of concentrations from samples collected during the
2016-2019 period. Error bars indicate the maximum chlorophyll-a concentration observed. Numbers
reflect sample sizes.
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APPENDIX A
Standard Operating Procedures for the Collection of Nuisance Filamentous Algae Samples
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Standard Operating Procedures: Collection of Nuisance Filamentous Algae Samples

This monitoring method is developed to collect data for determining the aerial density of algae across a
lateral transect. The algae sample is analyzed for Chlorophyll-a as a means of estimating algal biomass in
swift moving, rocky bottom, wadeable rivers in the mainstem and tributaries of Virginia’s Shenandoah
River. The Chlorophyll-a results are expressed as in mass per unit area (mg/m?). This process requires a
minimum of one sampler and one observer.

Virginia’s monitoring process is based on the established methods for evaluating nuisance algal
conditions in wadeable rivers and streams (Boulton, et al., 1985; Montana DEQ, 2011; Morgan, et al.,
2006; Schaller, et al., 2004; West Virginia DEP, 2018).

Part 1: Site Evaluation

1.

For the five stations established in response to the original site complaints which resulted in
this study, visits are scheduled monthly by field Ambient Monitors. At each monthly visit, sites
are evaluated for percent benthic algal coverage.

For new citizen complaints, staff attempt to visit site within three days of receipt of the
complaint, conditions permitting.

At each visit, percent coverage of benthic algae is estimated visually from streamside, by
bridge, or by wading.

Site is photo-documented using polarizing filter when necessary.

If estimated coverage exceeds 10%, a FILBEN sample will be collected as described in Part 2.

Part 2: Sample Collection

1.

No v .k~ w

Prior to visit, create or obtain a Station ID from CEDS. Run Schedule is entered in format,
“VALGAEN” where n is the station number for established algal monitoring stations. If the site is
being visited in response to a complaint, use “VALGAEd” where d is today’s date in mmddyy
format. For complaint stations, obtain lat/long in field w/ GPS. Use FILBEN as the selected
parameter

Print labels from CEDS, and an Algal Collection datasheet (see Appendix A) on waterproof
paper

Calibrate sonde as per WQM SOP and record calibration data in sonde log book.

Assemble sampling gear as indicated in Nuisance Algal Sampling Checklist (see Appendix B)
Notify DCLS personnel as soon as possible that FILBEN sample(s) may arrive next day at lab
File Run plan with manager and receptionist, and depart for sample station(s)

Upon arrival at station, Observer estimates algal percent coverage of the most heavily covered
transect across the stream, either from bridge or bank. Don’t include coverage by SAV, but do
include blue green coverage if present over 5% of the stream.

While Observer performs the cover estimate, Sampler deploys the sonde and collect and
record WQ data (Temp °C, pH, D.O. mg/L, and Specific Conductivity (WUMHQS).

12



9.

”n

Observe and record narrative account of turbidity (“clear,” “slight,” “moderate,” “heavy”). If

water is substantially turbid, visibility may make sampling impossible.

10. Record time, weather, flow conditions, and estimated percent algal coverage

11.

12.

13.
14.

15.

16.

17.

18.

If estimated % cover <10%, document with photos and return to office. However if estimated
cover >10%, then continue to the next step for algal sample collection.
Locate a transect with the following criteria: heaviest algal coverage and quantity, and average
depth less than about 0.75m (~30 inches). The transect may be at any angle to the bank up to
45%, to align with the highest concentration of algae or a line shallow enough to sample
Use a range-finder to measure the length of the transect.
Divide the transect length by 11 (the number of subsamples that will be collected along the
transect) to obtain the subsample interval. Eleven subsamples will comprise a total area of 1.02
sg. meters
Divide the subsample interval by two, and collect the first subsample at that distance from the
starting bank. For example, if the length of the transect is 78 meters, round down to 77 (for an
even multiple of 11) for a subsample interval of seven meters. The first subsample is collected
at 7+2, or 3.5m from the starting bank. The 11" subsample should end up % the sample interval
from the far bank.
When moving to each subsample location along the transect, the Observer should have the
Sampler continue along the transect line until the Observer (using either rangefinder or wading
staff) determines that the Sampler is in the correct subsample position. This will reduce the
chance of sample bias. The sampling crew should remain downstream of the transect to avoid
disturbing algae at the subsample locations.
When the Observer indicates the Sampler is at the correct position, the Sampler, without
looking down, places the Surber frame on the bottom of the stream as flat as possible. In
moderate current, the Sampler can hold the Surber in place; under heavier flow, it may be
necessary to move to the downstream side of the Surber to avoid creating eddies in front of the
collection net, which could result in loss of algae from that subsample point. If the substrate is
too uneven for the Surber to rest relatively flat on the bottom, it is permissible to move up or
downstream a few meters to find suitably level substrate.
With the Surber in place, the Sampler estimates the following parameters within the frame of
the Surber and reports them to the Observer for recording:

a. Dominant substrate type (gravel, cobble, etc.)

b. % filamentous green algae (FGA), excluding filaments < 5cm in length

c. average length in cm of the filamentous algae (length not limited to frame; may be

several meters or more)
d. estimated height in centimeters the FGA extends into the water column
e. % submerged aquatic vegetation (SAV)
% blue green algae (BGA)

13



g. % periphyton (any algae <5¢cm in length).

Note: Total percent coverage may add to >100% since some groups may overlap.

19.

20.

21.

22.

23.

Sampler uses scissors, brush, or fingers to remove all filamentous strands encompassed by the
Surber frame and place them into the Surber net. Sampler includes all filaments in the water
column directly over the frame, and any floating clumps that drift directly over the frame during
collection at that subsample location.

After algae has been completely removed at the current subsample location, retrieve the
Surber; making sure to retain all algae in the net. Proceed to next subsample location and
repeat steps 15-18. As the team moves along the transect, they may choose to take pictures
representative of overall conditions

If the team encounters a location along the transect which is unsuitable for sampling, and
there’s no workable spot within a few meters either upstream or downstream, it is permissible
to omit that subsample, and when entering data, enter the reduced area that was sampled

If backflow increases due to a high volume of algae and risks loss of collected algae from the net,
remove the algae from the Surber net and place into the five gallon bucket with a few liters of
river water, to keep the algae wet during collection

At the last subsample location, the sampling team should be half the subsample interval

distance from the far bank.

Part 3: Sample Processing

1.

Return to shore to work up sample. Abundant water will be required for processing, so locate
a convenient spot at the edge of the stream; fine gravel bars or other flat areas work well
Using either a sieve bucket or 500 um D-net, gently wash entrained sediment from the algae.
Place the algae in the net or bucket, and suspend it in the water column, gently swirling or
stirring the algae to remove as much sediment as possible

Place rinsed algae in the sieve bucket and leave it in water at the edge of the stream to keep
the algae wet

After the algae has been washed, there will still be non-target material (NTM) in the sample.
This could include Corbicula shells, snails, other macroinvertebrates, SAV, leaves, twigs, etc.
This will require hand-picking for removal.

Using a small handful at a time, pick through the algae and remove NTM. This may take half an
hour or longer, depending on the volume of the algae and the amount of entrained foreign
material. For samples with large amounts of NTM, it may be necessary to pick through the
sample twice to sufficiently clean the sample

Once the sample is sufficiently clean, place it in an appropriately sized wide-mouth plastic
bottle and put it in the cooler on ice. NOTE: If weather or other conditions preclude
completing cleaning in the field, cleaning may be completed back at the office/lab using water

mentioned in step 8.
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7. Use afine tip Sharpie or other water-proof marker to fill out CEDS sample tag; collection time
should be the time the crew began sampling.
8. Fill the 5-gal bucket with about 3 gallons of clean stream water and close the lid. This water

will be used for final processing at the lab prior to obtaining spun weight.

Part 4: Spun weight collection

1. Remove the sample from the 1 gal wide-mouth bottle and place it in a deep large tray

2. Use a portion of the river water in the 5 gal bucket to further clean the sample, if it was not
sufficiently cleaned on-site.

3. Place equal amounts of sample algae on either side of the spinner chamber, to ensure algal
mass is as balanced in the spinner as possible

4. Close the spinner lid, and begin spinning; spin for about 90 seconds, or until water stops
flowing from the bottom of the spinner discharge chute

5. Remove spun algae, re-wet it with river water and repeat spinning 2 more times. After the

third spin cycle, the water discharged from the spinner should be relatively clear.

On a balance or scale with at least 0.00g precision, tare the sample bottle

Remove the spun algae from the spinner, and place it in the tared sample bottle.

Weigh the spun algae and record on the field data sheet.

L X N o

If weight of spun algae is less than XXX, sample is discarded
10. If weight is greater than XXX, then add about 1 liter of water back to the algae so that it doesn’t
lyse, tighten lid

11. Place in cooler for shipment to DCLS
Part 5: CEDS Data Entry
Enter field data into CEDS

In comment field, record the spun weight, bank estimate %FGA, surber estimate %FGA, and %BGA if
greater than 10%, and total area of composite sample (usually 1.02 sq m)

If the station was unestablished, enter station information including lat/long into CEDS
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VA DEQ Stage 2 Algae Monitoring: Surber

Stream Name Location

Station ID Latitude Longitude

Crew Date / / Start Time End
Time

CEDS Run ID Flow (S/F) Wx
Turbidity

Clear
Slight
Moderate
Heavy
Sonde Data
Instrument ID

Temp (°C) pH  Dissolve Oxygen (mg/l) Sp. Cond (uS)

Bank % Cover Est

Transect Wetted Width (m)

Interval (Wetted Width/11)
Depth Column Median
(cm) Height (cm) Length

Obs.  Dist. Substrate  %FGA (cm) %BGA  %SAV %Periphyton
(m)
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10

11

Wrung Wet Weight of collected algae (g)

Surber calc. % cover:

Substrate
Classification Size score Embedded
>4000
Bedrock Smooth mm Bigger than a Small Car RS 0
>4000
Bedrock Rough mm Bigger than a Small Car RR 0
Concrete or
Asphalt RC
Firm Consolidate
Hardpan Sediments HP 0
1000-
Large Boulder 4000 mm Meter stick to Small Car XB
250-1000
Small Boulder mm Basketball to Meter Stick SB
64-250
Cobble mm Tennisball to basketball CB
16-64
Coarse Gravel mm Marble to tennisball GC
Fine Gravel 2-16 mm Ladybug to marble GF
100% 0.06-2 Gritty between fingers to
Sand embed | mm Ladybug SA 100
100% <0.06
Fines embed | mm Smooth, not gritty FN 100
Wood wD
Other write
comment oT
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Weather Codes

1=Cloudy; 2= Rain; 3=Clear; 4=Fog/Mist
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Nuisance Algae Sampling Checklist:

1. Data sheet(s) printed on waterproof paper
CEDS labels for each site visited and wire tags for labels

w

Clip-board (a loop of rope through the paper clamp enables the Observer to carry around their
neck)

Fine-tip waterproof sharpie, and pencil

Cooler with ice

4

5

6. Water Quality sonde

7. Waterproof box to carry small sampling gear

8. Range finder (check battery before leaving office)

9. GPS (check battery before leaving office)

10. Wading staff calibrated in cm

11. Surber sampler w/ 500um mesh net

12. Waterproof camera (with polarizing filter if available; if not shoot through polarized glasses
lens)

13. 1- 1gal, and 1-L wide mouth plastic bottle per site (use 1L bottle for smaller samples

14. 5-gal bucket with screw top or snap on lid

15. Aquascope, Dive mask and snorkel, or goggles (optional)

16. Stainless steel scissors

17. Hand brush (toothbrush, etc.)

18. Dipnet with 500pum mesh netting

19. Sieve bucket

20. Rinse bucket (about 2-1/2 gal)

21. Chest waders and shoulder length gloves (if water is > 20°C, wet wading is more convenient)

22. Scale with precision to 0.00g

23. Portable swim suit spinner https://www.amazon.com/Panda-Portable-Dryer-22lbs-
Stainless/dp/BO1IRMBG7I (this device has been tested by VRO and works very well; price is
about $170)
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APPENDIX B

Benthic Chlorophyll-a Datasets and Photographs of Filamentous Algae Taken at Selected
Shenandoah Streams
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North Fork Shenandoah River at Deer Rapids

Chlorophyll-a = 54 mg/m?
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South Fork Shenandoah River at Bentonville

Chlorophyll-a = 156 mg/m?

Bentonville: Chlorophyll-a ~150 mg/m?
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North Fork Shenandoah River at Strasburg Park

-3 = 2
Chlorophyll-a = 100 mg/m Chlorophyll-a = 236 mg/m?
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APPENDIX C
Map of North Fork Shenandoah, South Fork Shenandoah, and Shenandoah River Sections
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Legend

Shenandoah River from its

confluence of the North Fork
and South Fork Shenandoah
Rivers downstream to the
Virginia/West Virginia state line

North Fork Shenandoah River
from its confluence with Fort
Run downstream to its
confluence with the South Fork
Shenandoah River

South Fork Shenandoah River
from its confluence with the
North and South Rivers
downstream to its confluence

with the North Fork
Shenandoah River /

Map of the mainstem sections of the North Fork Shenandoah, South Fork Shenandoah, and
Shenandoah Rivers where the proposed benthic chlorophyll-a thresholds would apply
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