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|. Executive Summary

As set forth in the “Northern Virginia Stream Restoration Bank Banking Instrument”
(Banking Instrument), approximately 21,000 linear feet of streams and drainage features within
the Snakeden Branch Watershed will be stabilized and restored. This stream restoration project
should result in a direct improvement of in-stream habitat and an indirect improvement in water
quality.

Wetland Studies and Solutions, Inc. (WSSI) conducted pre-construction biological stream
assessments along the Snakeden Branch Watershed portion of the Northern Virginia Stream
Restoration Bank (NVSRB) in 2007 and 2008 pursuant to the maintenance and monitoring
requirements defined in the NVSRB Banking Instrument, Section VI1.B.2.(i). The purpose of this
pre-construction monitoring is to determine the baseline conditions of the streams within the
Snakeden Branch Watershed Portion of the NVSRB, against which future biological monitoring
in the study area will be compared. This report summarizes the 2008 preconstruction monitoring.

Biological stream monitoring was conducted along nine permanent biological monitoring
reaches using benthic macroinvertebrate and habitat data. Fieldwork was conducted of February
12 and 14, 2008, prior to the beginning of the construction on February 18, 2008. Benthic
macroinvertebrate data was used to calculate a Stream Condition Index for Virginia Non-coastal
Streams (VA-SCI) and habitat data was used to calculate the percentage of best possible habitat
for each reach.

Our baseline habitat results indicate that habitat of the streams within the Snakeden
Branch Watershed portion of the NVSRB in 2008 is “Poor” to “Fair”, with habitat assessment
scores of 142 (out of 200) or less. The low habitat assessment scores are due to the lack of
epifaunal substrate/available cover for stream macrofauna, highly embedded epifaunal substrate,
overwidened stream channels, bank instability, and lack of vegetation protection along the
stream banks. The habitat conditions in 2008 are similar to the conditions observed for the 2007
pre-construction monitoring.

Baseline benthic macroinvertebrate results indicate that the benthic macroinvertebrate
community of the streams within the Snakeden Branch watershed portion of the NVSRB in 2008
is in “Severe Stress”, with VA-SCI scores below 35 (out of 100) for all streams assessed. The
low VA-SCI scores are likely due to several confounding abiotic factors, including highly
impervious land cover within the watershed, high nutrient, toxicant and sediment input from
adjacent land use, channel alteration, high sediment deposition, bank instability, lack of
vegetative protection along the stream banks, and lack of epifaunal substrate/available cover.
These results are similar to the 2007 monitoring, where the benthic macroinvertebrate
community at all nine reaches was also in “Severe Stress”. However, since 2007, almost all of
the VA-SCI scores have increased. The lower VA-SCI scores in 2007 may be attributed to
natural variability in both abiotic and biotic conditions, as no restoration activities or other water
quality enhancements occurred within the study area prior to the 2008 monitoring.
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[l. Introduction

As set forth in the “Northern Virginia Stream Restoration Bank Banking Instrument”
(Banking Instrument), dated February 17, 2006 and prepared by Wetland Studies and Solutions,
Inc. (WSSI), Northern Virginia Stream Restoration, L.C. will restore approximately 14 miles of
streams and upland buffers, within portions of the Snakeden Branch, Colvin Run, and The Glade
watersheds in Reston, Virginia. As required in Section VI1.B.2.(i) of the Banking Instrument,
biological monitoring will be conducted within restored streams within these watersheds. These
stream restoration activities should result in a direct improvement of in-stream habitat and an
indirect improvement in water quality. Using benthic macroinvertebrate and habitat data, this
second pre-construction monitoring report provides additional characterization of the baseline
conditions of the streams within the Snakeden Branch Watershed portion of the NVSRB in 2008,
against which future biological monitoring in the study area will be compared. With these data,
and data from previous and subsequent monitoring reports, we propose to determine the effect of
stream restoratlon on the condition of streams within the Snakeden Branch Watershed portion of
the NVSRB!, as well as aid in the development of numerical success criteria for non-coastal
stream restoration projects in Virginia.

lll. Project Area

The study area includes approximately 21,000 linear feet of stream along Snakeden
Branch and several unnamed tributaries of Snakeden Branch, as well as the adjacent riparian
corridor. The study area is located southeast of Reston Parkway (Route 602) and immediately
northwest of Lake Audubon in Fairfax County, Virginia. Exhibit 1 is a vicinity map that depicts
the approximate location of the study area.

The study area is covered mostly by mixed-deciduous forest. Snakeden Branch flows in
a southeasterly direction through the central portion of the study area. An asphalt recreational
trail, which crosses Snakeden Branch multiple times, is located parallel to the stream and to
several of its unnamed tributaries. The study area is gently to moderately sloping. The
topography can be seen in the excerpt from the Vienna, Virginia-Maryland 1994 USGS
topographical quadrangle map included as Exhibit 2, as well as in the background topography on
the Biological Stream Monitoring Map (Exhibit 3).

The boundaries of jurisdictional wetlands and other waters of the U.S. located within the
study area were delineated and survey-located by WSSI as described in the Snakeden Branch
Reach 1 and Snakeden Branch Reach 2 delineation reports, dated February 14, 2005 and May 18,
2005, respectively. The U.S. Army Corps of Engineers verified the Snakeden Branch Reach 1
and Snakeden Branch Reach 2 delineation, with Jurlsdlctlonal determinations (JD) dated May 17,
2006 (JD #05-R0601 and JD #05-R1495, respectlvely)

Note that monitoring reports for the Colvin Run and The Glade watershed portions of the NVSRB will be
provided under separate cover.

Note that for design purposes, Snakeden Branch Reach 1 and Snakeden Branch Reach 2 have been further
divided into 17 manageable restoration reaches, as depicted on the NVSRB — Snakeden Branch plan sets,
dated May 2007, August 2007, October 2007, November 2007, December 2007, July 2, 2008, and July 10,
2008). The biological monitoring reaches for this report are located within a portion of these 17 reaches.
The locations of the biological monitoring reaches relative to these 17 reaches are depicted in Figurel and
described in Footnote 5.
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IV. Overall Methodology

Per maintenance and monitoring requirements defined in the Banking Instrument, Section
VI1.B.2.(i), biological stream assessment reaches are to be established for every 2000 linear feet
of stream restoration along samplable streams at the NVSRB. Once established, these reaches
are to be monitored prior to stream restoration, then in years 1, 5, and 10. The following
methods are to be employed:

e Biological Reconnaissance (BioRecon), following guidance established in the U.S.
Environmental Protection Agency’s “Rapid Bloassessment Protocols for Use in Streams
and Wadable Rivers” (EPA’s RBP; Barbour et al. 1999)°.

e Biological stream assessment for Calculating the Stream Condition Index for Virginia
Non-coastal Streams (VA-SCI), following guidance established in “A Stream Condition
Index for Virginia Non-Coastal Streams” (Tetra Tech 2003) and “Using Probabilistic
Monltorlng Data to Validate the Non-Coastal Virginia Stream Condition Index” (DEQ
2006a)".

V. Biological Stream Monitoring

Biological Stream Monitoring Methodology. The biological stream monitoring consisted
of two components: 1) Stream habitat assessment and 2) benthic macroinvertebrate assessment.
The habitat assessment field work was conducted using guidance established in the DEQ
standard operating procedures for stream habitat assessment (SOPs; DEQ 2006b) and the EPA’s
RBP for habitat (Barbour et al. 1999). The benthic macroinvertebrate assessment field work was
conducted using guidance established in the SOPs for multi-habitat benthic macroinvertebrate
sampling (DEQ 2006Db).

WSSI assessed the nine permanent sampling reaches that were selected in Biological
Monitoring Report #1 (Reach 1-A through 1-F, 2-A, 2-B, and 3-A). The locations of these nlne
sampling reaches relative to the 17 restoration de5|gn reaches are depicted in Figure 1, below”.

As required by the SOPs, each reach is 300 linear feet. The approximate location of each reach
is depicted on the Biological Stream Monitoring Map (Exhibit 3). Photographs of each reach are
included on Exhibit 4. Benthic macroinvertebrate sampling and habitat assessment field work

Note that the BioRecon was used to aid in the selection of permanent monitoring reaches during the first
year of pre-construction monitoring and is not required in subsequent monitoring years. The results of the
BioRecon are described in “Biological Monitoring Report #1, Pre-construction Monitoring, Northern
Virginia Stream Restoration Bank, Snakeden Branch Watershed”, dated January 29, 2008.

This method is to be used in all monitoring years and is accompanied by a habitat assessment, following
guidance established Virginia Department of Environmental Quality’s (DEQ) standard operating
procedures for stream habitat assessment (SOPs; DEQ 2006b) and the EPA’s RBP for habitat (Barbour et
al. 1999).

Note that the nine permanent monitoring reaches correspond with reaches of the NVSRB-Snakeden Branch
plan sets, as follows: Reach 1-F corresponds with Reach 1 of the May 2007 plan set; Reach 1-E
corresponds with Reach 2 of the August 2007 plan set; Reach 3-A corresponds with Reach 4 of the October
2007 plan set; Reaches 1-D and 1-C correspond with Reaches 5 and 7, respectively of the November 2007
plan set; Reaches 2-A and 2-B correspond with Reaches 13 and 15, respectively of the July 2, 2008 plan
set; and Reaches 1-A and 1-B correspond with Reaches 12 and 17, respectively of the July 10, 2008 plan
set.
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was conducted by WSSI environmental scientists Sean D. Sipple, CT, PWS® and Taylor S.
Sprenkle WPIT' on February 12 and 14, 2008, prior to the beginning of construction on February
18, 2008.

Figure 1. Location of nine sampling reaches relative to 17 restoration design reaches.

In accordance with the SOPs, habitat conditions were assessed by qualitatively rating ten
habitat parameters, including Epifaunal Substrate/Available Cover, Pool Substrate
Characterization, Pool Variability, Sediment Deposition, Channel Flow Status, Channel
Alteration, Channel Sinuosity, Bank Stability, VVegetative Protection, and Riparian VVegetative
Zone. The overall habitat quality of each reach was determined by calculating the percentage of

6 Professional Wetland Scientist #1730, Society of Wetlands Scientists Certification Program, Inc.; North
American Benthological Society (NABS) Certified Level 2 Taxonomist: EPT Taxa (Ephemeroptera,
Plecoptera, Trichoptera).

! Wetland Professional in Training, Society of Wetlands Scientists Certification Program, Inc.
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the best possible score®, where the best possible score for each reach equals 200. The following
formula was used to determine the percentage of best possible score for each reach:

Percentage of Best Possible Score = (Total Habitat Score)/(200)*100

Each reach was then assigned a narrative rating according to the calculated percentage of
best possible score, where “Excellent” is >90, “Good” is 75-88, “Fair” is 60-73, and “Poor” is
<58. WSSI Habitat Assessment Field Data Sheets (developed from the EPA’s RBP Habitat
Assessment Field Data Sheets) for each reach are included as Exhibit 5.

To assess benthic macroinvertebrate condition, 60 linear feet of best-available habitat was
sampled in each reach using a D-Framed Net. Habitat types sampled include cobble/gravel,
snags/leafpacks, under-cut banks, root-wads, and submerged vegetation. Benthic field data was
recorded on WSSI Benthic Macroinvertebrate Field Data Sheets (developed from the EPA’s
RBP Benthic Macroinvertebrate Field Data Sheets), which are included as Exhibit 6.

Benthic macroinvertebrate samples were processed and subsampled by WSSI staff using
guidance from the SOPs. Specifically, a fixed-count method was used, where one hundred
twenty organisms were randomly picked from a gridded (numbered) tray and the organisms were
identified to the family level (if possible) using a dissecting microscope. Each individual
(containing a head) found in a sample was recorded and enumerated on a WSSI Benthic
Macroinvertebrate 1.D. and Enumeration Bench Sheet (Exhibit 7).

Benthic macroinvertebrate data were analyzed by calculating the Stream Condition Index
for Virginia Non-coastal Streams (VA-SCI), following guidance established in “A Stream
Condition Index for Virginia Non-Coastal Streams” and “Using Probabilistic Monitoring Data to
Validate the Non-Coastal Virginia Stream Condition Index”. The VA-SCI is a multi-metric
Index of Biotic Integrity developed for the DEQ to assess Streams of the Commonwealth. The
VA-SCI uses seven biotic metrics and one biotic index including Total Taxa, EPT Taxa, Percent
Ephemeroptera, Percent Plecoptera + Trichoptera (Excluding Hydropsychidae), Percent
Scrapers, Percent Chironomidae, Percent Top Two Dominant Taxa, and Hilsenhoff Biotic Index.
The individual metrics and index used are defined and described as follows:

e Total Taxa Richness. Total Taxa Richness represents the total number of taxa in a
sample. Total Taxa Richness is expected to be relatively high in undisturbed streams and
is expected to decrease in response to environmental disturbance. Total Taxa Richness
can range from 0-22 for the VA-SCI.

e EPT Taxa Richness. EPT Taxa Richness represents the number of taxa from the aquatic
insect orders Ephemeroptera, Plecoptera, and Trichoptera. EPT taxa are generally very
sensitive to pollution. Total EPT Taxa Richness is expected to be relatively high in
undisturbed streams, and it is expected to decrease in response to environmental
disturbance. EPT Taxa Richness can range from 0-11 for the VA-SCI.

e Percent Ephemeroptera. The Percent Ephemeroptera represents the ratio of members of
the aquatic insect order Ephemeroptera (mayflies) to the total number of individuals in a
sample. Mayflies are generally very sensitive to pollution, thus Percent Ephemeroptera is

8 The SOPs indicate that overall habitat quality is determined by calculating the percent similarity to
reference score. Since reference reaches were not available to assess, WSSI used the best possible score as
the reference score.
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expected to decrease in response to environmental disturbance. Percent Ephemeroptera
can range from 0-61.3 for the VA-SCI.

Percent Plecoptera + Trichoptera (Excluding Hydropsychidae). The Percent Plecoptera +
Trichoptera (Excluding Hydropsychidae) represents the ratio of members of the aquatic
insect orders Plecoptera (stoneflies) and Trichoptera (caddisflies) (excluding the those in
the pollution tolerant family Hydropsychidae) to the total number of individuals in a
sample. Percent Plecoptera + Trichoptera (Excluding Hydropsychidae) is expected to
decrease in response to environmental disturbance. Percent Plecoptera + Trichoptera
(Excluding Hydropsychidae) can range from 0-35.6 for the VA-SCI.

Percent Scrapers. The Percent Scrapers represents the ratio of taxa adapted primarily for
scraping food from a substrate to the total number of individuals in a sample. Percent
Scrapers is expected to decrease in response to environmental disturbance. Percent
Scrapers can range from 0-51.6 for the VA-SCI.

Percent Chironomidae. The Percent Chironomidae represents the ratio of members of the
aquatic insect family Chironomidae (non-biting midges) to the total number of
individuals in a sample. Because chironomids are generally tolerant to pollution, Percent
Chironomidae is expected to increase in response to environmental disturbance. Percent
Chrionomidae can range from 0-100 for the VA-SCI.

Percent Top Two Dominant. The Percent Top Two Dominant is the ratio of the top two
most abundant taxa in a sample to the total number of individuals in a sample. Percent
Top Two Dominant is expected to increase in response to environmental disturbance.
Percent Top Two Dominant can range from 30.8-100 for the VA-SCI.

Hilsenhoff Biotic Index (HBI). The Hilsenhoff Biotic Index is the abundance-weighted
average tolerance of assemblage of organisms (Family taxonomic level). The HBI is
expected to increase in response to environmental disturbance. The HBI can range from
3.2-10 for the VA-SCI.

The VA-SCI was calculated by taking the weighted average of the individual metric (and
index) scores, with an VA-SCI range of 0-100. The weighting is as follows:

0 Total Taxa: Score = 100 x (X/22), where X = Metric Value

o0 EPT Taxa: Score =100 x (X/11), where X = Metric Value

o0 Percent Ephemeroptera: Score =100 x (X/61.3), where X = Metric Value

o0 Percent Plecoptera + Trichoptera less Hydropsychidae: Score = 100 x (X/35.6),
where X = Metric Value

0 Percent Scrapers: Score =100 x (X/51.6), where X = Metric Value

0 Percent Chironomidae: Score = 100 x [(100-X) (100-0)], where X = Metric
Value

0 Percent Top 2 Dominant: Score = 100 x [(100-X) (100-30.8)], where X = Metric
Value

o Hilsenhoff Biotic Index: Score = 100 x [(100-X) (100-3.2)], where X = Metric
Value
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Each reach was then assigned a narrative rating according to the calculated VA-SCI,
where “Excellent” is >73, “Good” is 60-72, “Stress” is 43-59, and “Severe Stress” is <42.

Biological Stream Monitoring Results and Discussion. Habitat results for 2008 show that
all nine stream reaches (Reaches 1-A through 1-F, 2-A, 2-B, and 3-A) have either “Poor” or
“Fair” habitat conditions (Table 1, below; Exhibit 5). Reach 1-E and 2-B have the best habitat,
with habitat assessment scores of 142 out of 200 (“Fair”) and 121 out of 200 (“Fair”),
respectively. Reach 1-F and 3-A have the worst habitat, both having a habitat assessment score
of 101 out of 200 (“Poor”). The low habitat assessment scores are due to the lack of epifaunal
substrate/available cover for stream fauna, highly embedded epifaunal substrate, overwidened
stream channels, bank instability, and lack of vegetation protection along the stream banks. The
average habitat assessment score for all streams assessed within the Snakeden Branch Watershed
portion of the NVSRB in 2008 is 111, which is 56 percent of the best possible score (“Poor”).

REACH Habitat Assessment Perqent Best Narrgtive
Score Possible Score Rating
1-A 113 57 Poor
1-B 103 52 Poor
1-C 109 55 Poor
1-D 106 53 Poor
1-E 142 71 Fair
1-F 101 51 Poor
2-A 104 52 Poor
2-B 121 61 Fair
3-A 101 51 Poor
Average 111 56 Poor

The habitat conditions in 2008 are similar to the conditions observed for the 2007 pre-
construction monitoring, as all reaches in 2007 had either “Poor” or “Fair” habitat assessment
scores (Figure 2, below). The average habitat assessment score for all streams assessed within
the Snakeden Branch Watershed portion of the NVSRB in 2007 was 117, which is 58 percent of
the best possible score (“Fair”).
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Figure 2. Comparison of Habitat Assessment Scores for
2007 and 2008 Pre-construction Monitoring Years
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Benthic macroinvertebrate results show that individuals from 24 taxa® were collected
from all nine reaches collectively (Table 2, below; Exhibit 7) during the 2008 pre-construction
benthic macroinvertebrate monitoring. These 24 taxa include ancylid, physid, and ramshorn
snails (Families Ancylidae, Physidae, and Planorbidae, respectively); fingernail clams (Family
Sphaeriidae); oligochaete, horsehair, ribbon, and flat worms (Families Tubificidae and Family
#1, Phylum Nematomorpha, Phylum Nemertea, and Class Turbellaria, respectively); scuds
(Family Crangonyctidae); aquatic sowbugs (Family Asellidae); crayfish (Family Cambaridae);
non-biting midge, crane, aquatic longlegged, shore, and unknown fly larvae (Families
Chironomidae, Tipulidae, Dolichopodidae, Ephydridae, and Diptera Family #1, respectively);
common net-spinning and fingernet caddisfly larvae (Families Hydropsychidae and
Philipotamidae, respectively); broadwinged and narrowwinged damselfly larvae (Families
Calopterygidae and Coenagrionidae, respectively); green-eyed skimmer dragonfly larvae
(Family Corduliidae); and water scavenger and crawling water beetles (Families Hydrophilidae
and Haliplidae, respectively). Of all 24 taxa collected, non-biting midge larvae and oligochaete
worms comprised the majority of individuals in each reach (Table 2, below).

o Although 27 taxa are listed in Table 2, Diptera, Gastropoda, and Oligochaeta were not included as part of

the total taxa collected within the study area, because individuals were too damaged to identify to the
family-level.
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REACH
TAXA

1-A|{1B|1C| 1D | 1-E | 1-F | 2-A | 2B | 3-A | Total
Ancylidae - - - 1 4 - - - - 5
Asellidae - 1 - - 1 - - - - 2
Calopterygidae 1 1 - - 1 - - - - 3
Cambaridae - - - - 1 - - - - 1
Chironomidae 53 51 32 19 42 5 3 89 4 208
Coenagrionidae - 1 - - 4 - - - - 5
Corduliidae - - - - - - 1 - - 1
Crangonyctidae 5 - - 1 - - 1 - - 7
Diptera 1 - - - - - - - - 1
Diptera Family #1 - - - - - 1 - - - 1
Dolichopodidae 1 - - - - 1 - - - 2
Ephydridae 1 - - - - 3 - - - 4
Gastropoda - - - 1 - - - _ - 1
Haliplidae - - - - - - 1 _ _ 1
Hydrophilidae - - - - - 1 - - - 1
Hydropsychidae 3 - 1 - 8 - - - - 12
Nematomorpha - 1 - - - - - 3 - 4
Nemertea - 1 - - 1 - - - - 2
Oligochaeta 11 I 22 53 46 68 7 1 29 244
Oligochaeta Family #1 - - - 1 - - - - - 1
Philopotamidae - - - - 2 - - - 2
Physidae - 11 - 4 - - 1 3 1 20
Planorbidae - 2 - 1 - - - 1 - 4
Sphaeriidae 4 6 S - - 7 5 64 91
Tipulidae 2 2 2 1 1 14 2 - - 24
Tubificidae - 2 - 13 7 11 2 - 10 45
Turbellaria - 1 - - - - - - 1 2
Total 82 | 87 | 57 | 100 | 118 | 104 | 25 | 102 | 109 784

The above data collected for each reach were used to calculate the biotic metrics as
shown in Table 3, below. The VA-SCI requires that these metrics be weighted to determine the
VA-SCI, as shown in Table 4, below. The results of our data analysis indicate that the benthic
macroinvertebrate community at all nine stream reaches (Reaches 1-A through 1-F, 2-A, 2-B,
and 3-A) is in “Severe Stress” in 2008 prior to stream restoration activities, based on their VA-
SCI scores (Table 4, below). The highest VA-SCI score was observed at Reach 1-F (34.40) and
the lowest VA-SCI score was observed at Reach 2-B (14.85). The average VA-SCI numerical
score for all streams assessed within the Snakeden Branch Watershed portion of the NVSRB in
2008 is 27.46 (“Severe Stress”).
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Table 3. 2008 Snakeden Branch Watershed Biotic Metric Scores

Percent Plecoptera +

R Total Vil Percent Trichoptera Percent Percent percent
each EPT . . . Top Two HBI

Taxa Taxa Ephemeroptera (Excluding Scrapers | Chironomidae Dominant

Hydropsychidae)

1-A 9 1 0.00 0.00 0.00 64.63 78.05 4.67
1-B 12 0 0.00 0.00 14.94 58.62 71.26 5.79
1-C 1 0.00 0.00 0.00 56.14 94.74 3.56
1-D 0 0.00 0.00 6.00 19.00 72.00 3.32
1-E 11 2 0.00 1.69 3.39 35.59 74.58 3.81
1-F 7 0 0.00 0.00 0.00 4.81 78.85 2.00
2-A 8 0 0.00 0.00 4.00 12.00 56.00 4.80
2-B 6 0 0.00 0.00 3.92 87.25 92.16 5.93
3-A 5 0 0.00 0.00 0.92 3.67 85.32 5.91

2008 Weighted Snakeden Branch Watershed Biotic Metrics and VA-SCI

REACH
HIEURIE 1-A 1-B 1-C 1-D 1-E 1-F 2-A 2-B 3-A

Total Taxa 40.91 54.55 18.18 40.91 50.00 31.82 36.36 27.27 22.73
EPT Taxa 9.09 0.00 9.09 0.00 18.18 0.00 0.00 0.00 0.00
Percent Ephemeroptera 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Percent Plecoptera +
Trichoptera (Excluding 0.00 0.00 0.00 0.00 4,76 0.00 0.00 0.00 0.00
Hydropsychidae)
Percent Scrapers 0.00 28.96 0.00 11.63 6.57 0.00 7.75 7.60 1.78
Percent Chironomidae 35.37 41.38 43.86 81.00 64.41 95.19 88.00 12.75 96.33
Percent Top Two 31.72 | 4153 761 | 4046 | 3674 | 3057 | 6358 | 11.33 | 21.21
Dominant
HBI 78.37 61.87 94.69 98.24 91.10 117.65 | 76.47 59.83 60.17
VA-SCI Numerical Score 24.43 28.53 21.68 34.03 33.97 34.40 34.02 14.85 25.28

. Severe | Severe Severe | Severe | Severe | Severe | Severe | Severe | Severe
WASSEL ReltEle Sree Stress | Stress Stress | Stress | Stress | Stress | Stress | Stress | Stress
Average VA-SCI
Numerical Score 218
Average VA-SCI Severe
Narrative Score Stress

These scores are the result of the low number of total taxa, low number of total EPT taxa,
lack of Ephemeroptera taxa, low percentage of Plecoptera + Trichoptera (excluding
Hydropsychidae taxa), low percentage of Scraper taxa, high percentage of Chironomidae, high
percentage of top two dominant taxa, and high HBI found within the reaches assessed (Table 4).
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These results are similar to the 2007 monitoring, where the benthic macroinvertebrate
community at all nine reaches was also in “Severe Stress” (Figure 3, below). However, since
2007, almost all of the VA-SCI scores have increased. The lower VA-SCI scores in 2007 may
be attributed to natural variability in both abiotic (e.g., amount of precipitation) and biotic
conditions, rather than benthic macroinvertebrate recovery, as no restoration activities or other
water quality enhancements have occurred within the study area prior to the 2008 monitoring.

VA-SCI Score

Figure 3. Comparison of VA-SCI Scores for 2007 and 2008
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Given the low habitat scores, it is not surprising that the VA-SCI scores are low as well.
In general, biological diversity and habitat in streams are closely linked (Raven et al. 1998).
Thus, the low VA-SCI scores are likely due to several confounding abiotic factors, including
highly impervious land cover, high nutrient, toxicant and sediment input from adjacent land use,
channel alteration, high sediment deposition, bank instability, lack of vegetative protection along
the stream banks, and lack of epifaunal substrate/available cover.

An analysis of land use within the watershed of each stream reach indicates that each
watershed is highly developed, with all reaches having greater than 20 percent impervious land
cover (with a weighted watershed average of 38 percent), as depicted in the Land Cover Map
(Exhibit 8), and Table 5, below. Reach 1-E has the highest imperviousness, with 50 percent
impervious land cover. Reaches 2-A and 2-B have the lowest imperviousness, with 26 and 25
percent impervious land cover, respectively. It has been documented that increases in watershed
imperviousness reduce macroinvertebrate diversity, such that when imperviousness exceeds 10
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to 15 percent, macroinvertebrate diversity becomes low (Klein 1979). Runoff from the highly
impervious land within these watersheds produces a high volume and velocity of flowing water
and sediment in the stream channels during storm events. Because the streams we studied are
laterally unstable (e.g., overwidened channel, lack of vegetative protection along the stream
banks, and bank instability) and incised, these streams likely do not overflow their channel
during bankfull flood events. As a result, epifaunal substrate/available cover within these
streams becomes highly mobile and benthic macrofauna can not easily colonize the available
substrate (Debrey and Lockwood 1990) or get buried and killed by high sediment deposition
(Wood and Armitage 1997).

Watershed Percent
REACH Acres Impervious | VA-SCI
1-A 863 38 24.43
1-B 540 45 28.53
1-C 386 46 21.68
1-D 291 45 34.03
1-E 77 50 33.97
1-F 55 47 34.40
2-A 256 26 34.02
2-B 169 25 14.85
3-A 75 49 25.28

Nutrients, pesticides, and other chemical pollutants that enter the streams through runoff
can also have a negative effect on the macroinvertebrate community (Wright et al 1995;
O’Halloran et al. 1996; Kiffney and Clements 1994). Sources for such pollutants within the
streams we assessed likely include residential lawns, roads, the Reston National Golf Course,
waterfowl and faulty sewer lines. Evidence of nutrient pollution input into Snakeden Branch can
be found in the DEQ Final 2006 305(b)/303(d) Water Quality Assessment Integrated Report
(Integrated Report), dated October 30, 2006 and approved by the EPA on October 16, 2006. In
this report the DEQ identified Snakeden Branch as an impaired water body, based on high
numbers of Escherichia coli, which is an indicator of fecal bacterial contamination from
urban/residential areas within the watershed (Exhibit 9'°; DEQ 2006c). High amounts of such
pollutants into streams inevitably result in a shift in macroinvertebrate community composition,
where pollution tolerant taxa such as non-biting midges and oligochaete worms out-compete
pollution sensitive taxa such as EPT (Shueler 1994). Thus, it is not a surprise that our baseline
benthic macroinvertebrate data show low VA-SCI scores and non-biting midges and oligochaete
worms as the dominant taxa. However, because the proposed stream restoration should result in
an improvement of in-stream habitat and water quality, there should also be an improvement in
the benthic macroinvertebrate community over subsequent monitoring years.

10 Exhibit 10 contains an excerpt from Appendix A — List of Impaired (Category 3) Waters in 2006 from the

The DEQ Final 2006 305(b)/303(d) Water Quality Assessment Integrated Report (Integrated Report),
dated October 30, 2006 and approved by the EPA on October 16, 2006.
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VII. Conclusions

The above results indicate that the habitat of the streams within the Snakeden Branch
watershed portion of the NVSRB is “Poor” to “Fair” and the benthic macroinvertebrate
community of the streams are in “Severe Stress”. The low VA-SCI and habitat scores are likely
due to several confounding abiotic factors, including highly impervious land cover, high nutrient,
toxicant and sediment input from adjacent land use, channel alteration, high sediment deposition,
bank instability, lack of vegetative protection along the stream banks, and lack of epifaunal
substrate/available cover.

VIII. Limitations

This study is based on examination of the conditions on the site at the time of our review
and does not address conditions in the future. Such conditions may change over time and will be
addressed in subsequent monitoring reports. Our biological monitoring report has been prepared
in accordance with generally accepted guidelines for the conduct of such evaluations. We make
no other warranties, either expressed or implied, and our report is not a recommendation to buy,
sell or develop the property.

We offer no opinion and do not purport to opine on the possible application of various
building codes, zoning ordinances, other land use or platting regulations, environmental or health
laws and other similar statutes, laws, ordinances, code and regulations affecting the possible use
and occupancy of the property for the purpose for which it is being used, except as specifically
provided above. The opinions set forth above are rendered only and exclusively for the benefit
of the addressees, the COE, the DEQ, and no other parties, successors or assigns. The foregoing
opinions are based on applicable laws, ordinances, and regulations in effect as of the date hereof
and should not be construed to be an opinion as to the matters set out herein should such laws,
ordinances or regulations be modified, repealed or amended.

This document is solely for your benefit and is not to be quoted in whole or in part or
otherwise referred to in any statement or document (except for purposes of identification) nor is
it to be filed with any governmental agency or other person (other than the COE and DEQ),
without the prior written consent of this firm, unless required by law.

WETLAND STUDIES AND SOLUTIONS, INC.

Sean D. Sipple, CT, PWS
Environmental Scientist

Mark Headly, PWS, PWD
Vice President
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BIOLOGICAL STREAM MONITORING NOTES:

Snakeden Branch Watershed Biotic Metric Scores
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1. Wetland Studies and Solutions, Inc. (WSSI) performed biological stream monitoring on the Snakeden Branch Watershed portion of the Northern Virginia Stream Restoration Bank (NVSRB) in 2007 and 2008. This monitoring was Percent Percent Plecoptera + | o, oot | Percent | Percent Top Two
Taxa
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2. Biological stream monitoring was conducted along nine permanent biological monitoring reaches using benthic macroinvertebrate and habitat data. Benthic macroinvertebrate data was used to calculate a Stream Condition Index 1c | 4 | 1 | 000 | 000 | 000 | 5614 | 9474 | 3.56 |

for Virginia Non-coastal Streams (VA-SCI) and habitat data was used to calculate the percentage of best possible habitat for each reach. Pre-construction biological monitoring fieldwork was conducted on February 12 and 14, 2008 Db | 9 | o | o000 | 000 [ 600 | 1900 | 7200 | 332 ]
by Sean D. Sipple, CT, PWS and Taylor S. Sprenkle, WPIT. -
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3. Baseline habitat results indicate that habitat of the streams within the Snakeden Branch Watershed portion of the NVSRB in 2008 is “Poor” to “Fair”, with habitat assessment scores of 142 (out of 200) or less. The low habitat | 28| 6 [ o | o000 | o000 | 392 | 825 | 9216 | 593

assessment scores are due to the lack of epifaunal substrate/available cover for stream macrofauna, highly embedded epifaunal substrate, overwidened stream channels, bank instability, and lack of vegetation protection along the (Al 5 | o | o000 | o000 ] 092 ] 367 ]| 832 |60
stream banks.
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4. Baseline benthic macroinvertebrate results indicate that streams within the Snakeden Branch watershed portion of the NVSRB are in “Severe Stress” in 2008, with VA-SCI scores below 35 (out of 100) for all streams assessed.
The low VA-SCI scores are likely due to several confounding abiotic factors, including highly impervious land cover within the watershed, high nutrient, toxicant and sediment input from adjacent land use, channel alteration, high
sediment deposition, bank instability, lack of vegetative protection along the stream banks, and lack of epifaunal substrate/available cover.

5. Topographic information provided by Fairfax County Digital Data and Air Survey Corp., boundary information provided by WSSI, and a February 23, 2004 natural color image provided by Air Survey Corp. were used as a base for

] Snakeden Branch Watershed Total Habitat
this attachment.
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6. The boundaries of jurisdictional wetlands and other waters of the U.S. located within the limits of the Snakeden Branch portion of the NVSRB were delineated and survey-located by WSSI as described in the Snakeden Branch Bsi
Reach 1 and Snakeden Branch Reach 2 delineation reports, dated February 14, 2005 and May 18, 2005, respectively . The U.S. Army Corps of Engineers verified the Snakeden Branch Reach 1 and Snakeden Branch Reach 2

delineations, with jurisdictional determinations (JD) dated May 17, 2006 (JD # 05-R0601 and JD #05-R1495, respectively). Note that for logistical purposes, Snakeden Branch Reach 1 and Snakeden Branch Reach 2 have been

further divided into 17 manageable restoration reaches, as depicted on the NVSRB - Snakeden Branch plan sets, dated May, August, October, November, and December 2007. The biological monitoring reaches for this report are

located within a portion of these 17 reaches. The locations of the biological monitoring reaches relative to these 17 reaches are as follows: Reach 1-F corresponds with Reach 1 of the May 2007 plan set; Reach 1-E corresponds with

Reach 2 of the August 2007 plan set; Reach 3-A corresponds with Reach 4 of the October 2007 plan set; Reaches 1-D and 1-C correspond with Reaches 5 and 7, respectively of the November 2007 plan set; Reaches 2-A and 2-B

correspond with Reaches 13 and 15, respectively of the July 2, 2008 plan set; and Reaches 1-A and 1-B correspond with Reaches 12 and 17, respectively of the July 10, 2008 plan set.
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7. The locations of each of the nine stream reaches were approximated on this exhibit using survey-located trees, which were noted during the biological monitoring field work.
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EXHIBIT 4
BIOLOGICAL STREAM ASSESSMENT PHOTOGRAPHS
PHOTOGRAPHS TAKEN ON FEBRUARY 12 AND 14, 2008
SNAKEDEN BRANCH WATERSHED
WSSI #20003

1. Looking northwest (upstream) at Reach 1-A of Snakeden Branch on the eastern portion of the
study area.

2. Looking west (upstream) at Reach 1-B of Snakeden Branch on the eastern portion of the study
area.
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3. Looking northwest (upstream) at Reach 1-C of Snakeden Branch on the central portion of the
study area.
4. Looking southwest (upstream) at Reach 1-D of Snakeden Branch on the central portion of the

study area.
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5. Looking northwest (upstream) at Reach 1-E of Snakeden Branch on the western portion of the
study area.
6. Looking northwest (upstream) at Reach 1-F of Snakeden Branch on the western portion of the

study area.



EXHIBIT 4
BIOLOGICAL STREAM ASSESSMENT PHOTOGRAPHS
PHOTOGRAPHS TAKEN ON FEBRUARY 12 AND 14, 2008
SNAKEDEN BRANCH WATERSHED
WSSI #20003

7. Looking northwest (upstream) at Reach 2-A of an unnamed tributary of Snakeden Branch on
the eastern portion of the study area.

8. Looking northwest (upstream) at Reach 2-B of an unnamed tributary of Snakeden Branch on
the eastern portion of the study area.
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9. Looking west (upstream) at Reach 3-A, an unnamed tributary of Snakeden Branch on the
western portion of the study area.
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